
ARTIC
LE

 IN
 PRESS

Article in Press

Advances in the use of exosomes for the 
diagnosis and treatment of ovarian cancer

World Journal of Surgical Oncology

Received: 24 September 2025

Accepted: 24 November 2025

Cite this article as: Chen J. & Tan Q. 
Advances in the use of exosomes for 
the diagnosis and treatment of ovarian 
cancer. World J Surg Onc (2025). https://
doi.org/10.1186/s12957-025-04135-z

Jiyu Chen & Qingqing Tan

We are providing an unedited version of this manuscript to give early access to its 
findings. Before final publication, the manuscript will undergo further editing. Please 
note there may be errors present which affect the content, and all legal disclaimers 
apply.

If this paper is publishing under a Transparent Peer Review model then Peer 
Review reports will publish with the final article.

https://doi.org/10.1186/s12957-025-04135-z

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International 
License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit 
to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. You do 
not have permission under this licence to share adapted material derived from this article or parts of it. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

https://doi.org/10.1186/s12957-025-04135-z
https://doi.org/10.1186/s12957-025-04135-z
https://doi.org/10.1186/s12957-025-04135-z
http://creativecommons.org/licenses/by-nc-nd/4.0


ARTIC
LE

 IN
 PR

ES
S

1 
 

Title page 

Article title:  

Advances in the use of Exosomes for the Diagnosis and Treatment of 

Ovarian Cancer 

Short title for running head: 

REVIEW OF EXOSOMES AND OVARIAN CANCER 

Author: 

Jiyu Chen 

(Department of Gynecology and Obstetrics, Changzhou Maternal and Child Health 

Care Hospital, Changzhou Medical Center, Nanjing Medical University, Changzhou, 

China) 

Corresponding Author: 

Qingqing Tan 

Mail: Department of Gynecology and Obstetrics, Changzhou Maternal and 

Child Health Care Hospital, 16 Dingxiang Road, Changzhou 213000, 

Jiangsu, China. 

Telephone: +86-135884505335 

Email: cztanqq@163.com 

  

ARTICLE IN PRESS



ARTIC
LE

 IN
 PR

ES
S

2 
 

Abstract: 

Ovarian cancer (OC) is the most lethal gynecologic malignancy, with insidious early symptoms and a 

lack of effective screening often leading to late-stage diagnosis and poor prognosis. Exosomes, 

extracellular vesicles carrying diverse bioactive molecules, play key roles in OC pathogenesis and 

progression. This review systematically outlines recent advances in exosome research, highlighting 

their dual potential as liquid biopsy biomarkers for early diagnosis and prognosis, and as natural drug 

delivery systems for targeted therapy. We also critically analyze the major challenges in clinical 

translation. Despite existing hurdles, exosome-based strategies hold significant promise for advancing 

precision medicine in OC. 

Keywords: ovarian cancer; exosomes; biomarkers; diagnosis; targeted therapy 

 

1. Introduction 

Ovarian cancer (OC), one of the most common malignant tumors in the female 

reproductive system, ranks as the 7th most prevalent cancer among women globally 

and the 10th most common cancer among Chinese women(1). It has the highest 

mortality rate among gynecologic malignancies(2). Due to atypical early clinical 

manifestations and the lack of specific and sensitive diagnostic biomarkers, 70–90% of 

patients are diagnosed at advanced stages, missing the optimal treatment window. 

Consequently, OC is characterized by high recurrence rates, poor prognosis, and a 5-

year survival rate of only 20–30%(3, 4). The World Health Organization (WHO) 

classifies OC into epithelial, germ cell, sex cord-stromal, and mesenchymal types. 
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Epithelial ovarian cancer (EOC) is the most common, accounting for approximately 90% 

of all cases and originating from the epithelial cells(5). OC is not a single disease but a 

group of histologically and molecularly distinct entities. Based on histotype-specific 

immunological features and molecular markers, EOC is further subdivided into high-

grade serous carcinoma (HGSC), low-grade serous ovarian carcinoma (LGSOC), 

endometrioid carcinoma (EC), clear cell carcinoma (CCC), and mucinous carcinoma 

(MC). High-grade serous ovarian cancer (HGSOC) is the most prevalent and aggressive 

form of OC, responsible for approximately 70-80% of all EOC-related deaths(6). These 

histotypes differ in their cell of origin, molecular pathways, risk factors, clinical 

behavior, and response to therapy. Therefore, identifying diagnostic markers with high 

sensitivity and specificity to improve early detection rates, exploring the mechanisms 

underlying OC initiation, progression, and metastasis, and implementing standardized 

surgical interventions with adjuvant therapies are critical for increasing survival rates 

and quality of life in OC patients. 

Traditional tumor diagnosis often relies on imaging and pathological examination 

of tissues; however, these screening strategies are invasive and carry an increased risk 

of organ injury. As an alternative to conventional biopsy, liquid biopsy is a 

representative diagnostic technology in precision medicine that enables noninvasive 

sampling to obtain disease-related information, thereby assisting in disease 

management. Exosomes, extracellular vesicles secreted by living cells that carry 

various genetic materials, such as nucleic acids and proteins, are widely distributed in 

diverse human bodily fluids and play a significant role in the field of liquid biopsy. 
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Exosomes are extracellular vesicles with diameters ranging between 30 and 150 

nm that are ubiquitously distributed in various biofluids, such as cerebrospinal fluid, 

blood, saliva, urine, and ascites. They function as molecular cargo carriers, transporting 

diverse components, including microRNAs (miRNAs), circular RNA (circRNA), long 

noncoding RNAs (lncRNAs), DNAs, proteins, and enzymes(7). By shuttling 

biomolecules from donor to recipient cells, exosomes play an important role in cellular 

signaling(8). Notably, cancer cells secrete exosomes at significantly higher rates than 

normal cells (9), and tumor-derived exosomes have been extensively implicated in the 

initiation, progression, and biological behavior of OC. 

This review outlines the roles of exosomes in OC, focusing on their dual value as 

reservoirs of diverse biomarkers (proteins, miRNAs, lncRNAs, circRNAs) and drug 

delivery systems. Unlike previous studies focused on single molecules, it integrates 

their mechanisms in carcinogenesis and progression, evaluates clinical translation in 

liquid biopsy and targeted therapy, and analyzes challenges from bench to bedside. It 

bridges gaps in multi-omics integration and translational pathways, proposing a 

framework for exosome-based precision medicine. 

2. Overview of Exosomes 

Exosomes are a subset of extracellular vesicles (EVs) first identified in cultured 

sheep reticulocytes(10) and were later termed "exosomes" by Johnstone to describe 

these small, double-membrane-enclosed vesicles(11). EVs are endosome-derived, lipid 

bilayer nanoscale vesicles secreted by various cell types, primarily including exosomes, 
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microvesicles, and apoptotic bodies. Owing to the lack of specific markers, exosomes 

are difficult to distinguish from other particles; hence, the term "exosomes" is often 

used to encompass all particles ranging from 30–150 nm in diameter(12). 

Exosomes are present in almost all bodily fluids, including blood, sweat, tears, 

saliva, urine, breast milk, ascites, and cerebrospinal fluid, among others(7). Earlier 

researchers regarded exosomes as garbage bins for eliminating cellular waste(10). 

However, further investigations revealed that exosomes play significant roles in tumor 

growth, metastasis, angiogenesis, and immune regulation. Additionally, in the field of 

liquid biopsy, exosomes can serve as biomarkers for early tumor diagnosis, assessment 

of treatment response, prognosis evaluation, and monitoring of chemotherapy 

resistance(13). 

2.1 Composition of Exosomes 

Exosomes are composed primarily of various soluble proteins, nucleic acids, and 

lipids. They carry diverse proteins, including tetraspanins (CD82, CD81, CD63, and 

CD9), heat shock proteins (HSP70, HSP90), and proteins involved in membrane 

transport and fusion (such as the multivesicular body (MVB)-associated proteins Alix 

and TSG101, annexins, Rab GTPases, and flotillin)(14, 15). These proteins are not only 

associated with the biogenesis of exosomes but also serve as markers for their 

authentication. 

Exosomes contain various nucleic acids (DNA and RNA). In addition to the most 

extensively studied mRNAs and miRNAs, other RNA types, such as lncRNAs, transfer 
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RNAs(tRNAs), small nuclear RNAs (snRNAs), small nucleolar RNAs(snoRNAs), and 

circRNAs, are also enriched within exosomes(16). Lipids such as cholesterol, 

phospholipids, sphingolipids, and ceramides form the bilayer membrane structure of 

exosomes(17). 

 

2.2 Biogenesis of Exosomes 

The classical process of exosome generation involves dual invagination of the 

plasma membrane and the formation of intracellular MVBs containing intraluminal 

vesicles (ILVs)(18). It originates from endocytosis of the plasma membrane, which then 

invaginates inward to form early endosomes that mature into late MVBs. These MVBs 

contain ILVs enriched with various proteins, lipids, nucleic acids, amino acids, and 

metabolites(19). Subsequently, the fate of MVBs can diverge. One subset of MVBs may 

fuse with lysosomes or autophagosomes, leading to the degradation of their ILVs 

content. The resulting degradation products can then be recycled by the cell. The precise 

mechanisms governing this pathway remain incompletely understood, and theories 

involving specific protein sorting have been proposed. Alternatively, another subset of 

MVBs is transported via the cytoskeleton and microtubule network to the plasma 

membrane. Upon fusion with the plasma membrane, these MVBs release their ILVs 

into the extracellular space through exocytosis. These released vesicles are defined as 

exosomes (18). Numerous proteins, such as Rab GTPases, endosomal sorting 

complexes required for transport (ESCRT) proteins, tetraspanins, and other proteins 
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that can serve as exosomal biomarkers, are involved in the origin and biogenesis of 

exosomes. Additionally, lipids, including phospholipids, ceramides, and 

sphingomyelinases, also participate in this process. Overall, the process of exosome 

biogenesis is highly complex. Although the mechanisms underlying exosome formation 

and secretion are not fully understood, aspects of their origin, composition, functions, 

and modes of action have been partially elucidated. (Figure 1) 

Exosome formation occurs via two pathways: the ESCRT-dependent pathway and 

the ESCRT-independent pathway. The widely recognized mechanism of exosome 

formation is driven by the ESCRT machinery(20). The primary function of ESCRT is 

to sort specific components into ILVs, which are precursors of exosomes. Initially 

discovered in yeast, the ESCRT complex consists of approximately 20 proteins 

assembled into five functional subcomplexes (ESCRT-0, ESCRT-I, ESCRT-II, ESCRT-

III, and the Vps4-VTA1 complex)(21). All subcomplexes interact closely, play distinct 

roles in exosome biogenesis, and are involved in local membrane remodeling processes 

such as viral budding, cytokinesis, and autophagy(22). The ESCRT-0 complex 

recognizes and sequesters ubiquitinated proteins on the endosomal membrane. The 

ESCRT-I and ESCRT-II complexes participate in the membrane invagination of MVBs 

and the formation of vesicles containing clustered ubiquitinated proteins. The ESCRT-

III complex subsequently drives membrane scission and vesicle release from MVBs, 

whereas the Vps4 complex ensures final membrane abscission and/or recycling of 

ESCRT components(23, 24). 

The ESCRT-independent pathway relies on lipid components, particularly 
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ceramide. Ceramide, produced by neutral sphingomyelinase, induces the budding of 

ILVs into MVBs(25). Additionally, tetraspanins such as CD63, CD9, and CD81 are 

involved in this process and promote exosome secretion(26). During this process, 

cholesterol also plays a regulatory role in MVB maturation. Studies have demonstrated 

that MVBs with high cholesterol content are preferentially routed to fuse with the 

plasma membrane of the parent cell, leading to the release of their intraluminal vesicles 

(exosomes) into the extracellular space. Conversely, MVBs with low cholesterol 

content are more likely to be directed toward fusion with lysosomes, resulting in their 

degradation(27). Experimental evidence indicates that both the ESCRT-dependent and 

ESCRT-independent pathways can coexist and operate concurrently within cells.(28) 

2.3 Physiological Functions of Exosomes 

Exosomes are ubiquitously present in bodily fluids and can be generated under 

both pathological and physiological conditions. They may serve as a cellular clearance 

mechanism to eliminate surplus and/or unnecessary components, thereby maintaining 

intracellular homeostasis(29). With respect to physiological functions, the central role 

of exosomes lies in mediating intercellular communication through the transfer of 

biomolecules and signals. Various cells achieve mutual communication by secreting 

exosomes laden with distinct molecular cargoes. These exosomes are internalized by 

recipient cells, facilitating information exchange and signal transduction via cargo 

transfer or the release of their contents(26). For instance, exosomes secreted by immune 

cells carry cytokines capable of modulating the immune activity of surrounding cells, 
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while stem cell-derived exosomes harbor specific proteins that promote the repair of 

damaged tissues. This mode of communication is highly targeted, as proteins on the 

exosomal membrane can specifically recognize receptors on the surface of target cells, 

ensuring the precision of information delivery(30). 

In the field of disease research, the roles of exosomes are becoming increasingly 

elucidated. Tumor cells secrete exosomes at a significantly higher rate than normal cells, 

and these tumor-derived exosomes possess a remarkable capacity to drive tumor 

progression by remodeling both local and distant microenvironments(16). This 

underscores the pivotal role of exosomes in regulating intercellular communication, 

positioning them as key mediators of information exchange. Furthermore, by carrying 

cancer-specific biomarkers, exosomes hold immense potential for disease diagnosis and 

therapeutic applications. 

2.4 Isolation and Detection of Exosomes 

The isolation and detection of exosomes from biological samples are crucial for 

subsequent basic research and clinical translation. Common isolation methods include 

ultracentrifugation, ultrafiltration, size-exclusion chromatography (SEC), polymer-

based precipitation, immunoaffinity capture, and microfluidic technology. 

Ultracentrifugation separates particulate components on the basis of density, size, 

and shape through sequential processing, which can be categorized into density gradient 

centrifugation and differential centrifugation. Owing to its high processing capacity, it 

is currently considered the "gold standard" for exosome isolation. Ultrafiltration is a 
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size-based separation technique with simple operation and is often used in combination 

with ultracentrifugation. SEC is another size-based method in which substances are 

eluted according to their particle size. This technique preserves the natural biological 

activity of isolated exosomes(31). Polymer-based precipitation, which is frequently 

used in commercial kits, offers convenience in operation. Subsequent centrifugation 

and filtration of samples can increase the purity of exosome preparations(32). 

Immunoaffinity capture provides high specificity and yields exosomes of high purity 

but is suitable for only cell-free samples. Microfluidic technology refers to the use of 

devices that employ microfluidics to rapidly and efficiently isolate exosomes on the 

basis of various properties. In addition to common approaches such as size, density, and 

immunoaffinity, this technology enables innovative sorting mechanisms such as 

acoustic, electrophoretic, and electromagnetic manipulation(33, 34). Recent studies 

have proposed a high-throughput, rapid, ultrasensitive, and low-detection-level method 

for the quantitative analysis of exosomes, utilizing spatially patterned antibody 

barcodes based on carbon dots (CDs), self-assembled substrates, and microfluidic 

technology in combination with fluorescence-labeled specific antibodies. This 

approach not only enables the identification of exosomes but also confirms the 

expression of targeted membrane markers on exosomes. On the basis of the results of 

serum exosome detection, this method achieved a 100% accuracy in distinguishing OC 

patients from healthy donors(35). Although existing exosome isolation techniques have 

seen many improvements over time, they also present a series of new challenges for 

researchers in the field. The principles, advantages, and disadvantages of various 
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exosome isolation techniques are detailed in Table 1. 

Characterization of exosomal cargo can reveal the unique composition of specific 

exosomes and provide accurate cancer-related information. Techniques commonly used 

for characterization include flow cytometry (FC), resistive pulse sensing (RPS), 

dynamic light scattering (DLS), electron microscopy (EM) techniques such as scanning 

electron microscopy (SEM), transmission electron microscopy (TEM), and cryogenic 

electron microscopy (Cryo-EM),atomic force microscopy (AFM), and nanoparticle 

tracking analysis (NTA)(36). Protein detection technologies for exosomes include 

Western blotting and enzyme-linked immunosorbent assay (ELISA). Nucleic acid 

detection techniques include quantitative real-time reverse transcription PCR (qRT‒

PCR), microarrays, and sequencing(37). In summary, as an essential foundation for 

studying the biological characteristics and medical applications of exosomes, isolation 

techniques and subsequent identification methods still require further refinement. 

 

3. Role of Exosomes in OC Pathogenesis 

3.1 Formation of the Tumor Microenvironment (TME) 

The tumor microenvironment (TME) refers to the dynamic niche formed by 

interactions between tumor cells and host stromal components, including cancer cells, 

endothelial cells, the microvasculature, immune cells, cancer-associated 

fibroblasts(CAFs), the extracellular matrix, and infiltrating biomolecules(38). 
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Crosstalk between tumor cells and stromal cells promotes angiogenesis, invasion, and 

metastasis, leading to tumor growth and invasion of other tissues. As a dominant 

stromal component, CAFs primarily mediate stromal activation and tumor desmoplasia, 

which are closely associated with increased metastatic potential and poor prognosis in 

patients with OC(39). 

In addition to stromal cells, the tumor microenvironment also includes noncellular 

elements. Exosomes, critical components of the TME, are released by nearly all cell 

types and modulate tumor and host cell functions through different pathways. By 

orchestrating metabolic reprogramming, signal upregulation, and immune evasion, 

exosomes remodel the TME(40). OC-derived exosomes reconfigure the TME via 

intercellular transfer between cancer cells and normal stromal cells, immune cells, or 

CAFs, thereby stimulating metastatic invasion(41).  As illustrated in Figure 2, this 

review will detail the multiple key roles exosomes play in shaping the TME, driving 

angiogenesis, promoting invasion and metastasis, and inducing immune evasion, 

among other pathogenic processes. 

Tumor-associated macrophages (TAMs), the most abundant immune infiltrates in 

the TME, play pivotal roles in tumor cell proliferation and migration. Many studies 

have demonstrated that tumor-derived exosomal miRNAs regulate TAM polarization. 

M2 macrophages, which are characterized by the secretion of anti-inflammatory 

cytokines (e.g., CCL17, CCL22, and IL-10), promote cancer progression(42). 

Exosomal miR-222-3p and miR-940 from EOC cells induce M2 macrophage 

polarization(43, 44). Under hypoxic conditions, exosomal miR-125b-5p, miR-21-3p, 
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miR-940, and miR-181d-5p from EOC cells drive TAM differentiation toward the M2 

phenotype, accelerating cancer progression(44). 

Collectively, these studies demonstrate that OC-derived exosomes are master 

regulators of the TME, primarily by reprogramming immune cells like TAMs towards 

a pro-tumorigenic M2 phenotype, which is pivotal for tumor progression. 

3.2 Exosome-mediated Tumor Angiogenesis 

Angiogenesis, the formation of new capillaries from preexisting vasculature, is a 

physiological process critical to embryogenesis, tissue repair, and organ regeneration. 

Tumor angiogenesis is driven by proangiogenic factors secreted by cancer cells that 

activate host endothelial cells to induce neovascularization(45). Unlike normal vessels, 

tumor vessels exhibit aberrant structural dynamics and hyperpermeability, ultimately 

losing polarity and tight junction integrity. This results in impaired vascular function, 

increased permeability, augmented cellular motility, and heightened metastatic 

potential(46). Angiogenesis plays a fundamental role in both normal ovarian 

physiology and the pathogenesis of OC. The tumor-derived vasculature supplies 

oxygen and nutrients to OC, facilitates tumor growth through ascites formation and 

metastatic dissemination, and is indispensable for peritoneal cavity colonization and 

metastasis(47). 

Tumor-derived exosomes carry angiogenesis-associated proteins that induce 

phenotypic and functional alterations in endothelial cells and tumor microenvironment 

cells, increasing epithelial cell proliferation and migration to support vascular 
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formation. Studies have demonstrated that circulating exosomal miR-205 is 

significantly upregulated in OC-derived exosomes, promoting angiogenesis in vitro and 

in vivo via the PTEN-AKT pathway(48). Hypoxia-induced exosomal miR-130a from 

OC cells enhance vascular endothelial cell proliferation and angiogenesis(49). Ye and 

colleagues revealed that the OC-derived exosomal circRNA nuclear factor IX 

(circNFIX) positively regulates tripartite motif-containing protein 44 (TRIM44) 

expression by targeting miR-518a-3p and that exosomal circNFIX promotes OC 

angiogenesis by regulating the JAK/STAT1 pathway through the miR-518a-3p/TRIM44 

axis(50). Additionally, Zhang and colleagues reported that prokineticin receptor 1 

(PKR1)-positive exosomes exert proangiogenic effects by enhancing endothelial cell 

migration and tube formation. These findings suggest that PKR1 can be transferred to 

surrounding cells via exosomal uptake, inducing angiogenesis through intercellular 

communication and intracellular signaling(51). Studies have demonstrated that lncRNA 

ATB (lncRNA ATB, activated by TGF-β) can directly promote the development of OC. 

Exosomal lncRNA ATB derived from OC cells promotes tumorigenesis by facilitating 

angiogenesis within the tumor microenvironment via regulating the miR-204-

3p/TGFβR2 axis(52).In addition to tumor-derived exosomes, exosomes secreted by 

TAMs and CAFs have also been found to be involved in promoting angiogenesis and 

metastasis(53).  

These findings underscore the close relationship between tumor angiogenesis and 

exosomes. Further research will improve our understanding of OC angiogenesis 

mechanisms, identify novel therapeutic targets, and ultimately reduce tumor recurrence 
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and metastasis. 

3.3 Exosome Involvement in OC Invasion and Metastasis 

Unlike most cancers that metastasize primarily via hematogenous or lymphatic 

routes, implantation metastasis is the predominant metastatic pathway in OC. The 

transcoelomic(metastasis via the peritoneal cavity) mechanism of OC involves the 

detachment of cancer cells from the primary lesion, resistance to anoikis (a form of 

programmed cell death triggered by detachment from the extracellular matrix), 

dissemination through ascitic fluid into the peritoneal cavity, adhesion of disseminated 

cells to the peritoneal surface via enhanced tissue affinity, invasion into mesothelial 

cells, subsequent colonization, and eventual growth at secondary sites(54). 

Accumulating evidence highlights epithelial‒mesenchymal transition (EMT) as a 

critical event in OC metastasis, enabling tumor cells to achieve systemic spread via 

intraperitoneal implantation and hematogenous routes. EMT, characterized by the loss 

of epithelial polarity and the acquisition of mesenchymal traits, confers invasive and 

metastatic potential to cancer cells during tumor progression. 

OC-derived exosomes transfer CD44 to peritoneal mesothelial cells, 

reprogramming them into an EMT phenotype to promote OC cell invasion and 

migration(55). Ascites-derived exosomes deliver miR-6780b-5p to OC cells, which has 

been demonstrated to induce EMT and accelerate metastasis(56). Furthermore, 

omentum-derived exosomes confer chemoprotection to EOC cells and drive EMT and 

invasion by downregulating E-cadherin and upregulating N-cadherin (57). Adipose 
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tissue-derived exosomal miR-421 serves as a novel regulator of chromobox 7 (CBX7) 

expression; downregulation of CBX7 promotes OC cell migration and enhances 

metastatic potential(58). Recent studies revealed that collagen type VI alpha 3 chain 

(COL6A3), which is secreted via exosomes from OC cells and the tumor stroma, is 

upregulated and may potentiate OC cell invasion and metastasis(59). 

Furthermore, other non-coding RNAs such as circRNAs and lncRNAs are also 

recognized as major regulators of tumor metastasis, including in OC (60).For example, 

exosomal circWHSC1(circWHSC1, derived from the Wolf-Hirschhorn syndrome 

candidate 1 gene) promotes MUC1 expression, peritoneal dissemination, and adhesion, 

thereby facilitating OC metastasis(61). Mesothelial‒mesenchymal transition(MMT) of 

mesothelial cells has also been shown to be involved in cancer cell adhesion and 

peritoneal colonization(62) . Wang and colleagues identified an uncharacterized 

lncRNA, SPOCD1-AS(SPOC D1 Antisense RNA), in OC cell-derived EVs, which 

regulate the MMT phenotype in mesothelial cells, thereby promoting cancer cell 

adhesion to mesothelial cells in vitro and facilitating peritoneal metastasis in vivo(63). 

In summary, exosomes play a central role in driving OC invasion and peritoneal 

metastasis by precisely orchestrating key biological processes, including EMT and 

MMT, through the delivery of critical functional molecules such as CD44 and various 

non-coding RNAs. 

3.4 Exosomes Drive the Proliferation of OC Cells 

Exosomes directly stimulate OC cell proliferation, which is crucial for primary 
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tumor growth and metastasis. They carry specific molecules that activate proliferative 

pathways. For instance, downregulated exosomal miR-543 from OC cells targets 

insulin-like growth factor 2 (IGF2), inhibiting proliferation via the proteoglycan 

pathway, revealing its tumor-suppressive role(64). Conversely, tumor-derived 

exosomes often carry oncogenic molecules. Exosomal circRNA051239 promotes 

proliferation and migration by acting as a ceRNA for miR-509-5p to regulate serine 

protease 3 (PRSS3) expression(65). Similarly, M2 macrophage-derived exosomes 

deliver circTMCO3(Transmembrane and coiled-coil domains 3), enhancing 

proliferation and metastasis by targeting the miR-515-5p/ITGA8 axis(66). Lai and 

colleagues found that exosomal lncRNA SOX2-OT (SOX2 overlapping transcript) is 

upregulated in OC patient plasma and promotes malignant phenotypes through the miR-

181b-5p/SCD1 axis (67). Additionally, exosome-associated proteins like cellular 

retinoic acid binding protein 2(CRABP2) are upregulated in OC and enhance recipient 

cell proliferation by inducing fatty acid oxidation-related genes (68). 

In summary, exosomes drive OC proliferation by delivering diverse bioactive 

molecules (non-coding RNAs and proteins), providing direct molecular impetus for 

tumor expansion while synergizing with their pro-invasion and pro-metastasis functions 

to collectively drive disease progression. 

 

3.5 Exosome-mediated Immune Evasion in OC 

Immune evasion is a pivotal mechanism enabling sustained tumor growth and 
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metastasis. Tumor cells evade immune surveillance and attack through various 

strategies, including inducing the polarization of immunosuppressive cells, carrying 

and transferring immunosuppressive molecules, and orchestrating the immune 

microenvironment via non-coding RNAs(69). 

 Multiple studies have demonstrated that tumor-derived exosomes are key 

contributors to the formation of an immunosuppressive TME, thereby promoting 

immune evasion in OC. OC-derived exosomes can induce macrophage polarization 

toward the M2 phenotype, fostering an immunosuppressive milieu. For instance, 

exosomes from OC cells carry miR-205 and deliver it to macrophages. Exosomal miR-

205 downregulates PTEN expression, activating the PI3K/AKT/mTOR signaling 

pathway and subsequently inducing M2-like macrophage polarization. In mouse 

models, these exosome-induced M2 macrophages significantly accelerated OC 

progression(70). Similarly, tumor-derived exosomal Chemokine-like factor (CKLF)-

like MARVEL transmembrane domain-containing 4 (CMTM4) can be internalized by 

macrophages, promoting M2 polarization via nuclear factor kappa-light-chain-

enhancer of activated B cells (NF-κB) pathway activation, upregulating intercellular 

adhesion molecule-1(ICAM1) expression, enhancing the secretion of 

immunosuppressive cytokines, and ultimately suppressing T-cell function to facilitate 

tumor progression(71). Furthermore, extracellular vesicles secreted by TAMs foster an 

immunosuppressive microenvironment conducive to OC progression. Studies have 

demonstrated that downregulation of tumor-associated macrophage-derived exosomal 

miR-29a-3p modulates the FOXO3-AKT/GSK3β axis to increase PD-L1 expression, 
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ultimately suppressing OC cell proliferation and immune evasion(72). Exosomes 

derived from M2-type TAM are enriched with the lncRNA NEAT1(Nuclear enriched 

abundant transcript 1). These exosomes deliver NEAT1 to OC cells, where it acts as a 

molecular "sponge" for miR-101-3p, leading to upregulated expression of downstream 

zinc finger E-box binding homeobox 1 (ZEB1) and PD-L1 proteins, ultimately 

promoting OC cell proliferation and inducing CD8+ T-cell apoptosis(73). 

Exosomes can directly inhibit T-cell function by carrying immune checkpoint 

molecules. Checkpoint proteins such as PD-L1 and CD47 are pivotal mediators of 

immune evasion. CD47 overexpression is associated with a poor prognosis in OC 

patients, underscoring the importance of immune evasion. Inhibition of exosome 

secretion and uptake can enhance the phagocytic capacity of M1 macrophages against 

cancer cells, thereby suppressing peritoneal dissemination(74).  HOXA transcript at 

the distal tip (HOTTIP), a homeobox-containing lncRNA, plays a critical role in the 

progression of OC. Studies have shown that HOTTIP overexpression upregulates the 

expression and secretion of IL-6 in OC cells. IL-6 binds to the IL-6 receptor on the 

surface of neutrophils surrounding cancer cells, activating the STAT3 signaling pathway. 

This leads to increased PD-L1 expression on neutrophils, which further suppresses T-

cell activity, promotes immune evasion in OC, and ultimately facilitates cancer cell 

growth and metastasis(75, 76). 

As important carriers of non-coding RNAs, exosomes deliver these regulatory 

molecules into target cells, where they post-transcriptionally modulate gene expression 

and participate in the complex network of immune evasion. Zheng and colleagues 
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reported that cancer-associated adipocyte-derived exosomes upregulate long intergenic 

non-coding RNA 1119 (LINC01119) expression, which increases suppressor of cytokine 

signaling 5(SOCS5) levels in OC. LINC01119-loaded cancer-associated adipocyte-

derived exosomes induce M2 macrophage polarization, suppress CD3+ T-cell 

proliferation, increase PD-L1 expression, and attenuate T-cell cytotoxicity in OC cells, 

thereby promoting immune evasion(77). A recent study identified that exosomes 

secreted by highly invasive OC cells are enriched with hsa-miR-328-3p. These 

exosomes transfer the miRNA to less invasive cells, where it interferes with Raf1, 

disrupts the mTOR pathway, and promotes autophagy, thereby enhancing their invasive 

capacity(78). Although this study primarily focused on invasiveness, the mechanism of 

exosomal miRNA transfer elucidates a potential pathway relevant to immune evasion. 

Another study found that TAM-derived extracellular vesicles can deliver the 

transcription factor (GATA3) to OC cells. Upon entry, GATA3 upregulates the 

CD24/Siglec-10 axis, promoting tumor cell immune evasion and conferring cisplatin 

chemoresistance(79). Collectively, these studies indicate that exosomes, via their 

specific molecular "cargo," can precisely regulate downstream signaling pathways to 

ultimately establish an immunosuppressive TME. 

While some studies suggest the immunostimulatory potential of exosomes, the 

majority of evidence confirms their role in promoting immune evasion. The key 

determinants underlying this functional dichotomy, and strategies to exploit or engineer 

exosomes for enhancing anti-tumor immune responses, remain incompletely 

understood and warrant further investigation. 
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3.6 Exosome-Mediated Metabolic Reprogramming in OC 

Metabolic reprogramming is a hallmark of cancer and an adaptive mechanism 

through which rapidly growing cancer cells meet their increasing energy demands, 

thereby facilitating rapid tumor growth and proliferation(80). In the TME of OC, 

exosomes coordinate this process. Recognized as key mediators of cancer progression, 

exosomes deliver bioactive cargo to modulate the metabolic state of recipient cells. By 

reprogramming the metabolism of both cancer cells and surrounding stromal cells, they 

promote cancer progression, angiogenesis, metastasis, drug resistance, and 

immunosuppression. 

A key mechanism involves the regulation of glucose metabolism. Dysregulation 

of enzymes involved in glycogen metabolism is associated with the proliferation, 

migration, and invasion of tumor cells, ultimately leading to malignancy(81).  

Proteoglycan dysregulation contributes to cancer development, with epigenetic 

alterations, including changes in miRNA-mediated processes and RNA methylation, 

implicated in the proliferation of various invasive cancers. A study revealed that 

exosomes downregulate miR-543 via methylation, thereby rescuing the inhibition of 

IGF2. By engaging the proteoglycan signaling pathway, this mechanism ultimately 

promotes OC proliferation(64). 

Additionally, exosomes contribute to lipid metabolic reprogramming. They can 

transport lipids and enzymes involved in lipid synthesis to recipient cells, supporting 
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membrane biogenesis and energy storage. CRABP2 affects the mitochondrial oxidation 

phosphorylation. It is possible that CRABP2 as an exosome protein could affect the 

neighboring cell and microenvironment, which resulted in escaping from 

immunosurveillance and drug resistance by reprogramming cell metabolism(68). 

In summary, exosomes drive metabolic reprogramming in OC by modulating 

glucose, lipid, and amino acid metabolism, thereby underpinning malignant processes 

such as tumor growth, metastasis, and drug resistance. 

 

3.7 The Role of Exosomes in Mediating Drug Resistance in 

OC 

Chemoresistance, particularly to platinum-based agents, is a major challenge in 

OC management. Exosomes have been shown to transmit the resistant phenotype from 

resistant to sensitive cells, thereby facilitating the establishment and spread of 

chemoresistance, making them a crucial research area for overcoming this issue(82). 

Acting as intercellular messengers, exosomes directly confer resistance by 

transferring functional molecules, with ncRNAs playing a pivotal role (83). For 

instance, miR-223 is abundant in exosomes derived from TAMs under hypoxic 

conditions and can enhance chemoresistance in EOC cells via the PTEN-PI3K/AKT 

signaling pathway(84). The lncRNA UCA1(urothelial cancer associated 1) is 

upregulated in serum exosomes from cisplatin-resistant patients and mediates cisplatin 

resistance by modulating the miR-143/FOSL2 axis in OC(85). Conversely, ascites-
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derived exosomal lncRNA PLADE(Platinum sensitivity-associated lncRNA in ascites-

derived exosomes) promotes cisplatin sensitivity by inhibiting cell proliferation, 

migration, and invasion, while enhancing apoptosis both in vitro and in vivo(86). 

Similarly, exosomal circRNAs have been shown to mediate chemoresistance by 

influencing processes such as the cell cycle, apoptosis, and autophagy(87). For example, 

hsa_circ_0010467 promotes platinum resistance via the AUF1/miR-637/LIF/STAT3 

axis, revealing a potential therapeutic target(88). 

Furthermore, exosomes indirectly foster resistance by modulating key processes 

in recipient cells, including DNA damage repair, apoptosis, EMT, and remodeling the 

tumor immune microenvironment. For example, exosomes highly enriched with DNA 

methyltransferase 1 (DNMT1) promote tumor resistance(89). 

In summary, exosomes play a pivotal role in driving chemoresistance in OC. 

Targeting their biogenesis or functional pathways may offer novel therapeutic strategies 

for reversing drug resistance. 

 

4. Role of Exosomes in OC Diagnosis and 

Therapy 

4.1 Early Screening and Diagnosis 

Owing to nonspecific clinical symptoms and the lack of effective early screening 

methods, approximately 80% of OC patients are diagnosed at advanced stages, and the 
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5-year survival rate is only 20–30%(4). Thus, identifying biomarkers and screening 

modalities with high sensitivity and specificity for early diagnosis is critically important 

and may greatly improve the prognosis of many OC patients. Exosomes can be stably 

present in biofluids such as serum and ascites and are promising noninvasive 

biomarkers for early diagnosis owing to their low acquisition cost and noninvasiveness. 

Studies have indicated that exosomal miRNAs represent promising diagnostic 

biomarkers for OC. Compared with those under normal or benign conditions, the serum 

levels of miRNAs (such as miR-141, miR-200a, miR-200b, and miR-200c) are increased 

in OC patients. The concentrations of serum exosomal miR-200a, miR-200b, and miR-

200c can distinguish patients with EOC from healthy women, as well as differentiate 

malignant from benign ovarian tumors. Their expression levels may also correlate with 

OC staging, with more advanced tumors exhibiting lower miRNA-200c and higher 

miRNA-141 levels(90, 91). Furthermore, the expression of exosomal miR-93, miR-145, 

and miR-200c is significantly elevated in the serum of OC patients. The areas under the 

receiver operating characteristic (ROC) curve for miR-145, miR-200c, and miR-93 were 

0.910, 0.802, and 0.755, respectively. MiR-145 demonstrated excellent sensitivity 

(91.6%), suggesting that serum exosomal miR-145 may be the most promising 

biomarker for the preoperative diagnosis of OC(92). Another study reported that, 

compared to the benign ovarian tumor group, miR-1290 was significantly 

overexpressed in both serum exosomes and tissues of the EOC group. The area under 

the curve (AUC), sensitivity, and specificity for serum exosomal miR-1290 were 0.794, 

69.2%, and 87.3%, respectively. Despite a small sample size and lack of pathological 
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analysis, serum exosomal miR-1290 could still be considered a potential biomarker for 

the differential diagnosis of benign ovarian tumors and EOC(93). Liu and colleagues 

found that plasma-derived exosomal miR-4732-5p demonstrated 85.7% sensitivity, 

82.4% specificity, and an AUC of 0.889 in distinguishing OC patients from healthy 

controls, indicating its promise as a non-invasive diagnostic biomarker(94).  

Exosomal proteins are highly enriched in carcinogenesis-related signaling 

pathways. Currently, HE4 and CA125 remain the primary serum biomarkers for OC 

diagnosis, offering good sensitivity but poor specificity. Chen and colleagues found that 

the combination of serum exosomal CA125 and serum HE4 improved the diagnostic 

efficiency for OC(95). Furthermore, many proteins are overexpressed in both tissues 

and exosomes,  such as tubulin beta 3 class III (TUBB3), epithelial cell adhesion 

molecule (EpCAM), claudin 3 (CLDN3), proliferating cell nuclear antigen (PCNA), 

EGFR, apolipoprotein E (APOE) and fatty acid synthase (FASN), may serve as 

diagnostic markers or therapeutic targets for OC(96). In a study of the role of exosomes 

in the noninvasive diagnosis of OC, Zhang and colleagues validated the overexpression 

of APOE and EpCAM in serum exosomes from EOC patients and reported that their 

ELISA expression profiles align with those of proteomic analyses. These findings 

confirm the presence of OC tissue-associated proteins in serum exosomes, laying the 

groundwork for further biomarker exploration(97). The exosomal protein CRABP2 is 

particularly highly expressed in OC and is more closely associated with patient survival. 

It can even distinguish OC from low malignant potential (LMP) tumors and LGSOC, 

suggesting that exosomal CRABP2 may be a promising diagnostic and prognostic 
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biomarker for OC(68, 98). 

CircRNAs are enriched and stable within exosomes in the circulatory system and 

can serve as molecular biomarkers for tumor diagnosis， such as circ-0001068, circ-

Foxo3(Forkhead box O3) and circFoxp1, have led to increasing evidence indicating the 

diagnostic value of circRNAs in OC(99-101). Additionally, lncRNAs, including 

ATB(52) and SOX2-OT(67), have demonstrated potential as biomarkers for the early 

diagnosis of OC. 

To systematically summarize the most promising exosomal biomarkers reported 

in recent studies for OC diagnosis, prognosis, and treatment, we have compiled the 

following four tables (Tables 2-5). These tables detail the biomarker type, specific 

molecule, source of exosomes, expression change, functional effects on OC, and 

potential clinical utility, providing a concise and valuable reference for readers. 

These findings collectively underscore the considerable promise of exosomes as 

biomarkers for cancer diagnosis; however, extensive further research is necessary to 

translate this potential into clinical applications. 

 

4.2 Prognostic Evaluation 

Accurate prognostic evaluation can guide treatment decisions, improve outcomes, 

and reduce recurrence rates in OC patients. Yang and colleagues assessed the prognostic 

value of plasma exosomal caveolin 1(CAV1) in OC and reported significant 

downregulation of exosomal CAV1 levels in patient plasma. Low exosomal CAV1 
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levels are significantly correlated with FIGO stage, tumor grade, lymph node metastasis 

and prognosis, suggesting that plasma exosomal CAV1 is a potential prognostic 

biomarker for OC(102). EOC is the most aggressive and lethal OC. Zhang and 

colleagues reported that both fibrinogen gamma chain (FGG) and lipopolysaccharide 

binding protein (LBP) could be used to predict the prognosis of EOC patients via 

proteomic analysis of EOC plasma exosomes. Elevated mRNA expression of FGG or 

LBP was associated with shorter progression-free survival and overall survival, 

indicative of poorer prognosis in EOC patients(103). 

 Li and colleagues reported that high levels of miR-149-3p and miR-222-5p in 

peritoneal exosomes derived from EOC were associated with reduced 5-year survival 

and overall survival in EOC patients. A high level of miR-1246 was also linked to lower 

survival rates in EOC patients, although this association was not statistically significant. 

Therefore, peritoneal exosomal miR-149-3p, miR-222-5p, and miR-1246 may represent 

novel biomarkers for the diagnosis and prognostic assessment of OC patients(104). 

 Research has found that hsa_circ_0010467 is highly expressed in both tissues and 

plasma exosomes of platinum-resistant patients, and its high expression is correlated 

with poor survival, suggesting that hsa_circ_0010467 could be a promising biomarker 

for predicting prognosis in OC patients receiving platinum-based chemotherapy(88). 

Yin and colleagues demonstrated that increased expression of circ_C20orf11 in serum 

exosomes was associated with advanced FIGO stage, high histological grade, and 

significant lymph node metastasis in EOC patients. Furthermore, exosomal 

circ_C20orf11 expression was significantly upregulated in the serum of cisplatin 
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(DDP)-resistant patients compared to the DDP-sensitive cohort, and patients with 

excessively high exosomal circ_C20orf11 had significantly lower survival rates. These 

findings provide valuable clues supporting the application of exosome-derived 

circRNA cargo as clinical markers in EOC(105). Additionally, an independent predictor 

of OS rate in OC patients is elevated exosomal lncRNA MALAT1, which was found to 

be substantially associated with the progression and metastatic phenotype of OC. 

Overexpression of serum exosomal MALAT1 indicates a poorer prognosis in EOC 

patients and can serve as a promising predictive indicator for EOC prognosis(106).  

Beyond the prognostic value of single exosomal molecules, recent advances in 

bioinformatics and machine learning have enabled the construction of comprehensive 

exosome-related gene signatures, offering a more robust and multifaceted approach for 

predicting outcomes in OC patients. 

A typical example is the exosome-related gene risk model (ERGRM) developed 

by Zhu and colleagues, which effectively stratified patients into low-risk and high-risk 

groups with significantly different overall survival. The high-risk group, characterized 

by a more immunosuppressive tumor microenvironment, exhibited a poorer prognosis, 

indicating that the ERGRM is closely related to immune infiltration. It can effectively 

predict the prognosis of OV patients and guide the selection of immunotherapy 

strategies(107). Building on this, the integration of lncRNAs further optimizes 

prognostic prediction. Another study employed machine learning algorithms to 

construct an Exosome-related LncRNA Signature (ERLS) model. This signature not 

only served as an independent prognostic factor but was also closely associated with 
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the tumor immune landscape. Importantly, patients in the low-risk group exhibited 

higher tumor mutational burden, greater immune cell infiltration, and increased 

expression of immune checkpoint molecules such as PD-1 and cytotoxic T-lymphocyte-

associated protein 4（CTLA-4）. Specifically, patients with low PDL1 or high CTLA4 

expression combined with a low ERLS had the best prognosis. This suggests that the 

combination of PDL1 or CTLA4 with the ERLS can distinguish prognosis and optimize 

the clinical management of OC(108). Zhu and colleagues established a prognostic 

model for OC patients based on Immune-related OC-derived Exosomes (IOCEs) and 

found that the IOCE-low subgroup had a favorable prognosis, while the IOCE-high 

subgroup exhibited higher levels of immune cell infiltration and immune response. 

These findings may contribute to the development of immunotherapy-based 

interventions for OC patients(109). 

In summary, these novel studies signify a paradigm shift from single-marker 

analysis towards multi-dimensional, exosome-based prognostic models. They not only 

achieve superior predictive accuracy but also provide valuable insights into the 

underlying biological mechanisms and patient immune status, paving the way for more 

personalized and effective management strategies for OC. 

The exosomal molecules discussed in this section, along with numerous other 

promising candidates with prognostic value, are systematically summarized in Tables 

2-5, providing a comprehensive overview of this rapidly advancing field. 
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4.3 Therapeutic Applications 

4.3.1 Exosomes as Drug Delivery Vehicles 

Surgery and chemotherapy remain the primary treatments for OC. However, 

patients usually relapse due to chemotherapy resistance. Exosomes are considered ideal 

drug delivery vehicles for targeted cancer therapy owing to their superior stability and 

inherent targeting capability. These properties enable them to overcome existing 

pharmacokinetic complications, evade the immune system, and facilitate the delivery 

of a broad range of therapeutic agents, including small molecules, siRNAs, and gene-

editing tools such as CRISPR–Cas9. 

For example, Kim and colleagues demonstrated that encapsulating paclitaxel in 

exosomes from MDCKMDR1 (Madin-Darby canine kidney cells overexpressing the 

multidrug resistance protein 1)cells enhanced drug solubility and cytotoxicity by over 

50-fold, overcoming P-glycoprotein-mediated drug efflux(110). Li and colleagues 

engineered hybrid nanoparticles by fusing liposomes with exosomes to co-deliver miR-

497 and tiptolide (TP). These nanoparticles selectively inhibited the PI3K/AKT/mTOR 

pathway in OC cells, promoted M1 macrophage polarization, and effectively overcame 

chemoresistance in both in vitro and in vivo models(111). Exosomes can be engineered 

to overexpress specific miRNAs or carry specific siRNAs, which are incorporated into 

the exosomal cargo and delivered in vivo to specifically target diseases. Studies have 

demonstrated that patient-derived exosomes can be utilized as therapeutic siRNA 

delivery vehicles for the treatment of OC. Exosomes collected from patient-derived 
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fibroblasts were employed as carriers of tumor-suppressive siRNA, enabling targeted 

delivery of encapsulated siRNA to intraperitoneal tumors in mouse models of OC. The 

siRNA was shown to inhibit the peritoneal dissemination of OC cells and prolong 

survival in mice(112). Thus, siRNA-based replacement therapy has promising potential 

in treating peritoneal dissemination of OC and may contribute to personalized medicine 

for OC patients. 

While exosomes as drug carriers can enhance therapeutic efficacy and overcome 

drug resistance, their clinical translation is constrained by several challenges. A major 

technological bottleneck lies in the large-scale, standardized production and isolation 

of high-purity exosomes. The absence of unified technical standards results in high 

product heterogeneity, compromising the reproducibility of treatment outcomes(113). 

Another critical technical hurdle is the efficient loading of therapeutic agents into 

exosomes while preserving drug activity. Current loading methods generally suffer 

from low efficiency, which limits their therapeutic potential(114). Nevertheless, as 

natural nanocarriers, exosomes demonstrate significant advantages in delivering 

chemotherapeutic agents and nucleic acid drugs, showing promise for overcoming the 

limitations of conventional therapies. 

4.3.2 Exosome-Targeted Therapy 

Exosomes possess an inherent homing capacity to target tissues, and the clearance 

of tumor-derived exosomes by targeting their biogenesis and secretion has significant 

clinical implications for prospective cancer therapeutics. The molecules summarized in 
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Tables 2-5 represent a rich repository of potential therapeutic targets. Li and colleagues 

identified exosomal miR-429 as a key regulator of chemoresistance and malignant 

phenotypes in EOC by activating the NF-κB pathway via calcium sensing receptor 

(CASR) targeting, suggesting its potential as a therapeutic target(115). Additionally, 

elevated solute carrier family 11 member 2 (SLC11A2) mRNA and protein expression 

in the serum exosomes of OC patients is correlated with poor prognosis. Knockdown 

of SLC11A2 reduces OC cell migration and enhances cisplatin-induced apoptosis, 

positioning SLC11A2 as a dual therapeutic target and diagnostic biomarker(116). Zhou 

and colleagues reported that the expression of AFAP1-AS1 (Actin Filament Associated 

Protein 1 Antisense RNA 1) was significantly increased in serum exosomes and ascites 

from OC patients, which was correlated with adverse pathological features such as 

advanced FIGO stage and increased tumor diameter. Exosomes isolated from ascites 

and treated with siRNAs targeting AFAP1-AS1 were shown to inhibit cell migration and 

invasion(117). Zhang and colleagues demonstrated that exosomes secreted by SKOV3 

cells could suppress the PTEN/AKT signaling pathway by transferring the lncRNA 

FAL1(Focally Amplified lncRNA on chromosome 1), thereby inhibiting OC cell 

metastasis both in vitro and in vivo(118). These findings provide new insights into the 

mechanisms of OC and highlight potential novel targets for molecularly targeted 

therapies. 

Furthermore, modern multi-omics and bioinformatics approaches are being 

employed to systematically identify and validate targets that render exosomes suitable 

for targeted therapy. For instance, Trefoil Factor 3 (TFF3), a secreted protein implicated 
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in remodeling the TME to promote cancer progression, was analyzed using multi-omics. 

This approach identified poliovirus receptor-related 2 (PVRL2) as a promising 

immunosuppressive target showing a significant association with TFF3, suggesting that 

a co-targeting strategy against both TFF3 and PVRL2 could be an effective 

immunosuppressive strategy in cancer(119). Similarly, through integrated 

bioinformatics analysis, the gene low density lipoprotein receptor-related protein 1 

(LRP1) has been identified and validated as a potential prognostic biomarker for OC, 

highlighting its promise not only as a prognostic indicator but also as a therapeutic 

target and a key regulator of the TME(120). 

Although the intrinsic targeting potential of exosomes makes them amenable to 

engineering for enhanced targeted therapy, ensuring the safety and efficacy of 

engineered exosomes in vivo remains a key issue to be addressed in future research. 

4.3.3 Immunotherapy 

The inherent immunogenicity of OC positions immunotherapy as a promising 

strategy. Within this paradigm, exosomes play a dual role: they can suppress anti-tumor 

immunity to facilitate immune evasion, yet they also hold significant potential as 

immunotherapeutic agents (121). Cancer immunotherapy itself functions by activating 

the host's anti-tumor immune responses and counteracting tumor escape mechanisms. 

 Exosomes from specific sources can reactivate suppressed immune cells. 

Removing immunosuppressive exosomes from the TME may enhance the anti-tumor 

immune response of immunotherapy. For instance, NK cell-derived exosomes exhibit 
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cytotoxic effects, augmenting cisplatin-mediated OC cell killing in vitro and reversing 

NK cell immunosuppression(122). Exosomes might also be harnessed to induce 

cytotoxic T lymphocyte-dependent anti-tumor responses in OC. It is well-documented 

that exosomal PD-L1 inhibits T-cell activation by binding to PD-1 on T cells, effectively 

inducing T-cell exhaustion and apoptosis(72). Consequently, targeting the biogenesis, 

secretion, or function of exosomal PD-L1 represents a novel strategy to overcome 

resistance to anti-PD-1/PD-L1 therapies.  

The cargo within exosomes, such as immune checkpoint molecules or specific 

genes, can serve as biomarkers for predicting immunotherapy response. For example, 

the level of exosomal CMTM4 is associated with poor prognosis and reduced 

sensitivity to anti-PD-1 therapy in OC patients, suggesting its potential as an indicator 

for predicting immunotherapeutic efficacy(71). Furthermore, as mentioned earlier, the 

construction of comprehensive exosome-related gene signature models, are all 

associated with immune cell infiltration. These findings may contribute to the 

development of immunotherapy-based interventions for OC patients. 

Additionally, exosomes can be employed as cell-free tumor vaccines. Exosomes 

carry tumor-associated antigens and major histocompatibility complex (MHC) 

molecules from their parent cells on the surface. They can be captured and processed 

by antigen-presenting cells (e.g., dendritic cells), thereby effectively activating specific 

CD8⁺ T cells and CD4⁺ T cells to induce potent anti-tumor immune responses(123). 

Owing to their autologous origin, low immunogenicity, and non-toxic nature, they are 

considered an ideal platform for developing safe and effective personalized cancer 
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vaccines(124). 

In summary, exosomes play a dual-edged sword role in tumor immunology, 

capable of both suppressing and activating immunity. The relationship between 

exosomes and OC immunotherapy is multifaceted. While naturally occurring tumor-

derived exosomes pose a significant obstacle to current immunotherapies, they also 

offer novel therapeutic targets. Moreover, engineered exosomes provide a versatile and 

promising platform for developing next-generation immunotherapy strategies. A deeper 

understanding of these roles is crucial for unlocking the full potential of immunotherapy 

in OC. 

Overall, the multifunctional nature of exosomes provides broad scope for 

synergistic applications in combination therapies. They can be co-loaded with 

chemotherapeutic agents and immunomodulators to achieve coordinated delivery of 

chemotherapy and immunotherapy. Furthermore, exosomes can serve as vehicles for 

the targeted delivery of gene-editing tools (e.g., CRISPR/Cas9) or therapeutic nucleic 

acids (e.g., siRNA, miRNA) to OC cells, enabling the silencing of key oncogenes or 

correction of dysregulated signaling pathways. When combined with targeted drugs, 

this approach facilitates a multi-pronged therapeutic attack (125). Although clinical 

translation of exosome-based therapies faces several challenges, systematically 

addressing these key bottlenecks is essential to advancing them from basic research to 

widespread clinical application. 
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4.4 Progress in Exosome-related Clinical Trials for OC 

Currently, the clinical translation of exosomes in the field of OC is rapidly 

advancing. Multiple prospective clinical trials are exploring the application value of 

exosomes in OC diagnosis, prognosis prediction, and treatment. For instance, a 

multicenter observational study registered on ClinicalTrials.gov (NCT06558019) aims 

to validate the clinical utility of an exosome-based Ovarian Cancer Score (OCS) 

product for predicting and monitoring OC recurrence(126). Simultaneously, a cross-

sectional study registered in the Chinese Clinical Trial Registry (ChiCTR2400095082) 

is dedicated to screening exosomal biomarkers for early OC diagnosis from serum, 

ascites, and cyst fluids using transcriptomic technologies(127). 

Beyond these registered clinical trials, research on engineered exosomes as drug 

delivery systems has also made significant progress, with numerous preclinical studies 

confirming their potential in overcoming chemotherapy resistance and achieving 

targeted therapy(128, 129). 

These advancements collectively indicate the broad application prospects of 

exosomes in precision medicine for OC, laying a solid foundation for the transition 

from basic research to clinical translation. 

 

5. Artificial Intelligence (AI) and Exosomes 

Artificial intelligence (AI), particularly machine learning (ML) and deep learning 
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(DL), is profoundly transforming medical research and clinical practice, driven by its 

exceptional capacity to process vast and complex datasets(130). AI enables the 

extraction of high-throughput information from medical images, histopathological 

slides, and multi-omics data—including genomics and transcriptomics—to identify 

intricate patterns, thereby refining paradigms for cancer screening, diagnosis, and 

treatment(131). The convergence of AI technologies with exosome analysis offers 

unprecedented opportunities to address critical clinical challenges in OC, such as 

difficulties in early detection and limited treatment options, and holds strong potential 

for advancing precision oncology. 

5.1 AI-Powered Exosomal Omics Analysis for Biomarker 

Discovery 

The integration of AI with exosomal omics data represents a core strategy for 

enhancing diagnostic and prognostic capabilities in OC. Molecules carried by 

exosomes—such as proteins, nucleic acids (particularly miRNAs), and lipids—

constitute high-dimensional datasets that reflect the tumor state. AI algorithms, 

especially ML, can efficiently process these complex data to identify specific biomarker 

patterns associated with OC(132). 

Multiple review studies have highlighted the potential of this integrated approach. 

Analyzing molecular expression changes, including miRNAs and mRNAs, within 

exosomes can facilitate the development of biomarkers for diagnosis, prognosis, and 

treatment of OC(133). A recently published review indicated that biomarker-driven ML 
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models demonstrate exceptional performance in diagnosing OC, achieving an AUC 

exceeding 0.90 and effectively distinguishing malignant from benign tumors. Both 

ensemble learning methods (e.g., Random Forest) and deep learning approaches (e.g., 

Recurrent Neural Networks) have shown outstanding results in classification accuracy 

(up to 99.82%) and survival prediction (AUC up to 0.866)(134). Furthermore, AI 

models can improve tumor detection, subtype classification, and therapy response 

monitoring by analyzing exosomal RNA biomarkers, such as circRNAs, miRNAs, and 

lncRNAs(135). 

Despite the promising outlook, this field faces challenges. Many studies are 

limited by small sample sizes, a lack of independent external validation, and 

homogeneous data types, which impede clinical translation. To advance practical 

application, future research should prioritize large-scale, multi-center prospective 

clinical trials and integrate multi-omics data to build more robust predictive models. 

5.2 AI-Driven Exosome Engineering and Therapeutic 

Applications 

Beyond diagnostics, AI demonstrates significant potential in advancing the 

development of exosomes as therapeutic vectors. Through bioengineering, exosomes 

can be designed for the targeted delivery of chemotherapeutic agents, gene therapies or 

other therapeutic molecules, enabling precise treatment of OC. 

AI contributes to this process in several key ways. Firstly, AI models can analyze 

multi-omics data to help identify key molecular targets involved in therapy resistance 
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or immune evasion in OC, thereby guiding the design of engineered exosomes for more 

precise targeting of tumor cells or the tumor microenvironment(136). Secondly, AI can 

optimize exosome drug loading efficiency and targeting capability. For instance, 

machine learning algorithms can predict the interactions between different drugs and 

the exosomal membrane, enabling the selective and efficient loading of specific 

chemotherapeutic agents into exosomes(133). Additionally, AI-powered analytical 

techniques aid in evaluating the therapeutic efficacy and safety profiles of engineered 

exosomes. 

Currently, although significant progress has been made in research on exosomes 

as drug delivery vehicles, challenges remain, including exosome population 

heterogeneity, the lack of standardized isolation protocols, and difficulties in scalable 

production. The application of AI technology is expected to accelerate solutions to these 

problems, thereby promoting the translation of exosome-based therapies from 

laboratory research to clinical application. 

 

6.Challenges and Future Perspectives 

A growing body of evidence underscores the critical role of exosomes in the 

pathogenesis and progression of OC. However, their translation from basic research to 

clinical application faces multifaceted challenges. 

Firstly, challenges exist in production standardization and quality control. The 

large-scale, standardized production of exosomes remains a primary hurdle. Current 
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isolation techniques—such as ultracentrifugation, ultrafiltration, size-exclusion 

chromatography, and immunoaffinity capture—have significant limitations. 

Ultracentrifugation is inefficient and difficult to scale, ultrafiltration can induce 

exosome aggregation or damage, and the high cost of size-exclusion chromatography 

and immunoaffinity methods restricts their widespread use. Emerging microfluidic 

technologies offer potential for high-throughput and automation but are not yet mature 

for processing clinical samples. Furthermore, the lack of standardized protocols for 

preparation and characterization, alongside an absence of robust quality control systems, 

leads to poor comparability between studies and batch-to-batch variability(137). 

Establishing production and quality control systems compliant with good 

manufacturing practice (GMP) is a fundamental prerequisite. International 

collaborative initiatives are actively working to develop standardized protocols to 

address this challenge(138). 

Secondly, there are significant hurdles in targeted delivery and drug loading. As 

drug carriers, exosomes face dual challenges in achieving efficient drug loading and 

specific targeting. Current drug loading methods are often inefficient and lack 

standardization. The inherent targeting capability of natural exosomes is frequently 

limited, necessitating surface engineering modifications to enhance specificity; 

however, such modifications can potentially alter their native biological functions(139). 

Additionally, exosomes typically exhibit a short circulatory half-life in vivo and are 

rapidly cleared by the mononuclear phagocyte system, limiting their accumulation at 

the target site(140). Real-time monitoring of their biodistribution, pharmacokinetics, 
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and targeting efficacy remains technically difficult(141). 

Thirdly, bottlenecks persist in safety, regulation, and industrialization. The clinical 

application of exosomes must also overcome obstacles related to safety, regulatory 

approval, and economic viability. While generally exhibiting low immunogenicity, their 

source, purity, and in vivo metabolic pathways could potentially trigger immune 

responses or toxic effects, requiring further validation of long-term safety(142). From 

a regulatory perspective, the global classification, evaluation criteria, and clinical 

pathways for exosome-based products are still evolving. Regulatory bodies have issued 

preliminary guidance, but a comprehensive framework is yet to be fully 

established(143). Moreover, the complex production processes and high costs severely 

hinder industrial scalability(144). Ethical considerations, particularly concerning 

certain biological sources, also require careful attention(145). 

To address these challenges, future efforts should focus on several key 

directions. First, it is crucial to establish standardized technical systems by developing 

scalable, automated production platforms that ensure batch-to-batch 

consistency(146). Second, targeted delivery strategies must be optimized by 

engineering "smart" exosome systems with improved drug loading and controlled 

release, while preserving their natural functions. Third, a deeper understanding of 

their in vivo behavior is needed through integrated imaging and tracking studies to 

inform dosing regimens(141). Fourth, promoting international harmonization of 

standards will enhance the comparability of global research data(147). Fifth, clinical 

evaluation pathways should be refined through rigorous preclinical safety studies and 
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well-designed multicenter clinical trials. Finally, deepening interdisciplinary 

collaboration among scientists, clinicians, and regulators is essential to build synergistic 

innovation mechanisms and establish clear regulatory frameworks. 

In conclusion, by integrating knowledge from oncology, immunology, and 

bioengineering, and through sustained innovation, exosomes hold the potential to 

reshape the landscape of early cancer detection and therapy, offering a promising 

avenue for advancing precision medicine. 

 

7. Conclusion  

Ovarian cancer (OC) remains one of the most lethal gynecologic malignancies due 

to its high mortality rate. Exosomes, serving as pivotal mediators of intercellular 

communication, have opened new avenues for understanding its pathogenesis and 

demonstrate significant potential in diagnostics and therapeutics. This review has 

systematically elaborated on the multifaceted roles of exosomes in core biological 

processes of OC, including remodeling of the tumor microenvironment, angiogenesis, 

metastasis, immune evasion, and chemoresistance, facilitated by the delivery of 

bioactive molecules such as proteins and nucleic acids. Furthermore, we have 

highlighted their clinical translational value as novel diagnostic biomarkers and natural 

drug delivery vehicles. 

Nevertheless, translating this considerable promise into tangible clinical benefits is 

confronted with a series of challenges, spanning from production standardization and 
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targeting efficiency to safety and regulatory oversight. Looking forward, by fostering 

interdisciplinary collaborations—for instance, integration with artificial intelligence—

and by systematically addressing these translational bottlenecks, exosome research is 

poised to herald a new era in OC management, steering it towards a future that is more 

predictive, preventive, and personalized within the framework of precision medicine. 
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Table 1. Principles, Advantages, and Disadvantages of Exosome Isolation Techniques 

Separation Method Principle Advantages Disadvantages References 

Ultracentrifugation 

 

Sequential separation of particle components based 

on density, size, and shape 

 Gold standard 

 Large sample capacity 

  High equipment cost and long processing time 

 Labor-intensive 

 High-speed centrifugation may damage exosome morphology 

and affect downstream analysis 

 Low purity and recovery yield 

 Not suitable for small sample volumes 

[32, 33] 

Ultrafiltration  Separation using ultrafine nanoporous membranes 

with specific molecular weight cut-offs 

 Low equipment cost 

 High portability 

 Low yield and low purity 

 High pressure during filtration may cause deformation or 

rupture of large vesicles, clog membrane pores, and affect 

downstream analysis 

[33, 34] 

Size-exclusion 

chromatography (SEC) 

Utilizes a porous stationary phase to separate 

molecules by size; larger molecules elute first as they 

cannot enter the pores 

 High purity 

 Preserves exosome integrity and bioactivity 

 Applicable to all sample types 

 High equipment cost and long processing time 

 Labor-intensive 

 Requires additional exosome enrichment methods 

[31, 34] 

Polymer-based 

precipitation 

 

Alters exosome solubility via water-excluding 

polymers, leading to precipitation from biological 

fluids 

 Easy to use, no specialized equipment 

required 

 High efficiency 

 Suitable for both small and large sample 

volumes 

 Variable quality of commercial kits 

 Co-precipitation of non-exosomal materials (e.g., protein 

aggregates and polymer contaminants) may interfere with 

downstream analysis 

[31, 134] 

Immunoaffinity capture 

 

 

Relies on specific binding between exosome surface 

markers and antibody-conjugated ligands 

 High purity and specificity 

 No special equipment required 

 Suitable for small sample volumes 

 High reagent cost 

 Targets only specific exosome subpopulations; surface proteins 

and functionality may be damaged during elution 

 Low yield 

 Only applicable to cell-free samples 

[33, 34] 
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Microfluidic technology  Employs microfluidic devices to separate exosomes 

based on various properties (e.g., size, affinity) 

quickly and efficiently 

 Rapid separation, easy automation and 

integration 

 High purity and recovery rate 

 Applicable to very small sample volumes 

 Low sample capacity 

 Complex device design and high development cost 

 Lack of standardization and large-scale validation for clinical 

samples 

[33, 37, 141] 
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Table 2. Summary of potential exosomal miRNAs for OC diagnosis, prognosis, and treatment. 

 

Source of exosomes Potential exosomal miRNAs Expression 

Change vs. 

Control 

Functional effects on OC Potential clinic utility for OC Reference

s 

Serum miR-200a, miR-200b, miR-200c, miR-141 ↑ - Diagnosis, Staging [90, 91] 

Serum miR-145, miR-93, miR-1290 ↑ - Diagnosis [92, 93] 

Plasma miR-4732-5p ↑ - Diagnosis [94] 

Cells miR-222-3p, miR-940, miR-21-3p, miR-125b-5p, 

miR-181d-5p (Hypoxia) 

↑ Induces M2 macrophage polarization / Drives TAM differentiation towards M2 

phenotype (Hypoxia) 

Therapeutic Target [43, 45] 

Cells miR-205 ↑ Promotes angiogenesis via the PTEN-AKT pathway Therapeutic Target [48] 

Tissue miR-205 ↑ Downregulates PTEN, activates PI3K/AKT/mTOR pathway, induces M2-like 

polarization / Promotes cancer cell invasion and metastasis 

Therapeutic Target [70] 

Cells (Hypoxia) miR-130a ↑ Enhances vascular endothelial cell proliferation and angiogenesis Therapeutic Target [49] 

Ascites miR-6780b-5p ↑ Induces EMT and accelerates metastasis Therapeutic Target [56] 

Adipose Tissue miR-421 ↑ Downregulates CBX7 to promote migration Therapeutic Target [58] 

TAMs (Hypoxia) miR-223 ↑ Enhances chemoresistance via the PTEN-PI3K/AKT pathway Therapeutic Target [84] 

Peritoneum miR-149-3p, miR-222-5p, miR-1246 ↑ Associated with decreased survival Diagnosis, Prognosis [103] 

Cells miR-543 ↓ Targets IGF2 to inhibit proliferation (Tumor suppressive role) Diagnosis, Therapeutic Target [64] 

Cells hsa-miR-328-3p ↑ Interferes with Raf1, disrupts mTOR pathway, promotes autophagy Therapeutic Target [78] 

TAMs miR-29a-3p ↓ Increases PD-L1 expression via FOXO3-AKT/GSK3 β  axis, promotes OC cell 

proliferation and immune escape 

Therapeutic Target [72] 

Serum miR-429 ↑ Enhances OC cell proliferation and drug resistance by targeting the CASR/STAT3 

pathway 

Therapeutic Target [114] 

 

 

 

 

ARTICLE IN PRESS



ARTIC
LE

 IN
 PR

ES
S

60 
 

Table 3. Summary of potential exosomal circRNAs for OC diagnosis, prognosis, and treatment. 

Source of exosomes Potential exosomal circRNAs Expression Change 

vs. Control 

Functional effects on OC Potential clinic utility for OC Referen

ces 

Tissue, Plasma, Cells circRNA051239 ↑ Promotes proliferation and migration via ceRNA mechanism Therapeutic Target [65] 

M2-TAMs circTMCO3 ↑ Enhances proliferation, migration, invasion, and metastasis via the miR-515-5p/ITGA8 axis Therapeutic Target [66] 

Tissue, Serum hsa_circ_0010467 ↑ Promotes platinum resistance via the AUF1/miR-637/LIF/STAT3 axis Prognosis, Therapeutic Target [88] 

Cells circFoxo3 ↑ Promotes proliferation, migration, and invasion via the miR-422a/PUM2 axis Diagnosis [99] 

Serum circFoxp1 ↑ Promotes cell proliferation, confers DDP resistance; an independent predictor of survival 

and recurrence 

Prognosis, Therapeutic Target [100] 

Tissue, Serum circ_C20orf11 ↑ Associated with advanced FIGO stage, high grade, lymph node metastasis; promotes DDP 

resistance via miR-527/YWHAZ axis and EV-mediated M2 macrophage polarization 

Prognosis, Therapeutic Target [104] 

Serum circ-0001068 ↑ Acts as a ceRNA for miR-28-5p to induce PD1 expression in T cells Diagnosis, Immunotherapy 

Target 

[99] 

Tissue, Cells circWHSC1 ↑ Promotes peritoneal dissemination, adhesion, and metastasis Diagnosis, Therapeutic Target [61] 

Cells circNFIX ↑ Promotes angiogenesis via the miR-518a-3p/TRIM44 axis Therapeutic Target [50] 
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Table 4. Summary of potential exosomal lncRNAs for OC diagnosis, prognosis, and treatment. 

 

Source of exosomes Potential exosomal 

lncRNAs 

Expression Change vs. 

Control 

Functional effects on OC Potential clinic utility for OC Reference

s 

Plasma SOX2-OT ↑ Enhances migration, invasion, proliferation, and malignant phenotype via the miR-

181b-5p/SCD1 axis 

Diagnosis, Therapeutic Target [67] 

Serum UCA1 ↑ Mediates cisplatin resistance via the miR-143/FOSL2 axis Therapeutic Target [85] 

Ascites PLADE ↑ Enhances platinum sensitivity by inducing R-loops Therapeutic Target [86] 

Serum MALAT1 ↑ Associated with OC progression and metastatic phenotype Prognosis [105] 

Cells ATB ↑ Promotes angiogenesis and tumor microcirculation via the miR-204-3p/TGFβR2 axis Diagnosis, Therapeutic Target [52] 

Cells SPOCD1-AS ↑ Remodels mesothelial cells via G3BP1 interaction to promote peritoneal metastasis Therapeutic Target [63] 

M2-TAMs NEAT1 ↑ Promotes proliferation and immune escape via the miR-101-3p/ZEB1/PD-L1 axis Therapeutic Target [73] 

Serum, Ascites AFAP1-AS1 ↑ Associated with advanced FIGO stage and larger tumor diameter; promotes migration 

and invasion 

Therapeutic Target [116] 

Cells FAL1 ↑ Suppresses metastasis via the PTEN/AKT signaling pathway Therapeutic Target [117] 

 

 

 

 

 

 

 

ARTICLE IN PRESS



ARTIC
LE

 IN
 PR

ES
S

62 
 

 

Table 5. Summary of potential exosomal proteins for OC diagnosis, prognosis, and treatment. 

 

Source of exosomes Potential exosomal proteins Expression Change 

vs. Control 

Functional effects on OC Potential clinic utility for OC Reference

s 

Serum CA125 ↑ Improves diagnostic efficiency when combined with serum HE4 Diagnosis [95] 

Tissue TUBB3, EpCAM, CLDN3, PCNA, EGFR, 

APOE, FASN 

↑ - Diagnosis, Therapeutic Target [96] 

Serum APOE, EpCAM ↑ - Diagnosis [97] 

Serum CRABP2 ↑ Enhances cell proliferation; reprograms metabolism Diagnosis, Prognosis, Distinguishes LMP and 

LGSOC 

[68] 

Plasma CAV1 ↓ Low expression associated with advanced stage and poor 

prognosis 

Prognosis [101] 

Plasma FGG, LBP ↑ High expression associated with shorter survival Prognosis [102] 

Cells PKR1 ↑ Enhances endothelial cell migration and tube formation; 

promotes angiogenesis 

Therapeutic Target [51] 

Cells CD44 ↑ Reprograms peritoneal mesothelial cells to an EMT phenotype; 

promotes invasion and migration 

Therapeutic Target [55] 

Tissue CMTM4 ↑ Promotes M2 macrophage polarization; suppresses T-cell 

function 

Prognosis, Therapeutic Target [71] 

Cells CD47 ↑ High expression associated with poor PFS; inhibits macrophage 

phagocytosis; promotes immune escape 

Prognosis, Therapeutic Target [74] 

Cells DNMT1 ↑ Promotes tumor drug resistance Therapeutic Target [89] 

Serum SLC11A2 ↑ Promotes cell migration; inhibits cisplatin-induced apoptosis Diagnosis, Therapeutic Target [115] 
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Figure1. Schematic Diagram of Exosome Biogenesis, Release, and Structure 

Exosomes are formed through the budding of early endosomes and the generation of multivesicular bodies (MVBs), which 

contain intraluminal vesicles (ILVs). A subset of MVBs may fuse with autophagosomes for degradation in lysosomes or directly 

fuse with lysosomes for degradation; the resulting degradation products can be recycled by the cell. Another subset of MVBs is 

transported to the plasma membrane, where they dock on the luminal side with the assistance of MVB-docking proteins and 

subsequently release exosomes via exocytosis. The biogenesis of MVBs involves ESCRT complexes, lipids, and tetraspanins. RAB 

and SNARE proteins are involved in the trafficking of MVBs to the plasma membrane and the secretion of exosomes. Exosome 

surface proteins include tetraspanins, integrins, immunomodulatory proteins, among others. The main components of exosomes 

consist of proteins, nucleic acids, and lipids. 
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Figure 2. Schematic diagram of the multiple roles of exosomes in the pathogenesis of OC 

Exosomes facilitate intercellular communication by transferring bioactive molecules (such as miRNAs, circRNAs, lncRNAs, and 

proteins) between tumor cells and the tumor microenvironment. This illustration demonstrates how ovarian cancer-derived 

exosomes coordinate multiple pro-tumor processes, including: (1) TME remodeling and immune evasion; (2) angiogenesis; (3) 

invasion and metastasis; (4) proliferation; and (5) drug resistance. Key molecules involved (e.g., miR-222-3p, CD47, circNFIX, 

CD44, etc.) are annotated in the figure. Created with BioRender. 
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