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Abstract: Ovarian cancer is the leading cause of female gynecological cancer mortality.
Most patients with ovarian cancer are diagnosed with advanced stage because of lack of early
symptoms, physical signs, and sensitive tumor biomarkers. The standard treatment includes
cytoreductive surgery and platinum-based chemotherapy (usually platinum combined with pacli-
taxel). Despite that postoperative adjuvant chemotherapy prolongs survival time, most patients
go through relapse within 6-12 months after the treatment. Thus, elucidating the molecular
mechanism in cancer development is essential to promote early diagnosis and novel treatments.
The role of exosome has been highlighted in multiple research fields in recent years. Exosome
has been described as nano-sized vesicle secreted by multiple mammalian cell types, carrying
cargos like proteins, miRNAs, mRNAs, and lipids. It participates in the formation of tumor
microenvironment and the development of tumorigenesis and drug resistance in ovarian cancer.
Meanwhile, it may also play a pivotal role in diagnosis, efficacy evaluation, and prognosis.
Besides, studies show that exosome and its processed products have promising value in ovarian
cancer treatment. The aim of the current review is to describe the characteristics of exosome
in ovarian cancer, especially focusing on its role in immune modulation and drug resistance,
hoping to provide new information on its implications in cancer diagnosis and treatment.
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Introduction

Ovarian cancer is one of the top three common malignancies and the deadliest dis-
ease in the female gynecological system. The most common tumor type is epithelial
ovarian cancer (EOC), accounting for ~90%.!? Because of lack of representative
symptoms and sensitive diagnostic approaches, more than 70% patients present with
extra-pelvic lesions and are diagnosed with advanced stage (FIGO stage III or IV).?
Despite that novel therapies are emerging in recent years, such as antiangiogenesis
and targeted therapy, little survival improvement has been achieved. At present, the
standard therapy of ovarian cancer remains cytoreductive surgery and postoperative
adjuvant chemotherapy with platinum-based compounds. According to the National
Comprehensive Cancer Network guidelines, recommendations regarding adjuvant
therapy include intravenous with or without intraperitoneal options, such as paclitaxel/
carboplatin regimen, docetaxel/carboplatin, doxorubicin/carboplatin, and cisplatin/
paclitaxel.*¢ All of regimens have different toxicity profiles. For example, the intra-
venous paclitaxel/carboplatin regimen is associated with sensory peripheral neu-
ropathy. The intraperitoneal paclitaxel/cisplatin regain is associated with leukopenia,
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infection, fatigue, renal toxicity, abdominal discomfort, and
neurotoxicity.”® In addition to the toxicities, drug resistance
also remains as an obstacle in cancer treatment. Patients
show response to chemotherapy initially, but many patients
develop drug resistance in 6—12 months with the increasing
use of cytotoxic agents. Despite that adjuvant chemotherapy
does improve patients’ outcome, the 5-year survival rate of
advanced patients is still low (<30%) due to late diagnosis
and drug resistance. Contrarily, the 5-year survival rate
of patients with early stage (FIGO stage I or II) can reach
90%.>° Such outcomes highlight the urgency of implement-
ing early diagnostic methods and treatment strategies for
ovarian cancer with novel, more effective, and less toxic
approaches.

Exosome has been widely investigated in recent years.
It has been described as a nano-sized vesicle encapsulated
with lipid bilayer. Exosome can be found in different body
fluids, such as plasma, saliva, urine, latex, cerebrospinal
fluid, and ascites. It carries various cargos such as proteins,
nucleic acid, and lipids reflecting the cell of origin, and exerts
as a vehicle to transport cargos to cells. Exosome plays a
key role in cell-cell communication by releasing bioactive
molecules, fusing with the membrane of recipient cell or
combing with the receptors on cell surface.!®!® As one part
of tumor microenvironment, exosome participates in cell pro-
liferation, angiogenesis, metastasis, immune regulation, drug
resistance, and pre-metastatic environment formation.!%16-1
Recent studies revealed a strong connection between exo-
some and ovarian cancer. Exosome may play an important
role in the progression and drug resistance of ovarian cancer.
Moreover, it is a promising biomarker for the diagnosis and
novel therapeutic strategies in the ovarian cancer. The aim
of the current review is to describe the characteristics of
exosome in ovarian cancer, especially focusing on its role in
immune modulation and drug resistance, hoping to provide
new information on its implications in cancer diagnosis and
treatment.

The structure of exosome

Exosome, first found in maturing mammalian reticulocytes
in 1983, is a nano-vesicle ranging from 30 to 100 nm in
diameter.?’ Different from microvesicles (100 nm to 1 um)
separated from the membrane directly, exosome is mainly
formed through the endosomal pathway.?'>* The biogenesis
of exosome begins with inward invagination of the cell
membrane, causing the incorporation of membrane proteins
in the early endosome. As the early endosome matures and
develops into the late endosome, it undergoes inward budding
resulting in the formation of intraluminal vesicles. The late

endosome containing intraluminal vesicles is also called as
multivesicular body (MVB). When the MVB forms, it may
go two different ways. Typically, it fuses with the lyso-
some and then its contents are degraded by the hydrolysis.
Otherwise, instead of fusion with the lysosome, the MVB
may fuse with the cell membrane, releasing its intraluminal
vesicles to the extracellular environment. These vesicles are
then described as exosomes (Figure 1). As mentioned already,
exosome has been identified in many body fluids, such as
blood, saliva, urine, ascites, breast milk, amniotic fluid, and
etc. It can be secreted under both normal and pathological
conditions and by a wide array of mammalian cell types,
including lymphocytes, dendritic cells (DCs), macrophages,
mast cells, stem cells, epithelial cells, endothelial cells, as
well as cancer cells.>>3! Notably, cancer cells are said to
produce exosomes in greater amounts than normal cells due
to the possible factors (like stress, hypoxia, and cytokines)
existing in the tumor microenvironment.32-34

Exosome is an informative vesicle rich in proteins,
nucleic acid, and lipids. The molecule composition of
the exosome depends in part on the type and state of the
originating cell. Exosome includes multiple categories of
proteins, such as proteins involved in antigen presentation
(such as CD1, the major histocompatibility molecules [MHC]
class I and II), tetraspanins (CD9, CD63, CD81, and CD82),
proteins involved in structure construction (like tubulin,
actin, and filament actin), cytoplasmic proteins (such as
annexins, Rab proteins, flotillin, Alix, and TSG101), and
signaling transduction-related proteins (like protein kinases
and G proteins). Other common exosomal proteins include
heat shock proteins (HSP) 70 and HSP90, as well as some
proteins which exist in tumor-derived exosome (like Fas
ligand [FasL]) in tumor-derived exosome.?!*>4¢ In addition to
proteins, exosome has been reported to contain nucleic acid
such as DNA, mRNA, miRNA, and non-coding RNA, which
plays a role in angiogenesis, exocytosis, and tumorigenesis
by modulating gene expression and protein translation.*’-!
Exosome also contains lipids that may be related to main-
tain the morphology of exosome and exert as a signaling
molecule.’® Recent information from different cell types
reveals that exosome contains 41,860 proteins, 1,116 lipids,
4,946 mRNA, and 2,838 miRNA. Since exosome carries
multiple functional molecules, its role in disease development
draws more attention.

Exosome’s role in ovarian cancer

Exosome participates in transportation, cell-cell communica-
tion, signal transduction, antigen presentation, and immune
regulation by releasing bioactive molecules, fusing with
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the membrane of recipient cell, or combing with the recep-
tors on cell surface, which is related to both biological and
pathological procession. Recently, the relationship between
exosome and ovarian cancer has attracted much more
attention. Like other exosomes derived from normal cells,
exosomes from ovarian cancer also contain lots of bioactive
molecules that may be dominants in tumor progression,
such as immune regulation related molecules (MHCI and
HSP), miRNA involved in tumor invasion (miR-200 and
miR-222-3p), and drug resistance-related molecules (miR-21,
annexin A3). The characteristics of exosome in ovarian
cancer mainly consists of the following five aspects.

Exosome in modulating tumor development

Tumor-derived exosome is one part of tumor microenviron-
ment, involving in promoting cell proliferation, angiogenesis,
metastasis, and the formation of pre-metastatic environment.
Cho et al found that the adipose tissue-derived mesenchymal
stem cells (ADSCs) treated with ovarian cancer-derived exo-
somes could be induced to exhibit the typical characteristics
of tumor-associated myofibroblasts with increased expres-
sion of oi-smooth muscle actin and also increased secretion
of stromal derived factor-1 and transforming growth factor
(TGF)-B. Meanwhile, the upregulated expression of TGF-3
receptor isotypes (TGF-B RI and II) suggested that the

generation of myofibroblasts from ADSCs can be related
to the activation of TGF-P receptor mediated downstream
signaling pathways. Further study revealed that exosomes
from different originating cells activated different signaling
pathways. Exosomes from SKOV3 increased the expression
of phosphorylated SMAD?2 to activate SMAD-dependent
pathway, while OVCAR3-derived exosomes increased the
phosphorylation form of AKT to activate the representative
SMAD-independent pathway (PI3K/AKT pathway).” All of
the aforementioned results clearly indicate that tumor-derived
exosomes can induce the tumor-associated myofibroblastic
phenotype by creating appropriate microenvironment and
thereby contribute to the progression and malignancy of
tumor cells. Ovarian cancer is characteristic of abdominal
metastasis, such as omentum and peritoneum. Study con-
ducted by Nakamura et al indicated that exosome-mediated
transfer played a functional role in abdominal metastasis.
Human peritoneal mesothelial cells (HPMCs) isolated from
normal omentum were treated with exosomes derived from
different ovarian cancer cell lines separately. Results showed
that exosome-treated HPMCs changed in cellular morphology
to spindle phenotype and the invasion capability was signifi-
cantly promoted. Furthermore, they revealed that exosomes
transferred CD44 to HPMCs, which could upregulate the
secretion of matrix metalloproteinase-9 and increase the
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clearance of HPMCs, resulting in cell invasion promotion.**
Additionally, miRNA is reported to play a crucial role in
tumor progression by modulating gene expression. For
instance, EOC-derived exosomes can transfer miR-222-3p to
macrophages to induce the polarization of tumor-associated
macrophage (TAM)-like phenotype with SOCS3/STAT3
pathway involvement, resulting in tumor progression and
metastasis by promoting cell proliferation, angiogenesis,
and extracellular matrix degradation.’>*¢ Kanlikilicer et al
found that the expression of miR-1246 was significantly
increased in ovarian cancer exosomes and miR-1246 could
inhibit RB tumor suppressor protein and regulate Caveolin-1
and platelet-derived growth factor receptor B precursor sig-
naling to mediate tumorigenesis.”” Exosome miR-101 was
reported to repress ovarian cancer cell migration and invasion
by inhibiting brain-derived neurotrophic factor. Xu et al’s
study revealed that the expression level of miR-101 was
significantly decreased in ovarian cancer exosomes, indicat-
ing the reduction of miR-101 is related to enhanced cancer
cell migration and invasion.*® Taken together, tumor-derived
exosomes can alter the invasive and metastatic capacity of
ovarian cancer cells by transferring informative molecules.
Additionally, exosome can also promote tumor progression
via inhibiting immune system or enhancing drug resistance,
which will be discussed in the following text. Anyway, what
has been found so far is only the tip of iceberg. Further studies
are needed to fully elucidate the characteristics of exosome
in ovarian cancer development.

Exosome in immune regulation

Throughout the tumor microenvironment, multiple immune
cells, including T and B lymphocytes, natural killer (NK)
cells, and macrophages, exert functions depending on the
tissue composition and stimuli. Immune responses can be
regulated by different components, such as proteins and
RNAs. As one focal member in the tumor microenviron-
ment, exosomes carry informative cargos and their role in
modulating immune system has been highlighted. Tumor-
derived exosomes have been shown to inhibit the immune
system via different mechanisms. For example, exosomes
can induce the apoptosis of effective T lymphocytes through
Fas/FasL pathway or downregulate the activity of NK cells
via NKG2D ligands.**®' Specifically, in ovarian cancer,
exosomes could promote anti-tumor response via enhancing
the apoptosis of peripheral lymphocytes and DCs through
Fas/FasL pathway or by secreting exosomal TRAIL, which
is an apoptosis-induced signal molecule.® It is also said
that exosomes can collectively induce T-cell apoptosis by

increasing the expression of FasL on the exosome surface
and suppressing CD3-zeta on T cells.®*¢* Besides, ex vivo
experiment revealed that ascites-associated exosomes
with high expression of arginase-1, which was associated
negatively with intratumoral T-cell infiltration and CD3-zeta
expression, could act as an immunosuppressor by inhibiting
the proliferation of CD4* and CD8" T cells and decreasing
the number of T-cell receptors.®® Tumor-derived exosomes
have also been reported to enhance immune suppression
by promoting the differentiation of inhibitory immune
cells, including myeloid-derived suppressor cells (MDSC),
TAMs, and regulatory T cells (Treg). MDSC can negatively
modulate antigen processing and presentation and increase
the secretion of immunosuppressive factors. Exosomes can
induce the differentiation of MDSC and promote the infiltra-
tion of MDSC in tumor tissue to inhibit immune response.®*’
Speaking of Treg, Szajinik et al found that plasma exosomes
from patients with ovarian cancer could activate the conver-
sion of CD4*CD25™¢ T cells into CD4*CD25"¢" FOXP3*
Treg, which was responsible for inhibitory functions of
CD4*CD25¢ T cells and CD8'T cells. It appeared that
exosomes not only induced Treg, but also promoted Treg
proliferation and enhanced the effects of immunosuppression
via mechanisms involving interleukin (IL)-10 and TGF-f3.%
As already mentioned, exosomes can transfer miR-222-3p
to macrophages to induce the polarization of TAM-like
phenotype, which plays an important role in immune sup-
pression. Additionally, exosomes can facilitate the formation
of immunosuppressive microenvironment through induction
of cytokines. Ascites-derived exosomes can be uptaken by
the monocytes, then activate the Toll-like receptor (TLR)-
dependent signaling pathway, and induce the increased
secretion of cytokines like IL-1[, tumor necrosis factor-a,
and IL-6, resulting in immune suppression.®

Interestingly, some tumor-derived exosomes are found
to exert a positive regulation of immune response to prevent
tumor progression. The tumor-associated antigens carried by
exosomes can be recognized by antigen presenting cells to
stimulate immune cells, resulting anti-tumor response.’®”!
Several studies found that tumor antigens carried by exo-
somes could be recognized by DCs and then induced the
cytotoxic activity of effective T lymphocytes, resulting in
inhibition of tumor growth.”>”® Exosomes derived from
pancreatic cancer or liver carcinoma contain HSP70, which
can activate NK cells to promote apoptosis of tumor cells via
granzyme B and perforin.”*” In vivo experiments showed
that HSP-contained melanoma exosomes could inhibit tumor
growth and metastasis via activating NK cells in mouse
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model.”® In ovarian cancer, Li et al found that ascites-derived
exosomes carrying tumor-specific antigens MHCI, HSP70,
HSP90, Her2/Neu, and Martl, which could be presented
by DCs, could induce the activation of cytotoxic T cells,
resulting in immune response.”” Anyhow, few researches
mentioned exosomes’ role in immune promotion in ovarian
cancer. Taken the immune stimulating role of exosomes in
other tumor types into consideration, exosomes from ovarian
cancer may also enhance the immune response by activating
the NK cells or cytotoxic T cells, which may become another
hot issue in research field.

Nevertheless, whether exosomes play a suppressor
or an activator role in immune system of ovarian cancer
remains unknown. Lots of factors can affect the immune
system, including tumor types, immune cells, cytokines,
or host conditions. Further studies are needed to elicit the
mechanisms.

Exosome in drug resistance

Drug resistance remains a major obstacle in cancer treatment.
Elucidating the molecular mechanism in cancer develop-
ment and drug resistance is essential to promote novel
treatment strategies. In recent years, the role of exosomes
in drug resistance has been identified in many tumors, such
as ovarian cancer, breast cancer, prostate cancer, and gastric
cancer.”®® For instance, exosome could induce increased
docetaxel resistance in prostate cancer cells by transferring
multidrug resistance protein 1 (MDR1).” In gastric cancer,
exosomes from mesenchymal stem cells could activate
calcium/calmodulin-dependent protein kinases (CaM-Ks)
and Raf/MEK/ERK kinase cascade and increase the expres-
sion of multidrug resistance-associated protein (MRP),
MDR, and lung resistance protein, resulting in inhibition of
5-Fu induced apoptosis.” In ovarian cancer, the phenom-
enon of the negative correlation between intracellular drug
concentration and exosome secretion suggests that exosome
plays a pivotal role in drug resistance. So far, the identified
possible mechanisms of exosome-associated resistance
mainly include the following three aspects: 1) transfer
drug resistance-related miRNAs (ie, miR-21, miR-21-3p,
miR-433) to recipient cells and then modulate gene expres-
sion and induce resistance;*** 2) transfer drug exporting
proteins (ie, annexin A3, P-glycoprotein, ATP7A, ATP7B)
to decrease intracellular concentration;338 and 3) induce the
characteristics of epithelial-mesenchymal transition (EMT)
cell morphology.** However, it is worth noticing that exo-
some’s complexity means that other mechanisms may exist
and additional studies are warranted.

1) Exosomal miRNAs in drug resistance: miRNA is small
non-coding RNA with ~21 nucleotides in length and
can modulate gene expression. Interestingly, it has been
reported that exosomes can transfer miRNAs between
cells, contributing to drug resistance. A few studies
uncover new insight into the effects of exosomal miRNAs
in drug resistance in ovarian cancer. Au Yeung et al found
that exosomes isolated from cancer-associated adipocytes
(CAAs) and fibroblasts (CAFs) expressed significantly
higher level of miR-21. Further studies showed that
the apoptosis was suppressed and chemoresistance was
induced in ovarian cancer cells treated with exosomes
from CAAs or CAFs via suppressing apoptotic protease
activation factor 1. These results suggested that exosomal
miR-21 could alter the malignant phenotype and drug
response of ovarian cancer cells.®? Study conducted by
Pink et al implicated that exosomal miR-21-3p (the star
strand of miR-21) could increase ovarian cancer cells’
resistance to cisplatin by suppressing the expression
of neuron navigator 3.% Except for miR-21 and its star
strand miR-21-3p, exosomal miR-433 was also reported
to promote resistance to paclitaxel via affecting the tumor
microenvironment by diminishing the proliferation of
neighboring cells with the induction of cellular senes-
cence, which may be related to the downregulation of
cyclin-dependent kinase 6. Though just a small number
of studies reported that exosomal miRNAs played a role
in drug resistance in ovarian cancer, other exosomal
miRNAs, except for the miRNAs as already mentioned,
may also be enlisted in drug resistance, which requires
further studies to elucidate.

2) Exosomal proteins in drug resistance: Except for miR-
NAs, exosome also carries a wide range of proteins. A
few studies have focused on the relationship between
exosomal proteins and drug resistance in ovarian cancer,
implicating that exosomes can transfer proteins to
enhance resistance by inhibiting apoptosis or promoting
drug effluxion.

Annexin A3: Annexin A3 belongs to the phospho-
lipid binding proteins family, participating in membrane
fusion, exocytosis, ion channels modulation, and signal-
ing transduction.” Yin et al found that annexin A3 was
upregulated in platinum-resistant ovarian cancer cell lines
and it selectively conferred resistance through decreasing
intracellular concentration of platinum compounds and
inhibiting cancer cell apoptosis. Further studies showed
that upregulation of annexin A3 in cancer cells led to
the formation of MVB-like vesicles, which could release
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exosomes through exocytosis. Additional immunoblot-
ting and immunoelectron microscopy revealed that
annexin A3 could be detected in exosomes, suggesting
that exosomes may serve as vehicles to transfer annexin
A3 between cells to induce drug resistance.

P-glycoprotein (P-gp): It is a 170 kDa protein coded
by MDR-1 gene and is one of the most well-studied
mechanism of drug resistance in many tumor types. P-gp
plays a pivotal role in maintaining appropriate intracel-
lular drug concentration by promoting effluxion. The
overproduction of P-gp will certainly lead to less effec-
tive response by over exporting drug.”'> Recent studies
showed that the expression level of P-gp in microvesicles
from platinum-resistance A2780 cells was significantly
higher compared with the chemosensitive wild-type (WT)
parental line A2780/WT. Further studies demonstrated
that microvesicles derived from resistant A2780 cells
could transfer functional P-gp to A2780/WT cells and
induce more than 5-fold higher resistance to adriamycin
and paclitaxel in A2780/WT.¥” Considering that exosome
and microvesicles both belong to extracellular vesicles
involved in cell-cell communication and exosomal P-gp
has been demonstrated to induce resistance in breast
cancer, exosome may also promote resistance in ovarian
cancer by transferring P-gp.”* Nevertheless, further
experiments are needed to identify the role of exosomal
P-gp in ovarian cancer resistance.

DNA methyltransferase 1 (DNMT1): DNMT1 plays
an important role in the methylation maintenance during
DNA replication and repair. Aberrant DNA methyla-
tion is involved in tumor resistance by modulating gene
expression.’* Intriguingly, compared with exosomes from
endometrial stromal cell line, a significant higher expres-
sion of DNMT1 was observed in exosomes from ovarian
cancer cell line SKOV3. Cisplatin was used to treat
SKOV3 with or without exposure to exosomes derived
from SKOV3, and results showed that the apoptosis of
the SKOV3 unexposed to exosomes was significantly
higher. Additional studies revealed that treatment with
GW4869 (exosome secretion inhibitor) abolished the
resistance.” All of the results suggested that exosomes
could promote drug resistance by transferring DNMT1.

Others: In addition to annexin A3, P-gp, and
DNMT1, drug export transporters proteins also have been
reported in drug resistance. By comparing the secretion
level in cisplatin-resistant ovarian cancer cell line 2008/
C13*5.25 and sensitive cells, exosomes were detected in
larger quantity in 2008/C13*5.25 accompanied by higher

expression of cisplatin export transporters MRP2, ATPase
copper transporting ATP7A and ATP7B. Besides, exo-
somes released from 2008/C13*5.25 previously treated
with cisplatin contained 2.6-fold more cisplatin than those
from sensitive cells.® These data revealed that exosome
induced drug resistance by exporting putative transporters
loaded with platinum compounds.

3) Exosome induced EMT in drug resistance: EMT is
considered to be one mechanism of drug resistance
for escaping from the deleterious effects of cytotoxic
agents.”*® Crow et al treated A2780 with exosomes
derived from resistant A2780 derivatives CP70, C30,
and C200 cells, which displayed a mesenchymal mor-
phology. The results showed that the epithelial markers
dystroglycan, E-cadherin, and epithelial cell adhesion
molecule (EpCAM) were significantly downregulated,
while the mesenchymal markers paladin, TWIST, and
vimentin were upregulated, suggesting that exosome
could induce EMT.® Yew et al found that exposure
to epimorphin induced reversal of EMT and led to an
enhanced sensitivity to platinum in ovarian cancer cells.”
Taken together, exosome may induce the characteristics
of EMT cell morphology to involve in resistant ovarian
cancer.

Exosome in diagnosis and prognosis prediction

The main diagnostic approaches for ovarian cancer include
biomarker CA125 and imaging. Anyway, CA125 is usually
not elevated in the early stage and not every ovarian cancer
patient exhibits increased level of serum CA125. Besides,
other diseases with high level of CA125 may cause confu-
sion, such as endometriosis, pelvic inflammation, and breast
cancer. Therefore, it is of vital importance to find novel
biomarkers that can be detected in early stage and present
typical characteristics of ovarian cancer. Exosome is an
informative vesicle that carries proteins and nucleic acids
representative of its originating cell, suggesting its diagnostic
and prognostic value. As a diagnostic tool, exosome has the
following advantages. First of all, exosome is abundant in
plasma and other body fluids, making its advantage over-
weigh invasive biopsies. Secondly, exosome is extremely
stable and can be stored under various conditions (freezing,
cold-storage, or thawing) for months and even years. The
cargos exosome carries are tumor specific and correlates
with tumor staging and prognosis. Compared with exosomes
derived from benign ovarian lesions, exosomes from ovarian
cancer contain significantly increased level of TGFB1 and
melanoma-associated antigen (MAGE) 3 and MAGES®,
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suggesting potential biomarkers for distinguishing malig-
nancy from benignity.'” Li et al found that the expression
level of EOC representative biomarker Claudin 4 in serum
exosomes from ovarian cancer was positively connected
with tumor staging.'! Other markers, such as CD24 and
EpCAM, are also exploited for diagnostic value in ovarian
carcinoma.’” Chemoresistance-related proteins are highly
expressed in exosomes originated from drug resistant cancer
cells, such as annexin A3, MRP2, ATP7A, and ATP7B, indi-
cating the potential value to predict the therapeutic response
to chemotherapy in patients with ovarian cancer 38688102
Additionally, the use of miRNA profile in exosomes is also
shown to be highly informative for early diagnosis in ovarian
cancer. Previous studies showed that the expression of
miR21, miR-141, miR-200a, miR-200b, miR-200c, miR-203,
miR205, and miR-214 was significantly elevated in ovarian
cancer exosomes.'” Anyhow, despite of the potential value
of exosome’s contents in diagnosis and prognosis, lots of
problems remain to be dealt with. For example, the limita-
tion to isolate pure exosomes could impact overall study
of exosomes. The secretion of exosomes can be influenced
by many factors, such as stress, hypoxia, tumor types, and
growth patterns. For instance, hypoxia is a hallmark of tumor
microenvironment that arises due to imbalance of the supply
and consumption of oxygen by tumor cells, leading to a low
pH condition where tumor cells can survive, while normal
cells cannot. Studies showed that exposure of breast cancer
cells to modest (1%) and severe hypoxia (0.1%) resulted in
mean increases of 32.3%14.8% and 90.9%17.1% of exo-
somes, respectively. Meanwhile, it is also shown that hypoxic
tumor-derived exosomes contain various pro-angiogenic
factors, which allow them to promote angiogenesis and
endothelial cell activation.??331% Other studies also showed
that low extracellular pH induced an increased release of
exosomes by human melanoma cells and counteracting the
low pH markedly reduced the exosome release from tumor
cells.!951% ATl these data suggest that the specific condition
of tumor microenvironment affects the amounts and cargos
of exosomes. Therefore, further studies are still needed to
confirm its practical application in diagnosis.

Exosome in cancer treatment

Exosomes in therapeutic field are continuously being inves-
tigated and developed. With the growing knowledge of exo-
somes’ role in cancer, it is possible to reduce the secretion
of tumor-associated exosomes, load drugs or miRNAs on
exosomes, or develop exosome-based immunotherapy. Some
studies have already proven exosomes to be a potential tool

of treatment. In stage I1I/IV melanoma patients, a Phase 1
clinical trial was conducted to testify the feasibility and safety
of autologous exosomes pulsed with MAGE3 peptides for
immunotherapy.'”” In breast cancer, ex vivo experiment
showed that B-elemene could reverse chemoresistance of
breast cancer cells via reducing resistance transmission by
exosomes.'® As to ovarian cancer, Hu et al found that exo-
somes isolated from macrophages that were previously treated
with tumor necrosis factor-like weak inducer of apoptosis
(TWEAK) could inhibit the migration and invasion of EOC
by upregulating the expression of miR-7 and then inhibiting
the activation of EGFR/AKT/ERK1/2 pathway, indicating that
exosomal miRNA-7 from TWEAK-stimulated macrophages
may have promising therapeutic prospects.'®®!° IRGD exo-
somes, which were constructed via transfecting plasmid with
tumor targeting peptide IRGD to exosomes, were observed to
selectively interact with ovarian cancer cell NuTu-19 through
membrane fusion. IRGD exosomes loaded with adriamycin
(Dox) were then intravenously injected into mice with ovarian
cancer. The results showed that the tumor volume of IRGD
exosomes-Dox group was significantly smaller than that of
PBS group, exosomes group, Dox group, and blank-exosomes-
Dox group, uncovering that the construction of multifunctional
exosome-based drug carrier has good application value in
anti-tumor therapy.'"! Similarly, Mahmoodzadeh Hosseini
et al testified the cytotoxic impact of TEX-SEB (tumor-derived
exosomes anchored with staphylococcal enterotoxin B [SEB])
on ovarian cancer cell SKOV3. Results showed that the prolif-
eration was significantly inhibited and the apoptosis rate was
increased in SKOV3 treated with TEX-SEB, indicating that
exosome reconstruction can be a potential therapeutic method
for ovarian cancer.!'> Additionally, exosomes can carry
molecules involved in antigen presentation, such as MHCI,
HSP, tumor-associated antigens (ie, ovarian cancer antigens
MAGE, NY-ESO, P53, Muc-1), indicating its immunothera-
peutic prospects.’”>”"!3 For example, Andre et al found that
exosomes isolated from malignant ascites constituted a source
of tumor antigens that could be transferred to DCs and then the
DCs caused differentiation and expansion of tumor-specific
cytotoxic T lymphocytes, leading to anti-tumor response.'
A Phase I/I1 clinical trial is pending by Navabi et al to test the
feasibility and therapeutic value of ascites-derived exosomes
combined with TLR3 agonist for immunotherapy of advanced
ovarian cancer.!’® All abovementioned studies implicate the
therapeutic prospects of exosome and its processed produc-
tions for ovarian cancer. Anyhow, these therapies warrant
further additional animal studies and large cohort clinical
trials to confirm efficacy and safety.
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