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Abstract
Exosomes are intracellular vesicle-like biological nanoscale membrane structures
with diameters ranging from 40-100 nm that can be secreted and released by var-
ious cell types. They possess numerous functions, including intercellular trans-
port and delivery of proteins, mRNA, miRNA, and lipids, antigen presentation,
and potentially oncogenic capabilities. Exosomes secreted by tumor cells play
important roles in physiological and pathological processes such as tumor initia-
tion, progression, and metastasis. Currently, the search for specific biomarkers
from tumor exosomes has become a key focus for cancer researchers, holding
significant importance for early tumor diagnosis, therapeutic efficacy evalua-
tion, and prognostic analysis. This article reviews recent research progress on
exosomes in tumor research and diagnosis.
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Abstract

Exosomes are naturally occurring biological nanomembranous vesicles (40–100
nm) of endocytic origin that are released into the extracellular space from di-
verse cell types. They have pleiotropic functions such as antigen presentation
and intercellular transfer of proteins, RNAs, and lipids. Exosomes secreted by
tumor cells play important roles in the physiological and pathological processes
involved in tumor initiation, progression, and metastasis. Currently, the iden-
tification of specific markers from tumor exosomes has become a major focus
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of cancer research, given their significant potential for early diagnosis, efficacy
evaluation, and prognostic analysis. This review summarizes recent advances in
exosome research and their applications in tumor diagnosis.
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In the early 1980s, Johnstone et al. [1] isolated a vesicle-like structure approx-
imately 50 nm in size containing transferrin receptors from cell culture media
during the maturation of reticulocytes into erythrocytes, which they named“exo-
somes.”It is now recognized that exosomes are polymorphic vesicular structures
with diameters ranging from 40–100 nm, secreted by various cell types. Un-
der both physiological and pathological conditions, numerous cells can secrete
and release exosomes, including tumor cells [2]. Exosomes contain a variety
of receptor proteins and genetic materials such as nucleic acids, serving as im-
portant mediators of intercellular signal transmission. These nucleic acids and
proteins can reflect specific physiological and pathological states, and exosomes
released from tumor cells play crucial roles in tumor occurrence, development,
and metastasis.

1.1 Main Components of Exosomes

Exosomes originate from late endosomes (also known as multivesicular bodies,
MVBs), which form when endosomal membranes invaginate to create structures
containing multiple small vesicles. The specific composition of exosomes varies
depending on their cell of origin.

Proteins constitute one of the main components of exosomes and can be broadly
classified into two categories. The first category comprises structural proteins
that are universally present in exosomes, including cytoskeletal components such
as actin and microfilament-associated proteins, as well as membrane proteins,
lysosomal proteins (Lamp2b), and heat shock proteins (hsp70, hsp90) [4,5]. The
second category consists of specific proteins that exist only in exosomes derived
from particular cell types, conferring relative specificity. For example, exosomes
from dendritic cells contain various surface-associated proteins (such as Alix,
TSG101) and tetraspanins (such as CD63, CD9) [6], whereas exosomes derived
from nasopharyngeal carcinoma carry Epstein-Barr virus protein LMP1 (La-
tent Membrane Protein 1), which can promote immune evasion by cancer cells
[7]. Additionally, tumor antigens and immunosuppressive proteins such as FasL,
TRAIL, and TGF-� can be detected in exosomes from other tumor cells, and
their overexpression suggests the potential of exosomal proteins as diagnostic
and therapeutic evaluation markers for tumors and related diseases.

Furthermore, various nucleic acid components have been detected within exo-
somes, including mRNA, miRNA, long non-coding RNAs (lncRNAs), and cir-
cRNAs [8]. Studies have shown that exosomal RNA levels differ among cells,
with variations in both the types and expression quantities of RNA across differ-
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ent tumor types. Moreover, the expression levels and types of exosomal nucleic
acids change under different physiological and pathological conditions [9–11].
For instance, miR-182 and miR-183 are highly overexpressed in ductal carci-
noma in situ of the breast compared to normal tissue, promoting breast cancer
initiation and metastasis [12]. Enrichment of circRNAs has also been detected
in exosomes from liver cancer cells [13]. Currently, miRNAs from tumor-derived
exosomes have become a major focus of research interest, as they are ubiquitous
and highly abundant, playing important regulatory roles in tumor initiation and
progression [14,15].

1.2 Formation and Cargo Sorting of Exosomes

As early endosomes mature into late endosomes, they engulf sorted proteins and
nucleic acids, forming multiple intraluminal vesicles (ILVs) through budding—
the precursors of exosomes. Late endosomes containing multiple ILVs are termed
multivesicular bodies (MVBs). Some MVBs fuse with lysosomes for degradation
of their contents, while others are transported to the cell periphery by molecular
motors and secreted into the extracellular space, ultimately forming exosomes
[16]. Current research suggests two main mechanisms for exosomal cargo sorting:
ESCRT-dependent and ESCRT-independent pathways.

The endosomal sorting complex required for transport (ESCRT) is a shaping pro-
tein complex located on the cytoplasmic side of endosomes that can recognize
ubiquitinated membrane proteins and sort specific nucleic acids and proteins
into ILVs to form exosome precursors. ESCRT comprises five core complexes:
four subcomplexes (ESCRT-0, I, II, III) and the accessory protein Vps4-Vta1
[17]. The components and functions of these four ESCRT complexes differ.
ESCRT-0 recognizes and enriches ubiquitized cargo proteins on endosomal mem-
branes. ESCRT-I and ESCRT-II work synergistically to package sorted specific
proteins and nucleic acids into MVBs and induce MVB budding to form initial
buds (exosomes). ESCRT-III then severs these buds, releasing the exosomes
[18]. Finally, Vps4 disassembles ESCRT components for recycling.

Additionally, cells can generate ILVs and MVBs independently of ESCRT
through the assistance of lipids, ceramide, or heat shock proteins. Stuffers et
al. [19] depleted all four ESCRT subcomplexes to maximally inhibit ESCRT-
dependent pathways, yet still observed release of CD63-positive exosomes,
suggesting that exosomes can also form via ESCRT-independent mechanisms.
The first ESCRT-independent mechanism involves neutral sphingomyelinase
(nSMase) generating ceramide; inhibition of nSMase can reduce exosome
production [20]. Moreover, studies have demonstrated that members of
the tetraspanin family, including CD63, CD81, and CD9, participate in
ESCRT-independent cargo sorting into vesicles [21,22].
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1.3 Physiological Functions of Exosomes

Exosomes are widely present in bodily fluids and tissues. Early studies consid-
ered exosomes to function as“garbage bags”for cellular waste removal. However,
recent research indicates that exosomes are closely involved in various biological
processes.

First, exosomes participate in intercellular signal exchange and transmission
through autocrine, paracrine, and endocrine mechanisms. This occurs primar-
ily in two ways. On one hand, exosomes can release active cargo that contacts
and fuses with target cells, regulating intracellular physiological activities. For
example, exosomes from certain cells contain proteins involved in signaling path-
ways such as �-catenin and WNT5B, as well as mRNA and miRNA, which can be
transported to target cells to modulate gene expression [23]. On the other hand,
exosomes can directly transmit information through surface signaling molecules.
Wang et al. [24] found that under conditions of high reactive oxygen species or
oxidative stress in neurons, glial cell-secreted exosomes contain synaptophysin
that promotes neuronal survival and axonal growth.

Second, exosomes contain numerous immune-related molecules and participate
in immune regulation. Vlassov et al. [25] reported that in pregnant women’s
serum, placenta-derived exosomes containing FasL can inhibit CD3 and JAK3
expression in T cell signaling pathways, potentially representing one mechanism
by which the placenta promotes immune privilege. Clotilde et al. [26] also
found that dendritic cell-derived exosomes contain MHC I and CD86, which
can induce CD8+ T cells to kill tumor cells, demonstrating certain anti-tumor
effects. Furthermore, exosomes are involved in antigen presentation. Hao et
al. [27] discovered that exosomes from dendritic cells pulsed with ovalbumin,
when taken up by mature dendritic cells, promote antigen cross-presentation
and CD8+ T cell proliferation, thereby more effectively inducing ovalbumin-
specific CTL responses and anti-tumor immunity.

Finally, exosomes serve as cargo carriers. Based on their structural characteris-
tics and biological functions, using exosomes as drug delivery vehicles and ther-
apeutic systems for malignant tumors has become a hot topic in recent research.
Alvarez et al. [28] transfected dendritic cells with an expression plasmid for ra-
bies virus glycoprotein-lysosome-associated membrane protein (RVG-Lamp2b),
enabling dendritic cells to secrete exosomes displaying RVG peptides. They then
loaded BACE1 siRNA and GAPDH siRNA plasmids into these RVG-peptide-
conjugated exosomes using electroporation, ultimately obtaining targeted RVG-
Exos complexes. Additionally, Qi and colleagues modified superparamagnetic
Fe3O4 nanoparticles with transferrin on their surface, which bound to specific
transferrin receptors on exosomes from immature erythrocytes to create super-
paramagnetic nanoparticle/exosome complexes (SMNC-Exos) for targeted de-
livery of doxorubicin in anti-tumor therapy [29].
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2 Exosomes and Potential Tumor Markers

Exosomes play important roles in tumor initiation, progression, and metastasis.
Tumor cell-derived exosomes carry proteins and nucleic acids characteristic of
their parent cells, providing novel targets and strategies for early tumor diagno-
sis and treatment.

2.1 Lung Cancer Lung cancer is a highly lethal disease with the highest in-
cidence and mortality rates worldwide. Although significant progress has been
made in lung cancer research in recent years, the five-year survival rate remains
low due to inadequate early diagnosis and high recurrence rates after treatment
[30]. In a study by Ueda et al. [31], exosomes from serum of 46 non-small-cell
lung carcinoma (NSCLC) patients were analyzed using anti-CD9-MISA com-
bined with LC-MS/MS. The results showed that CD91 had a diagnostic sen-
sitivity of 72%, specificity of 60%, and an area under the ROC curve (AUC)
of 89%, suggesting its potential as a biomarker for NSCLC diagnosis. Addi-
tionally, expression levels of let-7f, miR-20b, miR-30e-3p, miR-25, and miR-223
in exosomes from lung cancer patient fluids differed significantly from those in
healthy individuals [32].

2.2 Pancreatic Cancer Pancreatic cancer, known as the “king of cancers,”
has high malignancy and mortality rates with the poorest prognosis. Due to
its subtle early symptoms and poor specificity of current clinical tumor mark-
ers, most cases are diagnosed at advanced stages. Recent research suggests
that exosome detection may solve this problem. Melo’s team analyzed serum
from pancreatic cancer patients and found that glypican-1 (GPC1) was highly
abundant and highly specific on the surface of serum exosomes from both early-
and late-stage patients, indicating that GPC1 could serve as a marker for early
pancreatic cancer diagnosis [33]. Furthermore, Que et al. [34] reported that
expression levels of miR-17-5p and miR-21 were significantly elevated in serum
exosomes from pancreatic cancer patients, and high miR-17-5p expression could
serve as an indicator for metastasis and staging.

2.3 Colorectal Cancer Colorectal cancer is one of the most common ma-
lignant tumors, ranking second among digestive tract cancers and third world-
wide in incidence and mortality. Current endoscopic diagnosis is inefficient and
costly, with high recurrence rates, making the search for early diagnostic and
prognostic markers critically important. Tauro et al. [35] found that EpCAM,
CLDN7, and CD44 expression levels were upregulated on the surface of serum
exosomes from colorectal cancer patients, regulating tumor development and
progression. Hiroko et al. [36] also discovered that even in early-stage primary
colorectal cancer patients, expression levels of seven miRNAs (let-7a, miR-1229,
etc.) were significantly elevated in serum exosomes and decreased markedly
after tumor resection, suggesting these miRNAs could serve as potential non-
invasive biomarkers for early colorectal cancer diagnosis. Additionally, Hu et
al. [37] identified six lncRNAs that were significantly upregulated in plasma
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exosomes from colorectal cancer patients, which could serve as biomarkers for
early diagnosis.

2.5 Ovarian Cancer As one of the common gynecological malignant tumors,
ovarian cancer causes approximately 130,000 deaths annually, with incidence
rates second only to cervical and endometrial cancers. The low early diag-
nosis rate and high recurrence rate necessitate the discovery of novel specific
markers to improve diagnostic accuracy. Szajnik et al. [38] detected differences
in plasma exosome protein content between malignant ovarian cancer patients
and benign tumor patients, finding significantly elevated expression of MAGE
3/6 and TGF-�1 (transforming growth factor beta 1) in ovarian cancer patient
plasma exosomes, suggesting these could serve as protein markers for early di-
agnosis and prognostic evaluation. Ying et al. [39] also reported that ovarian
cancer-derived exosomes are enriched in miR-222-3p, which can be transferred
to macrophages to promote tumor-associated macrophage polarization, making
it a potential biomarker for ovarian cancer.

2.6 Prostate Cancer Prostate cancer is the most common malignant tumor
in men and ranks among the top causes of cancer mortality worldwide. Current
clinical diagnostic markers have low specificity, and prostate biopsy is painful
for patients. Therefore, identifying molecular markers with high specificity, di-
agnostic accuracy, and minimal invasiveness has become a research priority. Li
et al. [40] analyzed exosomes from serum samples of prostate cancer patients, be-
nign prostatic hyperplasia patients, and healthy volunteers, comparing miR-141
expression levels in whole serum versus serum exosomes and their correlation
with clinicopathological features. They found significantly elevated miR-141
levels, with ROC curve analysis showing an AUC of 0.8694, sensitivity of 80%,
and specificity of 87.1%, suggesting serum exosomal miR-141 as a potential
biomarker for metastatic prostate cancer diagnosis. Additionally, TM256 pro-
tein in urine exosomes from prostate cancer patients showed very high diagnostic
sensitivity and specificity [41].

2.7 Bladder Cancer Bladder cancer, occurring in the bladder mucosal lin-
ing, is a common urinary system tumor with increasing incidence rates in China.
Since the bladder stores urine, identifying early diagnostic markers from urinary
exosomes offers significant advantages. Beckham et al. [42] reported that uri-
nary exosomes from high-grade bladder cancer patients contain the bioactive
molecule EDIL-3, which has diagnostic marker value. Long et al. [43] analyzed
236 miRNAs in exosomes from bladder transitional cell carcinoma patients and
controls using PCR arrays, finding differential expression of seven miRNAs with
88% sensitivity and 78% specificity for bladder transitional cell carcinoma. Fur-
thermore, recent studies have found that lncRNA PTENP1 expression is sig-
nificantly downregulated in exosomes from bladder cancer patient tissues and
plasma [44], suggesting both exosomal miRNA and lncRNA PTENP1 could
serve as novel markers for bladder cancer diagnosis and treatment.

chinarxiv.org/items/chinaxiv-201901.00122 Machine Translation

https://chinarxiv.org/items/chinaxiv-201901.00122


2.8 Breast Cancer Breast cancer is a major threat to women’s health, with
early detection and diagnosis being key to improving treatment outcomes. Hal-
vaei et al. [45] found significantly elevated expression of miRNAs (including
miR-21, miR-195, miR-484, and miR-1246) in serum exosomes from breast
cancer patients. Other studies have indicated that serum exosomal circRNA
expression levels can distinguish breast cancer patients from healthy controls
[46], demonstrating that exosomal RNAs can serve as diagnostic biomarkers for
breast cancer.

2.9 Other Tumors Beyond the aforementioned cancers, significant changes
in exosomal proteins and nucleic acids have been detected in other common hu-
man tumors. For example, RNA-seq analysis of exosomal circRNA expression
in serum from endometrial cancer patients and healthy volunteers revealed that
the number of upregulated circRNAs was significantly higher than downregu-
lated circRNAs in endometrial cancer patient exosomes [47]. In liver cancer
patients, serum exosomal miR-21 expression was significantly higher than in
chronic hepatitis B patients or healthy volunteers and correlated with liver can-
cer staging [48]. Additionally, Fujiwara et al. [49] found that miR-17-5p and
miR-25-3p were significantly elevated in serum from osteosarcoma patients, with
serum exosomal miR-25-3p levels correlating with patient prognosis. Renal cell
carcinoma-derived exosomes contain large amounts of the renal cancer-specific
antigen G250 [50]. These findings indicate that the close relationship between
exosomal proteins and nucleic acids with tumors endows them with potential
as biomarkers for tumor diagnosis and treatment.

Exosomes are widely present in various cell types and play important roles in
the transport of cellular materials and genetic information. On one hand, the
endogenous nanomembrane structural characteristics of exosomes offer signifi-
cant advantages for drug loading and can be engineered for specific targeting of
disease sites to deliver drugs and small molecules, providing a new research di-
rection for precision tumor therapy. On the other hand, exosomes carry nucleic
acids and proteins characteristic of their parent cells under both physiological
and pathological conditions. Therefore, investigating exosomes as biomarkers
for early tumor diagnosis and prognostic evaluation holds important clinical
significance for improving survival rates and outcomes in cancer patients.
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