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Abstract
Background: Liquid biopsy, analyzing the expression and variation of circulating tumor cell (CTC) or circulating tumor nucleic
acid genes in peripheral blood, can obtain the information of tumorigenesis, metastasis and treatment, which has a potentially
broader and complementary applications in the precision cancer medicine. Small vesicles, like exosomes which belongs to
extracellular vesicles (EVs), which released by living cells into the vicinal surrounding biofluids, especially cells from carcinoma.
Tumor-derived materials were contained by exosomes, totally including proteins, nucleic acid genes, and lipid, etcetera for
instance metabolites. Besides, molecules which were synchronously belongings and carried on exosomal surface can tolerable
provides crucial clues regarding their origin. Thus, classified the types of vesicles and enrich features from tissue-specific sources
become presumably achieved. Therefore, exosomes and other EVs have emerged as a liquid biopsy platform for early screening
and diagnosis of cancers, which constantaneously carry-over multitudinous surface molecules also throw clues regarding their
origin. It is feasible to sort vesicles types, intake with approach channel to enrich the characteristics from tissue-specific origin.
Based on the property that exosomes are remarkably stable in body fluids, which can amenity gathered in plasma or urine, it can
be used for meticulous clinical evaluation particularly in the early stages of carcinoma. Therefore, exosomes have aroused
immense interest in the study of biomarkers. Conclusions and Perspectives: This review aims to summarize the potential
exosomal biomarkers especially exosomal miRNAs for exosome-based liquid biopsy in early screening and diagnostic of
cancers, including lung cancer, breast cancer (BC), kidney cancer, prostate cancer (PCa), colorectal cancer (CRC), and
summarizes the traditional and novel technologies for isolating exosomes and for detecting exosomal-based biomarkers,
including exosomal proteins and exosomal nucleic acids. Finally, the limitations and prospects of exosome-based liquid biopsy in
the early screening and diagnosis of cancers were discussed briefly.
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Introduction
The concept of liquid biopsy was developed for circulating
tumor cell (CTC) more than 10 years ago.1,2 Liquid biopsy has
become a new method of collecting biomarkers from body
fluids, for instance, blood, urine, and cerebrospinal fluid.
Shortly afterward, researchers promptly extended this technique
to circulating tumor DNA (ctDNA),3 and other tumor-
associated products, such as circulating cell-free RNA,4,5 be-
sides tumor-educated platelets.6 Liquid biopsy has emerged as a
prominent research focus in molecular biology due to its sig-
nificant advantages as a minimally invasive diagnostic modality
with high analytical accuracy. This innovative approach enables
real-time monitoring of circulating biomarkers through ad-
vanced genomic and proteomic profiling techniques, offering
substantial clinical potential for early disease detection and
personalized therapeutic interventions.

Different types of nanoscale sized exosomes that are con-
tinuously released by viable cell which belong to EVs in various
ways, for instance, exosomes can actively releasing through
plasmamembrane fusion through extracellular interactions with
vesicular vesicles, or by the cell surface germinated micro
cytoplasmic protrusion. The average diameter of an exosome is
between 30 and 200 nm, making them a nanoparticle.7–9

Various therapeutically relevant diagnostic options exist due

to the rich chemistry of exosomes, which include proteins,
nucleic acids, lipids, oligosaccharides, and metabolites.10 There
is a real possibility that exosomes may be used for cancer
screening and early diagnosis because of the information they
disclosed about viable tumor cells. A cancer cell may release
approximately 20 000 of these vesicles within about 48 hours.11

The transportation mechanism has the potential to carry a di-
verse range of biomarkers that originate from the tumor or
tumorigenic process. Exosomes have the capability to expedite
the proliferation of tumor cells, stimulate the formation of new
blood vessels (angiogenesis), facilitate the migration of tumor
cells, impede the immune response, and facilitate the devel-
opment of metastases. These aforementioned characteristics are
recognized as key indicators of malignant cellular behavior.12

These findings lead to the orientation of becoming a new ap-
proach for monitoring cancer biomarkers.

Using the existing medical technology to identify optimal
tools for early-stage tumor diagnosis while reducing diag-
nostic harm is a crucial challenge.13,14 With superior sensi-
tivity for early disease detection and exceptional biomarker
stability, exosome-based liquid biopsy emerges as an ideal
approach satisfying these critical diagnostic needs.15 This
review describes tumor-related exosomal biomarkers in sev-
eral common cancers, including lung cancer, breast cancer

Figure 1. Exosome-Based Liquid Biopsy for Several Common Cancers. Tumor-Related Exosomal Biomarkers can be Detected in Body Fluid
(Plasma, Serum, Pleural Fluid, Semen, Urine) Using Exosome-Based Liquid Biopsy Techniques.
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(BC), kidney cancer, prostate cancer (PCa), and colorectal
cancer (CRC), using exosome-based liquid biopsy techniques
(Figure 1). We further explore their clinical prospects and
summarize the technologies for isolating exosomes and de-
tecting exosomal-based biomarkers. Finally, the limitations
and prospects of exosome-based liquid biopsy in the early
screening and diagnosis of cancers are discussed.

Exosomal Biomarkers in Cancers

Lung Cancer

According to global statistics, the frequency of lung cancer is
the highest amongst cancer subtypes.16,17 In the year 2022,
lung cancer constitutes 12% of newly diagnosed cancer cases.
Furthermore, it is noteworthy that lung cancer has the highest
fatality rate among both males and females, accounting for
21% of all cancer-related deaths.18 Earlier detection and di-
agnosis of lung cancer in high-risk populations is crucial and
has a non-negligible effect on lung cancer outcomes. The
implementation of timely identification and assessment leads
to a notable enhancement in the 5-year relative survival rates.
Specifically, the survival rate escalates from a mere 6% for
cases diagnosed at an advanced stage to 33% for those de-
tected at a regional stage, and further rises to 60% for those
diagnosed with localized-stage illness.18 This intervention has
the potential to greatly enhance the likelihood of survival in

individuals diagnosed with lung cancer. Recent research has
shown that exosomal biomarkers play a pivotal role in fa-
cilitating the transmission of information between cells af-
fected by lung cancer and neighboring cells.19 Exosomes can
thus be used for early diagnosis. Understanding exosomes and
their biomarkers may be the key to understanding lung cancer.
Exosomes and their biomarkers play an important role as
mediators for intercellular information exchange between lung
cancer cells and other cells, and may become important tools
for the detection and early diagnosis of lung cancer.20

As a vehicle for information exchange between cells of
lung cancer with others, exosomal miRNAs occupy an im-
portant position, while exosomes have a momentous role in
the tumor pathological process.19 A report revealed that
exosomal miRNAs miR-96 were of potential diagnostic value
in lung cancer patients (Table 1).21 Meanwhile, exosomal
miR-23a has been identified as a possible biomarker for lung
cancer diagnosis.22 Moreover, exosomal miRNAs (miR-200a-
3p, miR-200b-3p, miR-200c-3p, miR-203a-3p, miR-375,
miR-429, and miR-483-5p) favored the diagnosis of lung
cancer over lung adenocarcinoma (APE) and other benign
lesions (NPE) in pleural fluid.23 These exosomal miRNAs can
be extracted using deep sequencing, and separated by a
common method such as quantitative reverse transcription
polymerase chain reaction (qRT-PCR).

Lung cancer is mainly divided into two types: small-cell
lung cancer, or another types of non-small cell lung cancer

Table 1. Lung Cancer Potential Biomarkers in Clinical Practice.

Exosomal biomarkers Biopsy material Exosomal contents Clinical practice Reference

miR-23a Serum miRNAs Identify lung cancer with healthy people 21,22

miR-96
miR-141-3p Pleural fluid miRNAs Identify lung cancer with APE and NPE 23

miR-200a-3p
miR-200b-3p
miR-200c-3p
miR-203a-3p
miR-205-5p
miR-375
miR-429
miR-483-5p
miR-181a-5p miR-574-5p Plasma miRNAs Detect and monitor NSCLC 26

circSATB2 Serum circRNAs Detect NSCLC 30

miR-30a-3p Plasma miRNAs Detect LUAD 32,33

miR-30e-3p
miR-181-5p
miR-361-5p
miR-19b-3p
miR-21-5p
miR-221-3p
miR-10b-5p Plasma miRNAs Detect SCC 33

miR-15b-5p
miR-320b
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(NSCLC),24 which as an important protagonist and with the
accounts for approximately 85% of all lung cancer types.25 A
study analyzing the dynamic profiles of plasma exosomal
miRNAs in advanced NSCLC patients treated with nivolumab
identified that baseline miR-181a-5p and miR-574-5p, com-
bined with performance status, effectively stratified patients
into distinct prognostic groups (median overall survival of
4 months vs over 9 months), establishing a clinical prognostic
stratification model incorporating exosomal miRNAs. Further
investigation revealed six dynamically regulated exosomal
miRNAs (including miR-19a-3p, miR-1260a, miR-1260b,
and others) in responding patients, which exhibited significant
downregulation during early treatment cycles and sustained
suppression for over 6 months, suggesting their potential as
real-time diagnostic and therapeutic monitoring biomarkers.26

A noteworthy study focusing on early-stage NSCLC and its
histologic heterogeneity recently reported that four exosomal
miRNAs (miR-let-7b-5p, miR-let-7e-5p, miR-23a-3p, and
miR-486-5p) were promising diagnostic markers of stage I
NSCLC, with sensitivity and specificity values of 80.5% and
92.31%, respectively.27 At present, therapeutic drugs show
positive effects on NSCLC patients with mutant epidermal
growth factor receptor (EGFR) expression, whereas a lower
beneficial effect is generally noted on NSCLC patients ex-
pressing wild-type EGFR.28,29 Therefore, new detection
methods must be identified for the accurate clinical diagnosis
of NSCLC. Similar to exosomal miRNAs, exosomal circR-
NAs are expected to act as effective non-invasive biomarkers
for liquid biopsy-based early diagnosis of NSCLC.
CircSATB2 was highly expressed in NSCLC cells and serum
exosomes from lung cancer patients and exhibited high
sensitivity and specificity for clinical detection, which indi-
cated that circSATB2 may be a potential biomarker for
NSCLC diagnosis.30

Both lung adenocarcinoma (LUAD) and lung squamous
cell carcinoma (SCC) manifest as distinct molecular subtypes
within the heterogeneous spectrum of NSCLC, exhibiting
divergent genomic landscapes and therapeutic vulnerabilities.24,31

Clinically actionable extracellular miRNAs, particularly those
differentially packaged in tumor-derived exosomes, function
as subtype-specific biomarkers in discriminating LUAD and
SCC. Further studies have conducts research and analysis to
identify plasma exosomal miRNAs (miR-19b-3p, miR-21-5p,
miR-221-3p) were up-regulated with the expression profiling
was performed using exiqon panels, which means they can
identified to the detection of the potential biomarkers for
LUAD diagnosis.32 Using qRT-PCR in the screening phase
and followed by verification (30 LUAD VS. 10 healthy
controls (HCs). Meanwhile, in another study, tumor-derived
exosomes were isolated from the plasma of early-stage
NSCLC patients (46 stage I NSCLC patients and 42 HCs)
to identify and validate miRNAs which is LUAD- or SCC-
specific. According to the results, plasma exosomal miRNAs
(miR-30a-3p, miR-30e-3p, miR-181-5p, and miR-361-5p)
were LUAD-specific, while plasma miRNAs (miR-10b-5p,

miR-15b-5p, and miR-320b) were SCC-specific.33 These
findings indicated that the detection of exosomal biomarkers,
especially exosomal nucleic acids, can be a new early
screening entry for the lung cancer. Exosome-based liquid
biopsy has the potential to assist in diagnosis of the lung
cancer pathological classification, and provide assistance for
non-invasive personalized diagnosis and treatment.

In lung cancer, tumor cells can transmit oncogenic sig-
naling molecules through exosomes, which reflect the actively
secreted molecular profiles of tumor cells and reveal real-time
biological behaviors. The core challenge in the clinical
translation of exosome-based liquid biopsy for lung cancer lies
in the subpopulation heterogeneity of tumor-derived exo-
somes, necessitating the development of multi-marker panels
to address variability. Machine learning models (such as
random forest) can enhance classification accuracy by inte-
grating exosomal miRNA, proteomic data, and clinical pa-
rameters. Additionally, comprehensive exosome-based
integrative analyses, like combining exosomal RNA, ctDNA,
and CTCs, may enable the construction of molecular sub-
typing models of lung cancer diagnosis.

Breast Cancer

Globally, BC remains one of the leading causes of cancer-
related mortality among women, based on 2024 epidemiolog-
ical data.16 Female BC incidence rates have been increasing at a
low rate of approximately 0.5% per year since the mid-2000s.18

Regarding earlier detection and diagnosis of BC, mammog-
raphy is the established gold standard for BC screening in
clinical practice.34 While debates persist regarding the hy-
pothesized association between mammography screening and
reported increases in BC incidence rates, this contention has
prompted emerging research efforts to identify exosomal bio-
markers capable of improving early detection of BC.

Multiple studies have substantiated the presence of exo-
somal biomarkers in individuals with BC as well as in those
who are in a healthy state. A significant link was observed
between the amounts of glutamine and aspartic acid in BC
cells, hence enabling the differentiation of BC patients from
individuals in HCs (Table 2).35 Furthermore, three exosomal
membrane/surface proteins were identified as potential BC
biomarkers, namely glucose transporter 1 (GLUT-1), glypican
1 (GPC-1), and a disintegrin and metalloproteinase domain-
containing protein 10 (ADAM10), which were validated
through western blotting (WB) and high-resolution flow cy-
tometry.36 Circulating exosomal miRNAs (miR-1246, miR-
15537) were particularly found to exhibit a significant as-
cension in BC patients compared with HCs, this findings
establish circulating exosomal miR-1246 and miR-155 as
clinically relevant non-invasive biomarkers, demonstrating
robust differential expression patterns that effectively stratify
HER2-positive breast cancer patients by trastuzumab treat-
ment response.
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An elevation in the levels of serum exosomal miRNAs
(miR-21-5p, miR-23a-3p) were founded to distinguish early
and advanced BC cases, which are useful for detecting early-
stage BC.38 The study results suggest that exosomal miRNAs
can be used as potential biomarkers for early BC diagnosis,
thereby overcoming the limitations of mammography when
used as a diagnostic technique auxiliary to mammography.

To date, exosomal miRNAs significant for BC diagnosis,
including for the differentiation of tumor subtypes, have been
established. One investigation showed that miR-93 can be
used for the early diagnosis of ductal carcinoma in situ
(DCIS),39,40 as patients diagnosed preoperatively with DCIS
of BC may develop invasive ductal carcinoma. Thus, applying
exosomal miRNAs as BC malignancy diagnostic indicators is
challenging and needs further exploration. Additionally, one
study employed untargeted lipidomic profiling to reveal that
breast cancer-derived EVs are specifically enriched in
sphingolipids and glycerophospholipids, enabling accurate
discrimination between cancerous/normal cells and their
subtypes (100% accuracy in vitro models) through lipid
composition analysis.41 Validation using plasma EVs dem-
onstrated high-accuracy classification of breast cancer patients
vs healthy individuals (93.1%), as well as primary vs meta-
static cancers (89.5%), validating the potential of EVs (such as
exosomes) lipids as non-invasive diagnostic biomarkers for
breast cancer. This proof-of-concept study establishes a
methodological framework and translational pathway for
developing exosomes lipidomics-driven biomarker discovery
strategies.

Exosomes carry breast cancer-specific biomolecules like
HER2 protein or miRNA, driving tumor growth, metastasis,
and drug resistance by transmitting oncogenic signals. Their
phospholipid membrane enhances biomarker stability com-
pared to ctDNA, enabling noninvasive dynamic monitoring.
Key clinical translation challenges include exosomal sub-
population heterogeneity like triple-negative, lack of stan-
dardized isolation protocols, and high costs. Proposed
solutions involve multi-marker panels (like HER2+ exosomal

miRNA), machine learning integration of multi-omics data,
and automated microfluidic detection. Future efforts require
multicenter validation of sensitivity (>85%) and specificity
(>90%) to promote their application in early screening,
treatment response prediction, and recurrence monitoring,
advancing precision oncology.

Kidney Cancer

Global epidemiological data reveal a concerning upward
trajectory in kidney cancer incidence, with this malignancy
now demonstrating a sustained annual growth rate of ap-
proximately 2%, a trend exceeding population aging projec-
tions and positioning renal cell carcinoma among the fastest-
rising genitourinary cancers worldwide.16–18 It is noteworthy
that over 30% of individuals diagnosed with kidney cancer
experience the development of metastasis. Furthermore, a
majority of these instances of distant metastasis occur during
the early stages of the disease.42 Global epidemiological data
reveal a concerning upward trajectory in kidney cancer in-
cidence, with this malignancy now demonstrating a sustained
annual growth rate of approximately 2% – a trend exceeding
population aging projections and positioning renal cell car-
cinoma among the fastest-rising genitourinary cancers
worldwide. Emerging translational studies substantiate that
exosomal cargo components like miRNAs, lncRNAs, and
tumor-specific surface proteins demonstrate diagnostic utility
in renal cell carcinoma through their roles in intercellular
oncogenic signaling and immune microenvironment modu-
lation, achieving 82-91% sensitivity in multicenter validation
cohorts.43 This positions exosome-based liquid biopsies as
clinically actionable noninvasive biomarkers for early de-
tection, molecular subtyping, and therapeutic response mon-
itoring in kidney cancer management.

A study was conducted wherein 29 individuals diagnosed
with kidney cancer and 23 healthy individuals of same age and
sex were recruited. The study aimed to isolate urinary exo-
somes using differential centrifugation and subsequently

Table 2. Breast Cancer Potential Biomarkers in Clinical Practice.

Exosomal biomarkers Biopsy material Exosomal contents Clinical practice Reference

Glutamine BC cells Amino acid Identify BC with healthy people 35

GLUT-1 BC cells Proteins Identify BC with healthy people 36

GPC-1
ADAM10
miR-1246 Serum miRNAs Identify BC with healthy people 37

miR-155
miR-16 Plasma miRNAs Detect BC and DCIS 39,40

miR-30b
miR-93
miR-21-5p Serum miRNAs Detect early stage of BC 38

miR-23a-3p
Sphingolipids glycerophospholipids Plasma miRNAs Detect early stage of BC 41
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discovered 261 proteins in the kidney cancer patients and
186 proteins in the healthy individuals. The findings of the
study indicated that there was an observed expression of
matrix metalloproteinase-9 (MMP9), podocalyxin-like
(PODXL), carbonic anhydrase IX (CAIX), and hypoxia-
inducible factor-1 alpha (HIF-1α). Significant upregulation
in patients with renal cell carcinoma (RCC) compared to
healthy controls. There has been a notable increase in the
prevalence of kidney cancer patients exhibiting elevated levels
of CD10, also known as dipeptidase 1 (DPEP1) expression.
The three molecules of interest in this study are extracellular
matrix metalloproteinase inducer (EMMPRIN), syntenin 1
(SDCBP), and aquaporin. The expression of AQP1 is de-
creased (Table 3).44 Emerging evidence suggests that exo-
somal proteins, particularly those involved in intercellular
communication and tumor microenvironment modulation,
may serve as non-invasive diagnostic biomarkers with high
specificity for renal cell carcinoma detection. The distinct
proteomic signatures carried by urinary exosomes demon-
strate superior diagnostic accuracy compared to conventional
serum markers, potentially enabling early-stage tumor iden-
tification and differential diagnosis of renal mass lesions
through liquid biopsy approaches. One study found significant
upregulation of exosomal miRNAs (miR-210, miR-1233) and
downregulation of exosomal miRNAs (miR-100 and miR-
296) in CD105+ micro vesicles or blood.45,46 Exosomal
miRNAs (miR-149-3p and miR-424-3p) were elevated in
plasma samples, while miR-92a-1-5p levels were considerably
downregulated, according to another study.47 These findings
suggest that these particular miRNAs could potentially be
utilized as innovative biomarkers for the identification of
kidney cancer.

RCC constitutes over 90% of primary renal malignancies,
with clear-cell RCC (ccRCC) representing 80-90% of cases
characterized by distinct histopathological features (cyto-
plasmic clearing and nested architecture) and canonical ge-
netic alterations (VHL gene inactivation). This predominant

subtype’s molecular signature, including chromosome 3p loss
and HIF pathway activation, underpins both its diagnostic
classification and therapeutic vulnerability to targeted thera-
pies.42 In one study, early-stage ccRCC patients, healthy in-
dividuals, and patients with various urinary system
malignancies were compared using NGS-identified differen-
tially expressed urinary exosomal miRNAs. The research
showed that miR-30c-5p in urinary exosomes can function as a
diagnostic biomarker for ccRCC at an early stage and may be
able to regulate the production of HSPA5, a recombinant heat
shock protein that is linked to the development of ccRCC.48

Based on ccRCC exosomal miRNA expression profiles and
the literature, a study analyzed the expression of selected six
exosomal miRNAs (miR-210, miR-224, miR-452, miR-155,
miR-21, and miR-34a) in tissues and sera and hypoxia-
induced (with CoCl2) renal cell lines through qRT-PCR.
Only exosomal miR-210 was significantly upregulated in
patients with ccRCC than in HCs, so serum exosomal miR-
210 exhibits potential as a diagnostic for ccRCC.49 The
combinatorial analysis of circulating miRNAs reveals that
dual-miRNA signatures (miR-126-3p/miR-449a, AUC =
0.84; miR-126-3p/miR-34b-5p, AUC = 0.79) demonstrate
significant diagnostic potential for distinguishing ccRCC from
healthy controls,50 with particular clinical utility in differen-
tiating small renal masses and benign lesions (AUC = 0.79-
0.85), while postoperative miRNA normalization patterns and
exosomal transfer mechanisms (evidenced by cancer cell-
secreted miR-126-3p/miR-17-5p/miR-21-3p/miR-25-3p in-
ternalization) suggest their dynamic role in tumor microen-
vironment crosstalk and potential as liquid biopsy biomarkers.
Emerging liquid biopsy platforms demonstrate transformative
potential in early-stage renal cancer management, as evi-
denced by tumor-derived exosomal biomarkers (e.g.,
miRNAs, proteins) enabling ultrasensitive detection of sub-
clinical tumors through multi-analyte signatures (superior
sensitivity: 85-92% vs conventional imaging). Crucially,
exosomal payloads maintain tumor-specific molecular

Table 3. Kidney Cancer Potential Biomarkers in Clinical Practice.

Exosomal biomarkers Biopsy material Exosomal contents Clinical practice Reference

CP, CD10 Urine Proteins Identify kidney cancer with healthy people 44

CAIX, AQP1
DKK4, MMP9
DPEP1, PODXL
SDCBP
EMMPRIN
miR-210 Serum miRNAs Identify kidney cancer with healthy people 45

miR-1233
miR-92a-1-5p Plasma miRNAs Identify kidney cancer with healthy people 47

miR-149-3p miR-424-3p
miR-30c-5p Urine miRNAs Detect ccRCC 48

miR-210 Serum miRNAs Detect ccRCC 49

(miR-126-3p + miR-34b-5p/miR-449a) panel Plasma miRNAs Detect ccRCC 50
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fingerprints - including therapy-resistant clones and metastatic
drivers - permitting longitudinal monitoring of minimal re-
sidual disease undetectable by standard radiographic
modalities.

Exosomes in renal cancer carry tumor-specific molecules
that drive progression by regulating HIF-1α and immune
suppression. Their stability and enrichment enable superior
early detection and recurrence monitoring compared to tra-
ditional biomarkers. Clinical translation challenges include
subtype heterogeneity and low-abundance biomarker sensi-
tivity. Solutions involve multi-omics integration (exosomal
RNA/metabolites + ctDNA), AI models (combined with ra-
diomics), and microfluidic enrichment. Future multicenter
validation of biomarker panels with AUC >0.88 is critical to
advance applications in early screening and targeted therapy
monitoring, enhancing precision oncology.

Prostate Cancer

Prostate cancer (PCa) represents the most frequently diag-
nosed malignancy in the male population, accounting for
approximately 27% of all incident cancer cases. Globally, this
neoplasm stands as the second-leading cause of cancer-related
mortality among men, demonstrating significant epidemio-
logical impact through both its high incidence rates and
substantial disease burden.18 Obviously, the demand for more
effective diagnosis and treatment for PCa is explicit. Currently,
concerns exist regarding the precision of clinical risk strati-
fication models such as prostate-specific antigen (PSA) levels,
as well as the diagnostic and safety yield of PCa biopsy.
Exosome-based liquid biopsies offer significant advantages in
prostate cancer management by enabling non-invasive de-
tection of tumor-derived biomarkers, including nucleic acids
and proteins, with enhanced sensitivity for early-stage disease
identification. This approach circumvents the need for inva-
sive tissue biopsies. Exosomal biomarkers may have a po-
tential application in the early screening and diagnosis of PCa
through a fast and high-throughput method.

The identification of exosomal miRNA indicators as part of
the PCa diagnostic process is currently of critical importance.
Urinary exosomes from PC patients, as well as the same
number of healthy controls and PCa cell lines, were used to
identified five significantly downregulated microRNAs (miR-
196a-5p, miR-34a-5p, miR-143-3p, miR-501-3p, and miR-
92a-1-5p) in urinary exosomes of prostate cancer patients
through integrated next-generation sequencing and RT-qPCR
validation across two independent cohorts, with miR-196a-5p
and miR-501-3p emerging as promising non-invasive bio-
markers requiring further large-scale clinical evaluation51

(Table 4). Integrated analysis of urinary exosomal micro-
RNAs revealed distinct differential expression profiles in
prostate cancer (PCa), with miR-21 and miR-375 demon-
strating significant upregulation compared to healthy controls,
while miR-141 showed no statistical variation; notably, a
diagnostic panel combining miR-21 and miR-375 achieved

optimal discriminatory power (AUC = 0.872) for PCa de-
tection, whereas let-7c exhibited significant differences ex-
clusively in exosomal fractions but not in urinary cell pellets.52

Low miR-125a-5p expression and high miR-141-3p expres-
sion in plasma exosomes from PCa patients might act as useful
markers of specific PCa-associated tumor traits.53 Differen-
tiating and diagnosing PCa from benign lesions can also be
accomplished with the use of exosomal miRNAs/lncRNAs.
Exosomal lncRNA-p21 levels, for instance, may be useful for
differentiating PCa from benign illness.54 Analysis of the
entire plasma showed that miR-375 may distinguish between
patients with PCa and those with benign prostatic hyperplasia
(BPH).55 A non-invasive biomarker for PCa diagnosis, the
PSA + miR-142-3p + miR-142-5p + miR-223-3p model
combines prostate-specific indicators with semen exosomal
miRNAs to distinguish PCa from BPH.56

Survivin expression has been detected both in PCa tissues
and plasma-derived exosomes across distinct clinical cohorts,
including HCs, BPH patients, and PCa patients, suggesting its
potential dual role as a tissue-specific oncoprotein and cir-
culating biomarker.57 The relative amounts of exosomal
survivin in the plasma of PCa patients were significantly
higher than those in the pre-inflammatory plasma of BPH
patients and HCs. Exosomal survivin was differentially ex-
pressed in both patients with newly diagnosed and advanced
PCa with low- or high-grade cancers. Plasma exosomal sur-
vivin levels may act as a convenient diagnostic tool for PCa.
Because exosomal survivin levels are elevated in low as well
as high Gleason-scored samples, these survivin levels may be
used for early PCa detection.58 Overall, the liquid biopsy
diagnosis of PCa has a variety of exosomal biomarkers, and
the combination of prostate-specific markers and exosomal
biomarkers provided novel strategy for the early screening and
diagnosis of PCa.

Exosomes carry prostate cancer-specific molecules (e.g.,
miR-141), driving tumor progression by regulating androgen
receptor signaling and promoting bone metastasis. Their
phospholipid membrane enhances biomarker stability com-
pared to ctDNA, enabling noninvasive dynamic monitoring.
Key clinical translation challenges include subtype hetero-
geneity (hormone-sensitive vs castration-resistant subtypes),
lack of standardized isolation protocols, and low biomarker
abundance. Solutions involve developing multi-marker panels
like PSA + exosomal miRNA, AI-driven integration of multi-
omics data including exosomal RNA, ctDNA, radiomics, and
automated microfluidic detection. Future multicenter valida-
tion of sensitivity and specificity is critical to advance their
application in early diagnosis and precision oncology.

Colorectal Cancer

CRC constitutes a major global health burden, epidemio-
logically significant as the second most prevalent malignancy
and the second-leading cause of cancer-associated mortality
worldwide, underscoring its substantial disease burden and
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urgent need for improved diagnostic and therapeutic
strategies.18,59 While surgical resection remains the diagnostic
gold standard for tumor assessment, conventional tissue
biopsy methodologies present inherent clinical limitations
due to their invasive nature and inability to comprehensively
characterize tumor heterogeneity, primarily stemming from
sampling bias in localized specimen acquisition that fails to
capture spatiotemporal tumor evolution.59 Hence, the ex-
amination of exosomal biomarkers assumes significant im-
portance in addressing the pressing requirement for the
discovery of a new diagnostic approach that is minimally
invasive or noninvasive, specifically for the early detection
of CRC.

Exosome-derived biomarkers demonstrate significant di-
agnostic potential for CRC due to their inherent stability in
biological fluids. Using RNA sequencing, an exobase data-
base, and a tissue microarray, researchers found that plasma
exosomal circLPAR1 was a promising predictor of CRC
(Table 5).60 Similarly, serum exosomal hsa-circ-0004771 was
considerably up-regulated in CRC patients compared to HCs
and patients with benign intestinal disorders (BIDs), sug-
gesting that it may be useful as a biomarker for diagnosing
CRC.61 Interestingly, circulating colon cancer-associated
transcript 2 (CCAT2), which might be protected by exo-
somes, can act as a novel potential predictor biomarker of
CRC.62 Exosomal miRNAs have been recommended as po-
tential target biomarkers for colorectal cancer diagnosis be-
cause to their extensive applicability and high specificity to
CRC. Using a diagnostic model containing the miR-15b, miR-
16, and miR-21 panel, researchers were able to distinguish
between the colorectal adenoma group and the CRC group
with a sensitivity and specificity of 85.19% and 82.09%,
respectively. This supports the idea that combinations of
multiple exosomal miRNAs may enhance the sensitivity and
specificity of CRC detection.63 These results provide more
evidence that miRNAs may be employed as innovative non-
invasive markers for CRC detection, and they also suggest that

combinations of various exosomal miRNAs can be used for
CRC diagnostic.

Early CRC detection is critical so that early-stage cancer
patients have a survival rate highly than 90%.18 In a study with
an independent test cohort, recombinant quiescin
q6 sulfhydryl oxidase 1 (QSOX1) was observed in the plasma
exosomes of CRC patients compared with HCs, which has a
significantly reduced protein abundance, with the diagnostic
ROC curve analysis revealing an AUC of 0.904.64 This re-
vealed that exo-associated QSOX1 may be a promising novel
marker for the early diagnosis of CRC and non-invasive risk
stratification in CRC. Notably, the combination of exosomal
lncRNAs demonstrated markedly elevated AUCs of 0.736 and
0.758 for CRC and early-stage CRC respectively. Further-
more, a separate study found that the expression of six exo-
somal lncRNAs (LNCV6-38772, LNCV6-84003, LNCV6-
98390, LNCV6-98602, LNCV-108266 and LNCV6-116109)
was considerably elevated in the plasma of 50 CRC patients,
suggesting that they may serve as possible non-invasive
biomarkers for early CRC detection.65 Researchers have
found that miR-125a-3p and miR-139-3p in plasma-derived
exosomes can serve as novel biomarkers for early-stage CRC,
leading them to focus more attention on circulating exosomal
miRNAs in CRC and their function in CRC early
detection,66,67 miR-377-3p and miR-381-3p, both of which
are found in serum exosomes, have been identified as potential
new biomarkers for early-stage CRC.68 In addition, high di-
agnostic values to identify CRC patients (TNM stage I) from
HCs led to the identification of four serum exosomal miRNAs
(miR-126, miR-1290, miR-23a, and miR-940) in CRC pa-
tients as possible biomarkers for the early detection of CRC.69

Furthermore, the data revealed that, independent of internal
miRNA expression, CRC cells secrete exosomal miRNAs into
the extracellular environment via exosomes.

The level of fatty acid unsaturation in plasma exosomes
was studied as a potential exosomal biomarker in colorectal
cancer patients. Patients with CRC were categorized as either

Table 4. Prostate Cancer Potential Biomarkers in Clinical Practice.

Exosomal biomarkers Biopsy material Exosomal contents Clinical practice Reference

miR-21 Urine miRNAs Identify PCa with healthy people 51,52

miR-34a-5p
miR-92a-1-5p
miR-141-5p
miR-143-3p
miR-196a-5p
miR-375
miR-501-3p
(miR-125a-5p/miR-141-3p) ratio Plasma miRNAs Identify PCa with healthy people 53

lncRNA-p21 Urine lncRNAs Identify PCa with benign disease 54

miR-375 Serum miRNAs Identify PCa with BPH disease 55

(PSA + miR-142-3p + miR-142-5p + miR-223-3p) panel Semen miRNAs Identify PCa with BPH disease 56

Survivin Plasma miRNAs Early detection of PCa 58
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healthy, hyperplastic polyps, adenomatous polyps, invasive
neoplasia CRC, or having hereditary non-polyposis CRC.
Plasma exosome lipid fingerprint was shown to be useful in
differentiating between HCs and pathological patients based
on the ratio of 34:1-containing species to 38:4-containing
species, and this study further bolstered the potential of this
non-invasive biomarker for therapeutic applications.70 The
ability of exosomal miRNAs to diagnose high-risk cases of
colorectal adenomas was demonstrated in another study.
Twenty normal colonic mucosa, twenty-seven adenomas, and
nineteen CRC tissues were studied for miRNA expression,
and the expression of potential exosomal miRNAs was as-
sessed in total serum and exosomes from 26 adenoma patients
and 47 HCs. According to the findings, exosomal miR-21 has
a strong relationship with both the number and size of ade-
nomas, and it can distinguish between patients with low- and
high-risk adenomas.71 Exosomal miR-185-5p in patient
plasma has also been used as a marker for the presence of
advanced adenomas and colorectal cancer.72 These exosomal
biomarkers, especially miRNA panel provides the possibility
for early detection of CRC in clinical practice.

In colorectal cancer exosomes carry tumor-specific bio-
markers (e.g., miR-21) that drive tumorigenesis via Wnt/
β-catenin pathway activation and immune evasion. Their

phospholipid membrane protects cargo stability, out-
performing ctDNA for noninvasive early detection and
monitoring. Clinical translation faces challenges like exoso-
mal heterogeneity, isolation standardization, and cost barriers.
Solutions include multi-marker panels (CEA + exosomal
miRNA + KRAS), AI-driven integration of exosomal RNA,
ctDNA, and radiomics data, and microfluidic platforms for
automated analysis. Future multicenter validation is essential
to advance applications in early screening and personalized
therapy guidance, aligning with regulatory pathways for
clinical adoption.

Isolation and Detection Technology for
Exosome-Based Biomarkers

Methods for the Isolation of Exosomes

Highly purified exosomes are the prerequisite for the identified
exosome-related biomarkers and for obtaining reliable data for
precise cancer diagnosis. Therefore, the isolation of exosomal
biomarkers needs to meet the pre-analysis requirement.73–75

Ultracentrifugation, immunoaffinity isolation, polymeric
precipitation isolation, and liquid chromatography are among
the prevailing methodologies employed for the extraction of

Table 5. Colorectal Cancer Potential Biomarkers in Clinical Practice.

Exosomal biomarkers
Biopsy
material Exosomal contents Clinical practice Reference

circLPAR1 Plasma circRNAs Identify CRC with healthy people 60,61

Hsa-circ-0004771
CCAT2 Serum lncRNAs Identify CRC with healthy people 62

(miR-15b + miR-16 + miR-21) panel Serum miRNAs Identify CRC with healthy people 63

QSOX1 Plasma Proteins Identify CRC with colorectal
adenoma

64

LNCV6_38772 Plasma lncRNAs Early detection of CRC 65

LNCV6_84003
LNCV6_98390
LNCV6_98602
LNCV_108 266
LNCV6_116 109
miR-125a-3p Plasma miRNAs Early detection of CRC 66,67

miR-139-3p
miR-23a Serum miRNAs Early detection of CRC 68,69

miR-126
miR-377-3p
miR-381-3p
miR-940
miR-1290
The Ratio Σ34:1-containing species/ Σ38:4-
containing species

Plasma Fatty acid unsaturation
degree

Early detection of CRC 70

miR-21 Serum miRNAs Early detection of high-risk colorectal
adenomas

71

miR-185-5p Plasma miRNAs Early detection of high-risk colorectal
adenomas

72
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chemicals from human samples, encompassing a range of
physical, chemical, and biologically-based approaches
(Figure 2).

The most fundamental and accredited method for exosome
isolation in human samples is differential centrifugation or
ultracentrifugation, but ultracentrifugation is not recom-
mended for extracting exosomes for small amounts of serum
samples (Table 6).76,77 In density gradient zone centrifugation
(hereinafter referred to as zone centrifugation), The material is
introduced to an inert gradient medium in zone centrifugation
(known as density gradient centrifugation) in order to undergo
centrifugal sedimentation or sedimentation equilibration.78 To
precisely bind a target substance, immunomagnetic beads are
spherical magnetic particles that have been coated with a
monoclonal antibody.79 Exosomes are isolated by im-
munomagnetic separation, which relies on antibody bands and
the presence of surface receptor molecules such CD9, CD63,
and CD81. Based on the idea of composite polymerization
precipitation, the Exo-quick is a commercially available ex-
tracellular precipitation reagent. This isolation approach is too
costly for widespread clinical usage, and it is limited to re-
covering exosomes with sizes between 60 and 180 nanome-
ters.80 By centrifuging a sample at a low speed and passing it
through a chromatography gel with varying pore sizes,
chromatography is able to separate solutes of different
sizes.81,82 When examined by electron microscopy, the exo-
somes generated using this approach are typically of a high
purity and consistent in size. Because of the limitations of
traditional methods for isolating EVs, many novel methods
have emerged recently, such as ultrafiltration separation
technology, Microfluidic system with integrated double fil-
tration,83 membrane-mediated exosome separation,84 on-chip
isolation of exosomes , and the nano plasmon-enhanced
scattering (nPES).85

Interestingly, a cascaded microfluidic circuit is designed
using electro-hydraulic simulation. For pulsatile filtering of
EVs, this circuit combines a cell removal circuit with the

exosome isolation method circuit.86 This pneumatic clock
pulse generator-driven microfluidic device can directly sep-
arate preprogrammed, non-blocking, mild, high-yield, and
high-purity EVs from the blood within 30 min. A polyethylene
glycol-enhanced hyperthermia sensor is then used to detect
protein markers of EVs isolated from the patient’s blood, thus
proving its clinical application. The accuracy rate of this early
diagnosis of BC is 91%. Cascaded microfluidic circuits have
broad application prospects for the novel isolation of
exosomes.

Detection Technology for Exosome-Based Biomarkers

Detection Technology for Exosomal Proteins. Exosome-based
membrane proteins may be involved in cancer development
and progression.87 Consequently, exosome-based liquid bi-
opsies can be utilized to target exosomal proteins for the
purpose of detecting malignancy. The WB technique and the
enzyme-linked immunosorbent assay (ELISA) are the pre-
vailing methodologies employed for the detection of exosomal
proteins.88 Nevertheless, the utilization of these methodolo-
gies is sometimes hindered by challenges related to the in-
tricacy of programming and the limited level of sensitivity
they offer. Various innovative methods have been explored
thus far for the identification of exosomal proteins.

Colorimetry is a scientific discipline that involves the
analysis of chromogenic substances by the comparison or
measurement of their color intensity, with the aim of deter-
mining its constituent composition. A recently developed
colorimetric aptasensor has been designed to detect cancer-
derived exosomes with simplicity, sensitivity, and selectiv-
ity.89 The biorecognition of target exosomes was facilitated by
employing the CD63 aptamer, after the collection of those
exosomes using latex beads through aldimine condensation.
The process of biotin-streptavidin binding was employed in
order to conjugate horseradish peroxidase (HRP) with the
aptamer under investigation. The colorimetric detection

Figure 2. Traditional and Novel Methods for the Isolation of Exosomes.
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method required an only 10-minute duration. The colorimetric
signal was enhanced by the in situ application of polydop-
amine (PDA) onto exosome particles. The signal could be
visually perceived by individuals. In summary, the utilization
of HRP-accelerated DA polymerization and in situ PDA
deposition holds great potential for the advancement of point-
of-care cancer detection kits in clinical settings.

Fluorescence spectrophotometry identifies and determines
the substance content based on the positivity and intensity of
the fluorescence spectrum lines. A novel ap-tamer-based
method for the competitive detection of exosomes based on
a CD63-specific aptamer was developed while ensuring
sensitivity cost and reducing difficulty significantly.90 Another
study reported the development of a hybridization chain
reaction-based assay for the fluorometric determination of
exosomes by using magnetic nanoparticles and both aptamers
and antibodies as recognition elements. The aptamer sequence
binds to the exosomal surface proteins (from HepG2 cells).91

Electrochemical detection possesses the capability to detect
the analyte’s presence with high sensitivity by monitoring the
electro-chemical potential or current of the sample across a
wide range of dynamics.92 A study introduce a novel electro-
chemical aptasensor (DeMEA)-equipped detachable

microfluidic device for the purpose of real-time evaluation of
cancer-associated exosome concentration. The DeMEA
method is employed for the quantification of exosomes
extracted from plasma samples collected from breast cancer
patients at different stages of the disease. Hence, the utilization
of microfluidic-integrated biosensors is employed in this
methodology for the early detection of cancer biomarkers.

The utilization of optical sensors in surface plasmon res-
onance (SPR) biosensors involves the application of surface
plasmon polaritons, which are a distinct type of electromag-
netic radiation, for the purpose of examining the interactions
between analyte molecules in a solution and biomolecular
recognition components that are attached to the surface of the
SPR sensor.93 SPR technology is employed in the clinical
detection of human blood tumor markers to identify a
sandwich-type immunological complex. This complex com-
prises a sensor surface that has been immobilized with a
primary antibody, the tumor marker itself, and a secondary
antibody. The proposal of a new type of integrated micro-
fluidic device can quickly and hyper sensitively detect ex-
tracellular proteins. The results show differential expression of
lung cancer specific extracellular protein leucine-2-glyco-
protein 1 (LRG1) collected from patient urine samples, this

Table 6. Comparison of Common Exosome Isolation Techniques.

Exosomal method Advantages Disadvantages Applicability Cost

Ultracentrifugation Gold standard, high purity Time-consuming
(6-8 hours)

Research labs (small sample
size, high purity
requirements)

High (equipment)

No chemical reagents
required, compatible with
functional studies

Expensive equipment
Exosome structure

damage
Density gradient
centrifugation

Extremely high purity (isolates
exosomes of specific
density)

Complex workflow
(>12 hours)

Omics studies requiring
high purity

High (ultracentrifuge +
gradient medium)

Reduces protein
contamination

Requires large sample
volume

Size exclusion
chromatography

Preserves exosome integrity Low resolution (co-isolate
similar-sized particles)

Clinical high-throughput
screening

Moderate-high (columns;
requires dedicated
system)Simple operation Requires specialized

equipmentHigh-throughput processing
Polymer precipitation Rapid (<2 hours) High impurity (co-

precipitates proteins/
lipoproteins)

Initial screening or
diagnostic kit
development

Low (kits)

No specialized equipment May interfere with
downstream assaysSuitable for large-volume

samples
Immunoaffinity
capture

High specificity (based on
surface markers, e.g.,
CD9/CD63)

Antibody-dependent
(quality-sensitive)

Targeted studies High (antibody-coated
beads)

Ideal for subpopulation
studies

High cost
Heterogeneous

subpopulations missing
Microfluidics High-throughput, automated Devices still in

development
Point-of-care testing or
single-cell analysis

High R&D costs, potential
future reduction

Integrated detection Risk of channel clogging
Minimal sample volume
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technology exhibits promising potential in the identification of
individuals afflicted with early-stage lung cancer, as well as in
the comparative analysis of those individuals with a group of
healthy controls. The recent research has developed a micro-
fluidic device based on dual tangential flow filtration. This
method can be employed for the isolation of exosomes from
human serum, which has been demonstrated to exhibit
heightened sensitivity towards cell membranes.94

Surface-enhanced Raman spectroscopy (SERS) uses light
to interact with nanostructured materials like gold and silver,
resulting in a potent SPR effect. The Raman signal of mol-
ecules adsorbed on the nanostructure surface can be greatly
amplified by this phenomenon, leading to a detailed finger-
print of the sample or Raman probe molecules with high
sensitivity.95,96 SERS exhibits considerable promise as a vi-
able technique for application in the fields of life science and
clinical testing due to its notable advantages. These advan-
tages encompass non-invasiveness, heightened sensitivity,
robust selectivity, expedited processing speed, and less sus-
ceptibility to water interference. With the development of
plasma-enhanced methods, many research teams have used
raman spectroscopy to analyze exosome phenotypes and
characteristics. These studies have indicated that EVs in
various biological samples, from cell culture media to blood,
can be recognized even when surface markers and specific
antigens are absent.

A literature analysis indicates that numerous exosomes
utilizing SERS have been suggested for qualitative and
quantitative investigations of specific targets, employing
various recognition, separation, and amplification tech-
niques,91 cancer screening, and early detection of various
cancers, such as ovarian cancer, lung cancer, BC, pancreatic
cancer, melanoma, and osteosarcoma. The advancements in
various fields, including multivariate statistical methodolo-
gies, machine learning, and AI, have shown to be highly
productive in enabling accurate and simple identification of
these vibration spectra. Researchers from Korea’s Exo PERT
company and Korea University have demonstrated a novel
liquid biopsy technology that combines AI with SERS to
achieve a hybrid approach.97 Using 520 test samples not used
for training, six cancer types (namely lung cancer, BC, CRC,
liver cancer, pancreatic cancer, and gastric cancer) were de-
tected. The diagnostic performance of this method has been
tested and used for simultaneously diagnosing multiple cancer
types through unmarked analysis of plasma exosomes. This
study had a retrospective design, wherein AI was used to
analyze the SERS spectrum. This study aims to investigate the
role of exosomes in the detection of six early malignancies and
evaluate their diagnostic accuracy. The extraction of exo-
somes, the acquisition of SERS data, and the subsequent
processing of these signals using deep learning algorithms
were undertaken by researchers in order to carry out a
comprehensive investigation of the heterogeneity of cancer for
diagnostic purposes. Researchers used 520 test samples and
obtained an analysis system that could identify the presence of

cancer, by having a 0.970 AUC area under the curve ROC
analysis. Furthermore, the performance of the system in
categorizing the tumor organ types of 278 patients with early-
stage cancer was evaluated using the area under the AUC,
which yielded a value of 0.945. The ultimate integrated
decision-making model demonstrated a sensitivity of 72% for
false positives and a specificity of 94% for the detection of
tumor organs. Furthermore, as a non-specific analysis of
Raman signals was used in this method, its diagnostic range
may be expanded to include other disease types for more
applications.

Detection Technology for Exosomal Nucleic Acids. Exosomes
carry various nucleic acids, with RNA being one of the
predominant types, and extensive research on exosomal RNAs
has shown their potential as specific biomarkers for cancer
diagnosis.98 The most commonly used detection techniques
for quantifying the expression level of extracellular nucleic
acid are qRT-PCR, microarray, and NGS.99 Because of the
limitation of qRT-PCR for nucleic acid detection using known
sequences and the high cost, large data volume, complex li-
brary construction for NGS, and low sensitivity of the mi-
croarray, scientists are committed to developing convenient
and highly sensitive methods for detecting exosomal nucleic
acids.99,100 Herein, we focus on ddPCR and magnetic beads
(MB) technology.

The ddPCR method employs a technique whereby the PCR
mixture is partitioned into several water-in-oil emulsion
droplets, reaching a scale of tens of thousands. The primary
means of obtaining genetic material for tumor genomic pro-
filing is through plasma, making it the focus of investigation
for liquid biopsy using ddPCR. Researchers are exploring the
use of different biological fluids, including cerebrospinal fluid,
urine, stool, ocular fluids, sputum, saliva, bronchoalveolar
lavage, pleural effusion, mucin, peritoneal fluid, fine needle
aspirate, bile, and pancreatic juice.99 A recent research con-
ducted an optimization of annealing parameters, including
annealing temperature, annealing duration, and number of
PCR cycles, for the purpose of detecting urinary exosomal
miRNAs using ddPCR. Furthermore, the study compared the
performance of ddPCR with qPCR. The findings of the study
indicated that ddPCR exhibited superior levels of sensitivity,
reproducibility, and accuracy in comparison to qPCR.101 In
order to facilitate the timely identification of endometrial
cancer in individuals, a technique known as small RNA se-
quencing was used to ascertain potential exosomal miRNAs
(specifically miR-15a-5p) that might serve as diagnostic
biomarkers. This was accomplished via the utilization of
ddPCR.102

The hairpin-like oligonucleotide, known as MB, employs
fluorescent dyes and quenching agents at both ends of the
probe for the purpose of labeling and facilitating the spon-
taneous hybridization of the target sequence. This hybrid-
ization process leads to the disruption of the hairpin ring
structure and subsequently induces fluorescence.99 The project
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included the construction of a DNA zipper-mediated mem-
brane fusion method to facilitate the quick detection of
exosomal miRNA. This was achieved by loading zipper DNA
constructs (ZDCs) onto the surface of MB. In the present
study, the exosome of interest is subjected to the introduction
of cZDCs. When ZDCs (Zinc-Doped Carbon Dots) and
CZDCs (Cadmium-Zinc-Doped Carbon Dots) are combined,
the interconversion between these two structures leads to the
merging of exosome membranes and vesicle probes. This
process activates the detection of exosomal miR21 by the
encapsulated MB and subsequently results in the emission of
fluorescence. This fluorescence may be readily monitored
within a time frame of 30 min. Significantly, the use of flow
cytometry enables the differentiation between tumor exo-
somes that overexpress miR-21 and exosomes released by
normal cells. This distinction has considerable promise in the
field of liquid biopsy, particularly for the timely detection of
cancer.103 MB biosensors have enormous potential in cancer
diagnosis through liquid biopsy, with the advantages of simple
operation and dispensing with extracellular pre-separation and
extraction of nucleic acid.

Limitations and Perspectives

The excellent circulating stability of exosomes in body fluids
has been confirmed, and the status of tumor progression,
which contains diverse information, can be reflected through
exosomes. Different research data can be combined to reflect
the enormous potential of exosomal biomarkers as tools for
early cancer screening and detection, ultimately contributing
to clinical diagnosis.98,104–106 However, because of the high
heterogeneity and nanoscale limitations of exosomes, ex-
ploring the molecular information and interactions of exo-
somes has been posed with significant technical challenges.
The comprehensive validation of the isolation and charac-
terization of individual exosomes associated with a particular
kind of cancer from a substantial cohort of clinical samples
need to be extensively established. However, there is still a
lack of proven standardized techniques and protocols for the
efficient and precise isolation of exosomes from cell culture
medium and human body fluids, particularly under high-
throughput and high-purity conditions. The ideal scenario is
to develop a standardized method for isolating exosomal
biomarkers from human samples in the long future. This
method should be simple, time-saving, accurate, and afford-
able. The use of this technology has the potential to facilitate
early screening and detection of cancer patients within a
substantial population. Additionally, this will facilitate the
development of novel uses of exosomes inside clinical lab-
oratory settings.

Exosomes, as nano-scale vesicles carrying bioactive
molecules such as nucleic acids, proteins, and lipids, dem-
onstrate significant potential in disease diagnosis and prog-
nostic evaluation. However, the clinical translation faces
critical bottlenecks due to the lack of standardized protocols

and validation systems. To achieve standardization, compre-
hensive operational guidelines must be established across the
entire workflow: from sample collection (e.g., standardized
temperature and time controls for blood/urine processing),
exosome isolation (harmonizing methods like ultracentrifu-
gation, size-exclusion chromatography, or commercial kit
selection), to biomarker detection (e.g., homologous sequence
calibration for RT-qPCR primer design in miRNA quantifi-
cation). Cross-platform technical standards should be devel-
oped to ensure comparability. For clinical validation,
adherence to the gold standards of IVD development is es-
sential. Multi-center, prospective cohort studies are required to
verify biomarker sensitivity and specificity. For instance, in
early lung cancer screening, studies should enroll over
2000 high-risk individuals, comparing exosomal EGFR mu-
tation detection against the gold standard of tissue biopsy,
while analyzing ROC curve parameters and negative/positive
predictive values. Addressing exosomal heterogeneity, ma-
chine learning-based multi-omics integration models should
be developed to enhance diagnostic accuracy. Ultimately,
navigating regulatory pathways will enable closed-loop
translation from laboratory research to clinical im-
plementation in biomolecules like nucleic acids, proteins,
metabolites, offer a unique molecular snapshot of tumor
heterogeneity, yet their clinical utility can be amplified through
integration with complementary liquid biopsy technologies.

Combining exosomal multi-omics with ctDNA mutation
analysis or CTC enumeration may enhance diagnostic accuracy
by cross-validating tumor-derived signals. For instance, exo-
somal PD-L1 expression could synergize with ctDNA-based
tumor mutational burden to predict immunotherapy response,
while exosome-derived glycan patterns might resolve ambi-
guities in CTC classification. Machine learning frameworks
could unify these multimodal datasets to map dynamic tumor
evolution, such as detecting minimal residual disease by cor-
relating exosomal KRAS mutations with CTC phenotypic
plasticity. Challenges include optimizing bioinformatics pipe-
lines to handle cross-technology data noise and establishing
standardized protocols for co-analysis. Addressing these could
enable next-generation “liquid biopsy panels” that leverage
exosomes’ functional cargo to decode tumor-stroma crosstalk,
ultimately advancing precision oncology from early detection to
real-time therapeutic monitoring devices.

Conclusion

Exosome-based liquid biopsy, as an emerging non-invasive
diagnostic approach, demonstrates high sensitivity and broad
application prospects in early cancer diagnosis. The collab-
orative optimization of traditional and novel extraction
techniques has significantly improved exosome isolation ef-
ficiency, while breakthroughs in multi-omics detection tech-
nologies enable precise identification of biomarkers such as
proteins and nucleic acids. Despite challenges in standardi-
zation, detection specificity, and clinical translation,
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multidisciplinary collaborative innovation and large-scale
clinical validation may position exosome detection as a
core tool for cancer early screening and dynamic monitoring,
driving the innovative development of personalized diagnosis
and treatment systems.
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