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Abstract

As common gynecological oncology, ovarian cancer has a high fatality rate and poor overall survival,
mainly because of nonspecific symptoms in the early stages and chemotherapy resistance. Exosomes,
nano-sized vesicles secreted by almost all types of cells, carry valuable commodities such as proteins,
lipids, enzymes, mRNAs, and miRNAs between cells. They take part in remodeling the tumor
microenvironment, promoting tumor angiogenesis and metastasis, and regulating immune metastasis and
chemotherapy resistance in ovarian cancer. Previous studies have reported that exosomes could transfer
chemotherapy resistance from drug-resistant tumor cells to sensitive ones by delivering proteins and
miRNAs. Also, exosomes are involved in chemotherapy resistance by transferring multidrug-resistance-
related transporters, decreasing apoptosis, promoting epithelial-to-mesenchymal transition, and changing
signal transduction pathways. Furthermore, they play a significant role in early detection, chemotherapy
efficacy evaluation, and treatment of ovarian cancer. Exosomes are applied as chemotherapeutic delivery
vehicles and therapeutic targets to inhibit anti-tumor immune responses. In addition, exosomes can be
developed for cancer immunotherapy because of their immunomodulatory potential. Therefore, the
article reviews the latest research progress of exosomes in ovarian cancer to elaborate on the
mechanisms of exosome-mediated chemotherapy resistance in ovarian cancer patients and provide a

forecast on their clinical therapeutic potential in improving chemotherapy sensitivity.

Keywords: Exosomes, Ovarian cancer, Chemotherapy resistance, Therapeutic potential

Introduction

Ovarian cancer is the most lethal gynecologic
malignancy among female patients and the eighth
cause of cancer-related deaths in women worldwide.
There were approximately 19,710 estimated new cases
and 13,270 estimated deaths of ovarian cancer,
accounting for 5% of all cancer deaths in the United
States in 2023[1]. The standard treatment for advan-
ced ovarian cancer patients includes cytoreductive
surgery to remove tumor tissues as much as possible,
combining platinum-based chemotherapy. However,
ovarian cancer patients are generally diagnosed at a
late stage. The five-year relative survival rate from
2012 to 2018 remains only about 50% due to the lack of
effective treatment strategies in recurrent ovarian

cancer patients[1]. Although the initial response to
platinum-based chemotherapy is good, most ovarian
cancer patients confront the problems of high
recurrence risk and poor survival terms because of
resistance to chemotherapy. Therefore, exploring the
molecular mechanisms of chemotherapy failure,
tumor invasion, and metastasis in ovarian cancer
patients has been a clinical challenge. The mecha-
nisms of chemotherapeutic resistance include a
variety of aspects such as increased DNA damage
repair, drug efflux and influx, drug inactivation and
alteration of drug targets, inactivation of apoptosis
pathways, activation of epithelial-to-mesenchymal
transition (EMT) pathways, and miRNAs-mediated
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mechanisms. In recent years, it has been widely
known that exosomes are important in impacting the
progression and metastasis of ovarian cancer by
mediating EMT, programming non-coding RNAs like
miRNAs, angiogenesis, immune suppression, and
forming a pre-metastatic niche[2]. Furthermore, it
could be a novel biomarker and therapeutic target for
treating ovarian cancer patients owing to its
accessibility, circulation stability, and high specificity.
Therefore, this review aims to explain the roles of
exosomes in chemotherapy resistance and attempt to
seek the therapeutic potential of exosomes in
improving the prognosis for ovarian cancer patients.

Biogenesis, composition, and function of
exosomes in ovarian cancer

Early endosomes are formed by the fusion of
primary endocytic vesicles. Then Multivesicular
bodies (MVBs) information begins by inward
membrane budding, leading to cargo sequestration
and distribution into vesicles. MVBs, also called late
endosomes to escape degrading lysosomes in the
presence of a high concentration of ceramide lipid
family, fuse with the plasma membrane through
soluble N-ethylmaleimide (NEM)-sensitive factor
attachment protein receptor (SNARE) complex and
release their contents called exosomes from the
intraluminal vesicles (ILVs) into the extracellular
space. In addition, Rab27A and Rab27B are the
essential mediators to lead the MVBs toward the cell
periphery[3]. Exosomes are 50-100 nm nanoscale
vesicles with a typical lipid bilayer membrane
structure without cellular organelles. They promote
intercellular communication by transferring contents
of their tumor-initiating cells, such as proteins,
mRNA, miRNA, IncRNAs, lipids, and nucleic
acids[2]. For example, exosomes contain many
proteins such as the major histocompatibility complex
(MHC) class I and 1II in presenting antigen[4],
Annexins and Rab proteins in regulating membrane
cytoskeleton dynamics and membrane fusion[5],
signaling transduction-related proteins like G
proteins[6]. In addition, exosome lipids could not only
take part in exosome biogenesis and maintain
exosome shape but also regulate the homeostasis in
the recipient cells by changing the lipid composition,
especially in cholesterol and sphingomyelin. miRNAs
derived from exosomes could participate in many
processes like oncogenesis, pre-metastatic niche
formation, tumor metastasis and invasiveness, as well
as drug resistance. miRNAs from exosomes could
transmit drug resistance and change drug sensitivity
in the recipient cells through modulating cell cycle
distribution and apoptosis. Fig. 1 describes the
biogenesis, structure, and function of exosomes.

Exosomes greatly influence a few pathways,
such as tumor microenvironment remodeling, signal
transduction, tumor metastasis and invasion, immune
regulation (antigen presentation, immune activation,
and suppression), and chemotherapy resistance, by
releasing bioactive molecules[7, 8]. The roles of each
exosome vary depending on their cellular origin.
Exosomes are secreted by many types of cells
including lymphocytes, dendritic cells, macrophages,
stem cells, epithelial cells, endothelial cells, and tumor
cells[9]. They keep functional until entering or fusing
with a recipient cell in local surroundings or distant
regions, so it is an essential method of intercellular
communication to transfer exosomes in the tumor
microenvironment. Furthermore, molecules released
from exosomes are served as diagnostic tools for the
early detection of ovarian cancer and prognostic
biomarkers in ovarian cancer patients.

Meanwhile, tumor-derived exosomes modulated
the tumor microenvironment which consisted of
tumor cells, stromal cells, mesenchymal cells,
infiltrating immune cells, and cytokines by
stimulating extracellular receptor signaling. Ovarian
cancer-derived exosomes induced fibroblasts to
cancer-associated fibroblasts (CAFs) and promoted
the production of transforming growth factor 1
(TGFpP1) and activation of somatic mutations in the
Mothers Against Decapentaplegic Homolog (SMAD)
signaling. In the hypoxic microenvironment, it
suggested that tumor cells secreted more exosomes
with enhanced angiogenic and metastatic potential to
promote tumor microenvironment alteration and
tumor progression[10]. It has been reported that the
P53 pathway increases the number of exosomes and
rate of exosomes production under stress like hypoxia
and toxic through regulating transcription of the
various genes such as Tumor suppressed activated
pathway6 (TSAP6), a P53-regulated gene product[11].
In hypoxia conditions, tumor-derived extracellular
vesicles induced metabolic change of glycolytic
pathway proteins, promoted resistance to carboplatin,
and facilitated tumor progression[12].

Exosomes released by tumor cells carried
vascular endothelial growth factor (VEGF), transfor-
ming growth factor 3 (TGF-B), and tumor necrosis
factor a (TNF-a) to induce vascular formation which
is important for tumor growth and metastasis.
Growing evidence on exosomes’ function in
angiogenesis among different types of tumors
indicated that tumor-derived exosomes were essential
tools for promoting angiogenesis. Epithelial ovarian
cancer cells derived exosomes could transfer
metastasis-associated lung adenocarcinoma transcript
1 (MALAT1) to recipient HUVECs and stimulate
angiogenesis-related gene expression in recipient
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human umbilical vein endothelial cells (HUVECs),
eventually promoting angiogenesis[13]. Soluble
E-cadherin in exosomes, an activator of angiogenesis
within the pre-metastatic microenvironment could
bind with VE-cadherin on endothelial cells, activate a
signaling cascade, ultimately activate p-catenin and
NF-xB which stimulate endothelial cell migration and
overall vascular permeability[14]. In 2020, Dehghi et
al observed that ovarian cancer cell-derived exosome
transferred miR-141-3p to endothelial cells and
up-regulated the JAK-STAT3 pathway by decreasing
the expression of cytokine-inducible suppressors of
cytokine signaling (SOCS)-5. Furthermore, they also
found that miR-141-3p could promote endothelial cell
angiogenesis and metastasis by up-regulating the
expression of VEGFR-2[15].

Exosomes derived from immune cells play an
important role in regulating immune response. For
example, exosomes derived from antigen-presenting
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cells (APCs) are enriched in antigen-presenting
molecules (MHC-I and MHC-II) on their surface and
present antigens to T cells and activate the immune
response[16]. Tumor-derived exosomes could play a
dual role in maintaining immune homeostasis, either
activating immune response or activating immuno-
suppressive changes. TD-exosomes could inhibit the
immune response by inducing the apoptosis of
effective T lymphocytes by the Fas/FasL pathway,
downregulate the activity of NK cells via NKG2D
ligands, and inhibit CD4+ and CD8+ T cells
proliferation by decreasing antigen-presenting cells[4,
9]. On the other hand, TD-exosomes delivered
tumor-associated antigen (TAA) to other APCs, which
could activate naive CD4+T cells in vivo. Similarly,
M1 macrophage could increase the release of
proinflammatory cytokines, promote T cell-mediated
immune response and mediate TD-derived exosomes
to establish a local immunostimulatory microenviron-
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Figure 1. The biogenesis, Structure, and functions of the exosome. Exosomes are 50—100 nm nanoscale vesicles with a lipid bilayer membrane. They can carry many essential
molecules like proteins, mMRNA, miRNA, lipids, and enzymes. Distinct proteins are shown in the figure, such as CD1, MHC | and Il, Rab proteins, Annexins, ABC transporters,
and signaling transduction-related proteins. Early endosomes are formed by the fusion of primary endocytic vesicles. MVBs fuse with the plasma membrane through the SNARE
complex and release their contents called exosomes from the ILVs into the extracellular space. The contents of exosomes can be transferred from the cells to target cells in a
local environment or at a distant site in the tumor environment. Exosomes greatly influence a few pathways, such as tumor microenvironment remodeling, signal transduction,

tumor angiogenesis and metastasis, immune regulation, and chemotherapy resistance.
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ment[17]. However, it remains unclear how TD-EVs
deliver multiple signals to regulate the dual immune
response in immune cells.

Primary and acquired chemo-resistance in
ovarian cancer

The most common ovarian tumor is epithelial
carcinoma, classified into seven main histological
subtypes: high-grade and low-grade serous, muci-
nous, endometrioid, clear cell, Brenner, seromucous,
and undifferentiated carcinomas, according to the
World Health Organization. One of the epithelial
carcinomas is high-grade serous ovarian carcinoma
accounting for 70%, of which the majority derives
from the fallopian tube epithelium and leads to the
most significant ovarian cancer deaths. About 40-50%
of high-grade serous ovarian cancer shows homolo-
gous recombination (HR) deficiency caused by
germline or somatic mutation of breast cancer
susceptibility gene (BRCA1/2) and other DNA repair
genes or epigenetic silencing through methylation.
Moreover, it shows high chromosome instability and
ubiquitous TP53 mutations[18]. BRCA mutations
increased the risk of epithelial ovarian cancer (EOC)
and were associated with improved 5-year overall
survival, with BRCA2 carriers having the best
prognosis (52%) in invasive EOC[19].

The response rate to initial first-line chemo-
therapy drugs for patients diagnosed with high-grade
serous ovarian cancer (HGSOC) is greater than 80%,
but the 5-year survival rate for them is between 35%
and 40%[20]. Recently, it has become an efficient
strategy to target HR-deficient cancers. Because of
their synthetic lethality, Poly (ADP-ribose) polymer-
ases (PARP) inhibitors attract significant attention in
treating recurrent ovarian cancers with HR repair
defects. In a randomized, open-label, phase II study,
Olaparib plus paclitaxel and carboplatin followed by
maintenance Olaparib monotherapy significantly
improved progression-free survival (PFS) versus
paclitaxel plus carboplatin alone, with the most
significant benefit in BRCA-mutated patients, and had
an acceptable and manageable tolerability profile[21].

Although platinum-based chemotherapy is
currently considered the primary therapy for high-
grade serous ovarian cancer patients, chemotherapy
resistance remains significant obstruction in treating
ovarian cancer patients. In addition, the issue of
PARPI resistance has emerged in clinical cancers, and
the mechanisms of PARPi-acquired resistance remain
to be investigated. Therefore, it is essential to
elucidate the molecular mechanisms in chemothera-
peutic resistance and design novel and effective
therapeutic agents targeting resistant cancer cells to
improve survival in relapsed HGSOC patients.

However, molecular mechanisms associated
with platinum-intrinsic resistance still need to be fully
understood. CCNE1(Cyclin E) amplification which
encodes cyclin E1, not only provides an oncogenetic
stimulus through activation of the cell cycle to
promote the occurrence of malignant tumors; but
increases platinum resistance and recurrence rate
because of chromosome instability, ultimately leading
to poor prognosis of HGSOC patients[22]. Dariush et
al. proved that siRNA-mediated knockdown of
CCNE1 resulted in G1/S phase arrest and reduced
cell viability and apoptosis. They decreased the
formation of clonogenic cells after cisplatin treatment
in 19ql12-amplified OVCAR-3 cell lines[23]. They
observed that CCNE1 amplificated in 20% of
high-grade serous ovarian cancer with the guide of
the Cancer Genome Atlas project[18]. In addition,
high-level amplification and over-expression of
CCNE1 identify ovarian cancer patients with a
sufficiently poor prognosis[24]. So CCNE1 amplifi-
cation is the dominant structural variant associated
with primary chemotherapy failure. Another analysis
by Dariush et al. identified two mechanisms
associated with primary resistance in advanced
serous ovarian cancer, involving amplifying 19q12,
which contains CCNEI related to TPX2 amplification
and 20q11.22-q13.12 and mapping immediately
adjacent to the steroid receptor coactivator NCOAS3.
The discovery was completed in a clinically well-
characterized sample population of 118 ovarian
cancers using high-resolution oligonucleotide micro-
arrays. This implied that CCNE1 amplification and
enhanced extracellular matrix deposition had clinical
relevance for chemotherapy response prediction[25].

Almost 75% of patients sensitive to initial
chemotherapeutic compounds relapse within two
years because of acquired resistance. Ovarian cancer
is a disease characterized by extensive structural
genomic variation. Patch et al. used whole-genome
sequencing of tumor and germline DNA samples
from 92 patients with primary refractory, resistant,
sensitive, and matched acquired resistant disease.
They revealed that gene breakage commonly
inactivated the tumor suppressor genes RB1, NFI,
RAD51B, and PTEN in HGSOC and substantially
contributed to acquired chemotherapy resistance. As
known, chemotherapy resistance is a complicated
phenomenon consisting of many mechanisms,
including drug inactivation, drug target alteration,
upregulation of drugs efflux bumps, DNA damage
repair mechanisms, apoptosis inhibition, EMT,
epigenetic effects like miRNAs, modifications of the
tumor microenvironment, cancer stem cells, or any
combination of these mechanisms [26]. We discuss
three main mechanisms of acquired resistance in the
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following paragraphs (shown in Fig. 2). The rest will
be described in the third chapter, “Exosome-mediated
chemotherapy resistance in ovarian cancer”.

Ovarian cancer is a peritoneal disease where
tumor tissues spread directly to surrounding organs
and implant on the surface of the omentum and
abdominal organs. The omentum is a highly
vascularized connective tissue with many cells like
adipocytes, fibroblasts, lymphocytes, and macro-
phages. Au Yeung suggested that miR21-containing
exosomes released by cancer-associated adipocytes
(CAAs) or cancer-associated fibroblasts (CAFs) within
the omental microenvironment significantly promo-
ted the acquisition of a platinum-resistant phenotype
in ovarian cancer[27]. Patch et al. supported that
recurrent HGSOC showed an extensive desmoplastic
stromal reaction, and it's possible that tumor
desmoplasia reaction was associated with tumor
recurrence and poor response to chemotherapy
despite a homologous-recombination defection[28].
So tumor microenvironment and omentum structure

influence tumor development and chemotherapy
response.

Many studies illustrate that ovarian cancer cells
expressing stemness markers cause tumor chemo-
therapy resistance and promote tumor development
in ovarian cancer patients. Cancer stem cells are
defined as a subpopulation of cancer cells with the
potential for self-renewal, infinite proliferation, and
multiple differentials. The following surface and
intracellular markers have been discovered in ovarian
cancer stem cells: aldehyde-dehydrogenase (ALDH),
CD133, CD44, CD177, CD24, and EpCAMJ[29]. It's
been proposed that subpopulations of tumor cells
with stem cell-like properties maintain the growth of
resistant tumor cells and lead to tumor recurrence
because side populations (SP) overexpress ATP
binding Cassette (ABC) drug transporters. Rizzo et al.
observed that ascites from relapsed patients had more
ovarian cancer SP cells than chemo-sensitive patients,
ABCB1 and EZH2 were overexpressed in SP
compared with non-SP patients’ tumor cells[30].
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Figure 2. Major mechanisms of chemotherapy resistance in ovarian cancer are divided into primary and acquired resistance. Amplification of 19q12 contains CCNEI related to
TPX2 amplification, and 20q11.22-q13 are two dominant structural variants associated with primary chemotherapy failure. Tumor desmoplasia reaction is associated with poor
response to chemotherapy despite a homologous-recombination defection. CSCs markers ALDH1, CD133, and SOX2 are associated with non-response to chemotherapy.
Platinum resistance is attributed to enhanced NER because of the increased capacity of the cells to repair platinum-induced DNA damage. Essential mechanisms of acquired
PARPi resistance are restoring the homologous recombination repair because of secondary mutations of RCA1/2, loss of 53BP1 resulting in HR reactivation, and alterations in

the PARP and the PARG proteins leading to the same replication fork protection.
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Chemotherapy-resistant marker like ALDHI1
exists on the surface of cancer stem cells and plays
important roles in drug resistance. They found that
the overexpression of ALDH1 was observed in
paclitaxel- and topotecan-resistant cell lines,
indicating that ALDHI-positive cancer cells were
related to drug resistance and tumor development in
ovarian cancer[31]. Chen found that expression of
CSCs markers CD133 and SOX2 were associated with
non-response to chemotherapy and shorter overall
survival periods or disease-free survival durations in
HGSOC patients[32]. Studies by Steg et al. showed
that tumors collected from recurrent platinum-
resistant patients had a significantly improved CD133
expression, suggesting stem cell subpopulations
could ultimately contribute to tumor resistance and
recurrent disease [33].

The ability of ovarian cancer cells to repair
platinum-induced DNA damage can decide the
efficiency of chemotherapeutic drugs. The nucleotide
excision repair (NER) pathway recognizes DNA
damage caused by platinum compounds, and then
Excision Repair Cross-Complementing 1(ERCC1)
protein, NER protein complex, repairs the lesion[34].
Selvakumaran et al. showed that ovarian cancer cells
OVCARI10 resistant to cisplatin compounds increased
sensitivity after silencing the ERCC1 expression using
antisense  RNA methodologies, demonstrating an
inverse association between NER and response to
platinum compounds. It suggested it could enhance
cisplatin cytotoxicity by inhibiting the NER pathway
in cisplatin-resistant cells[35]. Platinum resistance has
been attributed to improved NER because of the
increased capacity of the cells to repair platinum-
induced DNA damage.

Restoring the homologous recombination repair
is another important mechanism. The BRCA1/2 gene
is an important section in the HR pathway; germline
or somatic mutations in BRCA genes result in
genomic instability and ovarian cancer development.
Many studies have shown that ovarian cancer with
BRCA gene mutations is more sensitive to platinum
and PARP inhibitors than BRCA wild-the type
tumors. Furthermore, they observed several mole-
cular events associated with acquired resistance in
recurrent samples, including secondary mutations in
BRCA1/2 that restored the open reading frame,
which leads to functional homologous recombination
repair, loss of BRCA1 promoter somatic methylation,
an molecular subtype alteration, promoter fusion, and
translocation involving the 5 end of ABCB1[28].
Therefore, BRCA mutation status in the DNA repair
pathway can predict the value of platinum and PARPi

sensitivity in HGSOC.

Non-homologous end joining (NHE]) is the
second important DNA double-strand break (DSB)
repair pathway. 53BP1(TP53BP1) promotes DSB
repair by NEH] in Glphase cells by forming
53BP1-RIF1 complexes which protect DSB ends from
exonuclease processing. Loss of 53BP1 results in HR
reactivation in homologous recombination deficiency
tumors, rendering tumor cells resistant to PARPi[36].

Recent studies have revealed other mechanisms
to mediate PARPi resistance, including replication
fork protection, increased drug efflux pumps, and
alterations in the PARP and the PAR glycohydrolase
(PARG) proteins[37]. Gogola et al. showed that loss of
PARG increased resistance to BRCA2-deficient tumor
cells by restoring PAR formation, rescuing down-
stream PARP1 signaling, and slowing DNA replica-
tion fork progression. Pax2 transactivation
domain-interacting protein’s (PTIP) absence reduces
the recruitment of MRE11 nuclease (MRN) to stalled
replication forks, which protects these replication
forks from extensive degradation and ultimately
confers resistance to PARPI. In addition, PARP1 and
CHD/4 lead to the same replication fork protection and
acquired PARP;] resistance[38].

Exosome-mediated chemotherapy
resistance in ovarian cancer

Tumor-derived exosomes participate in nume-
rous pathological processes such as cancer prolife-
ration and metastasis, immune suppression, and
chemotherapy resistance. Chemotherapy resistance is
divided into intrinsic resistance due to genetic or
phenotypic changes and extrinsic resistance interact-
ing with the tumor microenvironment. Exosomes
transfer resistant phenotypes to drug-sensitive cells
and make them resistant to drugs by delivering ABC
transporters, increasing anti-apoptotic signaling,
mediating EMT, and increasing tumor-stroma inter-
action. Except for proteins contained in exosomes,
non-coding RNAs such as IncRNAs and miRNAs are
loaded in exosomes and alter protein expression in
recipient cells to activate chemo-resistant pathways.
So the identified molecular mechanisms of exosome-
mediated chemo-resistance mainly include several
aspects (Fig. 3): 1) exporting drugs out of cells via
exosomes; 2) drug transporters; 3) transferring
annexin A3 between cancer cells[5]; 4) mediating
chemotherapy resistance by increasing DNMT1[39];
5) regulate apoptosis; 6) promote EMT[40]; 7) transfer
miRNAs to sensitive cancer cells[27, 41, 42]; 8) alter
transduction signals.

https://www.jcancer.org



Journal of Cancer 2023, Vol. 14

2134

PI3K/AKT/ mTOR

Alter signal transduction J

P38 and JNK pathways

-

R EO
Transfer miRNAs $ 5
@ EMT
Annexin A3 @ &.a
@8
RS A
MDR-ABC Increase anti-apoptotic
Deliever MDR-ABC transporters, signals
Annexin A3 and DNMT1

Decrease pro-apoptotic
protein caspase-3 Qg
and chemotherapeutic drugs ©

exosomes

Sensitive cancel;_

Figure 3. Exosomes mediate chemotherapy resistance in the donor (resistant) and the recipient (sensitive) ovarian cancer cells. In resistant/donor cells: 1) Chemotherapeutic
drugs are secreted into exosomes and escape lysosome degradation. Cisplatin efflux mediated by exosomes increases, especially under hypoxic conditions. 2) Reduce the
intracellular concentration of caspase3 to prevent apoptosis. 2) In sensitive/recipient cells: 1) Exosomes can transport MDR-ABC transporters (P-gp) to recipient cells to reduce
intracellular drug concentration. 2) Up-regulation of Annexin A3 inhibits apoptosis and increases platinum resistance. 3) Exosomes regulate epigenetic changes by packaging
DNMT1. 4) Exosomes can activate anti-apoptotic pathways through exosomes’ surface-expressed receptors and transfer transcriptional factors to the recipient cells. 5) promote
EMT. 6) exosomes can transfer miRNAs to recipient cells to increase chemotherapy resistance. 7)Alter signal transduction PI3K/AKT/mTOR and P38 and JNK pathways.

Direct drug export by exosomes

Decreasing cellular anti-cancer drugs’ concentra-
tion is a major mechanism in therapy resistance in
ovarian cancer. The efflux of drugs and their
decomposed products via exosomes reduces effective
drugs’ concentration and promotes drug resistance in
tumor-donor cells. The hydrophobic character of
drugs interacts with lipids with exosome membranes,
so chemotherapeutic drugs are secreted into
exosomes, contributing to drug resistance. So it is
crucial to explore in-depth mechanisms of exosome-
mediated cisplatin efflux and seek novel clinical
therapies in chemo-resistant ovarian cancer. Safaei et
al. found that the amount of cisplatin in exosomes
released from cisplatin-resistant ovarian cancer cell
line 2008/C13*5.25 was 2.6 times higher than that
released from cisplatin-sensitive cells[43]. Cisplatin is
sequestered into lysosomes whose abnormalities are

found in drug-resistant cells, including aberrant
morphology and degradative/secretory phenotypes.
Aberrant lysosomal H+-bump is also noticed in
cisplatin-resistant cells. They concluded that defective
endosomal/lysosomal acidification was partly
responsible for acquired cisplatin resistance because
of reduced uptake[44]. A study by Safaei et al. has
shown that the lysosomal compartment in cisplatin-
resistant cells was reduced to 40% compared with
cisplatin-sensitive cells. In addition, lysosome-
associated proteins 1 and 2 (LAMP1 and LAMP2)
were also reduced, and cisplatin-resistant cells
released more exosomes containing more LAMP1
than cisplatin-sensitive cells. Dorayappan et al
observed that exosomes isolated from patient-derived
ascites ovarian cancer cells cultured under hypoxic
conditions were capable of chemo-resistance by a
drug-efflux mechanism in vitro and vivo. STAT3
regulates Rab7 and Rab27a under hypoxic conditions
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and increases exosome release in ovarian cancer cells
by promoting a more secretory lysosomal phenotype.
Furthermore, cisplatin efflux via exosomes increased
in ovarian cancer cells under hypoxic conditions[45].

O-GlcNAcylation, a critical protein post-transla-
tional modification, plays a vital role in biological
processes. Previous studies have reported that
O-GlcNAcylation transferase (OGT) downregulation
increased cisplatin resistance in ovarian cancer cells.
In this study, downregulation of OGT-mediated
O-GlcNAcylation of SNAP-23 promoted the forma-
tion of SNAP-23-5tx4-VAMP8 complex and increased
exosomes release in ovarian cancer, which increased
cisplatin efflux through exosomes and reduced the
intracellular cisplatin concentration[46].

Transmembrane family proteins (TMEM) have
been demonstrated to play a role in cancer
development and chemo-resistance. TMEM205 and its
co-localized protein CD1B are expressed higher in
platinum-resistant ovarian cancer cell lines and
patient samples than in platinum-sensitive groups.
TMEM205 regulates chemo-resistant associated
proteins like exosome-regulatory proteins Rab11 and
contributes resistance via increased exosomal efflux of
intracellular platinum. Furthermore, they found
TMEM205 inhibitors, L-2663, reduced exosome
secretion, inhibited exosomal platinum efflux, and
re-sensitized to platinum in resistant cells[47].

Cleft lip and palate transmembrane protein
1-like (CLPTM1L)/ cisplatin resistance-related protein
9 (CRRY) are cytoprotective oncofetal protein and
chemo-resistance factors on the tumor cell surface.
Many types of research have demonstrated that
overexpression of CLPTMI1L on the plasma mem-
brane of ovarian cancer cells was associated with poor
outcomes in serous ovarian adenocarcinoma. Except
for the cell-autonomous effects of CLPTMI1L on the
resistance, they also found CLPTM1L from exosomes
conferred chemo-resistance to bystander ovarian
cancer cells in an ectodomain-dependent manner.
Therefore, human anti-CLPTM1L mAbs could
re-sensitize to platinum-resistant ovarian cancer cells
achieved in orthotopic isografts and patient-derived
cisplatin-resistant xenografts models[48]. So it's an
important mechanism that increases exosome release
and exosome-mediated cisplatin efflux in chemo-
resistant ovarian cancer.

Transfer chemotherapy resistance through
drug exporters

Exosomes are formed by the inward budding of
the multivesicular body membrane, which is usually
controlled by the endosomal sorting complex
required for transport (ESCRT). Finally, they are
released outside the donor cells and fused with the

plasma membrane of the recipient cells. Drug-
resistant cells release exosomes and transfer their
cargoes like P-glycoprotein (P-gp) to drug-sensitive
cells, which contributes to disseminating therapy
resistance phenotype in vivo and in vitro.

Levchenko et al. reported that P-gp transferred
between tumor cells and tumor stroma reserved their
functions and conferred drug resistance upon the
recipient cells in 2004 for the first time. Furthermore,
in solid metastatic tumors, they observed that the
number of tumors expressing P-gp increased after
chemotherapy[49]. On this basis, Bebawy et al.
showed that microparticles (MPs) shed from drug-
resistant tumor cells transferred functional P-gp to
drug-sensitive recipient cells in vitro[50]. The research
by Zhang FF et al. suggested that a drug-sensitive
breast cancer cell line acquired a drug-resistant
phenotype under co-culturing with exosomes
extracted from its docetaxel-resistant counterpart. In
addition, paclitaxel-resistant human ovarian cancer
cells (A2780/PTX) released P-gp-contained exosomes
to the extracellular space, which led to a redistribution
of the chemotherapeutic drug in the wild-type
parental line (A2780/WT) and increased five-times
and more than five-times higher resistance to
adriamycin and paclitaxel[51].

Transfer annexin A3 between cancer cells

Annexin A3 is a part of the phospholipid binding
proteins family, which rely on calcium channels and
participate in membrane fusion, cell exocytosis,
modulation of ion channels, and signaling transduc-
tion[52]. It has been proved that the expression of
annexin A3 is notably up-regulated in ovarian cancer
cells, which are resistant to cisplatin, carboplatin, and
platinum. Yan et al. found that annexin A3 selectively
conferred resistance to the platinum by altering the
transmembrane transportation of cisplatin and
reducing their intracellular concentration, which led
to a reduced p53 response to the drugs[53]. Moreover,
Yin et al. found that Annexin A3 expressed higher in
cisplatin-resistant ovarian cancer cell lines A2780/ cis
and SKOV3/cis, compared with their sensitive cells.
Furthermore, serum levels of annexin A3 were higher
in platinum-resistant patients, and it is proved that
Annexin A3 upregulated in platinum-resistant cells
by decreasing intracellular concentration of platinum
and inhibiting cancer cell apoptosis. They observed
that cancer cells expressing annexin A3 in high
concentration released many exosomes, and exosomes
serve as vehicles to transfer annexin A3 between cells
to induce drug resistance[5]. These results suggested
that the up-regulation of Annexin A3 played a critical
role in increasing platinum resistance. It could be a
biomarker for predicting sensitivity to platinum-
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based therapies in ovarian cancer patients.

Mediate chemotherapy resistance by
increasing DNMT 1

Except for genetic factors, it has been proved
that epigenetic changes like aberrant genomic DNA
methylation and histone modifications are involved in
tumor initiation, progress, recurrence, and drug
resistance. DNA methyltransferase 1 (DNMT1) is
essential to maintain genome-wide methylation
during DNA replication and damage repair. It has not
been investigated that exosomes regulate epigenetic
factors such as DNMTT1 in ovarian cancer. Studies by
Ercan et al. suggested that RGS510 was reduced via
promoter hypermethylation mediated by HDAC1 or
DNMT1 and supported that inhibition of HDACI or
DNMT1 was viewed as an adjuvant therapeutic
approach to overcome chemo-resistance in ovarian
cancer[54]. The study by Cao et al. suggested that
DNMT1 mRNA was packaged explicitly into exo-
somes for epigenetic signaling connection. Exosomes
from the conditioned medium of tumor cells, in turn,
promoted DNMT1’s expression in host cells, which
eventually led to cisplatin resistance. In a word, it
could be an underlying mechanism that exosomes
regulated the expression of DNMT1 and then
contributed to resistance to cisplatin in ovarian
cancer|[39].

Regulate apoptosis

Apoptosis evasion is involved in tumor
recurrence and chemotherapy resistance. Exosomes
decrease pro-apoptotic signaling and increase
anti-apoptotic signals to promote cell survival
Cisplatin dissociates GSN from the GSN-FLIP
complex in chemo-sensitive cells, promoting GSN
cleavage and caspase-3 activation. Werehene et al.
reported for the first time the functions of exosomes
containing plasma gelsolin (pGSN) (Ex-pGSN) on
chemosensitivity in ovarian cancer. Ex-pGSN in
chemo-resistant cells induces resistance in chemo-
sensitive cells by targeting ab5pl integrin-FAK-Akt-
HIFla signaling pathway, upregulating pGSN, and
inhibiting cisplatin-induced apoptosis[55]. Then they
reported that chemo-resistant OC cells produced
increased levels of exosomal pGSN that induced
apoptosis of CD8+ T cell and reduced interferon-
gamma (IFNy) secretion, which supported that
exosomal pGSN contributed to chemoresistance by
immunosurveillance[56]. Guo et al. demonstrated that
CAF-derived exosomes deliver miR-98-5p to promote
cisplatin resistance in ovarian cancer by inhibiting
CDKN1A, a key regulator for cell cycle arrest and
apoptosis[57].

Promote EMT

Epithelial-to-Mesenchymal Transition is a
complex phenomenon that involves tumor initiation
and metastasis and increases resistance to chemo-
therapy and immunological therapy. Through EMT,
epithelial cells in the tumor microenvironment lose
their apical-basal polarity and become mesenchymal
cells to promote cancer metastasis. In breast and
ovarian cancer, invasiveness is an essential aggressive
property. The first-line chemotherapy for HGSOC
patients consists of platinum agents and paclitaxel.
Several studies showed that tumor cells resistant to
carboplatin and paclitaxel acquired a mesenchymal
phenotype associated with EMT, which regarded
EMT as the driver of chemotherapy resistance. In this
review article, EMT-mediated mechanisms leading to
therapy resistance in tumor cells include the following
mechanisms: decreased cisplatin influx mediated by
the copper transporter 1 (CRT1), an increased outflow
of drugs, increased DNA damage repair, capacity by
activating the PARP enzyme, inhibited p53-mediated
cell apoptosis signals, changes in cell cycle, changes in
different cellular pathways like TGFB-SMAD,
JAK/STAT. In another research, Bhattacharya et al.
observed that CD44s, a mesenchymal spliced variant,
was upregulated by TGF-pfl-induced EMT. Further-
more, in ovarian cancer cells, overexpression of this
mesenchymal isoform induced EMT, subsequently
gaining stem-like characteristics and chemotherapy
resistance[58].

When platinum-sensitive cell A2780 was
incubated with exosomes from platinum-resistant
cells, it showed a two-fold increase in cell viability
upon treatment groups treated with carboplatin com-
pared to the control groups. Crow et al. discovered
that previously unreported somatic mutations in the
Mothers Against Decapentaplegic Homolog 4
(SMADA4) enhanced the chemo-resistance of epithelial
ovarian cancer. SMAD4 is an essential part of
TGF-B/SMAD signaling, and mutant SMAD4 ovarian
cancer cells decrease PDCD4’s expression, which
regulates EMT. Also, they found that resistant A2780
cells, which exogenously expressed SMAD4 muta-
tions, presented up-regulation of EMT markers and
secreted exosomes, which increased by 1.7 fold in
chemotherapeutic resistance compared to previously
sensitive A2780 cells. Besides, it represented a novel
mechanism that exosomes secreted from platinum-
resistant ovarian cancer cells could continue the EMT
phenotype and develop platinum-resistant cell
subgroups[40].

Cancer-derived fibroblasts are essential compo-
nents in the tumor environment that interact with
tumor cells to mediate progression, metastasis, and
chemotherapy resistance. Li et al. presented that
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exosomes derived from cancer-associated fibroblasts
were co-cultured with ovarian cells SKOV-3 and
CAOV-3 induced malignant tumor behaviors,
including an increased potential of migration and
invasion and promoting EMT through activating the
SMAD signaling pathway[59]. In addition, their
results showed that TGF-p1 in CAF-derived exosomes
propels ovarian cancer cells to a more aggressive
phenotype, proving that it could be a potential
treatment in ovarian cancer targeting CAF-derived
exosomes. Hu et al. identified that CAFs directly
transferred exosomes to colorectal cancer (CRC) cells
to increase the secretion of miR-92a-3p. Elevated
expression of miR-92a-3p directly inhibited FBXW7
and MOAPI1 to activate the Wnt/p-catenin pathway
and inhibited mitochondrial apoptosis, contributing
to cell stemness, EMT, tumor metastasis, and drugs
5-FU resistance. In addition, they detected the level of
exosomal miR-92a-3p in the serum of 18 cases. They
showed that exosomal miR-92a-3p was increased in
5-FU-resistant VRC patients, indicating it might
predict chemotherapy resistance in CRC patients[60].
Increasing evidence has demonstrated that
tumor cells can acquire chemo-resistance undergoing
many tumor types. Exosomes may induce the
characteristics of EMT cell morphology to induce
chemotherapy resistance, indicating that targeting
EMT is a feasible method for reversing resistance.

Transfer miRNAs to sensitive cancer cells

miRNAs are short, non-coding RNAs 22
nucleotides in length, involved in post-transcription
genetic modification. Interestingly, miRNAs encapsu-
lated in exosomes are protected by exosomes from the
degradation of RNases compared with naked
miRNAs. It is worth noting that cells exposed to
chemotherapeutic agents selectively parcel miRNAs
into exosomes and are associated with chemotherapy
resistance. Exosomes have been found to transfer
miRNAs from drug-resistant cells to drug-sensitive
ones, contributing to oncogenesis, the pre-metastatic
niche formation, tumor migration, tumor invasion,
and ultimately drug resistance by regulating
drug-sensitive  cells’ expression locally and
systemically in the tumor environment[61, 62]. In
addition, there is reliable evidence that showed
miRNAs transported by exosomes are used as a
divinable biomarker of response to chemotherapy and
a prognostic biomarker for developing chemotherapy
resistance[63]. However, miRNAs in exosomes
associated with ovarian cancer drug resistance have
not been covered much, and it is challenging to
identify canonical pathways in miRNA-mediated
chemotherapeutic resistance.

Exosomes transfer miRNAs to sensitive tumor

cells and induce chemotherapy resistance by inducing
anti-apoptotic signals. Au Yeung et al. found that
exosomes isolated from cancer-associated adipocytes
and fibroblasts expressed a significantly higher level
of miR-21 which could decrease apoptotic protease-
activating factor 1 (APAF1) protein’s expression in
neighboring tumor cells and increase the chemo-resis-
tance to paclitaxel[27]. Pink et al. presented that
miR-21-3p in exosomes could increase resistance to
cisplatin by suppressing protein-coding gene neuron
navigator3’s expression in the A2780 cells and
cisplatin-resistant variant termed CP70 -cells[41].
Additionally, several studies indicated that exosomal
miR-21 was found to be elevated in advanced
colorectal cancer and breast cancer.

Furthermore, exosomal miR-433 promoted
resistance to paclitaxel by inducing cellular senes-
cence and inhibiting the proliferation of neighboring
cells[42]. They showed that stable miR-433 expression
in ovarian cancer cells A2780 induced cellular senes-
cence using morphological changes and downregu-
lated phosphorylated retinoblastoma (p-Rb), ascribed
to a miR-433-dependent downregulation of cyclin-
dependent kinase6 (CDKS6).

The abnormal tumor angiogenesis affects the
delivery and sensitivity of chemotherapy drugs in
tumor cells. So inhibiting tumor angiogenesis and
inducing normalization decreases the vessel wall's
permeability, thus increasing the accumulation of
chemotherapeutics and improving drug sensitivity.
Targeted delivery of miR-484 via RGD-modified
exosomes inhibits tumor angiogenesis in ovarian
cancer, which enhances the chemotherapy sensitivity
and prolongs the survival time of tumor-bearing mice
in the OC xenograft model after chemotherapy[64].

DDP-Exos, exosomes derived from SKOV3/
cisplatin (SKOV3/DDP) cells, were used to treat
SKOV3 cells in vitro. The level of pyruvate dehydro-
genase E1 subunit alpha 1 (PDHAT1) in DDP-resistant
SKOV3 cells was decreased significantly while miR-
21-5p increased compared with control groups. They
found that SKOV3/DDP-resistant-Exos treatment
increased glycolysis, improved cell survival, and inhi-
bited chemosensitivity of SKOV3 cells by upregu-
lating PDHA1 exosomal miR-21-5p derived from
DDP-resistant SKOV3 cells[65]. Although they
demonstrated a new role of the exosomal-miR-
21-5p/PDHAL1 axis in chemosensitivity in SKOV3 OC
cells, more in-vitro cell studies and vivo animal
models should be carried out to verify the presented
result.

Exosomal miR-429 secreted by multidrug-
resistant SKOV3 cells displayed higher expression
than sensitive A2780 cells. miR-429 dysregulation
increased cell viability and chemo-resistance among
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lots of cancers. Exosomal miR-429 induced DDP
resistance via targeting the calcium-sensing receptor
(CASR)/STAT3 pathway in A2780 cells and xenograft
mice tumors. So targeting exosomal miR-429 might be
a novel therapeutic target in epithelial ovarian
cancer|[66].

Zhu and colleagues also revealed that exosomal
miR-223 derived from hypoxic macrophages could
enhance drug resistance in epithelial ovarian cancer
cells via the PTEN-PI3K/AKT pathways in vitro and
in vivo. Moreover, exosomal miR-223 could be used
as a biomarker for predicting response to
chemotherapy and might be considered a possible
drug target to overcome chemoresistance in advanced
epithelial ovarian cancer patients[67].

Regulate transduction signals

The PI3K/AKT/ mTOR signaling pathway plays
a prominent role in tumor progression, inhibiting
apoptosis and resistance to chemotherapy[68]. Zhu et
al. showed that exosomes derived from tumor-associ-
ated macrophage (TAM) transferred miR-233 to
epithelial ovarian cancer cells to promote drug
resistance under the mediation of the PTEN-PI3K/
AKT signaling pathway[67]. Ip et al. studied the role
of the PI3K/AKT/mTOR pathway in maintaining
stemness and chemo-resistance in ovarian cancer stem
cells. Treatment of SKOV3 stem cells with 1.Y294002,
the PI3K/AKT inhibitor, suppressed ABCG2’s
expression and P-gp, increasing sensitivity to
chemotherapeutic drugs[69]. According to a new
study, Li et al synthesized bioinspired hybrid
nanoparticles named miR497/TP-HENPs that fused
cRGD-modified liposomes and CD47-expressing
tumor exosomes and encapsulated both chemothe-
rapy agents triptolide (TP) and miR497. Furthermore,
miR497/TP-HENPs overcome the chemoresistance by
blocking OC’s PI3K/ AKT/mTOR signaling pathways
[70]. Compared with previous studies, their job
helped achieve better clinical effects and settle the
dilemma of chemotherapy resistance. Cisplatin
treatment increases the release of exosomes, which
influences the primary phenotype of neighboring
naive cells and improves cisplatin resistance via the
P38 and JNK pathways when taken up by bystander
cells[71]. These studies suggest that exosomes
regulate signal pathways to change chemotherapy
resistance.

The detection of exosomes in clinical
contexts

The most useful detection method in ovarian
cancer patients is the concentration of serum

carbohydrbate antigen 125 (CA125) and transvaginal
ultrasound (TVS). However, it had limitations at the

early stage of ovarian cancer, so developing higher
specific and sensitive biomarkers is attractive to
improve the diagnostic rate of ovarian cancer patients.
In recent years, liquid biopsy has become a promising
new area of early detection of ovarian cancer, which
has the advantage of being less invasive, easier to
obtain, and easier for serial measurements in the
period of treatment. It includes the collection and
analysis of circulating tumor cells (CTCs), circulating
tumor DNA (ctDNA), circulating cell-free miRNAs
(cfmiRNAs), and circulating exosomes[72]. It is ideal
to regard exosomes as biomarkers for cancer
diagnosis and the prediction and monitoring of
therapeutic response because they have many
advantages. First, exosomes are accessible in nearly all
bodily fluids, such as blood, saliva, urine, breast milk,
and ascites. Secondly, they have an advantage in high
circulation stability because of a lipid bilayer in the
exosome membrane. Thirdly, the enriched contents
within exosomes are reservoirs of proteins, mRNAs,
and miRNAs reflecting the current state of the tumor,
and these contents can be collected in a non-invasive
way. Above all this made exosomes an ideal
diagnostic and prognostic biomarkers. Furthermore,
traditional exosome isolation and detection methods
are time-consuming, expensive, and complex, so they
could not be used in clinical testing. Further
development and standardization of the technologies
and methods for exosomes isolation, analysis, specific
inhibition, and removal from blood circulation as well
as an in-depth understanding of the molecular
regulations of exosomes biogenesis and signal
transduction are essential for exosomes to serve as
important tools in advanced ovarian cancer patient’s
prognosis and survival period.

Recent studies have demonstrated that exosome
miRNAs have the potential to serve as biomarkers for
the diagnosis and prognosis of OC. The expression
levels of 5 miRNAs (miR-205-5p, miR-145-5p,
miR-10a-5p, miR-346, and miR-328-3p) in plasma
exosomes of patients with OC significantly elevated,
which indicated that the expression levels of exosomal
miRNAs might be considered as noninvasive
biomarkers for the diagnosis of OC patients [73]. The
exosomal transfer of miR-21 could promote oncogenic
transformation in target cells distant from the primary
tumor and be used as a diagnostic tool. We found two
clinical trials led by the same team in China,
NCT03738319, and NCT03742856, aiming to analyze
the expression of exosomal miRNA and long
non-coding RNA (IncRNA) by next-generation
sequencing in patients with HGSOC and benign
gynecologic diseases. The candidate miRNA /IncRNA
will be validated as a biomarker for the detection and
prognosis of HGSOC. However, the status of these
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two trials is currently listed as “unknown”. In current
years, the commonly used method to detect miRNA
in exosomes is exosome isolation, miRNA extraction,
cDNA synthesis, and real-time PCR analysis.
However, this method is time-consuming, laborious,
and expensive. Future jobs to develop exosomal
miRNAs for diagnosis of EOC at the early stage
included standardized high-throughput exosomal
miRNA isolation and detection, consensus protocols
on diagnosing EOC, and prediction models of
exosomal miRNAs.

Table 1. miRNAs derived from exosomes associated with
chemoresistance in ovarian cancer

miRNAs Pathways The role of miRNAs in promoting Refer
in chemoresistance in ovarian cancer. ence
ovarian
cancer
miR-21 Apoptosis Bind with the APAF1 target to induce [27]
associated paclitaxel resistance in OVCA432 and
pathways SKOV3 cells.
miR-21-3 Expression of miR-21-3p was 50-fold [41]
P higher level in the A2780 cells and CP70
cells by suppressing the expression of
NAV3.
miR-433 Induce cellular senescence by [42]
downregulating cyclin-dependent kinase6.
miR-484  Angiogenesis Targeting RGD-modified exosomes [64]
inhibits tumor angiogenesis and increases
sensitivity.
miR-21-5 Increased Increased glycolysis by upregulating [65]

P glycolysis by PDHAL1 exosomal miR-21-5p derived from
miR-21-5p/PDHA1 DDP-resistant SKOV3 cells.
axis

miR-429  Targeting Induced DDP resistance targeting the [66]
CASR/STAT3 CASR/STAT3 pathway in A2780 cells and
pathway xenograft mice tumors

miR-223  Targeting Exosomal miR-223 derived from [67]
PTEN-PI3K/AKT  macrophages promoted drug resistance via
pathways the PTEN-PI3K/ AKT pathway in SKOV3

cells and SKOV3 xenograft models.

Except for miRNAs, exosomal proteins might
also be potential biomarkers for the diagnosis of OC.
It is also demonstrated that the serum levels of HSP27
were significantly increased in patients with epithelial
ovarian cancer, which was secreted by exosomes.
Therefore, serum HSP27 may be used as a potential
biomarker of response to treatment in epithelial
ovarian cancer patients[74]. CD24 could be found in
the cytoplasm inside MVBs and released into the
extracellular environment via exosomes, it is
correlated with more aggressive forms of ovarian
carcinoma so it worse the prognoses and shorten
patients” survival times. The increase of epithelial cell
adhesion molecule (EpCAM) concentration is
associated with the stages of ovarian cancer, which
indicates EpCAM in exosomes could be useful for the
diagnosis of ovarian cancer. So EpCAM and CD24
could be useful a marker for the diagnosis of ovarian
cancer patients and the detection of TD-exosome[75].
However, even if several literatures seem promising,
there remain no findings aiming at evaluating the role

of the mentioned exosome biomarkers in the clinic.
Future research is certainly represented by solving
these issues in the clinical aspect and seeking the most
reliable exosome biomarkers.

Therapeutic potential of exosomes in
ovarian cancer

In recent years, much evidence has displayed
that exosomes have been used as therapeutic targets
for cancer. Exosomes released from a cell line are
heterogeneous, meaning treatment is efficient for one
type of ovarian cancer patient but not for another.
Therefore, targeted and personalized treatments have
obtained more and more attention in current searches.
Exosomes are ideal therapeutic tools for advancing
ovarian cancer patients. Many strategies exist to
reverse the chemotherapy resistance by exosomes in
ovarian cancer, including utilizing exosomes as
delivery vehicles which can increase drugs’
concentration and block exosome secretion from
ovarian cancer cells. Furthermore, exosomes play an
essential role in anti-tumor immune responses, and
they are specific biomarkers to predict the efficiency
of immune responses. Nowadays, there exist three
treatments based on exosomes (Fig. 4): 1. drug
delivery vehicles, 2. treatment targets, and 3.
immunotherapeutic approaches.

Exosomes as drug delivery vehicles

A suitable drug delivery vehicle has been in
great demand for cancer treatment because it
improves the therapeutic efficacy and safety profile of
the chemotherapeutic drugs and their metabolites.
Exosomes are used as drug-delivered vehicles
because of their high stability in circulation, high
permeability, and low immunogenicity. They deliver
drugs and their metabolizes across the biological
membrane into the cytoplasm of recipient cells
without the endosomal and lysosomal pathways.
Nanoscale drug delivery systems incubate or
electroporate chemotherapeutic drugs and nucleic
acids into exosomes presenting more opportunities
for unsolved clinical issues like chemotherapeutic
resistance[76]. For example, Kim et al. showed that
incorporating paclitaxel into exosomes increased
solubility and cytotoxicity more than fifty times in
multidrug-resistant (MDR) cell lines MDCKwmpr: to
overcome P-gp-mediated drug efflux[77]. Another
study showed that bioinspired hybrid nanoparticles
called miR-497/TP-HENPs, formed by CDA47-
expressed exosomes from SKOV3-CDDP cells and
cRGD-modified liposomes, increased drug delivery to
target tumor sites by evading MPS clearance. It could
be considered an effective cancer therapy to overcome
chemo-resistance[70].
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Figure 4. Therapeutic potential of exosomes in ovarian cancer. 1) Drug delivery vehicles. Nanoscale drug delivery systems electroporate chemotherapeutic drugs and nucleic
acids into exosomes collected from an appropriate cell culture or co-incubate them. Once the exosomes are successfully loaded, they could be used for downstream therapeutic
applications. 2) Chemotherapy targets. Inhibiting exosome biogenesis and secretion is one particular therapeutic strategy for overcoming resistance either by using RNAi or
other small molecular inhibitors. 3) Exosome-based immunotherapy. Exosomal PD-LI could suppress T-cell activation, indicating that blocking specific targets on exosomal
PD-L1 using anti-PD-LI antibodies could improve tumor immunotherapy responsiveness. In addition, exosomes could be used as cell-free vaccines in cancer immunotherapy

because they contain numerous tumor antigens.

Although many studies have demonstrated that
exosomes assist cancer treatment, studying exosome
application and nanotechnology development would
require more clinical research. A phase I trial study
(NCT03608631) studied the best dose and side effects
of mesenchymal stromal cells-derived exosomes with
KrasG12D siRNA in treating metastatic pancreatic
cancer patients with KrasG12D mutation, aiming to
treat pancreatic cancer by exosomes. In addition, a
Phase II clinical trial (NCT01854866) recruited thirty
malignant ascites or pleural effusion patients and they
were injected with tumor cell-derived microparticles
packaging chemotherapeutic drugs. It demonstrated
that tumor cell-derived microparticles might be useful
for treating malignant ascites and pleural effusion.
However, there remains to be an urgent problem
dealing with the isolation, characterization, storage,
and administration of exosomes, to achieve mass
production of clinical therapeutic exosomes. Further-
more, it remains to be answered which cell type to
utilize for the isolation and purification of exosomes.

Exosomes as chemotherapy targets

Considering the importance of exosomes in
chemotherapy resistance, it has a clinical implication

for prospective tumor therapies to remove
tumor-derived exosomes through targeting exosome
biogenesis and secretion. The levels of exosomes are
down-regulated by using RNAi and other small
molecular inhibitors in exosome biogenesis and
secretion. Under hypoxic conditions, STAT3 knock-
down changed the expression of Rab27a and Rab7 to
reduce exosome release. Combined inhibitor
Amiloride, a STAT3 inhibitor with cisplatin, blocked
the release of exosomes and significantly inhibited
colony formation numbers and cell proliferation,
demonstrating that STAT3 inhibitor increased chemo-
sensitivity to cisplatin[45]. Samuel et al. suggested
blocking EV transfer in vitro sensitized ovarian cancer
cells to cisplatin using EV uptake inhibitors, including
heparin, amiloride, and dynasore[71]. However, it
demands many in-vivo studies on blocking exosome
transfer ~between cancer «cells to increase
chemotherapy sensitivity. miR-233 delivered via
exosomes derived from TAM promoted drug
resistance in ovarian cancer. It might be a novel
treatment approach to regulate exosome-derived
miRNA released by macrophages in the tumor
microenvironment[67]. Studies by Au Yeung
suggested that miR-21 in exosomes developed a
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malignant phenotype and promoted ovarian cancer
paclitaxel resistance. It would be an alternative
method to inhibit the transfer of exosome-derived
miR-21 to treat metastatic and recurrent ovarian
cancer[27]. Also, exosome Annexin A3 might be a
prognostic biomarker of resistance to platinum
chemotherapy in EOC patients with high sensitivity
and specificity. In conclusion, these studies proved
that targeted inactivation or elimination of exosomes
would provide new insights into cancer treatment.

Exosomes in future immunotherapy

In recent years, several interventions, including
immune checkpoint blockade, cancer vaccines, and
adoptive cell therapy, have attracted interest among
solid tumors like melanoma, NSCLC, and classical
Hodgkin lymphoma. However, no approved immune
treatments for ovarian cancer[78]. Several phases of
clinical research revealed that immune checkpoint
programmed death 1/PD-L1 inhibitors in ovarian
cancer had shown a modest response rate[79, 80].
Therefore, it remains to be solved by optimizing
immunotherapy treatment strategies and exploring
more  significant biomarkers for predicting
immunotherapeutic response in ovarian cancer.

Notably, exosomes could be used as carriers for
tumor immunotherapy because of their immunogeni-
city and transfer function. Also, they were involved in
antigen presentation, activation of T cells, and trigger
of CD8+T cell-dependent anti-tumor responses in
vitro and in vivo. It's thought that PD-L1 generally
interacts with PD-1 on the surface of tumor-infiltra-
ting lymphocytes, resulting inhibition of T-cell
signaling. In addition, PD-L1 also exists on the surface
of exosomes. Exosomal PD-L1 suppresses CD8+ T cell
function, including proliferation, cytotoxicity, and
cytokine production in vitro and in vivo. So it
represents an expected therapeutic method that
genetically blocks exosome biogenesis. The release of
exosomal PD-L1 can promote T cell activation and
proliferation and overcome resistance to the current
antibody approach[81]. The expression of tumor-
derived exosomal PD-L1 is increased by IFN-y
secreted from CD8+ T lymphocytes. Furthermore,
tumor cells secreted PD-L1 positive exosomes in the
tumor microenvironment or to distant places by
lymph nodes and targeted effector T cells to inhibit
anti-tumor immunity[82]. So it's obvious that
blocking specific targets on exosomal PD-L1 using
anti-PD-L1  antibodies could improve tumor
immunotherapy responsiveness. It's feasible that
circulating exosomal PD-L1 is applied to a potential
biomarker of tumor progression and response to
immunotherapy. However, it remains a problem to be
solved to detect circulating exosomal PD-L1 in

ovarian cancer patients.

Recent research has shown that tumor-derived
exosomes increase anti-tumor immune responses by
inducing immune effector cells and suppressing the
immune suppressor cells’ response. Exosomes
derived from natural killer cells(NK-Exo) could
enhance ovarian cancer cells' killing effect in vitro by
increasing DDP uptake and reversing the immuno-
suppression capacity of NK cells[83]. However,
exosomes could induce apoptosis of activated CD8+T
cells to play an immunosuppressive effect. Even so,
exosome-based strategies for cancer immunotherapy
could still be considered.

In addition, exosomes could be used as cell-free
vaccines in cancer immunotherapy because they
contain numerous tumor antigens. Cho et al. showed
that exosomes derived from tumor cells were novel
vesicles for delivering tumor-derived antigens to
induce effective immune responses against tumors
because of their immunogenicity[84]. Dendritic cells
derived exosomes can more effectively stimulate
CD4+ helper T cells and CD8+ CLTs proliferation and
induce an anti-tumor immune response, representing
a novel immunotherapy method for ovarian cancer
patients[85]. Phase II Trial (NCT01159288) used a
vaccination involving metronomic cyclophosphamide
(mCTX) based on tumor antigen-loaded dendritic
cell-derived exosomes (Dex) to treat unresectable
non-small cell lung cancer patients. Although the
Phase I trial could not monitor the induction of T cells
after using Dex vaccines in patients, they validated a
new process for the isolation of Dex with improved
immune stimulatory capacities to treat 47 advanced
unresectable NSCLC patients. Furthermore, vaccina-
tion within tumor-associated exosomes loaded T-cells
could counteract CD4 + CD25 + Treg cell-mediated
immunosuppression and trigger CTL long-term
memory to stimulate immune responses[86].

Therefore, how exosomes could deliver immu-
notherapy drugs and antigens to stimulate anti-tumor
immune responses in the tumor microenvironment is
vital regarding cancer treatment. Although exosomes
have attracted more and more attention as cancer
vaccines and carriers for various cancers, there have
been no animal and clinical trials to verify their
efficacy in ovarian cancer.

Conclusion and future perspectives

Ovarian cancer threatens female gynecological
health due to a high mortality rate. In recent years,
new ideas about eliminating specific exosomes,
encapsulating chemotherapeutic drugs in exosomes to
protect against degradation, and inhibiting exosome
biogenesis and secretion, have been proven to slow
down tumor progression and improve chemothera-
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peutic sensitization. Current studies suggested that
exosomes derived from tumor cells and peripheral
body fluid were expected to use as predictable
biomarkers for early diagnosis of ovarian cancer and
treatment targets to overcome chemo-resistance. With
their high stability in circulation and accessibility to
obtain from the body fluid, detecting exosomes in the
peripheral blood via liquid biopsies might be a
promising method. However, the immaturity of the
purification and detection methods hinders their
translation into clinical application. We propose that
larger multi-institutional studies including more
pre-clinical and clinical research, standardization, and
best strategies for exosome isolation and application
remain implemented to move this field forward for
the benefit of patients in clinical.

Exosomes could transfer multiple biological
molecules to the recipient cells or the cancer
microenvironment, so they might be served as a drug
delivery system to overcome drug resistance. In
addition, engineered exosomes achieve cell-specificity
and tumor-specificity by modifying the surface
molecules on exosomes. In the future, more studies
are urged to investigate the utility of exosomes as
natural delivery vehicles to guarantee the safety and
accuracy of ovarian cancer patients’ treatment at
lower drug doses and fewer side effects.

In conclusion, although many studies on
exosomes have confirmed their great diagnostic and
therapeutic potential in improving the prognosis of
ovarian cancer, challenges in this field need to be
overcome before providing exosomes as biomarkers
and treatment targets for ovarian cancer patients.
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IFNy: interferon gamma; CRT1: copper transporter 1;
SMAD4: somatic mutations in the Mothers Against
Decapentaplegic Homolog 4; CRC: colorectal cancer;
APAF1: apoptotic protease-activating factor 1; p-Rb:
phosphorylated retinoblastoma; CDK6: cyclin-
dependent kinase6; PDHA1: pyruvate dehydrogenase
E1 subunit alpha 1; CASR: calcium-sensing receptor;
TAM: tumor-associated macrophage; TP: triptolide;
CA125: carbohydrbate antigen 125; TVS: transvaginal
ultrasound; CTCs: circulating tumor cells; ctDNA:
circulating tumor DNA; cfmiRNAs: circulating
cell-free miRNAs; IncRNA: long noncoding RNAs;
EpCAM: epithelial cell adhesion molecule; MDR:
multiple drug resistance; NK cell: natural killer cell.

Acknowledgments

We thank all the people on the team for the
critical discussion.

Funding

This study was funded by [National Natural
Science Foundation of China] (Grant number
[81472761]), [Natural Science Foundation of Tianjin
City] (grant number [14JCYBJC25300]), and [Beijing
Xisike Clinical Oncology Research Foundation] (grant
number [Y-zai2022/ms-0246]) for positive suggest-
ions concerning the manuscript.

Consent to publish
All authors agreed to publish.

Author contributions

Initiation and conceptualization of the
manuscript were undertaken by Y.L. and GY.L. Y.L.
wrote the manuscript, performed the literature search,
and prepared all the figures and tables. GY.L.
supervised and critically revised the manuscript. All
authors read and approved the final manuscript.

Competing Interests

The authors have declared that no competing
interest exists.

https://www.jcancer.org



Journal of Cancer 2023, Vol. 14

2143

References

1.

2.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer J
Clin. 2023; 73: 17-48.

Ge R, Tan E, Sharghi-Namini S, Asada HH. Exosomes in Cancer
Microenvironment and Beyond: have we Overlooked these Extracellular
Messengers? Cancer Microenviron. 2012; 5: 323-32.

Trajkovic K, Hsu C, Chiantia S, Rajendran L, Wenzel D, Wieland F, et al.
Ceramide triggers budding of exosome vesicles into multivesicular
endosomes. Science (New York, NY). 2008; 319: 1244-7.

Beach A, Zhang H, Ratajczak M, Kakar S. Exosomes: an overview of
biogenesis, composition and role in ovarian cancer. Journal of ovarian
research. 2014; 7: 14.

Yin J, Yan X, Yao X, Zhang Y, Shan Y, Mao N, et al. Secretion of annexin A3
from ovarian cancer cells and its association with platinum resistance in
ovarian cancer patients. ] Cell Mol Med. 2012; 16: 337-48.

Henderson MC, Azorsa DO. The genomic and proteomic content of cancer
cell-derived exosomes. Front Oncol. 2012; 2: 38.

Azmi AS, Bao B, Sarkar FH. Exosomes in cancer development, metastasis, and
drug resistance: a comprehensive review. Cancer Metastasis Rev. 2013; 32:
623-42.

Nakamura K, Sawada K, Kobayashi M, Miyamoto M, Shimizu A, Yamamoto
M, et al. Role of the Exosome in Ovarian Cancer Progression and Its Potential
as a Therapeutic Target. Cancers (Basel). 2019; 11(8): 1147.

Shen J, Zhu X, Fei J, Shi P, Yu S, Zhou ]. Advances of exosome in the
development of ovarian cancer and its diagnostic and therapeutic prospect.
Onco Targets Ther. 2018; 11: 2831-41.

Park JE, Tan HS, Datta A, Lai RC, Zhang H, Meng W, et al. Hypoxic tumor cell
modulates its microenvironment to enhance angiogenic and metastatic
potential by secretion of proteins and exosomes. Mol Cell Proteomics. 2010; 9:
1085-99.

Yu X, Harris SL, Levine AJ. The regulation of exosome secretion: a novel
function of the p53 protein. Cancer Res. 2006; 66: 4795-801.

Alharbi M, Lai A, Sharma S, Kalita-de Croft P, Godbole N, Campos A, et al.
Extracellular Vesicle Transmission of Chemoresistance to Ovarian Cancer
Cells Is Associated with Hypoxia-Induced Expression of Glycolytic Pathway
Proteins, and Prediction of Epithelial Ovarian Cancer Disease Recurrence.
Cancers (Basel). 2021; 13(14): 3388.

Qiu JJ, Lin X], Tang XY, Zheng TT, Lin YY, Hua KQ. Exosomal
Metastasis-Associated Lung Adenocarcinoma Transcript 1 Promotes
Angiogenesis and Predicts Poor Prognosis in Epithelial Ovarian Cancer. Int J
Biol Sci. 2018; 14: 1960-73.

Tang MKS, Yue PYK, Ip PP, Huang RL, Lai HC, Cheung ANY, et al. Soluble
E-cadherin promotes tumor angiogenesis and localizes to exosome surface.
Nat Commun. 2018; 9: 2270.

Masoumi-Dehghi S, Babashah S, Sadeghizadeh M.
microRNA-141-3p-containing small extracellular vesicles derived from
epithelial ovarian cancer cells promote endothelial cell angiogenesis through
activating the JAK/STAT3 and NF-kappaB signaling pathways. ] Cell
Commun Signal. 2020; 14: 233-44.

Lindenbergh MFS, Stoorvogel W. Antigen Presentation by Extracellular
Vesicles from Professional Antigen-Presenting Cells. Annu Rev Immunol.
2018; 36: 435-59.

Cheng L, Wang Y, Huang L. Exosomes from M1I-Polarized Macrophages
Potentiate the Cancer Vaccine by Creating a Pro-inflammatory
Microenvironment in the Lymph Node. Mol Ther. 2017; 25: 1665-75.

Cancer Genome Atlas Research N. Integrated genomic analyses of ovarian
carcinoma. Nature. 2011; 474: 609-15.

Bolton K, Chenevix-Trench G, Goh C, Sadetzki S, Ramus S, Karlan B, et al.
Association between BRCA1 and BRCA2 mutations and survival in women
with invasive epithelial ovarian cancer. JAMA. 2012; 307: 382-90.

Christie EL, Bowtell DDL. Acquired chemotherapy resistance in ovarian
cancer. Ann Oncol. 2017; 28: viii13-viii5.

Oza AM, Cibula D, Benzaquen AO, Poole C, Mathijssen RH, Sonke GS, et al.
Olaparib combined with chemotherapy for recurrent platinum-sensitive
ovarian cancer: a randomised phase 2 trial. Lancet Oncol. 2015; 16: 87-97.
Otsuka I. Mechanisms of High-Grade Serous Carcinogenesis in the Fallopian
Tube and Ovary: Current Hypotheses, Etiologic Factors, and Molecular
Alterations. Int ] Mol Sci. 2021; 22(9): 4409.

Etemadmoghadam D, George J, Cowin PA, Cullinane C, Kansara M,
Australian Ovarian Cancer Study G, et al. Amplicon-dependent CCNE1
expression is critical for clonogenic survival after cisplatin treatment and is
correlated with 20q11 gain in ovarian cancer. PLoS One. 2010; 5: €15498.

Chan AM, Enwere E, McIntyre JB, Wilson H, Nwaroh C, Wiebe N, et al.
Combined CCNE1 high-level amplification and overexpression is associated
with unfavourable outcome in tubo-ovarian high-grade serous carcinoma. J
Pathol Clin Res. 2020; 6: 252-62.

Etemadmoghadam D, deFazio A, Beroukhim R, Mermel C, George J, Getz G,
et al. Integrated genome-wide DNA copy number and expression analysis
identifies distinct mechanisms of primary chemoresistance in ovarian
carcinomas. Clin Cancer Res. 2009; 15: 1417-27.

Binju M, Padilla MA, Singomat T, Kaur P, Suryo Rahmanto Y, Cohen PA, et al.
Mechanisms underlying acquired platinum resistance in high grade serous
ovarian cancer - a mini review. Biochim Biophys Acta Gen Subj. 2019; 1863:
371-8.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Au Yeung CL, Co NN, Tsuruga T, Yeung TL, Kwan SY, Leung CS, et al.
Exosomal transfer of stroma-derived miR21 confers paclitaxel resistance in
ovarian cancer cells through targeting APAF1. Nat Commun. 2016; 7: 11150.
Patch AM, Christie EL, Etemadmoghadam D, Garsed DW, George ], Fereday
S, et al. Whole-genome characterization of chemoresistant ovarian cancer.
Nature. 2015; 521: 489-94.

Li SS, Ma J, Wong AST. Chemoresistance in ovarian cancer: exploiting cancer
stem cell metabolism. ] Gynecol Oncol. 2018; 29: e32.

Rizzo S, Hersey JM, Mellor P, Dai W, Santos-Silva A, Liber D, et al. Ovarian
cancer stem cell-like side populations are enriched following chemotherapy
and overexpress EZH2. Mol Cancer Ther. 2011; 10: 325-35.

Januchowski R, Wojtowicz K, Sterzyska K, Sosiska P, Andrzejewska M,
Zawierucha P, et al. Inhibition of ALDH1A1 activity decreases expression of
drug transporters and reduces chemotherapy resistance in ovarian cancer cell
lines. Int ] Biochem Cell Biol. 2016; 78: 248-59.

Chen X, Zhang ], Zhang Z, Li H, Cheng W, Liu J. Cancer stem cells,
epithelial-mesenchymal transition, and drug resistance in high-grade ovarian
serous carcinoma. Hum Pathol. 2013; 44: 2373-84.

Steg AD, Bevis KS, Katre AA, Ziebarth A, Dobbin ZC, Alvarez RD, et al. Stem
cell pathways contribute to clinical chemoresistance in ovarian cancer. Clin
Cancer Res. 2012; 18: 869-81.

Wong-Brown MW, van der Westhuizen A, Bowden NA. Targeting DNA
Repair in Ovarian Cancer Treatment Resistance. Clin Oncol (R Coll Radiol).
2020; 32: 518-26.

Selvakumaran M, Pisarcik DA, Bao R, Yeung AT, Hamilton TC. Enhanced
cisplatin cytotoxicity by disturbing the nucleotide excision repair pathway in
ovarian cancer cell lines. Cancer Res. 2003; 63: 1311-6.

Noordermeer SM, Adam S, Setiaputra D, Barazas M, Pettitt S, Ling AK, et al.
The shieldin complex mediates 53BP1-dependent DNA repair. Nature. 2018;
560: 117-21.

Gogola E, Duarte AA, de Ruiter JR, Wiegant WW, Schmid JA, de Bruijn R, et
al. Selective Loss of PARG Restores PARylation and Counteracts PARP
Inhibitor-Mediated Synthetic Lethality. Cancer Cell. 2018; 33: 1078-93 e12.

Ray Chaudhuri A, Callen E, Ding X, Gogola E, Duarte AA, Lee JE, et al.
Replication fork stability confers chemoresistance in BRCA-deficient cells.
Nature. 2016; 535: 382-7.

Cao YL, Zhuang T, Xing BH, Li N, Li Q. Exosomal DNMT1 mediates cisplatin
resistance in ovarian cancer. Cell Biochem Funct. 2017; 35: 296-303.

Crow J, Atay S, Banskota S, Artale B, Schmitt S, Godwin A. Exosomes as
mediators of platinum resistance in ovarian cancer. Oncotarget. 2017; 8:
11917-36.

Pink RC, Samuel P, Massa D, Caley DP, Brooks SA, Carter DR. The passenger
strand, miR-21-3p, plays a role in mediating cisplatin resistance in ovarian
cancer cells. Gynecol Oncol. 2015; 137: 143-51.

Weiner-Gorzel K, Dempsey E, Milewska M, McGoldrick A, Toh V, Walsh A, et
al. Overexpression of the microRNA miR-433 promotes resistance to paclitaxel
through the induction of cellular senescence in ovarian cancer cells. Cancer
Med. 2015; 4: 745-58.

Safaei R, Larson BJ, Cheng TC, Gibson MA, Otani S, Naerdemann W, et al.
Abnormal lysosomal trafficking and enhanced exosomal export of cisplatin in
drug-resistant human ovarian carcinoma cells. Mol Cancer Ther. 2005; 4:
1595-604.

Chauhan SS, Liang XJ, Su AW, Pai-Panandiker A, Shen DW, Hanover JA, et al.
Reduced endocytosis and altered lysosome function in cisplatin-resistant cell
lines. British Journal of Cancer. 2003; 88: 1327-34.

Dorayappan KDP, Wanner R, Wallbillich JJ, Saini U, Zingarelli R, Suarez AA,
et al. Hypoxia-induced exosomes contribute to a more aggressive and
chemoresistant ovarian cancer phenotype: a novel mechanism linking
STAT3/Rab proteins. Oncogene. 2018; 37: 3806-21.

Qian L, Yang X, Li S, Zhao H, Gao Y, Zhao S, et al. Reduced O-GlcNAcylation
of SNAP-23 promotes cisplatin resistance by inducing exosome secretion in
ovarian cancer. Cell Death Discov. 2021; 7: 112.

Calo CA, Smith BQ, Dorayappan KDP, Saini U, Lightfoot M, Wagner V, et al.
Aberrant expression of TMEM205 signaling promotes platinum resistance in
ovarian cancer: An implication for the antitumor potential of DAP compound.
Gynecol Oncol. 2022; 164: 136-45.

Parashar D, Geethadevi A, McAllister D, Ebben ], Peterson FC, Jensen DR, et
al. Targeted biologic inhibition of both tumor cell-intrinsic and intercellular
CLPTMIL/CRR9-mediated chemotherapeutic drug resistance. NPJ Precis
Oncol. 2021; 5: 16.

Levchenko A, Mehta B, Niu X, Kang G, Villafania L, Way D, et al. Intercellular
transfer of P-glycoprotein mediates acquired multidrug resistance in tumor
cells. Proceedings of the National Academy of Sciences of the United States of
America. 2005; 102: 1933-8.

Bebawy M, Combes V, Lee E, Jaiswal R, Gong ], Bonhoure A, et al. Membrane
microparticles mediate transfer of P-glycoprotein to drug sensitive cancer
cells. Leukemia. 2009; 23: 1643-9.

Zhang FF, Zhu YF, Zhao QN, Yang DT, Dong YP, Jiang L, et al. Microvesicles
mediate transfer of P-glycoprotein to paclitaxel-sensitive A2780 human
ovarian cancer cells, conferring paclitaxel-resistance. Eur ] Pharmacol. 2014;
738: 83-90.

Gerke V, Moss S. Annexins: from structure to function. Physiological reviews.
2002; 82: 331-71.

https://www.jcancer.org



Journal of Cancer 2023, Vol. 14

2144

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.
79.

80.

Yan X, Yin ], Yao H, Mao N, Yang Y, Pan L. Increased expression of annexin
A3 is a mechanism of platinum resistance in ovarian cancer. Cancer Res. 2010;
70: 1616-24.

Cacan E, Ali MW, Boyd NH, Hooks SB, Greer SF. Inhibition of HDAC1 and
DNMT1 modulate RGS10 expression and decrease ovarian cancer
chemoresistance. PLoS One. 2014; 9: e87455.

Asare-Werehene M, Nakka K, Reunov A, Chiu CT, Lee WT, Abedini MR, et al.
The exosome-mediated autocrine and paracrine actions of plasma gelsolin in
ovarian cancer chemoresistance. Oncogene. 2020; 39: 1600-16.
Asare-Werehene M, Communal L, Carmona E, Han Y, Song YS, Burger D, et
al. Plasma Gelsolin Inhibits CD8+ T-cell Function and Regulates Glutathione
Production to Confer Chemoresistance in Ovarian Cancer. Cancer Research.
2020; 80: 3959-71.

Guo H, Ha C, Dong H, Yang Z, Ma Y, Ding Y. Cancer-associated
fibroblast-derived exosomal microRNA-98-5p promotes cisplatin resistance in
ovarian cancer by targeting CDKN1A. Cancer Cell Int. 2019; 19: 347.
Bhattacharya R, Mitra T, Ray Chaudhuri S, Roy SS. Mesenchymal splice
isoform of CD44 (CD44s) promotes EMT/invasion and imparts stem-like
properties to ovarian cancer cells. ] Cell Biochem. 2018; 119: 3373-83.

Li W, Zhang X, Wang J, Li M, Cao C, Tan J, et al. TGFp1 in fibroblasts-derived
exosomes promotes epithelial-mesenchymal transition of ovarian cancer cells.
Oncotarget. 2017; 8: 96035-47.

Hu JL, Wang W, Lan XL, Zeng ZC, Liang YS, Yan YR, et al. CAFs secreted
exosomes promote metastasis and chemotherapy resistance by enhancing cell
stemness and epithelial-mesenchymal transition in colorectal cancer. Mol
Cancer. 2019; 18: 91.

Tickner JA, Urquhart AJ, Stephenson SA, Richard DJ, O'Byrne K]J. Functions
and therapeutic roles of exosomes in cancer. Front Oncol. 2014; 4: 127.

Alharbi M, Zuniga F, Elfeky O, Guanzon D, Lai A, Rice GE, et al. The potential
role of miRNAs and exosomes in chemotherapy in ovarian cancer. Endocr
Relat Cancer. 2018; 25: R663-R85.

Taylor DD, Gercel-Taylor C. MicroRNA signatures of tumor-derived
exosomes as diagnostic biomarkers of ovarian cancer. Gynecol Oncol. 2008;
110: 13-21.

Zhao Z, Shuang T, Gao Y, Lu F, Zhang J, He W, et al. Targeted delivery of
exosomal miR-484 reprograms tumor vasculature for chemotherapy
sensitization. Cancer Lett. 2022; 530: 45-58.

Zhuang L, Zhang B, Liu X, Lin L, Wang L, Hong Z, et al. Exosomal miR-21-5p
derived from cisplatin-resistant SKOV3 ovarian cancer cells promotes
glycolysis and inhibits chemosensitivity of its progenitor SKOV3 cells by
targeting PDHA1. Cell Biol Int. 2021; 45: 2140-9.

Li T, Lin L, Liu Q, Gao W, Chen L, Sha C, et al. Exosomal transfer of miR-429
confers chemoresistance in epithelial ovarian cancer. Am J Cancer Res. 2021;
11: 2124-41.

Zhu X, Shen H, Yin X, Yang M, Wei H, Chen Q, et al. Macrophages derived
exosomes deliver miR-223 to epithelial ovarian cancer cells to elicit a
chemoresistant phenotype. ] Exp Clin Cancer Res. 2019; 38: 81.

McCubrey JA, Abrams SL, Fitzgerald TL, Cocco L, Martelli AM, Montalto G, et
al. Roles of signaling pathways in drug resistance, cancer initiating cells and
cancer progression and metastasis. Adv Biol Regul. 2015; 57: 75-101.

Ip CK, Li SS, Tang MY, Sy SK, Ren Y, Shum HC, et al. Stemness and
chemoresistance in epithelial ovarian carcinoma cells under shear stress. Sci
Rep. 2016; 6: 26788.

Li L, He D, Guo Q, Zhang Z, Ru D, Wang L, et al. Exosome-liposome hybrid
nanoparticle codelivery of TP and miR497 conspicuously overcomes
chemoresistant ovarian cancer. ] Nanobiotechnology. 2022; 20: 50.

Samuel P, Mulcahy LA, Furlong F, McCarthy HO, Brooks SA, Fabbri M, et al.
Cisplatin induces the release of extracellular vesicles from ovarian cancer cells
that can induce invasiveness and drug resistance in bystander cells. Philos
Trans R Soc Lond B Biol Sci. 2018; 373(1737): 20170065.

Giannopoulou L, Zavridou M, Kasimir-Bauer S, Lianidou ES. Liquid biopsy in
ovarian cancer: the potential of circulating miRNAs and exosomes. Transl Res.
2019; 205: 77-91.

Wang W, Yin Y, Shan X, Zhou X, Liu P, Cao Q, et al. The Value of
Plasma-Based MicroRNAs as Diagnostic Biomarkers for Ovarian Cancer. Am J
Med Sci. 2019; 358: 256-67.

Zhao M, Ding JX, Zeng K, Zhao J, Shen F, Yin YX, et al. Heat shock protein 27:
a potential biomarker of peritoneal metastasis in epithelial ovarian cancer?
Tumour Biol. 2014; 35: 1051-6.

Runz S, Keller S, Rupp C, Stoeck A, Issa Y, Koensgen D, et al. Malignant
ascites-derived exosomes of ovarian carcinoma patients contain CD24 and
EpCAM. Gynecol Oncol. 2007; 107: 563-71.

Luan X, Sansanaphongpricha K, Myers I, Chen H, Yuan H, Sun D. Engineering
exosomes as refined biological nanoplatforms for drug delivery. Acta
Pharmacol Sin. 2017; 38: 754-63.

Kim MS, Haney M]J, Zhao Y, Mahajan V, Deygen I, Klyachko NL, et al.
Development of exosome-encapsulated paclitaxel to overcome MDR in cancer
cells. Nanomedicine. 2016; 12: 655-64.

Odunsi K. Immunotherapy in ovarian cancer. Ann Oncol. 2017; 28: viiil-viii7.
Disis ML, Patel MR, Pant S, Infante JR, Lockhart AC, Kelly K, et al. Avelumab
(MSB0010718C), an anti-PD-L1 antibody, in patients with previously treated,
recurrent or refractory ovarian cancer: A phase Ib, open-label expansion trial.
Journal of Clinical Oncology. 2015; 33: 5509-.

Varga A, Piha-Paul SA, Ott PA, Mehnert JM, Berton-Rigaud D, Johnson EA, et
al. Antitumor activity and safety of pembrolizumab in patients (pts) with

81.

82.

83.

84.

85.

86.

PD-L1 positive advanced ovarian cancer: Interim results from a phase Ib
study. Journal of Clinical Oncology. 2015; 33: 5510-.

Poggio M, Hu T, Pai CC, Chu B, Belair CD, Chang A, et al. Suppression of
Exosomal PD-L1 Induces Systemic Anti-tumor Immunity and Memory. Cell.
2019; 177: 414-27 €13.

Wang J, Zeng H, Zhang H, Han Y. The role of exosomal PD-L1 in tumor
immunotherapy. Transl Oncol. 2021; 14: 101047.

Luo H, Zhou Y, Zhang ], Zhang Y, Long S, Lin X, et al. NK cell-derived
exosomes enhance the anti-tumor effects against ovarian cancer by delivering
cisplatin and reactivating NK cell functions. Front Immunol. 2022; 13: 1087689.
Cho JA, Yeo DJ, Son HY, Kim HW, Jung DS, Ko JK, et al. Exosomes: a new
delivery system for tumor antigens in cancer immunotherapy. Int J Cancer.
2005; 114: 613-22.

Hao S, Bai O, Yuan ], Qureshi M, Xiang ]J. Dendritic cell-derived exosomes
stimulate stronger CD8+ CTL responses and antitumor immunity than tumor
cell-derived exosomes. Cellular & molecular immunology. 2006; 3: 205-11.

Xu Z, Zeng S, Gong Z, Yan Y. Exosome-based immunotherapy: a promising
approach for cancer treatment. Mol Cancer. 2020; 19: 160.

https://www.jcancer.org



