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Figure 2 Methods for separating EV subpopulations based on microfluidic chips. (a) EV purification system using the EV Click Chip™*?. Copyright ©

2020 Springer. (b) Nanorod-integrated microfluidic chip®*!. Copyright

© 2024 Wiley-VCH GmbH. (c) Novel microfluidic chip featuring integrated

silicon sea anemone structures®*. Copyright © 2025 Wiley-VCH GmbH
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Figure 3 Rapid EV separation methods that do not rely on complex equipment. (a) A rapid EV enrichment method that combines DSPE-PEG1000-
TCO lipid probes with Click Beads™”. Copyright © 2022 Wiley-VCH GmbH. (b) Detection of surface proteins on EVs from pancreatic ductal
adenocarcinoma for non-invasive detection of early PDAC?*, Copyright © 2025 Wiley-VCH GmbH. (c) Detection of surface protein markers on EVs
from epithelial ovarian cancer for non-invasive diagnosis of early EOC!. Copyright © 2025 Elsevier
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Figure 4 Analysis of EV surface proteins based on immuno-PCR™. Copyright © 2023 American Association for the Study of Liver Diseases
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Figure 5 EV mRNA analysis. (a) ddPCR detection of 10 HCC-specific mRNA molecules®?!. Copyright © 2020 Springer. (b) ddPCR detection of 11
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Figure 6 Performance of EV molecular analysis in the early diagnosis of tumors. (a) EOC EV SPRI Score for detecting EOC in the training cohort and
EOC EV SPRI Score for distinguishing EOC from BOM and HD controls in the validation cohort!. Copyright © 2025 Elsevier. (b) Diagnostic
performance of PDAC EV Score for distinguishing PDAC patients from noncancer controls in the training cohort and PDAC EV Score for
distinguishing PDAC patients from noncancer controls in the validation cohort!. Copyright © 2025 Wiley-VCH GmbH
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Figure 7 Performance of EV molecular analysis in monitoring tumor treatment outcomes. (a) Plots of EWS/FLI-1 mRNA copies (per 1.0 mL blood)
versus times of the assay depicting the slow disease progression of an Ewing sarcoma patient (ES07). Positron emission tomography-computed
tomography (PET/CT) images taken before and 164 days after treatment”’. (b) A plot of copies of EWS/FLI-1 mRNA versus time depicting the fast
disease progression of an Ewing sarcoma patient (ES08). CT images taken before, at 19 days, and 51 days post-treatment”. (c) Plots of total KRAS
mutation transcript copies (per 1.0 mL blood) and CA19-9 levels (U/mL) versus time of the assay depict the treatment response of a pancreatic cancer
patient (PanC03). Computed tomography (CT) images taken 19 days before, 84 days, and 210 days after treatment™™. Copyright © 2022 Wiley-VCH
GmbH. (d) Patient undergoing metastasis-directed therapy via stereotactic radiotherapy without subsequent benefit®. (e) Patient with clinical response

to intensified androgen deprivation therapy™. (f) Patient with suspected progression by radiograph and symptoms later found to be erroneous™.
Copyright © 2023 Elsevier
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Extracellular vesicles (EVs) are lipid bilayer-enclosed nanoscale particles released by almost all cell types into the
extracellular environment. By carrying proteins, nucleic acids, lipids, metabolites and other bioactive molecules from their
parental cells, EVs mediate intercellular communication and reflect the molecular status of their cells of origin. Tumor-
derived EVs are involved in tumor initiation, progression, invasion, metastasis, immune regulation and remodeling of the
tumor microenvironment. Owing to their stability in peripheral blood and other body fluids, tumor EVs have emerged as
promising biomarkers for liquid biopsy and precision oncology. Molecular analysis of tumor EVs provides new
opportunities for non-invasive cancer diagnosis, therapeutic response monitoring, prognosis assessment and dynamic
disecase management.

Despite this potential, the clinical application of EV-based liquid biopsy remains challenging. Tumor-derived EVs are
usually present at low abundance in complex biofluids, where they coexist with abundant non-tumor EVs, lipoproteins,
soluble proteins, nucleic acid-protein complexes and other background components. In addition, EVs are highly
heterogeneous in size, biogenesis, molecular composition and cellular origin, making it difficult to capture tumor-specific
signals using conventional bulk analysis. Therefore, efficient EV isolation, enrichment of tumor-associated EV
subpopulations, sensitive molecular detection and standardized quality control are essential for improving the analytical
performance and clinical reliability of EV-based assays. In recent years, our group has investigated key technologies for
tumor EV molecular analysis, focusing on EV separation and purification, surface protein profiling, nucleic acid biomarker
detection and clinical application in cancer diagnosis and monitoring. We developed affinity-based and micro/nano-
engineered strategies to enrich tumor-associated EVs from complex clinical samples and established sensitive assays for
detecting EV surface proteins and intravesicular nucleic acids. By integrating EV protein and nucleic acid information with
statistical modeling and machine learning, we further constructed diagnostic and monitoring models for different tumor
types. These studies demonstrate that EV molecular signatures can be transformed into quantitative and interpretable
clinical indicators, supporting early cancer detection, treatment response evaluation and prognosis prediction.

This review summarizes recent advances in molecular analysis of tumor EVs, with emphasis on representative studies
from our group and related progress in the field. We first discuss major strategies for EV isolation and purification,
followed by analytical approaches for EV surface proteins and nucleic acids. We then describe the application of EV
molecular analysis in cancer precision medicine, particularly early diagnosis and therapeutic monitoring. In addition, we
compare emerging platforms such as single-EV analysis, multi-omics profiling and clinically oriented EV detection
systems, and discuss their advantages, limitations and translational challenges. Finally, we highlight the importance of
standardized workflows, quality control, biomarker integration and multicenter clinical validation. Continued development
of clinically compatible EV molecular analysis technologies is expected to promote the translation of EV liquid biopsy into
practical tools for precision cancer diagnosis and management.

extracellular vesicles, isolation and purification, molecular analysis, early cancer diagnosis, treatment monitoring
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