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Introduction
Ovarian cancer (OC) is the second leading cause of 
global gynecologic cancer deaths  [1]. Epithelial ovarian 
cancers (EOC) account for over 90% of ovarian tumors, 
with high-grade serous carcinoma being the most preva-
lent variant, typically originating from the distal end of 
the fallopian tube  [2]. While cervical cancer has seen a 
reduction in morbidity and mortality due to decreased 
HPV infection rates and effective HPV vaccination  [3], 
and most endometrial cancers can be cured by hysterec-
tomy due to early clinical manifestations like postmeno-
pausal bleeding [4], ovarian cancer remains insidious 
with no typical early symptoms, leading to late-stage 
diagnosis and posing significant threats to women’s lives 
[5]. The standard first-line treatment of ovarian cancer 

Molecular Cancer

*Correspondence:
Jianwei Zhou
2195045@zju.edu.cn
Ting Chen
tchen2013@zju.edu.cn
1Cancer Institute (Key Laboratory of Cancer Prevention and Intervention, 
National Ministry of Education), The Second Affiliated Hospital, School of 
Medicine, Zhejiang University, Hangzhou, Zhejiang 310009, China
2Zhejiang Provincial Clinical Research Center for CANCER, Hangzhou, 
Zhejiang 310009, China
3Cancer Center of Zhejiang University, Hangzhou, Zhejiang 310009, China
4Department of Gynecology, The Second Affiliated Hospital, Zhejiang 
University School of Medicine, Hangzhou, China

Abstract
Ovarian cancer (OC) is one of the most prevalent and lethal gynecological malignancies, with high mortality 
primarily due to its aggressive nature, frequent metastasis, and resistance to standard therapies. Recent research has 
highlighted the critical role of extracellular vesicles (EVs) in these processes. EVs, secreted by living organisms and 
carrying versatile and bioactive cargoes, play a vital role in intercellular communication. Functionally, the transfer of 
cargoes orchestrates multiple processes that actively affect not only the primary tumor but also local and distant 
pre-metastatic niche. Furthermore, their unique biological properties position EVs as novel therapeutic targets and 
promising drug delivery systems, with potential profound implications for cancer patients.

This review summarizes recent progress in EV biology, delving into the intricate mechanisms by which EVs 
contribute to OC metastasis and drug resistance. It also explores the latest advances and therapeutic potential 
of EVs in the clinical context of OC. Despite the progress made, EV research in OC remains in its nascent stages. 
Consequently, this review presents existing research limitations and suggests avenues for future investigation. 
Altogether, the review aims to elucidate the critical roles of EVs in OC and spotlight their promising potential in this 
field.
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includes extensive debulking surgery, combined with 
platinum- and taxane-based chemotherapy, with or 
without the angiogenesis inhibitor bevacizumab [6]. The 
introduction of Poly (ADP-ribose) polymerase inhibitors 
(PARPis) has brought about a significant change in the 
treatment of ovarian cancer, opening a new era of ovar-
ian cancer maintenance therapy. Several phase III clini-
cal randomized controlled trials have shown that PARPis 
significantly prolong progression-free survival of ovarian 
cancer patients, especially in patients with BRCA gene 
mutation and/or homologous recombination deficiency 
(HRD) positivity, making them the preferred first-line 
maintenance therapy for some ovarian cancer patients 
[7–11]. Immunosuppressants and antibody-drug con-
jugates are also under investigation, offering new thera-
peutic hope [12]. An interim analysis of the Phase III 
DUO-O study presented at the 2023 American Society of 
Clinical Oncology annual meeting demonstrated for the 
first time that immunotherapy can provide tangible ben-
efits in first-line maintenance therapy for ovarian cancer, 
altering the previously unsuccessful trend of immuno-
therapy in this disease [13]. Despite significant progress 
in surgical techniques, chemotherapy, and maintenance 
therapy over recent decades, more than 70% of patients 
with advanced disease will still experience recurrence 
after completion of standard initial therapy [14, 15]. And 
with more lines of treatment, patients develop multi-
drug resistance, leading to shorter remission periods and 
resulting in a 50% relative survival rate at five years glob-
ally [16]. Therefore, metastasis and chemotherapy resis-
tance in ovarian cancer remain major obstacles to the 
treatment of ovarian cancer.

Extracellular vesicles (EVs) are cell-derived particles 
encapsulated by a lipid bilayer and incapable of self-
replication. Depending on the biogenesis pathway, exo-
somes refer to EVs released from the interior of the cell 
via multivesicular vesicles, whereas ectosomes (a.k.a., 
microvesicle, microparticle) refer to EVs germinating 
from the surface of the cell. Moreover, some types of EVs 
are produced during specific cellular processes. Migra-
somes are 500–3000  nm EVs left behind by migrating 
cells, while apoptotic bodies are formed by swelling and 
protrusion of apoptotic membranes during cell death 
[17]. In addition, based on diameter, small EVs typically 
refer to particles less than 200 nanometers in diameter, 
which includes small ectosomes and exosomes [18]. 
Among them, exosomes have been most intensively stud-
ied due to their small average particle size, narrow range 
of particle size distribution, complex composition and 
diverse functions [19] (Fig. 1). EVs carry a wide variety of 
cargoes, including RNAs, proteins, lipids, and DNA, and 
serve as important intercellular communication media-
tors that regulate gene expression profiles in the target 
cells [20]. In addition to delivering cargo to target cells to 

facilitate intercellular communication, EVs are involved 
in processes such as cell differentiation and prolifera-
tion, angiogenesis and immune signaling [21]. In recent 
years, an increasing body of research has emphasized the 
pivotal role of EVs in various aspects of cancer biology, 
including carcinogenesis, metastasis, drug resistance, 
and tumor immune response [22]. Furthermore, EVs 
have emerged as promising liquid biopsy markers due 
to their tumor-associated content and stable presence in 
body fluids, and have become a frontier hot spot in the 
field of tumor marker research, which is expected to help 
the accurate diagnosis and treatment of cancer [23].

Following this, the exploration will focus on the signifi-
cance of tumor- and tumor microenvironment-derived 
EVs in orchestrating OC metastasis. The multifaceted 
roles of EVs in OC drug resistance will then be examined 
in greater depth, encompassing the intricate mechanisms 
of resistance and the potential therapeutic strategies tar-
geting EVs. This in-depth discussion aims to elucidate the 
pivotal roles of EVs in the progression and treatment of 
OC.

How do EVs affect ovarian cancer metastasis?
The metastasis of ovarian cancer is a dynamic and mul-
tifaceted process, requiring cancer cells to undergo a 
series of steps in the invasion-metastasis cascade. Ini-
tially, ovarian cancer cells from the primary lesion invade 
the extracellular matrix, locally invading to enable tumor 
cells to breach the basement membrane and vascular 
walls, subsequently entering blood or lymphatic vessels 
and thus accessing the circulatory system. Once tumor 
cells survive in the circulation system, they can poten-
tially be transported to other parts of the body and estab-
lish in distant organs. Unlike most cancers that primarily 
metastasize through blood or lymphatic routes, the most 
common mode of ovarian metastasis is through implan-
tation. Due to the lack of anatomical barriers, tumor cells 
can shed directly, implanting onto the surfaces of pelvic 
and abdominal organs, disseminating within the perito-
neal cavity via peritoneal fluid [24] (Fig. 2).

EVs contribute to the aforementioned process of ovar-
ian cancer metastasis by enhancing tumor cell invasive-
ness, promoting angiogenesis, modulating immunity, and 
inducing epithelial-mesenchymal transition. Addition-
ally, prior to the formation of metastatic lesions, extra-
cellular vesicles can flow within the circulatory system or 
peritoneal fluid, adjusting the microenvironment of dis-
tant organs, thereby inducing the formation of pre-met-
astatic niches and providing conducive conditions for the 
settlement and growth of ovarian cancer cells.

Improve dissemination potential of primary tumor cells
Migration refers to the process by which tumor cells 
move from their original location to other sites, typically 
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involving cell motility and directional movement. Inva-
sion, on the other hand, describes the penetration of 
tumor cells through surrounding tissues or blood ves-
sel walls to invade neighboring tissues or blood vessels. 
For tumor cells to invade, they must possess migratory 
capability. EVs exert regulatory influence over the signal-
ing pathways and genetic expression within tumor cells, 
consequently amplifying their migratory proficiency and 
expediting the process of invasion.

Exosomal LRP1 promotes the migration of ovarian 
cancer cells. The low-density lipoprotein receptor-related 
protein 1 (LRP1) is a high molecular weight transmem-
brane receptor widely expressed on cell surfaces, primar-
ily involved in endocytosis and regulation of signaling 

pathways [25]. Proteomic analysis of serum exosomes 
from epithelial ovarian cancer (EOC) patients revealed 
significantly elevated LRP1 levels compared to healthy 
volunteers. In vitro experiments demonstrated that 
patient-derived serum exosomes promoted ovarian can-
cer cell migration, possibly through the p-ERK/MMP2/
MMP9 signaling pathway. Subsequent in vivo experi-
ments further confirmed the impact of exosomal LRP1 
on tumor migration. Additionally, prognostic analysis 
indicated that elevated levels of LRP1 may lead to short-
ened overall survival in EOC patients, suggesting the 
potential diagnostic value of circulating exosomal LRP1. 
However, further studies with expanded sample sizes are 
needed for validation [26].

Fig. 1  Biogenesis of extracellular vesicles. Exosomes are produced via the endosomal pathway. The plasma membrane invaginates to form early en-
dosomes, which can exchange materials with the Golgi apparatus or fuse with each other to form late endosomes. These late endosomes transition into 
multivesicular bodies (MVBs). MVBs can fuse with lysosomes for degradation or with the plasma membrane to release exosomes. Apoptotic bodies, large 
oncosomes, and ectosomes are formed through cell budding. Migrasomes are vesicular structures generated at the tips or branches of contractile fibers 
during cell migration. Released extracellular vesicles (EVs) can directly bind to the cell surface, fuse with the cell membrane to release their contents into 
the cytoplasm, or be internalized by cells through endocytosis
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EVs can also enhance the migration of ovarian can-
cer cells through the transfer of microRNA. M2 mac-
rophages, particularly tumor-associated macrophages 
(TAMs), are predominant immune cells in the perito-
neum [27]. The interaction between TAMs and tumor 
cells is pivotal in OC progression, with EVs occupying a 
crucial position as carriers of micro-messages in this pro-
cess. In M2 exosomes, microarray analyses revealed an 
enrichment of miR-221-3p, which is transferred to ovar-
ian cancer cells, directly suppressing cyclin-dependent 

kinase inhibitor 1B (CDKN1B) and promoting cell prolif-
eration and migration. Decreased CDKN1B levels corre-
late with ovarian cancer progression and poor prognosis 
[28]. A separate study found that miR-106a-5p expression 
is markedly higher in ovarian cancer cells compared to 
normal cells. Tumor-derived EVs carrying miR-106a-5p 
inhibit KLF6, promoting OC cell proliferation and migra-
tion, thus driving cancer progression and metastasis [29]. 
Notably, exosomal miR-106a-5p has also been reported 
to promote tumorigenesis in other cancers such as 

Fig. 2  Metastatic process of ovarian cancer. In situ ovarian cancer can metastasize via blood and lymphatic vessels. However, due to the lack of ana-
tomical barriers between the peritoneal cavity and ovaries, cancer cells can directly shed and implant within the peritoneum, the most common site of 
metastasis. EVs can travel with ascites, impacting the peritoneum and promoting the formation of pre-metastatic niches, thereby facilitating further OC 
spread

 



Page 5 of 19Dai et al. Molecular Cancer          (2024) 23:201 

nasopharyngeal carcinoma, hepatocellular carcinoma, 
and breast cancer [30–32].

In addition to directly promoting tumor growth and 
metastasis, more aggressive subpopulations can confer a 
metastatic phenotype to less aggressive subpopulations 
through exosomes. CD44 expression is higher in ovar-
ian cancer cells with greater metastatic ability and in the 
exosomes they secrete. It was found that exosomal CD44 
from highly metastatic HO8910PM cells could be trans-
ferred to low metastatic HO8910 cells, and that overex-
pression of CD44 promoted migration, invasion, and 
proliferation of HO8910 cells as a promoter of metastatic 
behavior. The ability of ovarian cancer to metastasize 
extensively may develop by transferring high metastatic 
capacity between tumor cells. However, the study’s reli-
ability appears to be insufficient, given that it only experi-
mented with a single ovarian cancer cell line [33].

Conversely, some EVs may inhibit malignant biologi-
cal behaviors. Tumor necrosis factor (TNF)-like weak 
inducer of apoptosis (TWEAK), a member of the TNF 
superfamily, may mediate an anti-tumor effect on tumor-
infiltrating macrophages [34]. Research demonstrated 
that exosomes from TWEAK-stimulated macrophages 
(TMs) attenuated the migration and invasion of EOC 
cells. TMs inhibit ovarian cancer invasion and metastasis 
both in vivo and in vitro by delivering exosomal miR-7 to 
epithelial ovarian cancer cells. miR-7, a tumor-suppres-
sive microRNA, suppresses the activity of the EGFR/
AKT/ERK1/2 signaling pathways in ovarian cancer cells. 
This study highlights TWEAK’s role in the enrichment of 
miR-7 in macrophages, although the precise mechanism 
by which TWEAK upregulates miR-7 remains undetailed 
[35].

Form pre-metastatic niche
The pre-metastatic niche (PMN) refers to the environ-
ment or conditions in distant organs that promote tumor 
cell colonization and growth before malignant tumor 
cells detach from the primary tumor site and spread 
through the blood or lymphatic system to these distant 
sites. The formation of the PMN is primarily driven by 
the secretion of EVs, cytokines, growth factors, and 
other signaling molecules [36]. In recent years, the role 
of EV-mediated PMN formation has garnered significant 
attention.

Current research on PMN focuses more on extracel-
lular matrix remodeling and reprogramming. During 
EVs remodeling of stromal cells at the site of metastasis 
to facilitate metastasis, it is important to induce macro-
phage polarization and convert some normal stromal 
cells into CAFs. Macrophages are typically classified 
into two main groups, namely classically activated mac-
rophages (M1) and alternatively activated macrophages 
(M2), with M1 macrophages exhibiting pro-inflammatory 

activity and M2 macrophages displaying pro-tumorigenic 
activity [37]. TAMs are a subset of immune cells in the 
TME and are involved in tumorigenesis, progression 
and metastasis. TAMs are predominantly of the M2 type 
and are situated in the TME, where they exert influence 
on metastasis in multiple cancer types through their 
interactions with cancer cells [38]. Studies have identi-
fied that circATP2B4-containing EVs generated by EOC 
cells are abnormally highly expressed in ovarian cancer 
metastasis and promoted M2 macrophage polarization 
through the miR-2-532p/SREBF3 axis, thereby promot-
ing EOC metastasis [39]. In addition, miR-181c-5p is 
highly expressed in EVs from hypoxic EOC cells, lead-
ing to increased M2 polarization of TAMs and ultimately 
promoting EOC growth and metastasis. Further investi-
gation revealed that miR-181c-5p upregulates HOXA10 
by targeting KAT2B and activate the JAK1 / STAT3 sig-
naling pathway, thereby promoting the polarization of 
TAMs [40].

EVs can also reprogram stromal cells in the PMN, 
including CAFs, into tumor-promoting phenotypes. 
Research has shown that exosomal miR-141, highly 
secreted by ovarian cancer cells, can reprogram mesen-
chymal fibroblasts into pro-inflammatory CAFs, thus 
promoting metastatic colonization. Additionally, tumor-
secreted exosomal miR-141 activates tumor-stromal 
interactions and promotes PMN formation by mediating 
the YAP1/GROα/CXCRs signaling pathway [41]. Fur-
thermore, OC-derived EVs were observed to transport 
miR-630 into NFs and through the KLF6/NF-κB axis, 
thereby promoting CAFs activation and facilitating ovar-
ian cancer invasion and metastasis [42]. However, further 
in vivo experiments are required to further fully elucidate 
the role of miR-630/KLF axis in ovarian cancer.

The peritoneum is a thin membrane that covers the 
surfaces of intra-abdominal organs and the inner side of 
the abdominal wall. The shedding of ovarian cancer cells 
from the primary tumor and their carriage to the omen-
tum and peritoneum through the physiological move-
ment of peritoneal fluid is recognized as one of the most 
common metastatic routes for epithelial ovarian cancer 
[43]. The development of metastasis is not a random 
event, and it only occurs when tumor cells and organs 
are compatible, according to Stephan Paget’s seed-soil 
theory. In the microenvironment of the peritoneal cav-
ity of ovarian cancer, human peritoneal mesothelial cells 
(HPMCs) are continuous monolayers of cells lining the 
peritoneal cavity, and the mesothelial layer composed 
of HPMCs is a natural barrier and an important line of 
defense for the body to resist the metastasis of tumors in 
the peritoneal cavity [44]. One of the critical steps in suc-
cessful metastasis of ovarian cancer is the attachment and 
effective interaction of cancer cells with HPMCs to form 
secondary tumors. Reports have suggested that tumor 
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cells release EVs carrying high concentrations of MMP1 
mRNA in ascites, which induce apoptosis in mesothelial 
cells and disrupt the mesothelial cell barrier, facilitating 
peritoneal metastasis. Moreover, MMP1 in EVs may be a 
prognostic biomarker because the level of MMP1 expres-
sion in tumor tissues is closely associated with the prog-
nosis of patients with early-stage ovarian cancer [45].

Apart from directly stimulating mesothelial cell apop-
tosis, EVs can also remodel peritoneal mesothelial cells 
through the mesothelial-mesenchymal transition (MMT) 
pathway. The peritoneum serves as the first barrier for 
intra-abdominal organ defense, and under some cir-
cumstances such as inflammatory or traumatic stim-
uli, MMT occurs in mesothelial cells, which facilitates 
tumor peritoneal colonization [46]. The researchers 
applied ovarian cancer cell-derived EVs to mesothelial 
cells and found that the EVs could enter recipient meso-
thelial cells, induce the MMT phenotype and enhance 
cancer cell adhesion to mesothelial cells. Further stud-
ies demonstrated that LncRNA SPOCD1-AS from ovar-
ian cancer EVs remodels mesothelial cells to promote 
peritoneal metastasis via interacting with G3BP1 [47]. 
One study co-cultured exosomal annexin A2 (ANXA2) 
derived from ovarian cancer cells with HPMCs. ANXA2 
from ovarian cancer cells could be transferred to HPMCs 
via exosomes, which not only promoted the migration, 
invasion, apoptosis, morphological changes and fibrosis 
of HPMCs, but also promoted MMT and extracellular 
matrix degradation of HPMCs through the PI5K/AKT/
mTOR pathway, and ultimately facilitated peritoneal 
metastasis [48]. Another study reported that cancer-
derived exosome circPUM1 effects on the peritoneum to 
upregulate the expression of NF-κB and MMP2 in meso-
thelial cells and induces MMT, thereby promoting perito-
neal spread of the tumor [49].

Li et al. found that the EOC cells transfer the exo-
somal ITGA5B1/AEP complex to HPMCs, and these 
exosomes facilitate HPMCs proliferation and migration. 
And HPMCs ultimately favor EOC peritoneal metasta-
sis through the FAK/Akt/Erk pathway and phosphoryla-
tion of EMT [50]. Additionally, EOC-derived exosomes 
can transfer CD44 to HPMCs, reprogramming them to 
a more EMT phenotype, thereby promoting cancer inva-
sion and metastasis [51].

Fibronectin and vitronectin play crucial roles in the 
peritoneal dissemination of ovarian cancer. Exosomal 
miR-99a-5p from EOC cells promotes EOC cell invasion 
by upregulating fibronectin and vitronectin in HPMCs 
[52]. This underscores the intricate role of EVs in orches-
trating ovarian cancer metastasis by modulating perito-
neal mesothelial cells, offering a potential target for the 
treatment of ovarian cancer intraperitoneal metastasis.

The omentum, a structure composed of fat and con-
nective tissue, is actually a part of the peritoneum. It 

hangs from the lower edge of the stomach, covering and 
protecting abdominal organs, and is a common and clini-
cally significant site for ovarian cancer metastasis [53]. 
Lipids from omental adipocytes and cytokines released 
by omental fibroblasts and adipose mesenchymal stem 
cells promote the growth of ovarian tumor implants on 
the omentum [54].

Tumor-derived exosomes exhibit the capacity to repro-
gram omental macrophages. Relevant studies have shown 
that ETS1 enhances the translocation of tumor cell-
derived exosomes to omental macrophages through the 
interaction of exosomal laminin with macrophage integ-
rin αvβ5, laying the foundation for the establishment of 
PMN. Exosomes originating from ETS1-overexpressing 
ovarian cancer cells induce M2 polarization and upreg-
ulate CXCL5 and CCL2 expression in macrophages, 
fostering the pro-tumorigenic effects of omental macro-
phages and ultimately promoting ovarian cancer metas-
tasis to the omentum. Subsequent analyses revealed that 
ETS1 drives ovarian cancer cells to release exosomes with 
higher levels of laminin, thus accelerating the pro-meta-
static effects through the integrin αvβ5/AKT/Sp1 path-
way [55].

As the main component of omental stromal cells, carci-
noma-associated fibroblast (CAF) plays a key role in the 
omental metastasis of OC cells [56]. Tumor cells induce 
the activation of CAFs, which in turn promote tumor 
cell metastasis by secreting exosomes [57]. The transfor-
mation from normal fibroblasts (NFs) to CAFs results 
in a reduction of miR-29c-3p. Low miR-29c-3p levels in 
CAFs-derived exosomes contribute to the de-repression 
of MMP2, promoting an aggressive phenotype in OC 
cells and thus the spread of ovarian cancer in the perito-
neal cavity [58].

The omentum, rich in adipose tissue, contains adipose-
derived stem cells (ADSCs), a significant subpopulation 
of mesenchymal stem cells (MSCs) capable of secreting 
EVs [59]. While there are conflicting reports on the role 
of ADSC-EVs in tumor progression, some studies sug-
gest that they can promote migration and proliferation 
of human breast cancer cells by activating the Wnt/β-
catenin signaling pathway [60]. Conversely, other studies 
indicate that ADSC-EVs may act as tumor suppressors. 
For example, prostate cancer growth was notably inhib-
ited in hormonal mice after treatment with ADSC-EVs 
[61]. In ovarian cancer, researchers discovered that 
human omental adipose-derived mesenchymal stem cell 
(HO-ADSC) potentiates ovarian cancer cell prolifera-
tion, migration, and invasion via the exosome-mediated 
FOXM1 signaling pathway, as demonstrated in co-culture 
and mechanistic studies. It was also speculated that HO-
ADSC exosomes may facilitate ovarian cancer growth 
and metastasis by being secreted into ascites. Experi-
ments in which ovarian cancer cell lines were treated 
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with ascites from HGSOC patients showed enhanced cell 
proliferation, migration, and invasion, partially verifying 
the hypothesis. This finding offers a novel possible expla-
nation for the clinical phenomenon that EOC patients 
frequently present with ascites and often spread to the 
greater omental visceral adipose tissue [62].

Angiogenesis
Tumor tissues exhibit highly vascularized characteristics, 
with the formation of new blood vessels being a crucial 
step in tumor growth and metastasis. As angiogenesis 
progresses, there is an escalation in the nutrient supply to 
the tumor tissues, leading to an accelerated rate of tumor 
cell division and proliferation. Excessive angiogenic 
activity can also promote the infiltration and distant 
metastasis of solid tumors [63]. During these processes, 
the upregulation of vascular endothelial growth factor 
(VEGF) expression serves as a primary influencing fac-
tor, facilitating rapid angiogenesis and promoting tumor 
growth [64]. VEGF exerts its specific effects on vascular 
endothelial cells by inducing proliferation, migration, and 
lumen formation, while also increasing vascular perme-
ability [65]. EVs promote VEGF expression in endothelial 
cells. Feng et al. reported that EVs derived from breast 
cancer cells promote sustained activation of VEGF in 
endothelial cells, thereby facilitating tumor angiogenesis 
[66]. Similarly, Liu et al. elucidated that exosomal miR-21 
can raise VEGF levels in recipient cells and induce angio-
genesis and malignant transformation in human bron-
chial epithelial cells [67]. In ovarian cancer, researchers 
isolated exosomes derived from OVACAR-3 cells and 
treated endothelial cells with these exosomes. The results 
indicated that exosomes extracted from ovarian cancer 
cells upregulated the expression of VEGF in endothelial 
cells and promoted its secretion, thereby accelerating 
endothelial cell proliferation and migration [68].

Exosomes containing miRNAs secreted by ovarian can-
cer cells can be picked up by recipient cells and play an 
important role in tumor angiogenesis to promote tumor 
growth and metastasis. The exosome miR-205 secreted 
by ovarian cancer cells promotes metastasis by induc-
ing angiogenesis in vivo and in vitro via the PTEN/AKT 
pathway, positioning it as a potential therapeutic target 
for ovarian cancer [69]. Furthermore, another study has 
identified sEV miR-141-3p, secreted by epithelial ovar-
ian cancer cells, as an important mediator of intercellular 
communication and may upregulate VEGFR-2 expres-
sion in endothelial cells. Also, sEV miR-141-3p promoted 
endothelial cell migration and angiogenesis through acti-
vating JAK/STAT3 and NF-κB signaling pathways [70]. In 
addition, soluble epithelial cadherin (sE-cadherin) on the 
surface of exosomes can also regulate tumor angiogenesis 
and has similar VEGF efficiency. sE-cadherin is highly 
expressed in malignant ascites of ovarian cancer patients, 

triggering angiogenesis and promoting tumor progres-
sion through β-catenin and activation of NF-κB signaling 
cascade [71].

There have been inconsistent reports regarding the 
effects of EVs from MSCs on tumor angiogenesis, pos-
sibly due to variations in the types of MSCs from which 
the EVs originate. Exosomes derived from bone mar-
row mesenchymal stem cells were found to inhibit the 
secretion and expression of VEGF in breast cancer cells, 
thus suppressing angiogenesis [72]. Conversely, Liu et 
al. demonstrated that exosomes from human exfoliated 
deciduous teeth stem cells exerted inhibitory effects on 
tumor progression through angiogenesis suppression 
[73]. Recent research highlights a beneficial role of MSC-
derived EVs in ovarian cancer. These EVs facilitate the 
delivery of miR-424, a miRNA implicated in suppressing 
tumor invasion and migration [74], thereby downregu-
lating VEGF expression. Consequently, they inhibit the 
proliferation, migration, and tube formation of human 
umbilical vein endothelial cells, further restraining ovar-
ian cancer angiogenesis and metastasis [75].

Anti-angiogenic drugs hold value in the frontline treat-
ment, platinum-sensitive recurrence, and platinum-
resistant recurrence of ovarian cancer. However, clinical 
trials such as GOG-218 and ICON-7 have demonstrated 
that while bevacizumab therapy shows some efficacy in 
ovarian cancer, it falls short of ideal outcomes, with a 
median progression-free survival extension of only about 
3 months [76, 77]. Therefore, the quest for new and via-
ble anti-angiogenic targets holds significant research 
value for ovarian cancer. EVs can mediate ovarian cancer 
metastasis by influencing angiogenesis, and EVs derived 
from stem cells can suppress tumor growth by inhibit-
ing angiogenesis. This discovery offers a fresh perspective 
and new possibilities for tumor treatment and metas-
tasis research, potentially paving the way for develop-
ments in clinical therapy. Further research in this area is 
anticipated.

Immune regulation
Tumor immune escape refers to the phenomenon 
whereby tumor cells evade recognition and attack by 
the host immune system through various mechanisms, 
allowing them to survive and proliferate in the body [78]. 
It is a crucial factor in the development of cancer and 
resistance to treatment. The mechanisms by which tumor 
cells undergo immune escape can be categorized into 
intrinsic and extrinsic factors. On one hand, tumor cells 
avoid immune recognition and clearance by downregu-
lating MHC molecules, suppressing tumor-specific anti-
gens, and employing other strategies. On the other hand, 
an immunosuppressive microenvironment is established. 
EVs can assist tumor cells in immune escape, thereby 
promoting the growth and metastasis of ovarian cancer.
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EVs can promote tumor immune escape by inhibit-
ing the function of T cells. Kelleher et al. reported that 
EVs in ovarian cancer ascites can suppress the activity 
of T cells in the ascites. This inhibition may be induced 
by phosphatidylserine (PS) on the surface of EVs, block-
ing T cell receptor signaling [79]. Another study eluci-
dated that sEV transport arginase-1 from tumor cells to 
antigen-presenting cells in secondary lymphoid organs, 
leading to the suppression of antigen-specific T-cell pro-
liferation and activation. This establishes an immuno-
suppressive microenvironment, dampening anti-tumor 
immune responses and ultimately promoting ovarian 
cancer progression [80]. TAMs are prone to polarize 
into the immunosuppressive M2-like subtype, initiat-
ing an immunosuppressive microenvironment through 
the secretion of EVs. NEAT1, a long non-coding RNA, 
has been reported as an oncogene in various malignan-
cies and exhibits oncogenic properties in ovarian cancer 
as well [81]. Studies have shown that NEAT1 is highly 
expressed in EVs derived from M2-TAMs. Further mech-
anistic studies revealed that NEAT1 upregulates the 
expression of ZEB1 and PD-L1 through miR-101-3p, pro-
moting CD8+ T cell apoptosis [82].

Th17 cells, a subset of CD4+ T cells, are pro-inflam-
matory Th cells that secrete cytokines such as IL-17 to 
mediate pro-inflammatory and pro-rejection responses. 
Regulatory T cells (Tregs), another subset of CD4+ T 
cells, play a crucial role in mediating peripheral immune 
tolerance, exerting immunosuppressive effects, and are 
dubbed the “accomplices” of tumor immune escape [83]. 
Tregs can inhibit the inflammatory response induced by 
Th17 cells and functionally counterbalance Th17 cells. 
An imbalance between Tregs and Th17 cells promotes 
the progression of EOC. The researchers found that M2 
macrophages altered the Treg/Th17 balance when cocul-
tured with T cells owing to release of exosomes. Further 
molecular mechanistic studies have shown that TAM-
derived exosomes transport miRNAs targeting STAT3 to 
T cells and regulate the polarization of T cell subpopu-
lations, leading to an imbalance between Treg and Th17 
cells, creating an immunosuppressive microenvironment, 
which promotes the progression and metastasis of EOC 
[84].

As one of the most promising targets in the field of 
tumor immunotherapy, CD47 plays a key role in the self-
recognition of the immune system, and tumors frequently 
take advantage of CD47 overexpression to achieve 
immune escape [85]. CD47 was found to be expressed on 
exosomes and is a key regulator of macrophage immune 
evasion during ovarian cancer progression. Inhibiting 
the secretion and uptake of exosomes can enhance the 
phagocytosis of cancer cells by M1 macrophages, weaken 
immune escape capabilities, and thus inhibit peritoneal 
dissemination. Targeting exosomal CD47 is speculated to 

be beneficial for the treatment of ovarian cancer. How-
ever, researchers have only conducted in vitro phagocy-
tosis experiments using M1 macrophages, indicating the 
need for further investigation into the effects of exosomal 
CD47 on M2 macrophages [86].

The above studies indicate that EVs are involved in 
immune escape and metastasis of ovarian cancer cells. 
However, Luo et al. recently reported that exosomes 
derived from expanded natural killer cells can activate 
NK cells from the immunosuppressive microenviron-
ment, reversing immune suppression and enhancing 
anti-ovarian cancer effects [87]. Therefore, despite facing 
significant challenges, the potential of targeting EVs in 
ovarian cancer immunotherapy should not be overlooked 
as more immunological features of EVs are revealed.

EMT
Epithelial-mesenchymal transition (EMT) is the process 
by which epithelial cells lose their epithelial phenotype 
and transform into cells with more mesenchymal charac-
teristics. In this process, epithelial cells lose cell polarity 
and cell adhesion, and gain migration and invasiveness 
[88]. In recent years, EMT has been considered a neces-
sary initial step in tumor cell invasion and metastasis, and 
thus has been intensively studied. Increasing evidence 
suggests that EVs carry functional molecular cargo, coor-
dinating the EMT process in different cancers.

Ascites-derived exosomes (ADEs) play an important 
role in the progression of ovarian cancer, and ADEs 
promote ovarian cancer metastasis not only in vitro but 
also in vivo. By Bioinformatics analysis, it was found that 
miR-6780b-5p might be an important miRNA to pro-
mote ovarian cancer metastasis in ADEs, and the cor-
relation between miR-6780b-5p and tumor metastasis 
was verified in ascites of ovarian cancer patients. To fur-
ther investigate the function of miR-6780b-5p in EMT, 
researchers assessed tumor cell migration and EMT 
markers after regulating miR-6780b-5p expression with 
agomir or antagomir transfection. It was discovered that 
ADEs promote ovarian cancer metastasis by transferring 
miR-6780b-5p into ovarian cancer cells to facilitate EMT 
[89].

EVs can suppress the EMT in ovarian cancer cells. 
Many studies have elucidated the pro-tumorigenic effects 
of EVs derived from CAFs. For instance, CAFs-derived 
EVs carrying nucleic acid messages and proteins can 
promote EMT progression in colorectal cancer, as well 
as proliferation and metastasis in breast cancer [90]. 
Interestingly, Chen et al. co-cultured OVCA cells with 
EVs derived from CAFs and found that EMT in ovarian 
cancer cells was inhibited. And after using the exosome 
secretion inhibitor GW4869, the motility and invasive-
ness of OVCA cells were greatly enhanced. Further 
studies have shown that CAFs-derived exosomes are 



Page 9 of 19Dai et al. Molecular Cancer          (2024) 23:201 

transferred between CAFs and OVCA cells, hinder EMT 
in tumor cells, and deliver circIFNGR2 and inhibit malig-
nant progression of OVCA through the circIFNGR2/
miR-378/ST5 axis [91]. Table 1 provides a comprehensive 
summary of the mechanisms by which EVs derived from 
various cell sources contribute to OC metastasis.

In summary, EVs enhance ovarian cancer cells’ migra-
tory and invasive abilities, facilitating their distant metas-
tasis via peritoneal fluid, vasculature, and lymphatic 
pathways. At metastatic sites, EVs actively remodel stro-
mal and immune cells within the microenvironment, 
fostering cancer cell adhesion, colonization, and prolifer-
ation, thereby expediting the metastatic process (Fig. 3).

Over the past few years, research on EVs has surged 
exponentially, including significant contributions in the 
field of ovarian cancer. Technological advancements, 
particularly in the methods of EV isolation and analysis, 
have enabled deeper investigations into their biogenesis, 
surface markers, and internal composition. Furthermore, 
interdisciplinary collaborations among fields such as cell 
biology, molecular biology, biomedical engineering, and 
clinical medicine have provided strong momentum for 
advancing EV research [92].

Investigation of the molecular mechanisms by which 
EVs drive tumor metastasis is essential for advancing 
from laboratory research to clinical application. Preclini-
cal investigations have validated the crucial role of EVs as 

Table 1  Extracellular vesicles mediate ovarian cancer metastasis
EV source EV type EV cargo Mechanism Function Refs
Serum of EOC 
patients

Exosome LRP1 Via p-ERK/MMP2/MMP9 pathway Promote migration and invasion Zhou W et al.

M2 macrophages Exosome miR-221-3p Target CDKN1B Promote migration and invasion Li X et al.
OC cell lines EV miR-106a-5p Target KLF6 Promote proliferation, invasion and 

migration
Zheng Y et al.

TWEAK-stimulated 
macrophages

Exosome miR-7 Inhibit the EGFR/AKT/ERK1/2 pathway Inhibit invasion Hu Y et al.

OC cell lines EV circATP2B4 Via miR-532-3p/SREBF1/PI3Kα/AKT axis Promote M2 Macrophage Polarization Wang F et al.
OC cell lines EV miR-181c-5p Via KAT2B/HOXA10 axis and activate the 

JAK1/STAT3 pathway
Promote M2 Macrophage Polarization Yang S et al.

OC cell lines Exosome miR-141 Activate the YAP1/GROα/CXCR pathway Form tumor-promoting stromal niche Mo Y et al.
OC cell lines EV miR-630 Inhibit KLF6 and activate NF-κB Promote activation of CAFs Cui Y et al.
Ascites of OC 
patients and OC cell 
lines

EV LncRNA 
SPOCD1-AS

Interact with G3BP1 Remodel mesothelial cells Wang C et al.

OC cell lines Exosome ANXA2 Via PI3K/AKT/mTOR pathway Regulate epithelial-mesenchymal plas-
ticity of peritoneal mesothelial cells

Gao L et al.

OC cell lines Exosome circPUM1 Up-regulate NF-κB and MMP2 Promote MMT of peritoneal mesothe-
lial cells

Guan X et al.

OC cell lines Exosome miR-99a-5p Increase fibronectin and vitronectin 
expression

Regulate peritoneal mesothelial cells Yoshimura A 
et al.

OC cell lines Exosome ETS1 Via integrin αvβ5/AKT/Sp1 pathway Regulate peritoneal mesothelial cells Li H et al.
Omental CAFs Exosome miR-29c-3p Target MMP2 Suppress OC cells invasion Han Q et al.
OC cell lines Exosome miR-205 Via PTEN-AKT pathway Induce angiogenesis He L et al.
OC cell lines sEV miR-141-3p Activate the JAK/STAT3 and NF-κB 

pathways
Promote endothelial cell angiogenesis Masoumi-De-

hghi S et al.
OC cell lines Exosome E-cadherin Activate the β-catenin and NF-κB 

pathway
Promote tumor angiogenesis Tang MKS 

et al.
MSCs EV miR-424 Down-regulate MYB Inhibit angiogenesis Li P et al.
OC cell lines EV Phosphatidyl- 

serine
Arrest the T-cell signaling cascade Inhibit T-cell function Kelleher RJ Jr 

et al.
OC cell lines sEV Arginase-1 Suppress T-cell responses Mitigate anti-tumor immune 

responses
Czystowska-
Kuzmicz M 
et al.

M2-polarized TAMs EV NEAT1 Via miR-101-3p/ZEB1/PD-L1 axis Promote CD8 + T cells apoptosis Yin L et al.
TAMs Exosome miR-29a-3p, 

miR-21-5p
Target STAT3 Induce a Treg/Th17 cell imbalance Zhou J et al.

CAFs Exosome circ IFNGR2 Via miR-378/ST5 axis Inhibit EMT of OC cells Chen X et al.
OC, ovarian cancer; TAM, tumor-associated macrophages; CAF, tumor-associated fibroblast; MSC, mesenchymal stem cell; sEV, small extracellular vesicle; EMT, 
epithelial-mesenchymal transition; MMT, mesothelial-mesenchymal transition; ADE, ascites-derived exosome
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mediators of intercellular communication in tumor pro-
gression. A thorough examination of the role of EVs in 
ovarian cancer metastasis provides novel insights into the 
assessment and prevention of tumor spread. As poten-
tial biomarkers, EVs could facilitate the early detection 
of metastasis or serve as tools for prognostic evaluation 
[93, 94]. Moreover, the diverse roles of EVs in the tumor 
microenvironment lay the groundwork for the develop-
ment of targeted therapies, where disrupting EV biogen-
esis, release, and uptake may offer a novel approach to 
limiting ovarian cancer metastasis.

However, the complexity and heterogeneity of EVs 
present significant challenges in studying their involve-
ment in ovarian cancer metastasis. EVs released from 
different cell types under varying physiological and path-
ological conditions exhibit substantial differences in both 
quantity and cargo composition [95]. This heterogeneity 
complicates the analysis of EV cargo, which is typically 
explored using transcriptomics, proteomics, and metab-
olomics to elucidate their role in cancer. However, single-
omics approaches are limited in their capacity to fully 
capture the multi-dimension information among RNA, 

Fig. 3  The composition of EVs and their roles in ovarian cancer metastasis. The surface of EVs is composed of a phospholipid bilayer adorned with 
a variety of membrane proteins, including transmembrane proteins, transporters, antigen-presenting proteins, and receptors. Within these EVs are vari-
ous bioactive cargos, such as lipids, proteins, DNA, and a range of RNA molecules, both coding and non-coding, like lncRNA, circRNA, and miRNA, all of 
which are essential for intercellular communication. The transfer of these EV components is crucial in the metastatic process of ovarian cancer, where they 
enhance the dissemination potential of primary tumor cells, support the formation of PMN, and orchestrate multiple pathophysiological processes such 
as immune regulation, angiogenesis, and EMT
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proteins, and metabolites, highlighting the importance 
of integrative multi-omics research for a comprehensive 
understanding of EV function and application. Com-
pared to colorectal, prostate and breast cancers, ovarian 
cancer remains underexplored in multi-omics studies 
of EVs, leading to an incomplete understanding of their 

involvement in ovarian cancer progression and highlight-
ing the need for more extensive and in-depth research 
[96–98].

Additionally, the heterogeneity of EVs has driven a 
growing interest in single-vesicle analysis. Recently, 
He R. et al. developed an innovative sEV heterogeneity 
tracking algorithm, SEVtras, capable of specifically cap-
turing sEVs within single-cell sequencing data and ana-
lyzing the secretion activity of different cell types. This 
method offers an efficient approach for analyzing sEV 
secretion patterns at the single-cell level, bridging sEV 
biology with single-cell transcriptomics, and advancing 
the high-throughput tracking of sEV heterogeneity [99]. 
These technological advancements are expected to pro-
vide critical insights into the heterogeneity and biological 
functions of EVs, aiding in the precise elucidation of their 
roles in cancer development and progression.

While research on EVs in ovarian cancer remains in 
its nascent stages, the future directions of this field are 
becoming clearer. Advanced multi-omics approaches 
and bioinformatics techniques are expected to elucidate 
the heterogeneity of EVs, identifying distinct subpopula-
tions and their molecular signatures from various cellular 
origins. These findings are indispensable for deepening 
our comprehension of the role of EVs in cancer metasta-
sis and for establishing the foundation for future clinical 
translation.

What are the advancements and future directions 
of EVs in ovarian cancer drug resistance?
The overall survival rate for ovarian cancer is low, 
partly due to resistance to drugs such as cisplatin. Pacli-
taxel combined with platinum-based chemotherapy 
regimen is the first line of treatment for patients with 
advanced ovarian cancer after initial tumor cytoreduc-
tion. Although most of the patients are sensitive to plati-
num, they will be treated with multiple chemotherapy 
regimens due to recurrence, and will go from platinum-
sensitive to platinum-resistant, and the survival outcome 
of platinum-resistant EOC is very poor [100]. Currently, 
new treatments for ovarian cancer resistance are in clini-
cal trials, mainly including: Anti-angiogenic therapy, 
immunotherapy targeting PD-1/PD-L1, poly-ADP ribose 
polymerase inhibitors (PARPi) Olaparib, cell-cycle tar-
geting CHK1/2 or WEE-1 modulators, epigenetic mod-
ulators such as next-generation hypomethylating agent 
guadecitabine [101–106]. Despite the promise of these 
approaches, some clinical trials have yielded negative 
results, underscoring the urgent need for additional ther-
apeutic strategies for drug-resistant ovarian cancer.

Emerging research has highlighted the indispensable 
role of extracellular vesicles (EVs) in regulating tumor 
drug resistance. EVs not only mediate drug resistance 
mechanisms but also hold potential as drug delivery 

Table 2  Extracellular vesicles regulate ovarian cancer drug 
resistance
EV 
source

EV type EV cargo Mechanism Function Refs

OC cell 
lines

Exosome miR-1246 Via Cav1/p-
gp/M2-type 
macrophage 
axis

Confer 
chemoresis-
tance

Kanliki-
licer P 
et al.

OC cell 
lines

Exosome miR-429 Target CASR 
via NF-κB

Confer 
chemoresis-
tance

Li T et 
al.

OC cell 
lines

Exosome miR-21-3p Target NAV3 Increase 
resistance to 
cisplatin

Pink RC 
et al.

OC cell 
lines

Exosome miR-21-5p Target 
PDHA1

Inhibit che-
mosensitivity

Zhuang 
L et al.

OC cell 
lines

Exosome pGSN Interact with 
HIF1α

Enhance 
chemoresis-
tance

Asare-
Were-
hene M 
et al.

OC cell 
lines

sEV pGSN Regulate GSH Enhance 
chemoresis-
tance

Asare-
Were-
hene M 
et al.

Macro-
phages

Exosome miR-223 Via PTEN-
PI3K/AKT 
pathway

Elicit a che-
moresistant 
phenotype

Zhu X 
et al.

TAMs EV GATA3 Up-regulate 
the CD24/
Siglec-10 axis

Enhance 
chemoresis-
tance

Chen C 
et al.

CAFs Exosome miR-98-5p Down-regu-
late CDKN1A

Promote 
cisplatin 
resistance

Guo H 
et al.

OC cell 
lines

Exosome miR497, 
TP

Use exo-
some-lipo-
some hybrid 
nanoparticles

Overcome 
chemoresis-
tance

Li L et 
al.

Mature 
bovine 
milk

Exosome Cisplatin Evade the 
endosome 
trapping

Enhance 
delivery of 
cisplatin

Zhou G 
et al.

MSCs EV miR-18a-
5p

Target 
NACC1 and 
activate the 
AKT/mTOR 
pathway

Promote 
cisplatin 
sensitivity

Wang X 
et al.

hUC-
MSCs

Exosome miR-146a Via LAMC2-
mediated 
PI3K/Akt axis

Promote 
docetaxel 
and taxane 
sensitivity

Qiu L 
et al.

pGSN, plasma gelsolin; GSH, glutathione; TP, triptolide; UC, umbilical cord; 
hUCMSC, human umbilical cord mesenchymal stem cell; Ex-pGSN, exosome-
transported pGSN.
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vehicles in cancer therapy (Table 2). Therefore, in-depth 
studies of EV-mediated tumor drug resistance contribute 
to the systematic revelation of the molecular mechanisms 
of drug resistance in ovarian cancer, and correspondingly, 
understanding the current status of EVs in the study of 
drug-resistant treatment of ovarian cancer can pro-
vide valuable insights for guiding the direction of future 
research on the clinical translation of EVs.

Mediate drug resistance
Tumor cell-derived exosomes are involved in drug resis-
tance by transporting drug resistance-associated nucleic 
acids such as microRNA and mRNA. miR-1246 is a cir-
culating non-coding RNA in a variety of tumors, and 
a clinical study found that circulating miR-1246 may 
be a clinical diagnostic biomarker for HGSOC [107]. 
Researchers observed high expression of miR-1246 was 
expressed in OC exosomes, and the expression of Cav1, 
a direct target of exosomal miR-1246, was negatively 
correlated with the expression of multi drug resistance 
protein. Moreover, the genetic material in exosomes 
was taken up by pro-tumorigenic cells infiltrated in the 
tumor microenvironment; therefore, the release of large 
amounts of miR-1246 into the tumor microenviron-
ment via exosomes may facilitate chemoresistance in 
OC patients. This study provides new possibilities for 
the clinical application of exosomes, on the one hand, 
exosomal miR-1246 may be able to be used as a serum 
biomarker to predict chemoresistance, and on the other 
hand, to overcome chemoresistance in OC patients 
through exosomal miR-1246. However, the mechanism 
by which exosomal miR-1246 mediates chemoresistance 
has not yet been fully elucidated in this study [108]. Exo-
somal miR-429 released by SKOV3 cells enhances cis-
platin resistance in recipient cells in vitro and in vivo 
via CASR/STAT3 after uptake by recipient cells, and 
A2780 cells co-cultured with SKOV3 pretreated with 
miR-429 antagomir showed sensitivity to cisplatin. This 
study confirms that the cisplatin resistance is produced 
by horizontal transfer of exosomal miR-429 [109]. EVs 
secreted by drug-resistant ovarian cancer cells increase 
resistance in sensitive cells. A study found that exosomes 
released by drug-resistant CP70 cells increase resistance 
in A2780 cells [110]. Another study isolated cisplatin-
resistant SKOV3 cell-derived exosomes to treat SKOV3 
cells and found that sensitization of SKOV3 cells to DDP 
was inhibited by exosomal miR-21-5p [111]. Apart from 
directly delivering drug resistance-associated miRNAs, 
exosomes can also regulate epigenetic factors by enrich-
ing and delivering transcripts. DNA methylation is an 
important expression of epigenetic modifications, and 
DNA Methyltransferase 1 (DNMT1) is a key enzyme 
responsible for the precise replication and maintenance 
of DNA methylation patterns [112]. The relative content 

of DNMT1 was significantly high in exosomes derived 
from ovarian cancer cell lines. In vitro and in vivo experi-
ments revealed that endogenous DNMT1 transcripts
are highly specifically packaged into exosomes that are 
released into the extracellular milieu, thereby promot-
ing DNMT1 expression in host cells. The resulting high 
expression of DNMT1 promotes cisplatin resistance in 
ovarian cancer cells through epigenetic alterations, and 
resistance is markedly suppressed in the presence of the 
exosome secretion inhibitor GW4869 [113].

Tumor-derived exosomes can also transmit drug resis-
tance from cell to cell by carrying drug resistance-asso-
ciated proteins, enzymes, and more. Plasma gelsolin 
(pGSN), a secreted isoform of GSN, is highly secreted in 
chemoresistant OVCA cells and is secreted and trans-
ported via exosomes. In patients with HGSOC, pGSN 
expression was significantly associated with poor chemo-
therapy responsiveness and shortened OS, making pGSN 
a poor prognostic marker [114]. Exo-pGSN upregulates 
pGSN expression in chemoresistant OVCA cells in an 
autocrine manner and confers cisplatin resistance in 
other chemoresistant OVCA cells [115].λAnother study 
reported an immunomodulatory role of sEV-pGSN in 
ovarian cancer chemoresistance. Under chemosensi-
tive conditions, sEV-pGSN secretion is low, CD8+ T-cell 
function was optimal, and T-cell secretion of IFNγ was 
increased, which resulted in a reduction in the produc-
tion of intracellular glutathione and sensitized chemo-
sensitive cells to cisplatin-induced apoptosis. In contrast, 
in chemoresistance conditions, ovarian cancer cells 
secrete increased sEV-pGSN, which induces apoptosis 
in CD8+ T cells [116]. Cleft lip and palate transmem-
brane protein 1-like (CLPTM1L) is present in EVs of 
tumor culture supernatants and in patient sera, with lev-
els increasing after chemotherapy. After treatment with 
ovarian cancer resistant cell line medium, cisplatin killing 
in sensitive cells was reduced, and treatment with 102-5 
anti-CLPTM1L or exosome production inhibitor DMA 
restored cisplatin sensitivity. Also, tumor cell killing of 
carboplatin was reduced in EVs-treated ovarian cancer 
cells, and pretreatment of EVs with anti-CLPTM1L weak-
ened carboplatin resistance and significantly enhanced 
killing. This confirmed that the exosome CLPTM1L from 
cisplatin-resistant ovarian cancer cells was able to trans-
mit cisplatin resistance in drug-sensitive parental cells 
[117].

In addition, extracellular vesicles secreted by fibro-
blasts and immune-related cells in the tumor microen-
vironment also play an important role in ovarian cancer 
resistance. TAM derived exosomes can promote resis-
tance in recipient cells by delivering microRNAs. miR-
223 increase cisplatin resistance in gastric cancer by 
regulating the cell cycle and is a promising biomarker in 
recurrent ovarian cancer [118, 119]. Elevated levels of 
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miR-223 were detected in serum exosomes of patients 
with recurrent EOC. The high levels of miR-223 observed 
in primary tumor homogenates may be due to exosomal 
transfer of miR-223 from surrounding TAMs rather than 
to high miR-223 expression in cancer cells. Metastatic 
TAM exosomal miR-223 is able to directly target PTEN 
and is involved in regulating EOC resistance. How-
ever, inhibiting miR-223 expression did not completely 
resist the promotion of drug resistance by TAM derived 
exosomes, and the specific reasons need to be further 
explored [120]. GATA3 encapsulated by TAM-derived 
EVs promotes chemoresistance in ovarian cancer by 
upregulating the CD24/ siglece − 10 axis. TAM-derived 
EVs releases large amounts of GATA3, which plays an 
important role in immunomodulation as a transcription 
factor that regulates T cell differentiation and develop-
ment.GATA3 upregulates CD24 in OC cells, which binds 
to Siglecl-10 molecules on macrophages and reduces 
phagocytosis of the cells, thereby accelerating the role of 
CD24 in immune escape and chemotherapy resistance 
[121]. CAFs promote cisplatin resistance in OC cells by 
transferring exosomal miR-98-5p. Nude mouse xenograft 
tumor experiments showed that cancer-associated fibro-
blast-derived exosomal microRNA-98-5p downregulated 
CDKN1A in nude mice. Then CDKN1A, the key cell 
cycle regulatory protein, promotes cisplatin resistance in 
ovarian cancer after its downregulation [122].

EVs are associated with the bystander effects, a phe-
nomenon that allows stress cells to communicate with 
their neighbors, leading to a variety of effects such as 
DNA damage. It has been shown that chemotherapeutic 
treatment of ovarian tumor cells leads to the release of 
EVs, which affects the phenotype of neighboring tumor 
cells. In the cisplatin-induced stress response, the release 
of EVs promotes the exchange of stressed cells and neigh-
boring naive cells, and when these EVs are taken up by 
bystander ovarian cancer cells, they are able to induce 
enhanced invasiveness and drug resistance [123].

Platinum resistance in ovarian cancer stems from 
reduced intracellular platinum uptake, increased plati-
num efflux, intracellular platinum inactivation, and 
enhanced DNA damage repair [124]. EVs can promote 
intracellular chemotherapeutic agent efflux, particu-
larly under hypoxic conditions, leading to increased cis-
platin excretion by ovarian cancer cells [125]. Moreover, 
EV-mediated drug efflux is modulated by other factors. 
O-GlcNAcylation, an important post-translational pro-
tein modification, was found to be down-regulated to 
promote exosome secretion. This increased exosome-
mediated cisplatin efflux from ovarian cancer cells, lead-
ing to chemoresistance. Blocking the transfer of EVs 
between cells may be a way to address chemoresistance 
in ovarian cancer, but more in vivo and in vitro experi-
ments are needed in the future [126].

The exploration of EVs in drug resistance in ovarian 
cancer is still at an early stage. The above studies have 
initially revealed the mechanism of EVs inducing chemo-
resistance in ovarian cancer, but they have focused more 
on the influence of EVs on the cellular drug resistance 
phenotype. Many of these pathways and intricate mech-
anisms involved in this phenomenon remain incom-
pletely understood, and no systematic findings have been 
formed yet, leaving more research to be conducted in the 
future.

Enhance drug delivery and reverse drug resistance
Effective targeted drug delivery is currently a bottleneck 
in disease treatment. Over the past decades, various 
nanocarrier drug delivery systems have been developed 
and synthesized in order to improve the therapeutic effi-
cacy of drugs [127]. Tumor-targeted drug delivery sys-
tems can specifically reach tumor tissues, tumor cells and 
organelles to improve therapeutic efficacy [128]. Among 
nanoparticles, liposomes have been the most successful 
carriers, with the highest number of clinical approvals. 
However, the clinical application of lipid nanocarriers 
has experienced many difficulties, such as low bioavail-
ability, easy removal from the bloodstream or stimula-
tion of innate immune responses [129]. Recently, EVs, 
nature’s lipid nanoparticles, have received great atten-
tion as drug delivery vehicles. EVs offer high stability, 
low immunogenicity, excellent biocompatibility, and effi-
cient penetration through biofilms, making them prom-
ising alternatives to lipid nanoparticles for drug delivery 
[130]. Moreover, there is a growing interest in nucleic 
acid drugs. EVs as potential carriers to stabilize nucleic 
acids and overcome their instability and cell permeability 
barriers offer new possibilities for the development and 
application of nucleic acid drugs.

EVs and liposomes each possess unique advantages and 
limitations. Recently, membrane fusion technology has 
been utilized to fuse EVs with liposomes to form hybrid 
particles, which have the advantages of both EVs and 
liposomes, and show great potential for targeted can-
cer therapy [131]. Overexpression of miR497 overcomes 
OC chemoresistance by inhibiting the mTOR pathway, 
and tretinoin (TP) also has a killing effect on cisplatin-
resistant cells partly by inhibiting the mTOR pathway. 
Combined application of miR497 and TP was envisioned 
to further overcome OC chemoresistance by coopera-
tively inhibiting the mTOR signaling pathway. However, 
the low transcriptional efficiency and unstable chemically 
nature of mir497, as well as the severe systemic toxic-
ity and weak aqueous solubility of TP, were obstacles to 
this concept. To overcome these challenges, research-
ers constructed hybrid nanoparticles formed by fusion 
of tumor exosomes and cRGD-modified liposomes to 
co-deliver miR497 and TP, named miR497/TP-HENPs. 
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The miR497/TP-HENPs were able to encapsulate drugs 
and protect nucleic acids efficiently and release TP and 
miR497 stably and continuously, successfully overcoming 
OC resistance. Such nanoparticle encapsulation provides 
a new solution and translational strategy to overcome OC 
cisplatin resistance [132]. In another study, modification 
of exosomes by RGD was found to improve tumor target-
ing. RGD-modified exosomes efficiently targeted delivery 
of miR-484, improved vascular normalization, increased 
chemosensitivity of ovarian cancer, and prolonged the 
survival time of homozygous mice after chemotherapy, 
offering a new avenue for improving chemosensitivity in 
ovarian cancer.

Cisplatin resistance is primarily mediated by two 
mechanisms: reduced transport dependent on the 
plasma membrane transporter hCTR1 and sequestration 
within endosomes. Since the target of cisplatin is DNA 
in the nucleus, cisplatin isolated by endosomes will not 
be able to access the target [133]. Extracellular vesicles 
from milk show potential in drug delivery, milk exosomes 
can encapsulate cisplatin and transport the drug to cispl-
atin-resistant ovarian cancers, augmenting the anticancer 
effects of cisplatin [134]. By using inhibitors and knock-
ing down key molecules, milk exosomes were found to 
deliver cisplatin mainly through clathrin-independent 
endocytosis and macropinocytosis, avoiding cisplatin 
capture by endosomes and enhancing the drug’s effect 
against ovarian cancer. However, it is not clear whether 
milk exosomes can effectively deliver other chemother-
apeutic drugs and whether they can play a role in drug 
resistance in other cancers. As well as the study did not 
compare with other drug delivery systems such as lipo-
somes. In addition, the safety of milk exosomes needs to 
be further verified before clinical application, particularly 
with regard to immune response [135].

MSC-derived EVs have emerged as key players in anti-
tumor therapy [136]. In vitro and in vivo experiments 
revealed that hMSC-EVs enhanced sensitivity to cisplatin 
and inhibited the tumorigenic capacity of OC by trans-
ferring miR-18-5p [137]. Human umbilical cord is one 
of the sources of MSC and exhibits faster self-renewal 
compared to bone marrow-derived MSC [138]. Human 
umbilical cord MSCs release the exosome miR-146a, 
which reduces LAMC2 expression through the PI3K/
Akt signaling pathway, thereby sensitizing OC cells to 
docetaxel and taxane [139]. Compared to RAW 264.7 
macrophages, umbilical cord blood macrophages have 
the advantages of low immunogenicity and low toxicity. 
In contrast to peripheral blood macrophages, umbili-
cal cord blood macrophages exhibit slower aging. It was 
demonstrated that M1 macrophage-derived exosomes 
reduced the IC50 of cisplatin in ovarian cancer and was 
more pronounced in drug-resistant cell lines, allowing 
M1 exosomes to be a potential new tool for delivering 

cisplatin. However, the lack of in vivo experiments, 
uncertainties regarding safety and antitumor effects 
in animals, and the need for further elucidation of the 
mechanism underlying resistance reversal underscore the 
necessity for additional research in this area [140].

In conclusion, drug resistance remains the greatest 
challenge in ovarian cancer treatment. The recent find-
ings and research progress on the role of EVs in overcom-
ing drug resistance in ovarian cancer are summarized 
and discussed, with an emphasis on their potential in 
clinical applications to combat chemotherapy resistance. 
This promising avenue may significantly enhance the 
prognosis of ovarian cancer patients. However, several 
challenges need to be addressed. Firstly, obtaining high-
purity and high-yield EVs is an essential cornerstone for 
the clinical translation of EVs. Current isolation tech-
niques have limitations, including low extraction effi-
ciency and purity, as well as high time and economic 
costs, hindering the application of EVs in drug-resistant 
ovarian cancer treatment. Therefore, there is a need to 
develop new standardized isolation and purification 
strategies. Secondly, how to make EVs effective for drug 
loading and targeted delivery is also one of the techni-
cal challenges that require urgent solution. Currently, 
researchers have introduced genes, which fuse homing 
proteins and exosomal transmembrane proteins, into 
parental cells by means of genetic engineering, enabling 
specific proteins to be displayed on the surface of exo-
somal membranes to improve targeting. Yet targeting 
molecules for cancer cells are still lacking [141]. In addi-
tion, most of the current studies are conducted in vitro, 
requiring more rigorous in vivo experiments to validate 
biosafety as well as therapeutic efficacy. Clinical applica-
tion studies are also scarce, insufficiently in-depth and of 
poor reliability. Future studies must address the afore-
mentioned issues, with the prospect of broader applica-
tion of EVs in overcoming chemoresistance in ovarian 
cancer being particularly promising.

Conclusions and future perspectives
To conclude, research on EVs has made significant strides 
in understanding OC metastasis and resistance mecha-
nisms. Additionally, research on EVs has opened up 
numerous new avenues for the clinical treatment and 
management of cancer.

Firstly, EVs are widely present in various body fluids, 
offering unique advantages as an innovative liquid biopsy 
technique in vitro diagnostics. Currently, circulating 
tumor cells (CTC) and circulating tumor DNA (ctDNA) 
are the most commonly used in liquid biopsy [142]. 
While EVs cannot fully replace CTCs and ctDNA due to 
their lower DNA content and current technological limi-
tations, their high stability and ease of collection provide 
distinct advantages. Recently, there has been a surge in 
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in-depth studies on EVs as biomarkers, employing multi-
omics and machine learning to identify EV biomark-
ers for disease diagnosis and prognosis. A multi-cohort, 
multi-stage study involving 2,141 patients found that EV-
expressed GClnc1 could serve as a circulating biomarker 
for early detection and monitoring of gastric cancer pro-
gression [143]. Further studies revealed that circulating 
EV-derived lncRNA-GC1 could predict neoadjuvant che-
motherapy response and exhibit earlier dynamic changes 
than traditional gastrointestinal biomarkers [144]. 
Another multicenter cohort study found that a panel of 
13 miRNAs in plasma can be used for early detection of 
pancreatic ductal adenocarcinoma, demonstrating very 
high diagnostic performance [145]. In the context of OC, 
several studies have been initiated. Li et al. have devel-
oped a serum sEV miRNA model for the identification 
of EOC, which has shown superior performance com-
pared to CA125 in distinguishing stage I EOC patients 
from those with benign conditions [146]. Another study 
has also developed a combination of serum sEV proteins 
(CA125, HE4, and C5a) for the early diagnosis of EOC 
[147].

Secondly, EVs are emerging as innovative tools in can-
cer therapeutics. On one hand, EVs can serve as effective 
delivery systems for targeted cancer therapy, enhancing 
drug efficacy and specificity while reducing side effects. 
On the other hand, EVs play a role in cancer immuno-
therapy. A recent study reported that exosomes derived 
from CAR-NK cells can enhance clinical benefits in the 
treatment of HER2-positive breast cancer brain metas-
tases [148]. Numerous clinical trials are underway. For 
instance, a phase I trial at Anderson Cancer Center 
(NCT03608631) uses MSC-Exos containing siRNA tar-
geting oncogenic KrasG12D mutation for pancreatic 
cancer treatment. Another phase II trial (NCT01159288) 
employs dendritic cell-derived exosomes as vaccines 
combined with cyclophosphamide therapy for unresect-
able non-small cell lung cancer, with results yet to be 
published.

In summary, while significant advancements have been 
achieved in the research of EVs in OC, numerous mecha-
nisms and challenges remain to be elucidated. Future 
research should focus on: thoroughly investigating the 
biological roles of EVs in OC; developing more accurate 
and dependable EV biomarkers for the early diagnosis 
and prognosis of OC; and exploring innovative EV-based 
therapeutic strategies for OC. Additionally, reinforcing 
clinical validation studies of EVs as potential therapeu-
tic targets will provide more robust evidence for clinical 
applications. With ongoing technological advancements, 
deeper research, and proactive clinical validation, EVs 
are anticipated to drive further breakthroughs and inno-
vations in the diagnosis and treatment of OC, ultimately 

paving the way for more personalized and precision 
oncology.
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