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Abstract. The ovary is an essential reproductive organ in the 
female organism and its development seriously affects the 
physical and mental health of female patients. Ovarian diseases 
include ovarian cancer, premature ovarian insufficiency (POI) 
and polycystic ovary syndrome (PCOS). Women should pay 
attention to the most effective treatments for this condition 
because it is one of the most prevalent gynecological illnesses 
at present. Extracellular vesicles (EVs), which are smaller 
vesicles that mediate the exchange of cellular information, 
include the three categories of exosomes, microvesicles and 
apoptotic bodies. They are able to transport proteins, RNA 
and other substances to adjacent or distal cells, thus allowing 
cellular and tissue homeostasis to be maintained. Numerous 
previous studies have revealed that EVs are crucial for the 

treatment of ovarian diseases. They are known to transport 
its contents to ovarian cancer cells as well as other ovarian 
cells such as granulosa cells, affecting the development 
of ovarian disease processes. Therefore, this extracellular 
vesicle may be involved as a target in the therapeutic process 
of ovarian disease and may have great potential in the treat‑
ment of ovarian disease. In the present review, the role of 
EVs in the development of three ovarian diseases, including 
ovarian cancer, POI and PCOS, was mainly summarizes. It is 
expected that this will provide some theoretical support for 
the treatment of ovarian disease.
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1. Introduction

Extracellular vesicles (EVs) are lipid bilayer membrane 
vesicles released by varying types of activated and apoptotic 
cells through different mechanisms. They are mainly divided 
into three categories: Exosomes, microvesicles and apoptotic 
bodies according to different sizes, sources and markers. 
Among them, exosomes and smaller microvesicles can 
be considered as small EVs (sEVs) (1). EVs can be used as 
intercellular communication media to carry proteins, RNA, 
free fatty acids, metabolites, and other substances to the distal 
or adjacent cells, which play a biological function of main‑
taining cell and tissue homeostasis (2,3). EVs are extracellular 
matrix (ECM)‑specific regulators that carry proteases and 
signaling molecules that can alter the composition of the 
ECM by modulating target cells and are thus an integral part 
of the extracellular environment (4). In previous years, EVs 
have received extensive attention, having been recognized 
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as potential biomarkers and drug delivery systems that play 
important role in the diagnosis and treatment of diseases (5).

Ovarian disease is a common gynecological and obstetric 
disease, which can be divided into malignant ovarian cancer, 
premature ovarian insufficiency (POI), polycystic ovary 
syndrome (PCOS), and other non‑malignant diseases. Ovarian 
cancer is a gynecological disease entity that is mostly diag‑
nosed at late stage and has a high recurrence rate. More than 
95% of ovarian cancer occurs in middle‑aged women over 
45 years‑old and most of them are epithelial ovarian cancer 
(EOC) of various histological types. EOC can be stratified 
into two categories: slow‑growing type I ovarian cancer and 
inert tumors and type II ovarian cancer with clinically inva‑
sive tumors (6‑8). EOC can be classified into four histological 
subtypes: serous carcinomas, endometrioid carcinomas, muci‑
nous carcinomas and clear cell carcinomas (9). Among the 
aforementioned subdivisions, serous carcinomas are the most 
common, accounting for ~45%. High‑grade serous ovarian 
cancer (HGSOC) is derived from serous tubal intraepithelial 
carcinoma and is often characterized by mutations in TP53, 
distinct from specific mutations in genes such as KRAS, 
BRAF, or ERBB2 that are common in low‑grade serous 
ovarian cancer (LGSOC). These two types of HGSOC and 
LGSOC are considered to develop through two independent 
pathways (10,11). For HGSOCs, prevention through resection 
of ovarian cancer or use of oral contraceptive pills to prevent 
oviposition may reduce its mortality (12). Endometrioid 
ovarian cancer accounts for ~13% of EOC, and its incidence 
varies by region. According to statistics, the incidence of endo‑
metrioid ovarian cancer in Asia is higher than that in other 
regions of the world (9). Mucinous ovarian cancer is a rare but 
important subtype of ovarian cancer, accounting for ~13% of 
EOC (9). This subtype of ovarian cancer is usually associated 
with mutations in genes such as KRAS and HER2, and its 
development is mainly confined to the pelvic cavity (13). The 
incidence of clear cell carcinoma accounts for ~3% of EOC. 
And the pathogenesis of this tumor is associated with frequent 
mutations in AT‑rich interaction domain 1A (ARID1A) and 
PIK3CA (9,13). Compared with other ovarian cancers, there 
are significant geographical and ethnic differences in its inci‑
dence (14).

Ovarian cancer metastasizes in two ways: Passive dissemi‑
nation and hematogenous metastasis. Passive dissemination of 
ovarian cancer cells is the most common, where the cancer 
cells dislodge from the primary tumor and spread to the 
greater omentum of the peritoneum and adjacent organs with 
peritoneal fluid, whereas hematogenous metastasis of ovarian 
cancer cells spreads through two links of introgression and 
extravasation to surrounding tissues (15). Currently, effective 
early screening methods for ovarian cancer are lacking, and 
the survival rate of patients after a late diagnosis is low. The 
disease is mainly treated with traditional treatment modalities, 
including chemotherapy and surgery, whereas new treatment 
methods, such as targeted therapy and immunomodulation 
therapy, are constantly improving and are gradually being 
applied in the clinic. However, effective treatment of ovarian 
cancer remains a difficult problem, and seeking effective treat‑
ment is the key to curing ovarian cancer (16,17).

POI is an ovarian disease characterized by insufficient 
estrogen secretion, increased gonadotropin secretion, and 

premature menopause in women under the age of 40 years (18). 
As a common gynecological disease with an incidence rate of 
~1% in women before the age of 40 years, POI has various 
causes, including genetic factors such as chromosomal 
abnormalities (X‑chromosome terminal deletion and reduced 
number) and gene mutations [mutations in forkhead box L2 
(FOXL2), basonuclin zinc finger protein 1 (BNC1)], sponta‑
neous factors such as autoimmune diseases (primary adrenal 
insufficiency, hypothyroidism), and iatrogenic factors such 
as radiotherapy and chemotherapy (19‑22). POI is mainly 
caused by genetic mechanisms leading to the reduction of 
gene dosage and the destruction of meiosis, but also includes 
autoimmune attacks on the ovary and some rare causes, 
such as galactosemia (23‑25). Patients with POI present 
with a pathological state of estrogen insufficiency; therefore, 
hormone replacement therapy can be used to relieve various 
adverse symptoms. However, this therapy does not fundamen‑
tally solve the problems of impaired ovarian function and low 
fertility, and exosomal therapy may be an effective treatment 
option (25,26).

PCOS is a disease characterized by increased androgen 
secretion (acne, hirsutism, alopecia, and other symptoms), 
polycystic ovary, and menstrual disorders (>35 days), which 
greatly affect a woman's quality of life (27,28). As a common 
heritable endocrine disease with a prevalence of 3‑10% at a 
certain geographical location and race, its genetic, environ‑
mental, behavioral, and endocrine factors greatly affect a 
woman's life. PCOS will transform from a reproductive disease 
to a metabolic disorder with age, which will also predispose 
women to cardiovascular disease and type II diabetes in later 
life (29,30). Treatment of PCOS includes both medical and 
surgical treatments. Among these, inositol and insulin have 
been confirmed as therapeutic agents for PCOS (31,32). In 
severe cases, laparotomy can be performed and laparoscopic 
ovarian drilling is an effective method (33).

EVs have been shown to be extensively involved in ovarian 
cancer drug resistance and promote cancer cell metastasis 
in vivo through molecules such as mixed cargoes carrying 
biological effectors and microRNAs (miRNAs or miRs) (34). 
They can also regulate the function of immune cells and 
promote cellular immune evasion by inducing macrophage 
polarization, inhibiting dendritic cell (DC) activation, 
suppressing natural killer (NK) cell cytotoxicity, and regu‑
lating T cell function, among other key processes in ovarian 
carcinogenesis (35). Simultaneously, EVs in the ovarian 
follicular fluid of female patients with PCOS contain a variety 
of differentially expressed miRNAs and proteins, which are 
widely involved in the transfer of genetic information between 
somatic cells and oocytes, as well as in the hormone metabo‑
lism pathway of oocytes (36). Moreover, exosomes derived 
from mesenchymal stem cell (MSC) species regulate androgen 
production in vitro by virtue of their cargo carrier function 
as the main molecule for reversing PCOS, thereby restoring 
fertility in PCOS mice (37). In the development of POI, EVs 
derived from a variety of stem cells such as embryonic stem 
cells and human umbilical cord MSCs (HUCMSCs) play an 
important role in intercellular communication by transporting 
several molecules such as miRNAs from donors to recipients 
through their own transport function leading to the occurrence 
of increased follicular growth, decreased follicular atresia 
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and restoration of hormone levels, thus playing an important 
role (38,39). EVs are closely associated with the development 
of ovarian cancer, POI and PCOS. Therefore, in the present 
review, the role of the biological characteristics of EVs in 
ovarian cancer, POI and PCOS was mainly highlighted.

2. EVs

As a small vesicle that can be separated from cells and 
biological f luids, EVs can be divided into exosomes, 
microvesicles and apoptotic bodies according to different 
sizes and sources (2). An exosome is a small vesicle with a 
diameter of ~20‑100 nm. As a carrier that shuttles microRNA, 
drug molecules, and other substances, exosome proteins can 
mediate the exchange of information between cells (40). 
Exosomes are initially multivesicular bodies (MVBs) 
produced by the inward budding of cells. After fusing with the 
plasma membrane, the contents are secreted into the extracel‑
lular environment. Regulated by proteins, ceramides and other 
substances, its biosynthesis and secretion are complex. For 
example, ISGy modification, which belongs to ubiquitination 
modification, can induce the aggregation and degradation of 
MVB protein TSG101, reduce the number of MVB, and thus 
inhibit the secretion of exosomes (41‑43). Various bioactive 
molecules including DNA, proteins, mRNA, and non‑coding 
RNA are released by exosomes, and its lipid bilayer structure 
can effectively protect its contents from the decomposition 
of extracellular nuclease and proteinase; hence, it can stably 
exist in body fluids. The biological characteristics of exosomes 
include stability and low toxicity. Furthermore, they play an 
important role in targeted drug therapy of ovarian diseases 
through binding with targeted ligand/homing peptide and 
exosome transmembrane structure (44,45). Among the contents 
of exosomes, proteins such as tetraspanins (CD9, CD63, CD81 
and CD151), Rab protein, connexin, and exosomal nucleic 
acid molecules, such as miR‑214 and miR‑10b can be used as 
biomarkers for cancer treatment. Moreover, compared with 
normal cells, tumor cells release more exosomes; thus, their 
biomarker characteristics for diagnosis and treatment have 
become a major focus; however, exosome separation and puri‑
fication are time‑consuming and costly. Therefore, at present, 
medical researchers are exploring electrochemical sensing and 
other technologies to manufacture various devices to address 
this problem so that this exosome feature can be applied to 
the clinical treatment of cancer (46,47). Microvesicles, as 
vesicles with a diameter of ~200‑1,000 nm formed through an 
outward extrusion of the plasma membrane, can affect disease 
occurrence by regulating cell processes including promoting 
cell growth and invasion, angiogenesis, and cell type changes, 
among others, and play an important role in the research and 
treatment of ovarian diseases (48). Apoptotic bodies are small 
vesicles formed by the decomposition of cells after apoptosis, 
which can carry substances that can be used in apoptotic 
cells to normal cells. Concurrently, studies have shown that 
apoptotic bodies can transfer chemotherapeutic drugs with 
proximity effect to tumor cells to play a therapeutic role. 
Hence, drugs can penetrate into the tumor and maximize its 
destructive effect (49,50). The biological characteristics of the 
three types of EVs allow us to discuss their role in ovarian 
diseases.

3. Exosomes and the treatment of ovarian cancer

Contents of exosomes and ovarian cancer metastasis. 
Exosomal content miRNAs are a group of endogenous, 22 
nt‑long non‑coding regulatory genes that function as gene 
regulatory molecules in the control of life activities in multi‑
cellular plants and animals (51). Chen et al (52) discovered that 
the conserved gene sequence can preserve the genome struc‑
ture by comparing the human‑mouse genome and examining 
the gene order stability of nearby miRNA regions. In order to 
cleave or suppress translational activity, miRNAs may interact 
with their target mRNAs (51). In a study by John et al (53) 
employed three validation techniques‑retrospective, statistical 
and indirect experimental‑to demonstrate that the majority of 
miRNAs are selective in the mRNAs they interact with and 
cleave. They are both multiplexed (one miRNA may target 
several genes) and synergistic (several miRNAs can regulate 
one gene) (53). MiRNAs are now considered to have a role in 
the development of ovarian cancer. In consequence, because of 
their affinity for the raft‑like outer part of the MVB membrane, 
miRNAs can be specifically mediated into exosomes (54). 
Exosomes are vesicle carriers that facilitate cellular infor‑
mation transfer and may carry different miRNAs that affect 
ovarian cancer cells. Rashed et al (55) identified that miR‑940 
targets the proto‑oncogene tyrosine protein kinase and inhibits 
the expression of its downstream protein, preventing the inva‑
sive metastasis of ovarian cancer cells. MiR‑940 is enriched 
in exosomes derived from ovarian cancer SKOV3‑IP1, HeyA8 
and HeyA8‑MDR cells. MiR‑124, another exosomal compo‑
nent produced from ovarian cancer cells, similarly prevents 
cell metastasis. By inhibiting the production of the protein 
sphingosine kinase 1, which has a pro‑carcinogenic impact, 
this miRNA achieves its oncogenic mechanism (56). Moreover, 
ovarian cancer‑derived exosomal miR‑205 and ascites‑derived 
exosomal miR‑6780b‑5p enhance ovarian cancer cell metas‑
tasis by promoting angiogenesis and epithelial‑mesenchymal 
transition (EMT) of cells, respectively (57,58). In addition, 
exosomal miR‑323‑3p derived from adipose MSCs (AMSCs) 
can reduce the apoptosis of cumulus cells and promote their 
proliferation by acting on PDCD4 in patients with PCOS. 
Additionally, miR‑199a‑5p, an ovarian cancer cell‑derived 
exosome, has the ability to control hypoxia‑inducible factor‑2, 
which enhances tight junctions in vascular endothelial cells 
and prevents the spread of cancer cells (59). It is clear that the 
overexpression of these tumor suppressor exosomal miRNAs 
can prevent cancer cell metastasis, obstruct ovarian carcino‑
genesis, and potentially function as biomarkers and therapeutic 
targets in the treatment of ovarian cancer. Exosomal miRNAs 
can also encourage the spread of ovarian cancer cells. In a 
recent study, Cao et al (60) revealed that miR‑21‑5P, which 
is highly expressed in the exosomes of patients with ovarian 
cancer, promotes the expression of cyclin synthesis‑dependent 
kinase 6 and anti‑apoptotic proteins in cancer cells while 
inhibiting the expression of pro‑apoptotic proteins to facili‑
tate the migration of ovarian cancer cells. Exosomes from 
ovarian cancer and ascites, respectively, can promote angio‑
genesis and EMT, which can both increase ovarian cancer 
cell metastasis (57,58). In addition, EOC exosomes have the 
ability to carry miR‑125b‑5p, miR‑181d‑5p and miR‑21‑3p to 
M2 macrophages, where they can increase their polarization 
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and aid in the metastasis of EOC cells (61). These exosomal 
miRNAs that encourage tumor cell metastasis may serve as 
targets in the therapy of ovarian cancer. In conclusion, both 
strategies‑blocking the release of exosomes that restrict cancer 
cell metastasis from ovarian cancer tissues and focusing on 
exosomes that promote it‑can decrease tumor cell metastasis 
and may prove to be useful modalities for the treatment of 
ovarian cancer.

In addition to exocytotic miRNAs, non‑miRNA substances 
such as plasmids and proteins can also be used as informa‑
tion carriers to influence the metastasis of ovarian cancer. 
Transforming growth factor 1 (TGF‑1) may be carried by 
cancer‑associated fibroblast‑derived exosomes, according to 
a research by Li et al (62). This TGF‑1‑carrying exosome, 
when ingested by ovarian cancer, initiates the disease's EMT 
process and encourages the spread of ovarian cancer cells. 
Meanwhile, studies have shown that exosomes derived from 
DC carrying Killer Cell Lectin Like Receptor K1 (NKG2D) 
ligands can bind to the NKG2D receptor on the surface of 
NK cells and activate NK cells, thus promoting the immune 
rejection of tumors and inhibiting tumor growth. In addi‑
tion, Viaud et al (63) have injected dexamethasone vaccine 
into 15 patients with melanoma in Phase I clinical trials 
and found an increase in the number of NK cells in some 
patients. In two of these patients, the tumor decreased. It has 
also been demonstrated that exosomes released by ovarian 
cancer cells allow subpopulations of cells with high invasive 
metastatic properties to transmit those qualities to cells with 
lower metastatic capacities. By way of their endoplasmic 
CD44 transfer, for instance, exosomes released by highly 
metastatic H08910PM cells might encourage the metastasis 
of low metastatic HO8910 cells (64). Pro‑metastatic action of 
exosomes, in turn, is associated with the ability of the cells 
from whence they come to invade. Exosomes produced from 
highly metastatic ovarian cancer cell lines include specific, 
highly expressed pro‑metastatic proteins that can control the 
Wnt/β‑catenin signaling pathway and encourage the spread of 
tumor cells. Additionally, these exosomes are more likely to 
promote metastasis than exosomes from ovarian cancer cells 
with little metastatic potential (65). Other RNA molecules 
in the exosome also influence the spread of ovarian cancer. 
Exosomes containing the cyclic RNAs CircPUM1 and 
CircWHSC1, for instance, operate on peritoneal mesothelial 
cells and promote peritoneal metastasis of ovarian cancer 
by taking up and releasing miRNAs in the form of sponges 
to maintain high expression levels (66,67). Therefore, by 
blocking metastasis as therapeutic targets, such exosomes 
carrying non‑miRNA components may potentially be used in 
the treatment of ovarian cancer. The part exosomes play in the 
spread of ovarian cancer was reviewed by the authors and the 
remarkable therapeutic potential of exosomes was identified.

Targeted therapy of ovarian cancer with exosome. At present, 
no optimal treatment for ovarian cancer, as a gynecological 
disease with high incidence, has been found, however studies 
have revealed that targeted treatment of ovarian cancer may 
address this issue. Therapeutic exosome targeting to treat 
ovarian cancer may include passive targeting of exosomes 
utilizing the tropism of natural exosomal cells and active 
targeting of exosomes utilizing tissue exosome surface 

engineering (68). Exosomes are tiny, extensively dispersed in 
bodily fluids, and readily pass through blood vessel walls. At 
the same time, compared with in vitro manufactured carriers, 
human‑derived exosomes are less immunogenic and more 
biocompatible (69). The structure can easily escape pursuit 
by the immune system and can carry nano‑molecules for 
targeted transport to specific tissues (70). Additionally, it has 
been demonstrated that hybrid exosomes, which combine the 
benefits of exosome and liposome delivery methods, have great 
stability and high drug release rates, and may differently target 
medications to normal and tumor cells, making the targeting 
of tumor therapy easier (71). Because of the characteristics 
summarized in the previous section, exosomes may be useful 
as delivery vehicles for drugs used to treat ovarian cancer. For 
example, bone marrow‑derived MSC exosomes have specific 
targeting functions and can activate signaling pathways of 
ovarian cancer cell proliferation and metastasis, thus promoting 
tumor formation (72). It is possible to treat ovarian cancer 
using a strategy that specifically inhibits MSC exosomes. 
Meanwhile, Hadla et al (73) found that exosomes increase the 
therapeutic index of doxorubicin (DOX) in a mouse model of 
ovarian cancer. In that study a human HGSOC mouse model 
of ovarian cancer was constructed, when 5x106 spontaneously 
transformed mouse ovarian surface epithelial cells mixed with 
30% stromal gel was subcutaneously implanted into the lateral 
abdomen of FVB/N mice. A total of 3 mg/kg of DOX and 3 or 
6 mg/kg of exoDOX were injected intraperitoneally bi‑weekly 
after tumors had reached a size of >50 mm3. It was found that 
at high concentrations, exoDOX was more effective than free 
DOX alone, while having lower toxicity, thereby increasing the 
potential of DOX in the treatment of ovarian cancer. Triptolide 
(TP) is an herbal ingredient with anti‑tumor effects. In 2019, 
Liu et al (74) found that the transportation of TP through 
exosomes, a carrier, significantly inhibited the proliferation of 
ovarian cancer cells and attenuated or delayed drug toxicity. 
A total of 2x106 SKOV3 cells were injected subcutaneously 
into Balb/c nude mice to perform mouse ovarian cancer 
modeling. When the tumor volume reached ~100 mm3, TP 
content of 0.2 mg/kg was injected intraperitoneally into mice 
twice a week for 4 weeks. This may be a promising strategy 
for TP treatment of ovarian cancer. In conclusion, exosomes 
play an important role in the treatment of ovarian cancer and 
can be used as the main safety delivery vehicle for future 
ovarian cancer drugs. In addition, Huang et al (75) prepared 
engineered exosomes (cRGD‑Exo‑MEG3) modified with 
c(RGDyK) and carrying the long non‑coding RNA maternally 
expressed gene 3 (lncRNA MEG3) by engineering technology. 
Both in vivo and in vitro, this exosome can target the lncRNA 
MEG3, which exerts anti‑osteosarcoma (OS) effects, to tumors 
more efficiently, enhancing the anti‑OS effects of MEG3 and 
thus inhibiting tumor growth. Moreover, Liang et al (76) 
combined 10 µg 5‑fluorouracil (5‑FU) and 400 nm miR‑21 
inhibitor oligonucleotide (miR‑21i) with exosomes at a protein 
concentration of 10 µg. They obtained engineered exosomes 
loaded with 5‑FU and miR‑21i and injected them into a 
human colon cancer cell line (HCT‑1165FR) using electro‑
poration. The results revealed that the combination of 5‑FU 
and miR‑21i significantly inhibited cancer cell proliferation. 
Moreover, injection of 5‑FU and miR‑21i exosomes into nude 
mice inhibited tumor growth. This further demonstrated that 
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miR‑21i and 5‑FU exosomes can target cancer cell delivery 
and improve the efficacy of CRC treatment. Exosomes play an 
important role in the targeted treatment of cancer, so that the 
targeted treatment of exosomes may have potential therapeutic 
value in ovarian cancer.

Immunotherapy of ovarian cancer with exosome. Spontaneous 
immune responses and immune evasion mechanisms are 
present in ascites, peripheral blood, and tumors of patients 
with multiple ovarian cancers, and unlike conventional 
surgical and platinum‑based treatments, immunotherapy 
for ovarian cancer is emerging (77). At present, the main 
direction of ovarian cancer immunotherapy is the develop‑
ment of biomarkers and targeted therapy. Some treatment 
pathways based on immunotherapy have proven pre‑clinical 
success and entered clinical trials, such as immune check‑
point blockade and cancer vaccines (78,79). For example, 
the intravenous anti‑programmed cell death protein 1 (PD‑1) 
antibody nivolumab to block PD‑1 signaling in 20 patients 
with platinum‑resistant, recurrent, or advanced ovarian 
cancer has been tested in a phase II clinical trial. The results 
demonstrated a disease control rate of 45% (78). Nivolumab 
is currently approved by the Food and Drug Administration 
for the treatment of ovarian cancer (80). At the same time, 
another study has injected oxidized whole‑tumor lysate DC 
vaccine into the nodules of patients with recurrent ovarian 
cancer and found that the injection of the vaccine was asso‑
ciated with prolonged survival (79). As the vaccine in the 
present study was only in the pilot clinical stage, and due to 
certain limitations, such as production difficulties and lack 
of immunogenicity of lysates, it is not currently approved for 
human treatment. In addition, several studies have shown that 
lymphocyte infiltration is the manifestation of tumor immune 
response. Tumor‑infiltrating T cells are closely associated 
with improved clinical outcomes and prolonged survival in 
advanced ovarian cancer and are considered to have clinical 
significance as an independent prognostic marker for ovarian 
cancer (81,82). Zhang et al (81) analyzed the distribution of 
tumor‑infiltrating T cells in 186 frozen specimens of stage III 
or IV ovarian cancer and found that the 5‑year overall survival 
rate of patients with tumors containing T‑cell infiltration (38%) 
was higher than that of patients without T‑cell infiltration 
(4.5%). Meanwhile, Han et al (82) conducted T cell infiltra‑
tion analysis on tumor samples of 150 EOC patients and also 
found that T cell tumor infiltration was significantly associated 
with improved survival rate of patients. Despite numerous 
advances in ovarian cancer immunotherapy strategies, new 
strategies for immunotherapy still need to be explored to 
improve the survival of ovarian cancer patients. Exosomes, 
which can act as carriers to mediate cell communication and 
evade immune rejection by the human body, have the potential 
for immune modulation. It has been identified that ascites 
and plasma of patients with ovarian cancer contain tiny EVs 
with internal Arginase 1 that may infiltrate antigen‑presenting 
cells, lowering T‑cell activity and assisting the tumor in 
evading immune system surveillance. However, the arginase 
inhibitor (OAT‑1) can block the immune escape process of 
cancer cells and reverse the tumor growth‑promoting effects 
of EV (83). Labani‑Motlagh et al (84) also demonstrated that 
exosome‑derived NKG2D from patient ovarian cancer cells or 

ascites promoted cytotoxicity of NK cells, leading to immu‑
nological escape. CD47, a protein expressed on the surface of 
most tumours, interacts with signal‑regulated protein alpha 
(SIRPα) on the surface of phagocytes, thereby inhibiting the 
phagocytic ability of phagocytes to engulf tumour cells (85). 
Overexpression of CD47 in tumor cell‑derived exosomes 
facilitates an immune evasion response in ovarian cancer 
cells. Exosomes can be used as a novel immune checkpoint, 
its biogenesis/release inhibitor GW4869 can inhibit the spread 
of ovarian cancer cells by indirectly reducing the expression 
of CD47 through the inhibition of exosome secretion for the 
treatment of ovarian cancer (86). Meanwhile, it was found that 
exosomes carrying SIRPα variants could block the normal 
interaction between CD47 and SIRPα, enhancing phagocytosis 
in the T‑cell response and facilitating tumor clearance (85). 
Furthermore, PD‑1, secreted by exosomes derived from acti‑
vated T cells, can interact with programmed death‑ligand 1 to 
impede the inhibitory effect of PD‑1 on the activity of toxic T 
cells, with implications for tumour clearance (87). It is clear 
that exosomes may have some effect on tumours by altering 
the immune response of the organism. For the treatment of 
ovarian cancer, this immunotherapy of ovarian cancer by 
exosomes may become an effective modality (Fig. 1).

Implications of exosomes for the treatment of ovarian cancer. 
Numerous studies have shown that the interaction between 
the tumor and its microenvironment is the key for tumor 
therapy, and exosomes, as the mediators between tumor cells 
and the tumor microenvironment, are of great significance 
for the treatment of ovarian cancer (88). In targeting and in 
immunotherapy of ovarian cancer, exosomes undoubtedly play 
an irreplaceable role. the possible role of exosomal targeted 
therapies and immunotherapy in ovarian cancer as well as 
in numerous other cancers has been already summarized 
in the aforementioned paragraphs, showing the potential 
of exosomes in cancer therapy. In ovarian cancer treatment, 
exosomes have shown therapeutic potential in addressing the 
issue of drug resistance in ovarian cancer cells. For example, 
the downregulation of circular RNA, cerebellar degenera‑
tion related 1 as in the exosomes of cisplatin in patient cells 
can sensitize ovarian cancer to cisplatin and reduce ovarian 
cancer cell resistance by promoting miR‑1270 expression, 
which regulates the suppressor of cancer cell invasion and 
favors cisplatin treatment of ovarian cancer (89). Meanwhile, 
exosomes widely exist in body fluids such as peripheral blood 
and are widely distributed and highly stable. Studies have 
proved that exosomal microRNAs in patients with ovarian 
cancer exhibit characteristics different from those in healthy 
women and can be used as a biomarker to aid in the treatment 
of ovarian cancer (90,91). At present, the screening and diag‑
nostic methods of ovarian cancer are not advanced. Coupled 
with the asymptomatic growth of ovarian cancer, most 
ovarian cancers are diagnosed late, resulting in poor survival. 
Moreover, the current traditional treatment technologies such 
as combined platinum compounds and taxane chemotherapy 
failed to achieve favorable treatment results, and a high 
recurrence rate remains present. Currently, different targeted 
therapies and biological drug therapies that are expected to 
transform ovarian cancer into a chronic disease have not 
shown to be efficacious in terms of cure (92,93). The exosome 
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is an important participant in ovarian cancer therapies such 
as targeted therapy and immunotherapy, and its presence is 
undoubtedly of great value in the treatment of ovarian cancer.

4. Exosomes and non‑ovarian cancer disease

Exosomes and the treatment of POI. As transferable 
vesicles, the miRNA in exosomes affects POI treatment. 
Chemotherapeutic agents have been widely used in the 
construction of POI animal models. A previous study has 
reported that for the construction of POI mouse models, 
cyclophosphamide (CTX) (120 mg/kg)/busulfan (12 mg/kg) 
treatment for at least 2 weeks or cisplatin (2 mg/kg) treatment 
for more than 10 days was found to be the most effective way 
to construct POI mice (94). For the induction of POI rats, a 
loading dose of 200 mg/kg CTX and a maintenance dose of 
8 mg/kg CTX for 14 days is the most effective method (95). 
A study has shown that exosomes derived from bone marrow 
mesenchymal cells (BMSCs) can carry miR‑144‑5p that 
can mediate the activation of pI3K/AKT pathway and target 
ovarian granulosa cells (GCs) damaged by CTX, so as to 
inhibit GC apoptosis in rats with POI caused by CTX and 
improve ovarian function (96). Concurrently, the exocrine 
miR‑644‑5p from this cell can regulate the expression of p53 
ovarian GCs in POI mice model induced by cisplatin and 
then inhibit apoptosis (97). This shows that miR‑144‑5p and 
miR‑644‑5p in BMSCs play an important role in the treatment 
of POI caused by CTX and cisplatin, respectively. Other studies 
have revealed that miRNA‑1246 and miRNA‑21‑5p carried 

by human amniotic epithelial cell‑derived exosomes can be 
transferred to ovarian GCs, reducing chemotherapy‑induced 
GC apoptosis in POI mice model by inhibiting the expression 
of cleaved caspase 3 protein (98); exosome miR‑10a derived 
from amniotic fluid stem cells can also inhibit the apoptosis of 
ovarian GCs in POI mice model induced by chemotherapy and 
is conducive to ovarian growth and development. They can 
all be used as therapeutic targets for chemotherapy‑induced 
POI (99). In addition to treating chemotherapy‑induced POI 
mouse models, some studies have found that exosomes derived 
from HUCMSCs can carry miR‑146a‑5p or miR‑21‑5p to regu‑
late the activation of primitive follicles and improve fertility 
in natural aging mice model with low ovarian reserve (100). 
This exocrine, highly expressed miR‑21 from human MSCs 
can reduce the expression of phosphorylated lysine oxidase 
like 2 and Yes‑associated protein by reducing the expression 
of its target large tumor suppressor 1, thereby increasing the 
secretion of estrogen from ovarian GCs (KGN and SVOG) 
and repairing ovarian function, which affects the treatment 
of POI (101). These studies indicated that various cell‑derived 
exocrine miRNAs play an important role in the treatment of 
POI by CTX, cisplatin, chemotherapy and other injuries.

Exosomes and the treatment of PCOS. In the current treatment 
of PCOS, the use of exosomes may be considered effective. 
A study has demonstrated that S100 calcium‑binding protein 
A9 (S100‑A9) contained within the follicular fluid‑derived 
exosomes of the ovary of PCOS patients can activate nuclear 
factor kappa B of steroid human granulosa tumor cell 

Figure 1. Role of exosomes in ovarian cancer immunotherapy. Exosomes carrying ARG1 in the plasma and ascites of patients with ovarian cancer can promote 
T cell proliferation under the action of arginase inhibitors, thus inhibiting the immune escape of ovarian cancer cells. In addition, GW4869 can inhibit the 
process of ovarian cancer cells by secreting CD47 exosomes, reducing the number of exosomes expressing CD47 and promoting the ability of phagocytic 
cells to phagocytose ovarian cancer cells, inhibit the immune escape of ovarian cancer cells, and ultimately hinder the occurrence and development of ovarian 
cancer. Therefore, exosomes can be used as a new type of immune checkpoint and a new method for the treatment of ovarian cancer. ARG1, arginase 1.
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Table I. Role of exosomal miRNA in the occurrence and development of ovarian diseases.

 Source of  In vitro or  
miRNA exosomes Model in vivo study Function (Refs.)

Ovarian cancer
  miR‑940 Ovarian cancer HeyA8, SKOV3IP1, In vitro Target the proto‑oncogene SRC and inhibits (55)
 cells A2780‑PAR,  the expression of its downstream protein, 
  A2780‑CP20,  preventing the invasive metastasis of 
  HIO‑180  ovarian cancer cells 
  miR‑124 Ovarian cancer SKOV3, HO8910pm In vitro Inhibit the production of the protein SphK1, (56)
 cells cell lines  which has a pro‑carcinogenic impact, to 
    achieve its oncogenic mechanism 
  miR‑199a‑5p Ovarian cancer A2780, UWB, and In vitro Control hypoxia‑inducible factor‑2 to (59)
 cells Hey, Anglne cell line  enhance tight junctions in vascular 
    endothelial cells and prevent the spread 
    of cancer cells 
  miR‑21‑5P Ovarian cancer A2780, SKOV3, In vitro and Promote the expression of CDK6 and (60)
 cells BALB/C nude mice in vivo anti‑apoptotic proteins in cancer cells 
    while inhibiting the expression of pro‑ 
    apoptotic proteins to facilitate the
    migration of ovarian cancer cells 
  miR‑205 Ovarian cancer HUVECs, BALB/c In vitro and Enhance ovarian cancer cell metastasis by (57)
 cells nude mice in vivo promoting angiogenesis and EMT of cells 
  miR‑6780b‑5p Hydroperitoneum A2780, SKOV3, In vitro and Enhance ovarian cancer cell metastasis by (58)
  CAOV3, ES2, in vivo promoting angiogenesis and EMT of cells 
  orthotopic xenograft   
  mouse model of  
  ovarian cancer  
  miR‑125b‑5p,  EOC SKOV3, HO‑8910, In vitro Delivered to M2 macrophages and induce 
  miR‑181d‑5p,   the monocyte cell  their polarization and aid in the metastasis (61)
  miR‑21‑3p  line U937  of EOC cells 
POI     
  miR‑144‑5p BMSCs CTX‑damaged GCs, In vitro and Mediate the activation of pI3K/AKT (96)
  CTX‑induced rats in vivo pathway and target ovarian GCs damaged 
    by CTX, so as to inhibit GC apoptosis in 
    rats with POI caused by CTX and improve 
    ovarian function 
  miR‑644‑5p BMSCs Cisplatin‑induced  In vitro and Regulate the expression of p53 ovarian (97)
  primary GCs, in vivo GCs in POI mice model induced by 
  Cisplatin‑induced   cisplatin and then inhibit apoptosis 
  POI mouse  
  miR‑21‑5P,  hAEC Chemotherapy‑ In vitro and Delivered to ovarian GCs and reduce (98)
  miRNA‑1246  induced GC, in vivo chemotherapy‑induced GC apoptosis in 
  chemotherapy‑  POI mice model by inhibiting the 
  induced POI mice  expression of cleaved caspase 3 protein 
  miR‑10a AFSC CTx‑damaged GCs, In vitro and Inhibit the apoptosis of ovarian GCs in (99)
  CTx‑induced POI in vivo POI mice model induced by chemotherapy 
  mice  and is conducive to ovarian growth and 
    development 
  miR‑21 hMSCs KGN, SVOG  In vitro Reduce the expression of LOXL2 and (101)
    YAP by reducing the expression of its 
    target LATS1, thereby increasing the 
    secretion of estrogen from ovarian GCs 
    (KGN and SVOG) and repairing ovarian 
    function 
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signaling pathways, which in turn promote the occurrence of 
inflammatory reactions and reduce steroid production (102). 

Simultaneously, miR‑143‑3p exosomes from the same source 
can act on the target bone morphogenetic protein receptor 

Table I. Continued.

 Source of  In vitro or  
miRNA exosomes Model in vivo study Function (Refs.)

  miR‑146a‑5p, HucMSC Primordial oocytes, In vitro and Regulate the activation of primitive (100)
  miR‑21‑5p  aged female mice in vivo follicles and improve fertility in female 
    mice with low ovarian reserve 
PCOS     
  miR‑323‑3p AMSCs GCs, letrozole‑ In vitro and Reduce the apoptosis of cumulus cells and (106)
  induced PCOS mouse in vivo promote their proliferation by acting on 
    PDCD4 in mice with PCOS 
  miR‑143‑3p Follicular fluid KGN In vitro Act on the target BMPR1A, inhibit the (103)
    activity of KGN Smad1/5/8 signaling 
    pathway, and promote the increase of 
    apoptotic factors in GCs (Primary GCs and
    KGN) 

miR, microRNA; SRC, tyrosine‑protein kinase; SphK1, sphingosine kinase 1; EMT, epithelial‑mesenchymal transition; EOC, epithelial 
ovarian cancer; GCs, granulosa cells; CTX, cyclophosphamide; POI, premature ovarian insufficiency; LOXL2, Lysyl Oxidase Like 2; LATS1, 
large tumor suppressor 1; PCOS, polycystic ovary syndrome; BMPR1A, protein receptor type 1A.

Figure 2. EVs in the treatment of ovarian diseases. EVs carry microRNAs, drugs and other substances that can act on ovarian cancer cells, ovarian granulosa 
cells and vascular endothelial cells. EVs that inhibit the development of ovarian disease can treat the disease by downregulating the factors that promote the 
development of ovarian disease and upregulating the inhibitory factors. On the other hand, drugs target EVs that promote the occurrence of ovarian diseases 
and inhibit their promoting function. Together with the first pathway, it is involved in the treatment of three ovarian diseases. EVs, extracellular vesicles.
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Table II. Role of non‑miRNA in EVs in the occurrence and development of ovarian diseases.

Non‑ Types of   In vitro or  
microRNA EVs Source of EVs Model in vivo study Function (Refs.)

Ovarian cancer      
  TGF‑1 Exosome Cancer‑ SKOV‑3 and CAOV‑3 In vitro Initiates the epithelial‑ (62)
  associated  cell lines  mesenchymal transition 
  fibroblast   process of the disease and 
     encourages the spread of 
     ovarian cancer cells 
  CD44 Exosome H08910PM  HO8910 cells In vitro Metastasis of low metastatic (64)
  cells   HO8910 cells may be 
     encouraged 
  CircPUM1,  Exosome Ovarian cancer A2780, CAOV3, In vitro and Operates on peritoneal (66,67)
  CircWHSC1  cells OVCAR3, BALB/c in vivo mesothelial cells and 
   nude mice  promotes peritoneal 
     metastasis of ovarian cancer 
  ARG1 Exosome Ascites, plasma Murine ovarian cancer In vitro and Enters antigen‑presenting (83)
   cell line ID8, in vivo cells to reduce T‑cell activity 
   C57BL/6 mice   and help tumors escape 
     surveillance
     by the immune system
  NKG2D Exosome Ovarian cancer OVCAR‑3, K562 cells In vitro Promotes the cytotoxicity of (84)
  cells, ascites   NK cells and causes immune
     escape 
  CD47 Exosome Ovarian cancer BALB/c nude mice In vivo Facilitates an immune (86)
  cells   evasion response in ovarian
     cancer cells 
  PD‑1 Exosome T cells  PY8119, C57BL/6 In vitro and Interacts with programmed (87)
   mice in vivo death‑ligand 1 to impede the 
     inhibitory effect of 
     programmed death‑1 on the 
     activity of toxic T cells 
  Cdr1as Exosome Ovarian cancer A2780, SKOV‑3, In vitro and Downregulation of cdr1as (89)
  cells BALB/c athymic in vivo can promote the expression 
   mice  of miR‑1270, which regulates 
     cancer cell invasion inhibitor, 
     sensitizing ovarian cancer to 
     cisplatin and reducing the 
     drug resistance of ovarian 
     cancer cells 
  Proapoptotic Microvesicle Human  ES‑2, OAW‑42 In vitro It can inhibit the proliferation (107)
  and growth  immortalized    of ovarian cancer by acting 
  inhibitory   mscs   on ovarian cancer target cells 
  factors     through different pathways 
  Dox Microvesicle M1  SKOV3, CHO In vitro and Specifically recognizes tumor (108)
  macrophages BALB/c nude mice in vivo cells and transports Dox to the 
     nucleus, which can induce 
     apoptosis and significantly 
     inhibit metastasis of advanced 
     ovarian cancer cells 
PCOS      
  S100‑A9 Exosome Follicle fluid of KGN In vitro Activates nuclear factor (102)
  the ovary of   kappa B of steroid human 
  PCOS patients   granulosa tumor cell 
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type 1A, inhibit the activity of KGN Smad 1/5/8 signaling 
pathway, and promote the increase of apoptotic factors in GCs 
(Primary GCs and KGN) (103). Additionally, circLDLR in 
exosomes can inhibit miR‑1294 expression that can directly 
bind to Cytochrome P450 Family 19 Subfamily A Member 
1 (CYP19A1) gene in KGN cells and promote the expression 
of CYP19A1 gene. Patients with PCOS with a decreased 
CYP19A1 gene expression in GCs can be treated by increasing 
the secretion of estrogen E2, which can be used as a treatment 
tool by regulating the function of PCOS GCs (104). There 
are also numerous miRNAs in exosomes that have thera‑
peutic targets for PCOS. For example, exosome miR‑424‑5p 
in PCOS follicular fluid can target GC cell division cycle 
associated 4 gene, block the Rb/E2F1 pathway mediated by 
this gene, and promote apoptosis and aging of GCs in patients 
with PCOS (105). In addition, exosomal miR‑323‑3p derived 
from AMSCs can reduce the apoptosis of cumulus cells and 
promote their proliferation by acting on PDCD4 in mice with 
PCOS (106). In conclusion, exosomes and their contents have 
great potential and may help in the treatment of PCOS.

5. Microvesicles and ovarian disease

Microvesicles and the treatment of ovarian cancer. As 
a therapeutic carrier, microvesicles have great potential 
in the treatment of ovarian cancer. It was demonstrated 
that microvesicles derived from adipose tissue‑derived 
human immortalized MSCs could carry proapoptotic and 
growth inhibitory factors to inhibit the proliferation of 
ovarian cancer by acting on ovarian cancer target cells 
through different pathways (107). Microvesicles derived 
from M1 macrophages simultaneously carrying DOX can 
specifically recognize tumor cells and transport DOX to 
the nucleus, which can induce apoptosis and significantly 
inhibit metastasis of advanced ovarian cancer cells (108). 
Microvesicles can not only act as a substance inhibiting 

ovarian cancer metastasis but also serve as a promotive 
substance for ovarian cancer development, thus inhibiting 
the release of microvesicles from tumor cells can be a thera‑
peutic modality. A study has shown that simvastatin can 
effectively inhibit the production of HGSOC cell‑derived 
microvesicles, hinder the secretion of microvesicles, and 
inhibit cell spreading and metastasis by regulating the 
content and action of microvesicles in ovarian cancer 
cells (109). Additionally, O2‑3‑aminopropyldiazeniumdiolate 
(3f) can prevent the generation of triple‑negative breast 
cancer‑derived microvesicles by epigenetic modification, 
thereby attenuating the microvesicle pro‑metastatic func‑
tion and inhibiting the metastasis of cancer cells, which 
suggests that 3f plays a role in hindering microvesicle secre‑
tion from cancer cells. This therapeutic potential requires 
further research (110). Moreover, it has been investigated 
that combined microbubble and ultrasound irradiation may 
be effective as an ovarian cancer gene therapy to increase 
the metastatic efficiency of siRNA‑TPX2 plasmids that can 
inhibit the phosphorylation of p38 and Mitogen‑Activated 
Protein Kinase 8, preventing the metastasis and invasion of 
ovarian cancer cells (111). In summary, microvesicles play 
an important role in the treatment of ovarian cancer.

Microvesicles and the treatment of POI and PCOS. POI and 
PCOS are ovarian disorders that are considered distressing 
for women. Microvesicles have shown therapeutic poten‑
tial in addition to the common treatments such as hormone 
therapy and pharmacotherapy. In the treatment of POI, 
studies have shown that transplantation of HUCMSC‑derived 
microvesicles can favorably activate the phosphatidylino‑
sitol‑3‑kinase‑serine/threonine kinase signaling pathway and 
promote the production of proangiogenic factors, restoring the 
angiogenic function in the ovaries of mice with PCOS (112). 
In the treatment of PCOS, MSCs‑MVs have been reported 
to be able to rescue ovarian function by regulating hormone 

Table II. Continued.

Non‑ Types of   In vitro or  
microRNA EVs Source of EVs Model in vivo study Function (Refs.)

     signaling pathways, which in 
     turn promote the occurrence 
     of inflammatory reactions 
     and reduce steroid production 
  CircLDLR Exosome Follicle fluid KGN In vitro Inhibits miR‑1294 expression (104)
     that can directly bind to 
     CYP19A1 gene in KGN 
     cells and promotes the 
     expression of CYP19A1 gene 
  Gas6 ligand, Apoptotic  Cancer cells MDA‑MB‑231,  In vitro Promotes the spread of tumor (114)
  PS body  HCC827, SK‑MES‑1  cells through the PS‑Gas6‑ 
     AXL signaling pathway 

EVs, extracellular vesicles; ARG1, arginase; NKG2D, killer cell lectin‑like receptor K1; PCOS, polycystic ovary syndrome; S100‑A9, S100 
calcium binding protein A9; DOX, doxorubicin; CYP19A1, cytochrome P450 family 19 subfamily A member 1; Gas6, growth arrest‑specific 
6; AXL, receptor tyrosine kinase.
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levels, inhibiting follicular atresia and promoting follicle 
development (113). The current understanding of the role that 
microvesicles play in the treatment of POI and PCOS remains 
unclear, and its research remains in its infancy. However, 
existing studies have demonstrated that microvesicles may be 
promising in the treatment of POI and PCOS, and exploring 
the therapeutic relationship between microvesicles and both 
disease entities is warranted.

6. Apoptotic bodies and the treatment of ovarian disease

Recently, studies of apoptotic bodies in the treatment of 
ovarian diseases mainly focus on the relationship between 
apoptotic bodies and tumor treatment; however, there are 
very few studies on its role in the treatment of POI and 
PCOS. Therefore, the potential role of apoptotic bodies in 
the treatment of ovarian cancer was mainly summarized 
in the present review. First, apoptotic bodies can carry the 
remaining proapoptotic drugs deep into the tumor interior 
through a proximity effect, improving the efficiency of 
drug‑induced apoptosis, treating tumors, and inhibiting 
tumor growth (50). Second, studies have shown that tumor 
cell‑derived apoptotic bodies contribute to tumorigenesis. 
For example, cancer cell‑produced apoptotic bodies with 
growth arrest specific 6 (Gas6) ligand of receptor tyrosine 
kinase (AxL) as well as phosphatidylserine (PS) are able to 
promote the spread of tumor cells through the PS‑Gas6‑AxL 
signaling pathway (114). Μeanwhile, fibroblasts that can 
take up cellular chromosomal DNA tumor cell‑derived 
apoptotic bodies favor the horizontal transfer of oncogenes 
between cells and promote tumorigenesis (115). The highly 
potent procoagulant effect exerted by the apoptotic bodies 
produced by tumor cells induced by the chemotherapeutic 
treatment of additional tumors invite the formation of tumor 
thrombi (116). These studies suggested that apoptotic bodies 
may serve as therapeutic targets in cancer. As there are few 
related literatures regarding the relationship between current 
apoptotic bodies and ovarian cancer treatment, the poten‑
tial of apoptotic bodies in the treatment of ovarian cancer 
through the role it plays in tumor therapy should be further 
investigated.

7. Conclusion and outlook

In the present review, the role and therapeutic potential of EVs 
in the management of three ovarian diseases, namely, ovarian 
cancer, POI and PCOS were mainly summarized (Fig. 2). 
These three types of EVs are able to participate in ovarian 
disease development by transporting miRNAs (Table I) or 
non‑miRNAs (Table II). Currently, ovarian disease is consid‑
ered a common disease of women. However, until present, 
no suitable treatment has been identified. The application 
of EV therapy may have higher therapeutic benefits relative 
to conventional therapies. There are currently three reasons 
why exosomes for the treatment of human ovarian disease 
are not approved by the Food and Drug Administration or 
other regulatory agencies. First, the absolute isolation and 
definition of the size or biogenesis of various EVs (including 
exosomes) has not yet been determined. Secondly, the mecha‑
nism of action of exosome therapy is also lacking in‑depth and 

detailed exploration. Finally, exosomes change their properties 
after manipulation in vitro, which can have adverse effects 
on patients. Therefore, investment in these novel therapeutic 
therapies should be applied to realize the potential of EVs 
in the treatment of ovarian diseases. Hopefully, in the near 
future, the most suitable therapy for ovarian disease will be 
discovered to successfully solve this medical dilemma.
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