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Extracellular vesicles (EVs), serving as promising novel biomarkers for diseases, demonstrate extensive potential applications in disease diagnosis, prognosis evaluation, and treatment monitoring. Currently, EVs have made substantial advancements in the areas of disease diagnosis, prognosis, and treatment. Nevertheless, for EVs to be fully integrated into clinical laboratories, ongoing efforts are required in multi-omics integration and big data analysis, the development of clinically applicable separation and detection technologies, the establishment of standardized quality systems, as well as clinical trials and regulatory approval processes. This paper reviews the current status of the application of extracellular vesicles in disease diagnosis, prognostic assessment, and treatment monitoring, analyzes the challenges facing current research, and discusses future trends.
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1 INTRODUCTION
Extracellular vesicles (EVs) are small membrane-bound vesicles secreted by various cell types, containing a diverse array of biomolecules, including proteins, lipids, and nucleic acids (van Niel et al., 2018; Kalluri and LeBleu, 2020). These vesicles play a crucial role in intercellular communication, facilitating the exchange of information and materials between cells (Boudreau et al., 2014; Liu and Wang, 2023). The past two decades have seen a significant surge in research focusing on the biological functions of EVs, particularly in the field of diagnostic medicine. As the understanding of EVs’ roles in various physiological and pathological processes deepens, their potential applications in clinical diagnostics and therapeutics are becoming increasingly evident.
The exploration of EVs has revealed their involvement in numerous biological processes, including immune response, tumor progression, and tissue repair (Kalluri, 2024; Marar et al., 2021; Ding et al., 2021; Zhang and Yu, 2019). Their ability to carry specific molecular signatures reflective of their parent cells makes them promising biomarkers for various diseases, including cancer, neurodegenerative disorders, and cardiovascular diseases (Chen et al., 2024a). For instance, small extracellular vesicles (sEVs) have demonstrated functional roles akin to their originating cells, minus the risk of tumorigenicity, positioning them as viable candidates for regenerative medicine and diagnostic applications (Jia et al., 2022). The integration of sEVs into clinical practice could revolutionize how diseases are diagnosed and monitored, providing non-invasive and highly specific means to assess disease states.
Despite the promising potential of EVs in diagnostic medicine, several challenges hinder their widespread application. One major obstacle is the standardization of isolation and characterization methods, which can significantly impact the reproducibility and reliability of research findings (Kumari et al., 2024; Akbar et al., 2022). Variability in techniques used to isolate EVs can lead to discrepancies in the yield and purity of vesicles, complicating their use as biomarkers (Zhang Q. et al., 2023). Furthermore, the molecular heterogeneity of EVs poses challenges in identifying specific markers that can be reliably associated with particular diseases (Mathieu et al., 2021). Addressing these issues will require collaborative efforts among researchers to develop standardized protocols and robust analytical methods to ensure the consistency and validity of EV-based diagnostics.
Looking ahead, the future of EV research in diagnostic medicine appears promising, with several trends emerging. Advances in engineering strategies, such as the development of novel biomaterials for EV delivery and targeted therapies, are likely to enhance the therapeutic applications of EVs (Urabe et al., 2020; Liang et al., 2021). Additionally, the exploration of mesenchymal stem cell-derived sEVs and their role in cartilage repair highlights a growing interest in the regenerative potential of EVs (Ju et al., 2023). As researchers continue to investigate the mechanisms underlying EV biogenesis and function, it is anticipated that new insights will pave the way for innovative diagnostic tools and therapeutic strategies, ultimately improving patient outcomes in various medical fields. This review provides an overview of the types and features of EVs and highlights their applications in diagnosing, predicting outcomes, and tracking treatment responses in cancer, autoimmune disorders, and infectious diseases. Additionally, we examined the obstacles facing EVs in laboratory medicine, highlighted their prospective development directions, and provided new perspectives to promote research related to EVs.
2 CLASSIFICATION AND CHARACTERISTICS OF EXTRACELLULAR VESICLES
EVs are heterogeneous membrane-bound particles released by cells, playing crucial roles in intercellular communication and various physiological processes (Kalluri and LeBleu, 2020; Cheng et al., 2014). According to the MISEV2018 and MISEV2023 guidelines, EVs are broadly categorized into two main subtypes: small extracellular vesicles (sEVs), defined as having a diameter of less than 200 nm, and large extracellular vesicles (including microvesicles and apoptotic bodies), characterized by a diameter exceeding 200 nm (Thery et al., 2018; Welsh et al., 2024) (Figure 1). sEVs are formed through inward budding of the endosomal membrane, resulting in the formation of multivesicular bodies. These multivesicular bodies subsequently fuse with the plasma membrane, releasing intraluminal vesicles into the extracellular space (Shao et al., 2018). Microvesicles, on the other hand, are larger (200–1,000 nm) and are generated by direct outward budding from the plasma membrane (Gurunathan et al., 2019). Apoptotic bodies are even larger (1–5 µm) and are released during the process of programmed cell death, containing cellular debris and organelles (Akers et al., 2013). The classification of EVs is essential for understanding their distinct biogenesis, composition, and functional roles in health and disease (Chen et al., 2024b; Ren et al., 2024; Martinez-Garcia et al., 2024). Besides EVs, EV-like particles are increasingly gaining interest. These EV-like particles generally consist of non-vesicular protein aggregates or complexes, lipoprotein particles, viral or bacterial particles, and artificial substances generated during sample preparation (Wang et al., 2022). The process by which EV-like particles form is not completely understood and might be linked to the clustering of cellular metabolites or particular cellular activities. Certain EV-like particles carry specific biomarkers and could play a role in disease diagnosis; however, their functions are quite complex and need more research.
[image: Diagram illustrating cellular components and pathways, including nucleus, endoplasmic reticulum, Golgi, lysosome, multivesicular body (MVB), early and late endosomes. Processes like endocytosis, outward budding, and formation of microvesicles and apoptotic bodies are shown. Arrows indicate the flow and interaction of components, highlighting secretory events and vesicle transport, including intracellular vesicles (ILVs) and small extracellular vesicles (sEVs).]FIGURE 1 | The biogenesis process of extracellular vesicles. Two mechanisms of EVs biogenesis are illustrated. The process of releasing sEVs into the extracellular milieu contains three distinct steps: sEVs biogenesis, intracellular trafficking of MVBs, and fusion of MVBs with the plasma membrane. Early endosomes are formed by the inward budding of the plasma membrane, or in some cases from the Golgi. Early endosomes mature into late endosomes and finally generate MVBs, in which process intraluminal vesicles (ILVs) are formed by inward invagination of the endosome limiting membrane. The fate of MVBs can be fusion with the plasma membrane, which results in the release of sEVs. Alternatively, MVBs can fuse with lysosomes/autophagosomes for degradation. Microvesicles arise from the direct outward budding and fission of the plasma membrane.sEVs are defined as nanoscale vesicles that originate from the endosomal system of cells. Their biogenesis begins with the inward budding of the endosomal membrane, forming intraluminal vesicles (ILVs) within multivesicular bodies (MVBs). When these MVBs fuse with the plasma membrane, sEVs are released into the extracellular environment. This process is regulated by various proteins, including members of the ESCRT (endosomal sorting complexes required for transport) machinery, which facilitate the sorting of specific cargo into sEVs (van Niel et al., 2018; Kowal et al., 2014; Ostrowski et al., 2010). The cargo of sEVs is diverse, which can influence the behavior of recipient cells. The unique composition of sEVs reflects the physiological state of their parent cells, making them valuable biomarkers for various diseases, including cancer (Park et al., 2023; Lai et al., 2023).
Microvesicles and apoptotic bodies represent two distinct types of extracellular vesicles, each with unique characteristics and functions. Microvesicles are formed through the outward budding of the plasma membrane and are typically larger than sEVs, ranging from 200 to 1,000 nm (Wang et al., 2023). They contain a variety of bioactive molecules and are involved in processes such as cell signaling, inflammation, and tissue repair. In contrast, apoptotic bodies are released during the process of apoptosis, the programmed cell death that occurs in response to cellular stress or damage. They are larger (1–5 µm) and contain cellular debris, including organelles and fragments of the cytoplasm. Unlike microvesicles, which can be involved in intercellular communication, apoptotic bodies primarily serve as a mechanism for the removal of dying cells and their components from the body. The distinct biogenesis, size, and contents of these vesicles underscore their different roles in cellular processes and disease mechanisms (Zhang et al., 2024).
EVs play a multifaceted and critical role in intercellular communication, significantly influencing a wide range of physiological and pathological processes. They enable the transfer of proteins, lipids, and genetic material between cells, thereby modulating signaling pathways that affect cellular behavior, immune responses, and tissue regeneration. For example, sEVs derived from stem cells have demonstrated potential in facilitating tissue repair and regeneration across various injury models (Trubiani et al., 2019). Moreover, EVs are involved in disease progression, particularly in cancer, where tumor-derived extracellular vesicles can alter the tumor microenvironment, promote metastasis, and facilitate immune evasion (Liu et al., 2025). The capacity of EVs to transport specific molecular cargoes, such as microRNAs and proteins, renders them promising candidates as biomarkers for disease diagnosis and prognosis (Kumar et al., 2024; De Giorgis et al., 2024; He et al., 2024). Their pivotal role in mediating cell-to-cell communication underscores their potential as therapeutic agents in regenerative medicine and targeted drug delivery systems (Ramesh et al., 2023).
3 APPLICATIONS OF EXTRACELLULAR VESICLES IN DISEASE DIAGNOSIS
Liquid biopsy, an advanced technology for analyzing body fluid samples, is gaining traction in cancer diagnostics and monitoring. Blood-based liquid biopsy, particularly focusing on cell-free DNAs (cf-DNAs), circulating tumor cells (CTCs), and EVs, has garnered significant attention (Su et al., 2024). The benefits of analyzing EVs through liquid biopsy include: (1) EVs are found in higher concentrations in bodily fluids compared to circulating tumor cells; (2) EVs offer more detailed information about the cells that produce them than circulating DNA does; and (3) EVs exhibit strong biological stability even within the harsh tumor environment (Kalluri and LeBleu, 2020; Yu et al., 2022; Mathew et al., 2020). The potential of EVs in clinical diagnostics is vast, spanning across tumor detection, autoimmune diseases, and infectious diseases (Figure 2). Their non-invasive nature allows for the collection of biological fluids such as blood, urine, and saliva, making them ideal candidates for liquid biopsies. This section will explore the specific applications of EVs in identifying tumor markers, diagnosing autoimmune diseases early, and detecting biomarkers for infectious diseases.
[image: Illustration depicting a diagnostic process. A person is shown with a blood sample, labeled "Blood," leading to "EVs" (extracellular vesicles). These are broken down into components like proteins, nucleic acids, and lipids. This analysis results in a biomarker graph on a computer screen. The process identifies conditions such as tumors, autoimmune diseases, and infectious diseases.]FIGURE 2 | The application process of extracellular vesicles in disease diagnosis. sEVs are isolated from the body’s blood. The contents of proteins, nucleic acids and lipids in sEVs can be used for the diagnosis of tumor, autoimmune diseases and infectious diseases.The identification of tumor markers via the analysis of EVs has transformed cancer diagnostics (Youssef et al., 2025). Tumor-derived EVs (tEVs) contain a diverse array of biomolecules, such as proteins, lipids, and nucleic acids, which offer valuable insights into tumor presence and progression. For example, research has demonstrated that elevated levels of specific proteins, including Glypican-3 (GPC3), in circulating EVs are correlated with hepatocellular carcinoma, establishing them as reliable indicators for early detection (Qu et al., 2023). Based on microfluidic technology with fine microstructures and precise microfluidic operations, this dPCR chip enables accurate quantification of tumor-derived extracellular vesicles (SEVs) across various tumor markers, demonstrating exceptional sensitivity (detection limit: 10 copies). In clinical sample analysis, the chip effectively distinguishes lung cancer patients from healthy controls (P < 0.001, two-tailed t-test). Furthermore, in samples with extremely low target concentrations, it exhibits significantly superior quantitative accuracy compared to quantitative real-time polymerase chain reaction (qPCR). Furthermore, circulating EVs have shown potential in monitoring metastasis in breast cancer patients, with significant differences in tEV levels observed between metastatic and non-metastatic cases (Xu et al., 2024). Pancreatic cancer (PC) is a highly aggressive digestive system cancer, with pancreatic ductal adenocarcinoma (PDAC) representing about 90% of all PC cases. Xu and colleagues created a diagnostic model using a set of biomarkers, including three types of miRNAs and CA19-9, which achieved an AUC of 0.97, sensitivity of 0.95, and specificity of 0.96 (Nakamura et al., 2022). Melo and his team discovered that identifying glypican-1 in EVs among pancreatic cancer (PC) patients showed perfect sensitivity and specificity (100%) in diagnosing all stages of PC, effectively differentiating pancreatic cancer patients from healthy individuals or those with chronic pancreatitis (AUC = 1.0) (Melo et al., 2015). This characteristic positions EVs as promising candidates for liquid biopsy applications, offering a non-invasive alternative to traditional tissue biopsies and facilitating real-time monitoring of tumor dynamics. At present, the application of EVs in clinical trials for tumor diagnosis is gradually increasing. LIVER-TRACK aims at reliably predicting the outcome of patients with compensated cirrhosis through the development of a Tests for Decompensation and a Test for HCC. This will be achieved through leveraging circulating EVs, an untapped source of biomarkers in liver diseases, as prognostic indicators, and combining them with existing blood biomarkers and single-nucleotide polymorphisms (NCT07185360). A clinical trial currently underway at Centre Hospitalier Universitaire de Dijon aims to differentiate normal subjects from colorectal cancer patients through the detection and characterization of circulating extracellular vesicles (EVs) in blood, including parameters such as size, concentration, and molecular composition (proteins, lipids, RNA, etc.) (NCT04523389).
EVs play a pivotal role in the pathogenesis and diagnosis of autoimmune diseases (Huang et al., 2025). These vesicles modulate immune responses through the transfer of bioactive molecules, such as cytokines and microRNAs, which can alter the behavior of target cells (Makhijani and McGaha, 2022). For instance, research has shown that EVs derived from immune cells carry specific miRNAs that promote inflammatory processes, thereby contributing to the development of autoimmune disorders, including systemic lupus erythematosus (SLE) and rheumatoid arthritis (Zhu et al., 2023). A study found that phosphatidylserine-negative extracellular vesicles were elevated in patients with SLE compared to healthy individuals, particularly among women and smokers (Mobarrez et al., 2016). Additionally, a prior study found that SLE patients had higher levels of CD31+/annexin V+/CD42b- EVs compared to healthy individuals, and there was a correlation between these EVs and the median overall BILAG-2004 score following treatment (Parker et al., 2014). Ding et al. found elevated levels of hcmv-miR-UL59, which is mainly contained within EVs in the plasma, in patients with oral lichen planus (OLP) (Ding et al., 2017). Another study showed increased expression of miR-4484 in salivary EVs from OLP patients and suggested this miRNA as a potential biomarker for the disease (Byun et al., 2015). Additionally, research reported varying expression levels of miR-34a-5p, miR-130b-3p, and miR-301b-3p in circulating EVs in OLP, with miR-34a-5p levels correlating with the severity of the condition (Peng et al., 2018). Moreover, the feasibility of isolating and analyzing EVs from readily accessible biofluids underscores their clinical utility, providing a promising approach for identifying novel diagnostic markers and therapeutic targets in autoimmune conditions (Zhang et al., 2020).
Extracellular vesicles have emerged as significant players in the diagnosis of infectious diseases, acting as carriers of pathogen-derived components and host immune responses (Kaparakis et al., 2010). They can encapsulate and transport microbial antigens, proteins, and nucleic acids, which can be detected in various biological fluids during infections (Zhang et al., 2020). For instance, EVs released during bacterial infections can carry virulence factors that modulate host immune responses, providing a mechanism for pathogens to evade detection (Kwaku et al., 2024). The analysis of EVs has shown promise in identifying specific biomarkers for various infectious diseases, including viral, bacterial, and parasitic infections. Recent advancements in EV isolation and characterization techniques have enhanced the sensitivity and specificity of these biomarkers, allowing for the early detection and monitoring of infectious diseases (Dominguez Rubio et al., 2022). Yoon et al. found through research that based on metagenomic analysis, five microbial patterns: phyla Firmicutes, Actinobacteria, Proteobacteria, phyla Bacteroidetes and Verrucomicrobia detected in urine EVs hold promise as potential biomarkers for the diagnosis of colorectal cancer (Yoon et al., 2023). A study involving children in Malawi found that plasma levels of EVs derived from endothelial cells were six times higher in patients with cerebral malaria (CM) compared to those with severe malaria without CM (Combes et al., 2004). This suggests a strong link between increased EV levels and the onset of CM. Additionally, EVs originating from red blood cells were shown to rise in proportion to the severity of disease in patients infected with Plasmodium falciparum and were also elevated, though to a lesser extent, in individuals infected with Plasmodium vivax and Plasmodium malariae. Importantly, antimalarial treatment led to a decrease in circulating EVs levels after 2 weeks in patients with P. vivax and P. malariae infections, but not in those with P. falciparum, indicating that sustained high EVs levels might be a marker of disease severity (Nantakomol et al., 2011). Additionally, the potential of EVs as therapeutic delivery vehicles in the context of infectious diseases is being explored, highlighting their dual role as both diagnostic and therapeutic agents (Vydrar et al., 2023). Overall, the application of EVs in infectious disease diagnostics represents a rapidly evolving field with significant implications for improving patient outcomes and disease management.
4 THE ROLE OF EXTRACELLULAR VESICLES IN PROGNOSTIC ASSESSMENT
EVs have emerged as significant players in the field of prognostic assessment across various diseases, particularly in cancer, cardiovascular diseases, and neurodegenerative disorders (Hu and De, 2024; Schneider et al., 2024; AuthorAnonymous, 2024). Their ability to carry bioactive molecules allows them to reflect the physiological and pathological states of their parent cells (Salunkhe et al., 2020). This characteristic makes EVs a promising source of biomarkers for early diagnosis, monitoring disease progression, and evaluating treatment responses. The non-invasive nature of EV isolation from bodily fluids such as blood and urine enhances their utility in clinical settings, providing a window into the underlying biological processes of diseases without the need for invasive procedures (Gyorgy, 2025). The growing body of research highlights the potential of EVs to serve as reliable prognostic indicators, paving the way for personalized medicine approaches that can improve patient outcomes.
In the realm of oncology, extracellular vesicles have been identified as valuable tools for assessing cancer prognosis. For instance, studies have shown that circulating EVs can carry tumor-derived microRNAs and proteins that correlate with disease progression and patient outcomes. In melanoma, EVs derived from lymphatic drainage have been characterized to contain markers indicative of tumor progression and the presence of mutations such as BRAF V600E, which are associated with a higher risk of relapse (Garcia-Silva et al., 2019). Thus, detection of the BRAFV600E mutation in ES-derived EV nucleic acids could serve as a minimal residual disease/prognostic indicator, with added value over the current tissue biopsies being an almost real-time predictor of risk right after lymphadenectomy. Similarly, in cholangiocarcinoma, EVs facilitate communication between cancer cells and the tumor microenvironment, influencing disease progression and offering insights into potential therapeutic strategies (Zhang N. et al., 2023). Furthermore, in gastric cancer, the presence of specific proteins within EVs has been linked to peritoneal metastasis, demonstrating their role in predicting disease spread and patient prognosis (Li et al., 2024a). Zahra et al. demonstrated that in patients with metastatic non-small cell lung cancer, CTCs and high concentrations of PD-L1-positive small extracellular vesicles (sEVs) were significantly associated with progression-free survival (PFS) and overall survival (OS), whereas ctDNA mutations did not show a similar correlation. The integrated analysis of these biomarkers may aid in identifying patients at higher risk of poor OS outcomes. The ability to quantify these biomarkers in EVs not only enhances prognostic accuracy but also aids in the development of targeted therapies, underscoring the critical role of EVs in cancer management.
EVs have also been implicated in the risk assessment of cardiovascular diseases (CVD) (Cochain and Zernecke, 2017). They are involved in various pathophysiological processes, including inflammation, endothelial dysfunction, and thrombosis, which are central to CVD development. Research indicates that increased levels of specific EVs have been associated with hypertension and acute cardiovascular events, suggesting their potential as predictive markers (Tang et al., 2023). Moreover, EVs derived from endothelial cells have been shown to reflect the health of the vascular system, providing insights into the risk of ischemic events (Yu et al., 2025). The identification of EV-associated proteins and miRNAs linked to cardiovascular risk factors, such as obesity and metabolic syndrome, further emphasizes their role in comprehensive risk assessment strategies (Cheng et al., 2021). EVs miR-1915-3p, miR-4,507, and miR-3,656 were significantly less expressed in AMI compared to stable coronary artery disease patients, suggesting that these miRNAs might be predictive for acute myocardial infarction at an early stage (Su et al., 2020). Elevated levels of CD31+/Annexin V+ EVs are associated with an increased risk of coronary revascularization and cardiovascular mortality. These levels rise in patients who have impaired coronary artery function and cardiovascular risk factors, and they can serve as an independent predictor of cardiovascular events in individuals with stable coronary artery disease (Sinning et al., 2011). Additionally, studies have demonstrated that circulating EVs expressing CD3+/CD45+ and SMA-α+ are elevated in people with a high cardiovascular risk (Chiva-Blanch et al., 2016). By integrating EVs analysis into clinical practice, healthcare providers can enhance their ability to predict and manage cardiovascular risks effectively.
In neurodegenerative diseases, extracellular vesicles are gaining attention as potential biomarkers for monitoring disease progression. Conditions such as Alzheimer’s disease (AD) and Parkinson’s disease (PD) are characterized by complex pathophysiological changes that can be reflected in the cargo of EVs (Cai et al., 2024; Li et al., 2024b). For instance, studies have demonstrated that neuron-derived EVs contain proteins and RNA species that correlate with disease severity and progression in AD (Pham et al., 2024). The presence of specific microRNAs in plasma EVs has been linked to cognitive decline, highlighting their potential as early diagnostic tools (Raineri et al., 2024). Additionally, EVs can facilitate intercellular communication in the brain, contributing to the spread of pathological proteins associated with neurodegeneration (Wiersema et al., 2024). This emerging understanding positions EVs as valuable non-invasive biomarkers for tracking disease progression and therapeutic responses, offering hope for improved management strategies in neurodegenerative disorders. As research continues to elucidate the role of EVs in these conditions, their integration into clinical practice could revolutionize how we monitor and treat neurodegenerative diseases.
5 THE POTENTIAL OF EXTRACELLULAR VESICLES IN TREATMENT MONITORING
EVs are increasingly recognized for their potential in monitoring treatment efficacy across various medical fields, for example, tumors, neurodegenerative diseases, cardiovascular diseases, etc (Optical microscopy and transcriptomics reveal, 2024) (Figure 3). These vesicles, which are secreted by all cell types, contain a diverse array of biomolecules, making them valuable for real-time monitoring of therapeutic responses. Their presence in various bodily fluids, such as blood and urine, allows for non-invasive sampling, which is a significant advantage over traditional biopsy methods. Recent studies have demonstrated that EVs can serve as biomarkers for ongoing monitoring of treatment efficacy, particularly in cancer therapies. For instance, the dynamic changes in EV composition can reflect the biological status of tumors, providing insights into treatment responses and disease progression (Stevic et al., 2020). Moreover, the ability to analyze EVs can facilitate personalized medicine approaches, tailoring therapies based on individual patient responses.
[image: Illustration showing the role of extracellular vesicles (EVs) in cancer, neurodegenerative, and cardiovascular diseases. In cancer, EVs from cancer cells lead to cell proliferation and metastasis, resulting in prostate, lung, and pancreatic cancers. In neurodegenerative diseases, EVs from neurons are linked to Parkinson's, Alzheimer's, and neuroinflammation. In cardiovascular disease, EVs from injured endothelial cells contribute to myocardial infarction, ischemic stroke, and angiogenesis.]FIGURE 3 | The application of EVs in disease treatment. Overview of EV roles in disease and therapeutic applications intended to attenuate cancer-related processes or to decrease tissue injury and enhance tissue repair in neurodegenerative, infectious, diabetes, cardiovascular, and kidney disease.Immunotherapy has revolutionized cancer treatment, yet its efficacy can vary significantly among patients (Ktena et al., 2024). Monitoring the effectiveness of such therapies is crucial for optimizing treatment strategies. For example, studies have shown that the presence of specific proteins and nucleic acids within EVs correlates with the response to immune checkpoint inhibitors, allowing clinicians to assess treatment effectiveness in real time (Cheng et al., 2024). The Simona study shows that circulating EVs expressing PD1 and PD-L1 predict response and mediate resistance to checkpoint inhibitors immunotherapy in metastatic melanoma (Serrati et al., 2022). Additionally, the analysis of EVs can provide insights into mechanisms of resistance, enabling timely adjustments to therapeutic regimens. The potential for EVs to serve as non-invasive indicators of immunotherapy response highlights their importance in enhancing the precision of cancer treatments (Pan et al., 2021).
The heterogeneity of cancer and individual patient responses to treatment necessitate personalized approaches to therapy (Lawrence et al., 2024). EVs can suppress tumor progression via modifications to the molecules expressed on their surface and inside them, independently of their origin. In line with this approach, colorectal cancer cells treated with starved tumor-cell-derived EVs loaded with miR-34a showed the inhibition of both proliferation and migration, accompanied by apoptosis, via the downregulation of IL-6R, STAT3, PD-L1 and VEGF-A expression in vitro, with prolonged survival time and impaired immune evasion in a solid tumor (Hosseini et al., 2021; Hosseini et al., 2022). Another mechanism associated with the anti-tumor activity of EVs is the sensitization to chemotherapy; for example, AT-MSC-derived EVs have been modified to express miR-122, showing that the treatment of hepatocellular carcinoma cells with these EVs increases the sensitivity of tumor cells to sorafenib (Lou et al., 2015), since miR-122 inhibits the expression of the multidrug-resistance-related genes, such as ATP-binding cassette (ABC) transporters (Xiong et al., 2021).
EVs can play a critical role in this individualized assessment by providing real-time insights into how a patient’s tumor is responding to specific drugs (Kantarci, 2023). By analyzing the molecular cargo of EVs, clinicians can gauge the effectiveness of targeted therapies and adjust treatment plans accordingly. For instance, the use of advanced technologies to profile EVs has revealed distinct signatures associated with drug resistance, enabling healthcare providers to identify which patients are likely to benefit from particular therapies. This approach not only enhances treatment efficacy but also minimizes unnecessary side effects by avoiding ineffective treatments (Lee et al., 2023). The integration of EV analysis into clinical practice represents a significant advancement in the field of personalized medicine.
Monitoring both the efficacy and potential toxicity of cancer treatments is essential for optimizing patient outcomes (Cohen et al., 2021). EVs offer a unique opportunity to achieve this dynamic monitoring through the analysis of their molecular content. Changes in the composition of EVs can indicate not only how well a treatment is working but also whether it is causing adverse effects. For example, specific biomarkers found in EVs can signal the onset of drug-related toxicities, allowing for timely interventions (Liu et al., 2023). Recent studies have demonstrated that the analysis of EVs can provide a comprehensive view of a patient’s response to therapy, capturing both therapeutic benefits and potential risks. This dual monitoring capability is particularly valuable in the context of chemotherapeutic agents, where balancing efficacy and toxicity is crucial for patient safety and treatment success (Sanchez-Manas et al., 2024). The ability to utilize EVs for real-time monitoring represents a transformative step in cancer care, enabling more informed and responsive treatment strategies.
6 CHALLENGES OF EVS IN THE FIELD OF LABORATORY MEDICINE
Techniques for Isolation and Identification of Extracellular Vesicles. One of the foremost challenges in EVs research lies in the isolation and identification techniques employed. Current methods, such as ultracentrifugation and size exclusion chromatography, often yield heterogeneous populations of EVs, complicating downstream analyses and interpretations (Jia et al., 2022). The characteristics of currently widely used EVs separation methods are summarized in Table 1. The lack of standardized protocols results in variations in yield and purity, which can significantly affect the reproducibility of results across different laboratories (Royo et al., 2020). Furthermore, existing techniques may co-isolate non-EV components that can obscure the biological relevance of the findings. Emerging methods, such as microfluidic devices and immunoaffinity capture, show promise for enhancing specificity and efficiency in EV isolation (Arora et al., 2024). However, these methods are still in the developmental phase and require validation to ensure their applicability in clinical settings. The need for robust, reproducible, and standardized protocols is critical for advancing the field and facilitating the transition of EV research from bench to bedside.
TABLE 1 | Comparison of EVs features separated by different methods.	Separation method	Principle	Yield	Purity	Repeatability	Clinical scalability
	Ultracentrifuge method (UC)	Separate based on size and density	Medium	It is relatively low and easy to co-separate contaminants such as proteins	It’s okay, but it’s greatly influenced by the operator	Low, expensive equipment, and limited throughput
	Density gradient centrifugation method	Separation based on EVs density	Low	Moderate, easily affected by proteins and lipids	Moderate, time-consuming	Low, not suitable for large-scale specimens
	Size exclusion chromatography (SEC)	Separation is carried out based on fluid dynamics volume	Medium	Moderate, still disturbed by lipoproteins and the like	High, standardized processes	Medium, there is a risk of clogging of the chromatography column
	Immunoaffinity capture method	Separation is based on surface-specific antigens	Low	High and highly specific	Moderate, affected by the batch of antibodies	Low, high cost and low throughput
	Precipitation method	Polymer co-precipitates with EVs	High	It is low and easily affected by lipids and proteins	Medium, not conducive to high-precision analysis	High, low cost and high output
	Target-type multi-chamber electrophoresis	Separation is carried out based on differences in size and charge ratio	High	Moderate, affected by the batch of antibodies	High potential, automated continuous separation	High, capable of high-throughput preparation
	Improved chromatography	SEC binds core beads to remove soluble proteins	High	High purity, more than three times that of UC	High, standardized processes	High, suitable for large-scale clinical samples


Standardization and regulation pose significant hurdles in the clinical translation of EV-based therapies. The heterogeneity of EVs, stemming from their diverse cellular origins and biogenesis pathways, complicates the establishment of universal quality control measures (Reithmair et al., 2022). Regulatory bodies currently lack clear guidelines for the characterization and quality assessment of EVs, which can lead to inconsistencies in clinical trial outcomes and hinder the approval of EV-based therapeutics (Wang et al., 2024). Moreover, the absence of well-defined reference materials for EVs complicates the validation of methodologies used in their isolation and analysis (Wang et al., 2025). To address these challenges, it is essential to develop comprehensive guidelines that encompass the entire workflow of EV research, from isolation to characterization, to ensure that EV-based products meet the necessary safety and efficacy standards for clinical use. The quality control framework for EVs outlined in MISEV2023 can be broken down into four main steps, with a strong emphasis on creating standardized procedures and acceptance criteria for each stage: (1) Starting materials—such as cell lines and sources of biological fluids—must undergo thorough cell identity verification before EV production. Detailed records of culture conditions, including medium composition (e.g., serum presence or absence, batch numbers), cultivation environment (2D vs. 3D, use of bioreactors), and other relevant factors should be kept, as these significantly affect EV yield and molecular makeup. (2) During isolation, all key parameters related to the separation technique used must be carefully documented and reported. The entire production process should be carried out under controlled conditions that meet established quality standards. (3) Characterizing the final EV product is crucial; for clinical use, purity-measured by contaminant levels-is vital for ensuring safety and effectiveness. Adequate proof must be provided to show that contaminants have been sufficiently removed or minimized to acceptable levels. (4) Functional testing and stability monitoring: Functional assays, either in vitro or in vivo, should be designed based on the intended therapeutic use of the EVs (such as immune modulation, tissue repair, or drug delivery). Moreover, the physical integrity, surface marker profiles, and biological activity of EVs should be regularly checked during storage to guarantee consistent performance.
The clinical translation of EVs as therapeutic agents faces several barriers, including technical, biological, and regulatory challenges. Despite the promising therapeutic potential of EVs, particularly in areas such as cancer and neurodegenerative diseases, their clinical application is often impeded by issues related to scalability, reproducibility, and the complexity of their biological effects (Li et al., 2025). Furthermore, the intricate mechanisms by which EVs exert their effects are not yet fully understood, which complicates the development of targeted therapies (Song et al., 2024). However, ongoing research is exploring innovative strategies to enhance the therapeutic efficacy of EVs, such as engineering modifications to improve targeting and cargo delivery (Wang et al., 2024). The integration of EVs into existing treatment paradigms, combined with advancements in nanotechnology and drug delivery systems, holds promise for overcoming these barriers. As the field matures, collaborative efforts among researchers, clinicians, and regulatory agencies will be pivotal in realizing the full potential of EVs in clinical practice.
7 THE DEVELOPMENT TREND OF EVS IN THE FIELD OF LABORATORY MEDICINE
Multi-omics integration and big data analysis. As a marker carrier at the subcellular scale, EVs carry a variety of biomolecules such as proteins, RNA, DNA, and metabolites, etc (Yokoi et al., 2025). Bollard and colleagues discovered that analyzing plasma-derived extracellular vesicles using both proteomics and metabolomics can be an effective diagnostic tool for melanoma, achieving a classification accuracy of 85.11% when distinguishing melanoma patients from healthy individuals (Bollard et al., 2024). For instance, researchers recently showed that measuring both α-synuclein and clusterin together in serum L1CAM-positive EVs was very effective (AUC = 0.98) at distinguishing Parkinson’s disease from atypical parkinsonism. This finding was based on 735 samples from four separate groups and outperformed the accuracy of each individual marker alone, which had AUC values around 0.82 to 0.86 (Jiang et al., 2020). Using multi-omics integration for the joint analysis of different types of markers, and solving the technical problems of complex data analysis with the help of the big data accumulated from basic research and clinical practice, and artificial intelligence to construct a multi-dimensional disease prediction and diagnostic model, we can not only mine potential markers of EVs in the high-throughput multi-dimensional genomic data to predict their diagnostic value in different disease groups, but also reveal biological features that are difficult to be found by traditional methods, thus significantly improving the diagnostic specificity and sensitivity of EVs markers (Miceli et al., 2024). It can not only mine potential markers in EVs from high-throughput multidimensional histological data and predict their diagnostic value in different disease groups, but also reveal biological features that are difficult to be found by traditional methods, thus significantly improving the diagnostic specificity and sensitivity of EVs markers, which is the future direction of the development of EVs and its application prospects (Yin et al., 2024).
Development of clinically appropriate technology for the isolation and detection of EVs. With the rapid advancement of cross-disciplinary medicine, emerging technologies such as nanotechnology, microfluidics, super-resolution microscopy, functional materials, and artificial intelligence have been progressively integrated into the experimental platforms for EVs. These innovations have substantially enhanced the separation efficiency, detection sensitivity, and specificity of EVs (Chen et al., 2021). For instance, ultrasonic nanofiltration technology leverages the synergistic advantages of ultrasound and nanofiltration membranes to efficiently purify EVs within a short timeframe, making it suitable for large-scale clinical samples (Chen et al., 2021). Ultrasensitive flow cytometry and droplet microfluidics enable highly sensitive detection of EVs (Khanna et al., 2023; Meng et al., 2023), while super-resolution microscopy is utilized for characterizing EV subpopulations and analyzing their interactions with cells (Zhang Z. et al., 2023). Given the complexity of body fluid samples and the diversity and high heterogeneity of EV markers, further efforts are required in three key areas: automated analysis of EV isolation and detection platforms, high-precision detection platforms for individual EVs, and high-throughput multi-marker detection platforms (Feng et al., 2025). Such advancements are essential for translating EV research into clinical applications. Continuous innovation and optimization of EV isolation and detection technologies are necessary to improve detection sensitivity and specificity, reduce detection time, lower costs, and facilitate large-scale clinical screening and research on EVs (Ma et al., 2019). Ultimately, these improvements aim to establish EV isolation and detection as a practical and reliable technology, providing advanced tools for health management, disease prediction, early diagnosis, condition assessment, treatment guidance, and therapeutic efficacy monitoring.
Standardized and normalized quality system construction. A robust quality control system is critical for ensuring the reliability and consistency of test results. Establishing a reference material production, research, and quality assurance system constitutes the core of this endeavor. First, EV reference materials must achieve standardization and reproducibility, stable physicochemical properties, well-defined biological characteristics, quantifiability, and ease of acquisition-these are also the primary objectives of EV research (Vogel et al., 2021). Second, the EV testing process encompasses multiple steps, from sample collection and processing to EV isolation, testing, and data analysis. Each step may introduce errors and variations that could compromise result accuracy. To address these challenges, ISEV and the Committee on Extracellular Vesicle Research and Application (CSEV) of the Chinese Society of Research Hospitals have developed a series of position papers and quality control procedures aimed at monitoring and mitigating errors and variability in EV testing. For instance, MISEV2023, the latest guideline for EV research issued by ISEV, provides detailed specifications for experimental practices and data reporting based on cutting-edge scientific advancements and expert consensus (Author Anonymous, 2024). Additionally, the MIBlood-EV Quality Control Reporting Framework was established to encompass pre-analytical variables and quality control methods for blood samples, thereby promoting standardization and enabling cross-laboratory comparisons (Lucien et al., 2023). For instance, the U.S. Food and Drug Administration (FDA) has issued a series of guidance documents on liquid biopsy and extracellular vesicle (EV) markers, outlining specific requirements for clinical trial design, data submission, and approval processes. In 2016, ExoDx Prostate received regulatory clearance from the U.S. FDA, becoming the first prostate cancer risk assessment tool based on EVs’s RNA (McKiernan et al., 2016).
8 FUTURE PERSPECTIVES
The 2013 Nobel Prize in Physiology or Medicine was awarded to American scientists James E. Rothman and Randy W. Schekman, along with German scientist Thomas C. Südhof, in recognition of their discovery of the regulatory mechanisms governing intracellular vesicle transport. This breakthrough also ignited a global surge of research into EVs. As a promising biomarker, EVs show vast potential for development within laboratory medicine. However, for EVs to be fully integrated into clinical practice as diagnostic and therapeutic tools, ongoing efforts are required in areas such as multi-omics integration and big data analysis, the creation of clinically suitable separation and detection technologies, the establishment of standardized quality control systems, as well as clinical trials and regulatory approvals. Given the unique advantages of EVs and the rapid advancement of related technologies, through the dedicated work of scientists, clinicians, and laboratory professionals, EVs are expected to play a significant role in clinical diagnosis and treatment in the future, ultimately enhancing human health.
AUTHOR CONTRIBUTIONS
XW: Investigation, Writing – original draft. ML: Investigation, Writing – original draft. MZ: Investigation, Writing – original draft. HS: Data curation, Writing – original draft. QJ: Investigation, Writing – original draft. DR: Data curation, Investigation, Writing – review and editing. DH: Data curation, Funding acquisition, Investigation, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Ganzhou Science and Technology Plan Project (2023LNS37081 and GZ2024YLJ137), Jiangxi Provincial Health Commission Technology Plan Project (202510463) and Jiangxi Province Administration of Traditional Chinese Medicine Scienceand Technology Plan Project (2024B0303).
CONFLICT OF INTEREST
The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.
REFERENCES
	Akbar, A., Malekian, F., Baghban, N., Kodam, S. P., and Ullah, M. (2022). Methodologies to isolate and purify clinical grade extracellular vesicles for medical applications. Cells 11 (2), 186. doi:10.3390/cells11020186

	Akers, J. C., Gonda, D., Kim, R., Carter, B. S., and Chen, C. C. (2013). Biogenesis of extracellular vesicles (EV): exosomes, microvesicles, retrovirus-like vesicles, and apoptotic bodies. J. Neurooncol. 113 (1), 1–11. doi:10.1007/s11060-013-1084-8

	Author Anonymous (2024). Correction to “minimal information for studies of extracellular vesicles (MISEV2023): from basic to advanced approaches”. J. Extracell. Vesicles 13 (5), e12451.

	AuthorAnonymous (2024). Intensive blood pressure control does not lower risk of cardiac conduction system diseases. Nat. Aging 4 (4), 449–450.

	Arora, A., Sharma, V., Gupta, R., and Aggarwal, A. (2024). Isolation and characterization of extracellular vesicles derived from ex vivo culture of visceral adipose tissue. Bio Protoc. 14 (11), e5011. doi:10.21769/BioProtoc.5011

	Bollard, S. M., Howard, J., Casalou, C., Kelly, B. S., O'Donnell, K., Fenn, G., et al. (2024). Proteomic and metabolomic profiles of plasma-derived extracellular vesicles differentiate melanoma patients from healthy controls. Transl. Oncol. 50, 102152. doi:10.1016/j.tranon.2024.102152

	Boudreau, L. H., Duchez, A. C., Cloutier, N., Soulet, D., Martin, N., Bollinger, J., et al. (2014). Platelets release mitochondria serving as substrate for bactericidal group IIA-secreted phospholipase A2 to promote inflammation. Blood 124 (14), 2173–2183. doi:10.1182/blood-2014-05-573543

	Byun, J. S., Hong, S. H., Choi, J. K., Jung, J. K., and Lee, H. J. (2015). Diagnostic profiling of salivary exosomal microRNAs in oral lichen planus patients. Oral Dis. 21 (8), 987–993. doi:10.1111/odi.12374

	Cai, Y., Chen, T., Cai, Y., Liu, J., Yu, B., Fan, Y., et al. (2024). Surface protein profiling and subtyping of extracellular vesicles in body fluids reveals non-CSF biomarkers of Alzheimer’s disease. J. Extracell. Vesicles 13 (4), e12432. doi:10.1002/jev2.12432

	Chen, Y., Zhu, Q., Cheng, L., Wang, Y., Li, M., Yang, Q., et al. (2021). Exosome detection via the ultrafast-isolation system: EXODUS. Nat. Methods 18 (2), 212–218. doi:10.1038/s41592-020-01034-x

	Chen, X., Yang, N., Li, B., Gao, X., Wang, Y., Wang, Q., et al. (2024a). Visualization analysis of small extracellular vesicles in the application of bone-related diseases. Cells 13 (11), 904. doi:10.3390/cells13110904

	Chen, X., Shen, J., Liu, C., Shi, X., Feng, W., Sun, H., et al. (2024b). Applications of data characteristic AI-assisted raman spectroscopy in pathological classification. Anal. Chem. 96 (16), 6158–6169. doi:10.1021/acs.analchem.3c04930

	Cheng, L., Sharples, R. A., Scicluna, B. J., and Hill, A. F. (2014). Exosomes provide a protective and enriched source of miRNA for biomarker profiling compared to intracellular and cell-free blood. J. Extracell. Vesicles 3, 23743. doi:10.3402/jev.v3.23743

	Cheng, S., Li, Y., Yan, H., Wen, Y., Zhou, X., Friedman, L., et al. (2021). Advances in microfluidic extracellular vesicle analysis for cancer diagnostics. Lab. Chip 21 (17), 3219–3243. doi:10.1039/d1lc00443c

	Cheng, H. Y., Su, G. L., Wu, Y. X., Chen, G., and Yu, Z. L. (2024). Extracellular vesicles in anti-tumor drug resistance: mechanisms and therapeutic prospects. J. Pharm. Anal. 14 (7), 100920. doi:10.1016/j.jpha.2023.12.010

	Chiva-Blanch, G., Suades, R., Crespo, J., Vilahur, G., Arderiu, G., Padro, T., et al. (2016). CD3(+)/CD45(+) and SMA-α(+) circulating microparticles are increased in individuals at high cardiovascular risk who will develop a major cardiovascular event. Int. J. Cardiol. 208, 147–149. doi:10.1016/j.ijcard.2016.01.211

	Cochain, C., and Zernecke, A. (2017). Macrophages in vascular inflammation and atherosclerosis. Pflugers Arch. 469 (3-4), 485–499. doi:10.1007/s00424-017-1941-y

	Cohen, J. D., Douville, C., Dudley, J. C., Mog, B. J., Popoli, M., Ptak, J., et al. (2021). Detection of low-frequency DNA variants by targeted sequencing of the Watson and Crick strands. Nat. Biotechnol. 39 (10), 1220–1227. doi:10.1038/s41587-021-00900-z

	Combes, V., Taylor, T. E., Juhan-Vague, I., Mege, J. L., Mwenechanya, J., Tembo, M., et al. (2004). Circulating endothelial microparticles in malawian children with severe falciparum malaria complicated with coma. JAMA 291 (21), 2542–2544. doi:10.1001/jama.291.21.2542-b

	De Giorgis, V., Barberis, E., and Manfredi, M. (2024). Extracellular vesicles proteins for early cancer diagnosis: from omics to biomarkers. Semin. Cancer Biol. 104–105, 18–31. doi:10.1016/j.semcancer.2024.07.003

	Ding, M., Wang, X., Wang, C., Liu, X., Zen, K., Wang, W., et al. (2017). Distinct expression profile of HCMV encoded miRNAs in plasma from oral lichen planus patients. J. Transl. Med. 15 (1), 133. doi:10.1186/s12967-017-1222-8

	Ding, Y., Li, Y., Sun, Z., Han, X., Chen, Y., Ge, Y., et al. (2021). Cell-derived extracellular vesicles and membranes for tissue repair. J. Nanobiotechnol. 19 (1), 368. doi:10.1186/s12951-021-01113-x

	Dominguez Rubio, A. P., D'Antoni, C. L., Piuri, M., and Perez, O. E. (2022). Probiotics, their extracellular vesicles and infectious diseases. Front. Microbiol. 13, 864720. doi:10.3389/fmicb.2022.864720

	Feng, X., Shen, A., Zhang, W., Jia, S., Iliuk, A., Wang, Y., et al. (2025). High-throughput capture and in situ protein analysis of extracellular vesicles by chemical probe-based array. Nat. Protoc. 20 (4), 1057–1081. doi:10.1038/s41596-024-01082-z

	Garcia-Silva, S., Benito-Martin, A., Sanchez-Redondo, S., Hernandez-Barranco, A., Ximenez-Embun, P., Nogues, L., et al. (2019). Use of extracellular vesicles from lymphatic drainage as surrogate markers of melanoma progression and BRAFV600E mutation. J. Exp. Med. 216 (5), 1061–1070. doi:10.1084/jem.20181522

	Gurunathan, S., Kang, M. H., Jeyaraj, M., Qasim, M., and Kim, J. H. (2019). Review of the isolation, characterization, biological function, and multifarious therapeutic approaches of exosomes. Cells 8 (4), 307. doi:10.3390/cells8040307

	Gyorgy, B. (2025). A base editor for correcting deafness. Nat. Biomed. Eng. 9 (1), 3–4. doi:10.1038/s41551-024-01234-2

	He, J., Long, J., Zhai, C., Xu, J., Bao, K., Su, W., et al. (2024). Codetection of proteins and RNAs on extracellular vesicles for pancreatic cancer early diagnosis. Anal. Chem. 96 (17), 6618–6627. doi:10.1021/acs.analchem.3c05858

	Hosseini, M., Baghaei, K., Amani, D., and Ebtekar, M. (2021). Tumor-derived exosomes encapsulating miR-34a promote apoptosis and inhibit migration and tumor progression of colorectal cancer cells under in vitro condition. Daru 29 (2), 267–278. doi:10.1007/s40199-021-00400-0

	Hosseini, M., Baghaei, K., Hajivalili, M., Zali, M. R., Ebtekar, M., and Amani, D. (2022). The anti-tumor effects of CT-26 derived exosomes enriched by microRNA-34a on murine model of colorectal cancer. Life Sci. 290, 120234. doi:10.1016/j.lfs.2021.120234

	Hu, X., and De, S. (2024). Redistribution of mutation risk in cancer. Nat. Cancer 5 (2), 216–217. doi:10.1038/s43018-024-00728-x

	Huang, Y., Abdelgawad, A., Gololobova, O., Liao, Z., Cong, X., Batish, M., et al. (2025). Enhanced packaging of U6 small nuclear RNA and splicing-related proteins into extracellular vesicles during HIV infection. Sci. Adv. 11 (11), eadq6557. doi:10.1126/sciadv.adq6557

	Jia, Y., Yu, L., Ma, T., Xu, W., Qian, H., Sun, Y., et al. (2022). Small extracellular vesicles isolation and separation: current techniques, pending questions and clinical applications. Theranostics 12 (15), 6548–6575. doi:10.7150/thno.74305

	Jiang, C., Hopfner, F., Katsikoudi, A., Hein, R., Catli, C., Evetts, S., et al. (2020). Serum neuronal exosomes predict and differentiate Parkinson’s disease from atypical parkinsonism. J. Neurol. Neurosurg. Psychiatry 91 (7), 720–729. doi:10.1136/jnnp-2019-322588

	Ju, Y., Hu, Y., Yang, P., Xie, X., and Fang, B. (2023). Extracellular vesicle-loaded hydrogels for tissue repair and regeneration. Mater Today Bio 18, 100522. doi:10.1016/j.mtbio.2022.100522

	Kalluri, R. (2024). The biology and function of extracellular vesicles in immune response and immunity. Immunity 57 (8), 1752–1768. doi:10.1016/j.immuni.2024.07.009

	Kalluri, R., and LeBleu, V. S. (2020). The biology, function, and biomedical applications of exosomes. Science 367 (6478), eaau6977. doi:10.1126/science.aau6977

	Kantarci, K. (2023). Toward imaging of alpha-synuclein with PET. Cell 186 (16), 3327–3329. doi:10.1016/j.cell.2023.06.018

	Kaparakis, M., Turnbull, L., Carneiro, L., Firth, S., Coleman, H. A., Parkington, H. C., et al. (2010). Bacterial membrane vesicles deliver peptidoglycan to NOD1 in epithelial cells. Cell Microbiol. 12 (3), 372–385. doi:10.1111/j.1462-5822.2009.01404.x

	Khanna, K., Salmond, N., Halvaei, S., Johnson, A., and Williams, K. C. (2023). Separation and isolation of CD9-positive extracellular vesicles from plasma using flow cytometry. Nanoscale Adv. 5 (17), 4435–4446. doi:10.1039/d3na00081h

	Kowal, J., Tkach, M., and Thery, C. (2014). Biogenesis and secretion of exosomes. Curr. Opin. Cell Biol. 29, 116–125. doi:10.1016/j.ceb.2014.05.004

	Ktena, I., Wiles, O., Albuquerque, I., Rebuffi, S. A., Tanno, R., Roy, A. G., et al. (2024). Generative models improve fairness of medical classifiers under distribution shifts. Nat. Med. 30 (4), 1166–1173. doi:10.1038/s41591-024-02838-6

	Kumar, M. A., Baba, S. K., Sadida, H. Q., Marzooqi, S. A., Jerobin, J., Altemani, F. H., et al. (2024). Extracellular vesicles as tools and targets in therapy for diseases. Signal Transduct. Target Ther. 9 (1), 27. doi:10.1038/s41392-024-01735-1

	Kumari, S., Lausted, C., Scherler, K., Ng, A. H. C., Lu, Y., Lee, I., et al. (2024). Approaches and challenges in characterizing the molecular content of extracellular vesicles for biomarker discovery. Biomolecules 14 (12), 1599. doi:10.3390/biom14121599

	Kwaku, G. N., Ward, R. A., Vyas, J. M., and Harding, H. B. (2024). Host innate immune systems gather intel on invading microbes via pathogen-derived extracellular vesicles. Extracell. Vesicle 3, 100043. doi:10.1016/j.vesic.2024.100043

	Lai, H., Li, J., Kou, X., Mao, X., Zhao, W., and Ma, L. (2023). Extracellular vesicles for dental pulp and periodontal regeneration. Pharmaceutics 15 (1), 282. doi:10.3390/pharmaceutics15010282

	Lawrence, A. R., Canzi, A., Bridlance, C., Olivie, N., Lansonneur, C., Catale, C., et al. (2024). Microglia maintain structural integrity during fetal brain morphogenesis. Cell 187 (4), 962–980 e19. doi:10.1016/j.cell.2024.01.012

	Lee, Y. J., Chae, S., and Choi, D. (2023). Monitoring of single extracellular vesicle heterogeneity in cancer progression and therapy. Front. Oncol. 13, 1256585. doi:10.3389/fonc.2023.1256585

	Li, D., Jin, Y., He, X., Deng, J., Lu, W., Yang, Z., et al. (2024a). Hypoxia-induced LAMB2-enriched extracellular vesicles promote peritoneal metastasis in gastric cancer via the ROCK1-CAV1-Rab11 axis. Oncogene 43 (37), 2768–2780. doi:10.1038/s41388-024-03124-y

	Li, D., Zou, S., Huang, Z., Sun, C., and Liu, G. (2024b). Isolation and quantification of L1CAM-positive extracellular vesicles on a chip as a potential biomarker for Parkinson’s disease. J. Extracell. Vesicles 13 (6), e12467. doi:10.1002/jev2.12467

	Li, W., Dong, M. J., Shi, Z., Dai, H., Lu, S., Wu, H., et al. (2025). The application and development prospects of extracellular vesicles in oral administration. Biomed. Mater 20 (2), 022006. doi:10.1088/1748-605X/adb22c

	Liang, Y., Duan, L., Lu, J., and Xia, J. (2021). Engineering exosomes for targeted drug delivery. Theranostics 11 (7), 3183–3195. doi:10.7150/thno.52570

	Liu, Y. J., and Wang, C. (2023). A review of the regulatory mechanisms of extracellular vesicles-mediated intercellular communication. Cell Commun. Signal 21 (1), 77. doi:10.1186/s12964-023-01103-6

	Liu, W., Wu, J., Cao, H., Ma, C., Wu, Z., Tian, Y., et al. (2023). Human-induced hepatocytes-derived extracellular vesicles ameliorated liver fibrosis in mice via suppression of TGF-β1/Smad signaling and activation of Nrf2/HO-1 signaling. Stem Cells Dev. 32 (19-20), 638–651. doi:10.1089/scd.2023.0110

	Liu, X., To, K. K. W., Zeng, Q., and Fu, L. (2025). Effect of extracellular vesicles derived from tumor cells on immune evasion. Adv. Sci. (Weinh) 12 (12), e2417357. doi:10.1002/advs.202417357

	Lou, G., Song, X., Yang, F., Wu, S., Wang, J., Chen, Z., et al. (2015). Exosomes derived from miR-122-modified adipose tissue-derived MSCs increase chemosensitivity of hepatocellular carcinoma. J. Hematol. Oncol. 8, 122. doi:10.1186/s13045-015-0220-7

	Lucien, F., Gustafson, D., Lenassi, M., Li, B., Teske, J. J., Boilard, E., et al. (2023). MIBlood-EV: minimal information to enhance the quality and reproducibility of blood extracellular vesicle research. J. Extracell. Vesicles 12 (12), e12385. doi:10.1002/jev2.12385

	Ma, C., Jiang, F., Ma, Y., Wang, J., Li, H., and Zhang, J. (2019). Isolation and detection technologies of extracellular vesicles and application on cancer diagnostic. Dose Response 17 (4), 1559325819891004. doi:10.1177/1559325819891004

	Makhijani, P., and McGaha, T. L. (2022). Myeloid responses to extracellular vesicles in health and disease. Front. Immunol. 13, 818538. doi:10.3389/fimmu.2022.818538

	Marar, C., Starich, B., and Wirtz, D. (2021). Extracellular vesicles in immunomodulation and tumor progression. Nat. Immunol. 22 (5), 560–570. doi:10.1038/s41590-021-00899-0

	Martinez-Garcia, J., Villa-Vazquez, A., Fernandez, B., Gonzalez-Iglesias, H., and Pereiro, R. (2024). Exploring capabilities of elemental mass spectrometry for determination of metal and biomolecules in extracellular vesicles. Anal. Bioanal. Chem. 416 (11), 2595–2604. doi:10.1007/s00216-023-05056-0

	Mathew, M., Zade, M., Mezghani, N., Patel, R., Wang, Y., and Momen-Heravi, F. (2020). Extracellular vesicles as biomarkers in cancer immunotherapy. Cancers (Basel) 12 (10), 2825. doi:10.3390/cancers12102825

	Mathieu, M., Nevo, N., Jouve, M., Valenzuela, J. I., Maurin, M., Verweij, F. J., et al. (2021). Specificities of exosome versus small ectosome secretion revealed by live intracellular tracking of CD63 and CD9. Nat. Commun. 12 (1), 4389. doi:10.1038/s41467-021-24384-2

	McKiernan, J., Donovan, M. J., O'Neill, V., Bentink, S., Noerholm, M., Belzer, S., et al. (2016). A novel urine exosome gene expression assay to predict high-grade prostate cancer at initial biopsy. JAMA Oncol. 2 (7), 882–889. doi:10.1001/jamaoncol.2016.0097

	Melo, S. A., Luecke, L. B., Kahlert, C., Fernandez, A. F., Gammon, S. T., Kaye, J., et al. (2015). Glypican-1 identifies cancer exosomes and detects early pancreatic cancer. Nature 523 (7559), 177–182. doi:10.1038/nature14581

	Meng, Y., Zhang, Y., Buhler, M., Wang, S., Asghari, M., Sturchler, A., et al. (2023). Direct isolation of small extracellular vesicles from human blood using viscoelastic microfluidics. Sci. Adv. 9 (40), eadi5296. doi:10.1126/sciadv.adi5296

	Miceli, R. T., Chen, T. Y., Nose, Y., Tichkule, S., Brown, B., Fullard, J. F., et al. (2024). Extracellular vesicles, RNA sequencing, and bioinformatic analyses: challenges, solutions, and recommendations. J. Extracell. Vesicles 13 (12), e70005. doi:10.1002/jev2.70005

	Mobarrez, F., Vikerfors, A., Gustafsson, J. T., Gunnarsson, I., Zickert, A., Larsson, A., et al. (2016). Microparticles in the blood of patients with systemic lupus erythematosus (SLE): phenotypic characterization and clinical associations. Sci. Rep. 6, 36025. doi:10.1038/srep36025

	Nakamura, K., Zhu, Z., Roy, S., Jun, E., Han, H., Munoz, R. M., et al. (2022). An exosome-based transcriptomic signature for noninvasive, early detection of patients with pancreatic ductal adenocarcinoma: a multicenter cohort study. Gastroenterology 163 (5), 1252–1266 e2. doi:10.1053/j.gastro.2022.06.090

	Nantakomol, D., Dondorp, A. M., Krudsood, S., Udomsangpetch, R., Pattanapanyasat, K., Combes, V., et al. (2011). Circulating red cell-derived microparticles in human malaria. J. Infect. Dis. 203 (5), 700–706. doi:10.1093/infdis/jiq104

	Optical microscopy and transcriptomics reveal the origins of fluorescence in glioma surgery. Nat. Biomed. Eng. 8 (6), 670–671.

	Ostrowski, M., Carmo, N. B., Krumeich, S., Fanget, I., Raposo, G., Savina, A., et al. (2010). Rab27a and Rab27b control different steps of the exosome secretion pathway. Nat. Cell Biol. 12 (1), 19–13. doi:10.1038/ncb2000

	Pan, S., Zhang, Y., Natalia, A., Lim, C. Z. J., Ho, N. R. Y., Chowbay, B., et al. (2021). Extracellular vesicle drug occupancy enables real-time monitoring of targeted cancer therapy. Nat. Nanotechnol. 16 (6), 734–742. doi:10.1038/s41565-021-00872-w

	Park, S. H., Lee, E. K., Yim, J., Lee, M. H., Lee, E., Lee, Y. S., et al. (2023). Exosomes: nomenclature, isolation, and biological roles in liver diseases. Biomol. Ther. Seoul. 31 (3), 253–263. doi:10.4062/biomolther.2022.161

	Parker, B., Al-Husain, A., Pemberton, P., Yates, A. P., Ho, P., Gorodkin, R., et al. (2014). Suppression of inflammation reduces endothelial microparticles in active systemic lupus erythematosus. Ann. Rheum. Dis. 73 (6), 1144–1150. doi:10.1136/annrheumdis-2012-203028

	Peng, Q., Zhang, J., and Zhou, G. (2018). Differentially circulating exosomal microRNAs expression profiling in oral lichen planus. Am. J. Transl. Res. 10 (9), 2848–2858.

	Pham, L. H. P., Chang, C. F., Tuchez, K., Liu, F., and Chen, Y. (2024). Assessing Alzheimer's disease via plasma extracellular vesicle-derived mRNA. Alzheimers Dement. (Amst) 16 (3), e70006. doi:10.1002/dad2.70006

	Qu, Y., Bai, Y., Wu, Z., Yang, D., Liu, H., and Mao, H. (2023). Non-invasive detection of tumor markers in salivary extracellular vesicles based on digital PCR chips. Clin. Chim. Acta 548, 117488. doi:10.1016/j.cca.2023.117488

	Raineri, D., De Marchi, F., Vilardo, B., Barbero Mazzucca, C., Scotti, L., Kustrimovic, N., et al. (2024). Circulating GLAST(+) EVs are increased in amyotrophic lateral sclerosis. Front. Mol. Biosci. 11, 1507498. doi:10.3389/fmolb.2024.1507498

	Ramesh, D., Bakkannavar, S., Bhat, V. R., and Sharan, K. (2023). Extracellular vesicles as novel drug delivery systems to target cancer and other diseases: recent advancements and future perspectives. F1000Res 12, 329. doi:10.12688/f1000research.132186.1

	Reithmair, M., Lindemann, A., Mussack, V., and Pfaffl, M. W. (2022). Isolation and characterization of urinary extracellular vesicles for microRNA biomarker signature development with reference to MISEV compliance. Methods Mol. Biol. 2504, 113–133. doi:10.1007/978-1-0716-2341-1_9

	Ren, L., Zhang, D., Pang, L., and Liu, S. (2024). Extracellular vesicles for cancer therapy: potential, progress, and clinical challenges. Front. Bioeng. Biotechnol. 12, 1476737. doi:10.3389/fbioe.2024.1476737

	Royo, F., Thery, C., Falcon-Perez, J. M., Nieuwland, R., and Witwer, K. W. (2020). Methods for separation and characterization of extracellular vesicles: results of a worldwide survey performed by the ISEV rigor and standardization subcommittee. Cells 9 (9), 1955. doi:10.3390/cells9091955

	Salunkhe, S., Basak, M., Chitkara, D., and Mittal, A. (2020). Surface functionalization of exosomes for target-specific delivery and in vivo imaging and tracking: strategies and significance. J. Control Release 326, 599–614. doi:10.1016/j.jconrel.2020.07.042

	Sanchez-Manas, J. M., Perez de Gracia, N., Perales, S., Martinez-Galan, J., Torres, C., and Real, P. J. (2024). Potential clinical applications of extracellular vesicles in pancreatic cancer: exploring untapped opportunities from biomarkers to novel therapeutic approaches. Extracell. Vesicles Circ. Nucl. Acids 5 (2), 180–200. doi:10.20517/evcna.2023.68

	Schneider, S. R., Muller, J., Bauer, M., Mayer, L., Luond, L., Ulrich, T., et al. (2024). Overnight exposure to high altitude in pulmonary hypertension: adverse events and effect of oxygen therapy. Eur. Heart J. 45 (4), 309–311. doi:10.1093/eurheartj/ehad789

	Serrati, S., Guida, M., Di Fonte, R., De Summa, S., Strippoli, S., Iacobazzi, R. M., et al. (2022). Circulating extracellular vesicles expressing PD1 and PD-L1 predict response and mediate resistance to checkpoint inhibitors immunotherapy in metastatic melanoma. Mol. Cancer 21 (1), 20. doi:10.1186/s12943-021-01490-9

	Shao, H., Im, H., Castro, C. M., Breakefield, X., Weissleder, R., and Lee, H. (2018). New technologies for analysis of extracellular vesicles. Chem. Rev. 118 (4), 1917–1950. doi:10.1021/acs.chemrev.7b00534

	Sinning, J. M., Losch, J., Walenta, K., Bohm, M., Nickenig, G., and Werner, N. (2011). Circulating CD31+/Annexin V+ microparticles correlate with cardiovascular outcomes. Eur. Heart J. 32 (16), 2034–2041. doi:10.1093/eurheartj/ehq478

	Song, J., Zhou, D., Cui, L., Wu, C., Jia, L., Wang, M., et al. (2024). Advancing stroke therapy: innovative approaches with stem cell-derived extracellular vesicles. Cell Commun. Signal 22 (1), 369. doi:10.1186/s12964-024-01752-1

	Stevic, I., Buescher, G., and Ricklefs, F. L. (2020). Monitoring therapy efficiency in cancer through extracellular vesicles. Cells 9 (1), 130. doi:10.3390/cells9010130

	Su, J., Li, J., Yu, Q., Wang, J., Li, X., Yang, J., et al. (2020). Exosomal miRNAs as potential biomarkers for acute myocardial infarction. IUBMB life 72 (3), 384–400. doi:10.1002/iub.2189

	Su, X., Shan, Z., and Duan, S. (2024). Harnessing extracellular vesicles using liquid biopsy for cancer diagnosis and monitoring: highlights from AACR annual meeting 2024. J. Hematol. Oncol. 17 (1), 55. doi:10.1186/s13045-024-01577-y

	Tang, H., Hu, Y., and Deng, J. (2023). Extracellular vesicles and hypertension. Adv. Exp. Med. Biol. 1418, 69–80. doi:10.1007/978-981-99-1443-2_5

	Thery, C., Witwer, K. W., Aikawa, E., Alcaraz, M. J., Anderson, J. D., Andriantsitohaina, R., et al. (2018). Minimal information for studies of extracellular vesicles 2018 (MISEV2018): a position statement of the International Society for Extracellular Vesicles and update of the MISEV2014 guidelines. J. Extracell. Vesicles 7 (1), 1535750. doi:10.1080/20013078.2018.1535750

	Trubiani, O., Marconi, G. D., Pierdomenico, S. D., Piattelli, A., Diomede, F., and Pizzicannella, J. (2019). Human oral stem cells, biomaterials and extracellular vesicles: a promising tool in bone tissue repair. Int. J. Mol. Sci. 20 (20), 4987. doi:10.3390/ijms20204987

	Urabe, F., Kosaka, N., Ito, K., Kimura, T., Egawa, S., and Ochiya, T. (2020). Extracellular vesicles as biomarkers and therapeutic targets for cancer. Am. J. Physiol. Cell Physiol. 318 (1), C29–C39. doi:10.1152/ajpcell.00280.2019

	van Niel, G., D’Angelo, G., and Raposo, G. (2018). Shedding light on the cell biology of extracellular vesicles. Nat. Rev. Mol. Cell Biol. 19 (4), 213–228. doi:10.1038/nrm.2017.125

	Vogel, R., Savage, J., Muzard, J., Camera, G. D., Vella, G., Law, A., et al. (2021). Measuring particle concentration of multimodal synthetic reference materials and extracellular vesicles with orthogonal techniques: who is up to the challenge?J. Extracell. Vesicles 10 (3), e12052. doi:10.1002/jev2.12052

	Vydrar, D., Snopkova, S., and Husa, P. (2023). Extracellular vesicles in infectious diseases - importance and perspectives. Epidemiol. Mikrobiol. Imunol. 72 (3), 164–171.

	Wang, X., Zhao, X., Zhong, Y., Shen, J., and An, W. (2022). Biomimetic exosomes: a new generation of drug delivery system. Front. Bioeng. Biotechnol. 10, 865682. doi:10.3389/fbioe.2022.865682

	Wang, C., Yang, Y., Zhang, X., Shi, Z., Gao, H., Zhong, M., et al. (2023). Secreted endogenous macrosomes reduce Aβ burden and ameliorate Alzheimer’s disease. Sci. Adv. 9 (21), eade0293. doi:10.1126/sciadv.ade0293

	Wang, C. K., Tsai, T. H., and Lee, C. H. (2024). Regulation of exosomes as biologic medicines: regulatory challenges faced in exosome development and manufacturing processes. Clin. Transl. Sci. 17 (8), e13904. doi:10.1111/cts.13904

	Wang, J., Li, Y., Wang, Y., Wang, G., Zhao, C., Zhang, Y., et al. (2025). Comparison of protein solubilization and normalization methods for proteomics analysis of extracellular vesicles from urine. J. Proteome Res. 24 (5), 2430–2442. doi:10.1021/acs.jproteome.4c01085

	Welsh, J. A., Goberdhan, D. C. I., O'Driscoll, L., Buzas, E. I., Blenkiron, C., Bussolati, B., et al. (2024). Minimal information for studies of extracellular vesicles (MISEV2023): from basic to advanced approaches. J. Extracell. Vesicles 13 (2), e12404. doi:10.1002/jev2.12404

	Wiersema, A. F., Rennenberg, A., Smith, G., Varderidou-Minasian, S., and Pasterkamp, R. J. (2024). Shared and distinct changes in the molecular cargo of extracellular vesicles in different neurodegenerative diseases. Cell Mol. Life Sci. 81 (1), 479. doi:10.1007/s00018-024-05522-7

	Xiong, Q., Bai, Y., Shi, R., Wang, J., Xu, W., Zhang, M., et al. (2021). Preferentially released miR-122 from cyclodextrin-based star copolymer nanoparticle enhances hepatoma chemotherapy by apoptosis induction and cytotoxics efflux inhibition. Bioact. Mater. 6 (11), 3744–3755. doi:10.1016/j.bioactmat.2021.03.026

	Xu, F., Wang, K., Zhu, C., Fan, L., Zhu, Y., Wang, J. F., et al. (2024). Tumor-derived extracellular vesicles as a biomarker for breast cancer diagnosis and metastasis monitoring. iScience 27 (4), 109506. doi:10.1016/j.isci.2024.109506

	Yin, H., Xie, J., Xing, S., Lu, X., Yu, Y., Ren, Y., et al. (2024). Machine learning-based analysis identifies and validates serum exosomal proteomic signatures for the diagnosis of colorectal cancer. Cell Rep. Med. 5 (8), 101689. doi:10.1016/j.xcrm.2024.101689

	Yokoi, K., Wang, J., Yoshioka, Y., Fujisawa, Y., Fujimoto, M., Ochiya, T., et al. (2025). Novel detection and clinical utility of serum-derived extracellular vesicle in angiosarcoma. Acta Derm. Venereol. 105, adv40902. doi:10.2340/actadv.v105.40902

	Yoon, H., Kim, N. E., Park, J., Shin, C. M., Kim, N., Lee, D. H., et al. (2023). Analysis of the gut microbiome using extracellular vesicles in the urine of patients with colorectal cancer. Korean J. Intern Med. 38 (1), 27–38. doi:10.3904/kjim.2022.112

	Youssef, E., Palmer, D., Fletcher, B., and Vaughn, R. (2025). Exosomes in precision oncology and beyond: from bench to bedside in diagnostics and therapeutics. Cancers (Basel) 17 (6), 940. doi:10.3390/cancers17060940

	Yu, D., Li, Y., Wang, M., Gu, J., Xu, W., Cai, H., et al. (2022). Exosomes as a new frontier of cancer liquid biopsy. Mol. Cancer 21 (1), 56. doi:10.1186/s12943-022-01509-9

	Yu, X., Huang, Y., and Li, C. (2025). Roles and potential mechanisms of endothelial cell-derived extracellular vesicles in ischemic stroke. Transl. Stroke Res. 16, 1836–1849. doi:10.1007/s12975-025-01334-4

	Zhang, L., and Yu, D. (2019). Exosomes in cancer development, metastasis, and immunity. Biochim. Biophys. Acta Rev. Cancer 1871 (2), 455–468. doi:10.1016/j.bbcan.2019.04.004

	Zhang, B., Zhao, M., and Lu, Q. (2020). Extracellular vesicles in rheumatoid arthritis and systemic lupus erythematosus: functions and applications. Front. Immunol. 11, 575712. doi:10.3389/fimmu.2020.575712

	Zhang, Q., Jeppesen, D. K., Higginbotham, J. N., Franklin, J. L., and Coffey, R. J. (2023a). Comprehensive isolation of extracellular vesicles and nanoparticles. Nat. Protoc. 18 (5), 1462–1487. doi:10.1038/s41596-023-00811-0

	Zhang, N., Shu, L., Liu, Z., Shi, A., Zhao, L., Huang, S., et al. (2023b). The role of extracellular vesicles in cholangiocarcinoma tumor microenvironment. Front. Pharmacol. 14, 1336685. doi:10.3389/fphar.2023.1336685

	Zhang, Z., Yu, K., You, Y., Jiang, P., Wu, Z., DeTure, M. A., et al. (2023c). Comprehensive characterization of human brain-derived extracellular vesicles using multiple isolation methods: implications for diagnostic and therapeutic applications. J. Extracell. Vesicles 12 (8), e12358. doi:10.1002/jev2.12358

	Zhang, Y., Sun, B., Yu, Y., Lu, J., Lou, Y., Qian, F., et al. (2024). Multimodal fusion of liquid biopsy and CT enhances differential diagnosis of early-stage lung adenocarcinoma. NPJ Precis. Oncol. 8 (1), 50. doi:10.1038/s41698-024-00551-8

	Zhu, X., Ma, D., Yang, B., An, Q., Zhao, J., Gao, X., et al. (2023). Research progress of engineered mesenchymal stem cells and their derived exosomes and their application in autoimmune/inflammatory diseases. Stem Cell Res. Ther. 14 (1), 71. doi:10.1186/s13287-023-03295-7


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
Copyright © 2025 Wang, Liu, Zhao, Shen, Jin, Rao and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fcell-13-1709461-g003.jpg
EVs in cancer EVs in Neurodegenerative diseases EVs in cardiovascular disease

Cancer cell Neuron

®

\L Injured endothelial
Evs & ® ® l

Evs @ @ ‘ { .'ﬂq‘“

Evs

iﬁ%ﬁ%

Parkinson's  Alzheimer's Neuroinflammation Myocardial Ischemic Angiogenesis
infarction stroke

* ‘*’
Cell proliferation &

Metastasis m

Prostate cancer Lung cancer Pancreatic cancer





OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		Extracellular vesicles in laboratory medicine: a review and outlook		1 INTRODUCTION

		2 CLASSIFICATION AND CHARACTERISTICS OF EXTRACELLULAR VESICLES

		3 APPLICATIONS OF EXTRACELLULAR VESICLES IN DISEASE DIAGNOSIS

		4 THE ROLE OF EXTRACELLULAR VESICLES IN PROGNOSTIC ASSESSMENT

		5 THE POTENTIAL OF EXTRACELLULAR VESICLES IN TREATMENT MONITORING

		6 CHALLENGES OF EVS IN THE FIELD OF LABORATORY MEDICINE

		7 THE DEVELOPMENT TREND OF EVS IN THE FIELD OF LABORATORY MEDICINE

		8 FUTURE PERSPECTIVES

		AUTHOR CONTRIBUTIONS

		FUNDING

		CONFLICT OF INTEREST

		GENERATIVE AI STATEMENT

		REFERENCES









OPS/images/cover.jpg
& frontiers | Frontiers in Cell and Developmental Biology






OPS/images/fcell-13-1709461-g001.jpg
Early endosome
Endocytosis

= 4

Endoplasmic
reticulum

Endocytosis

Lysosome

’O@
Autop agsome

Cell surface —/ Apoptotic
proteins sEVs bodies

(
) Outward
budding

Q7

Microvesicles





OPS/images/fcell-13-1709461-g002.jpg
Tumor

Autoimmune

e

> _ diseases
Y
Evs g
Proteins, nucleic e
acids, lipids, etc Biomarker Infectious

diseases, etc










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers ‘ Frontiers in Cell and Developmental Biology





