
Abstract
Cell-to-cell communication is a pivotal aspect of cancer biol-

ogy. Recently, extracellular vesicles (EVs)have been shown to
play essential roles in intercellular communications between can-
cer cells and the surrounding microenvironment owing to cancer
development. EVs are small membrane-bound vesicles secreted
by various cells containing proteins, lipids, mRNAs, and non-cod-
ing RNAs (microRNAs and long non-coding RNAs), which con-
tribute to cancer cell development and progression. Here, we pro-
vide an overview of current research direction on EVs, especially
biomolecules in EVs, and also point out the novel diagnostics,
monitoring, predicting, and therapeutic aspects using EVs against
cancer.

Introduction
Cell-to-cell communication is essential for normal cell devel-

opment and cancer cell progression. The communication and

exchange of cells were previously observed to occur through three
known mechanisms as follows: i) via soluble mediators, such as
growth factors, hormones, lipids, cytokines, and chemokines,
which are secreted from cells and function in autocrine, paracrine,
or endocrine signaling; ii) via cell to cell adhesion contacts
between the donor and target cells; and iii) via the exchange of
information through tunneling nanotubes.1,2 Evidence of the
release and uptake of membrane-bound vesicles as the fourth cell
communication mechanism has emerged.3 Extracellular vesicles
(EVs) are small membrane-bound vesicles released from numer-
ous cell types into the extracellular microenvironment; EVs are
detectable in various body fluids, such as ascites, blood, saliva,
urine, cerebrospinal fluid, and breast milk.4-7 EVs were initially
observed as procoagulant platelet-derived particles in normal plas-
ma; they were originally reported in 1946 by Chargaff and West8
and referred to as platelet dust by Wolf in 1967.9 In 1987, the term
exosome was first used to describe small membrane vesicles
formed by vesiculation of intracellular endosomes and released by
exocytosis.10 However, the definition of extracellular vesicles was
still indeterminate until 2018, during which the International
Society has designated the term EV for extracellular vesicles as a
generic term for all vesicles that are naturally released, are
enclosed in a lipid bilayer membrane, and lack the ability to repli-
cate.11

EVs can be broadly organized into several categories regard-
less of the differences in size, density, subcellular origin, and com-
ponent (Table 1) as follows: exosomes, microvesicles (MVs) or
ectosome, and apoptotic bodies (ABs).6,7 Alternatively, EVs are
classified according to their origins, as follows: oncosomes12

(Figure 1); telerosomes;13 melanosomes;14 and prostasomes.15

However, information on these EV types is rare. 

Exosomes
Exosomes are membrane-enclosed vesicles with homoge-

neous sizes; their diameters range 30-150 nm. Exosomes are
formed by the inward budding of the endosomal membrane sys-
tem.16 Exosome biogenesis includes four steps, namely, invagina-
tion, endocytosis, multivesicular bodies (MVBs), and exosome
secretion.1,17 Early endosome formation starts with the invagina-
tion of the plasma membrane and fusing with endocytic vesicles.18

During early to late endosome maturation, intraluminal vesicles
(ILVs) are formed by the inward budding of the endosomal mem-
brane, and cytosolic materials are randomly incorporated. Late
endosome-containing ILVs are referred to as MVBs, which either
fuse with the plasma membrane and release their ILVs as exo-
somes into the extracellular space or fuse with the lysosome and
are degraded by the contents of the lysosome.19-21 Moreover, the
transformation process from the early to the late endosome stages
can be observed by changing the shape and location inside the
cell. The early endosome is tube-like and located in the outer por-
tion of the cytoplasm. Meanwhile, the late endosome is spherical
and found close to the nucleus.22,23 Cargo sorting into exosomes
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during ILVs formation is guided by either an endosomal sorting
complex required for transport (ESCRT)-dependent pathway com-
bined with other associated proteins, such as a programmed cell
death 6 interacting protein (PDCD6IP) known as Alix and tumor
susceptibility gene 101 protein (TSG101)24 or through an ESCRT-
independent process, such as the ceramide/tetraspanin dependent
pathway.25 Moreover, exosomes are secreted by docking and sub-
sequent fusion of MVBs with the plasma membrane. Processes are
regulated by the Rab family of small GTPase, SNAP, and SNARE
proteins.26-29 For example, Rab3, Rab27, and Rab27b regulate the
docking of the MVBs at the plasma membrane.27,29 Rab11, Rab31,
R-SNARE protein YKT6, and V-SNARE protein VAMP7/TI-
VAMP are involved in fusing MVBs with the cell membrane.
Interestingly, Rab27a was reported to play a role in docking and
fusion.26,27 In addition to protein molecules, a high accumulation
of intracellular Ca2+ and low pH in the microenvironment increas-
es exosome secretion.30

Microvesicles
Compared with exosomes, MVs are more heterogeneous vesi-

cles with diameters in the range of 100-1000 nm. MVs were ini-
tially identified as products of the activated blood platelets and
erythrocytes involved in coagulation.31-33 The biogenesis of MVs
is induced by the activation of the plasma membrane through intra-
cellular Ca2+ influx. The alteration in asymmetric phospholipids
distribution, such as repositioning phosphatidylserine (PS) on the
outer side of the plasma membrane, appears to be one of the main
features of MVs.34-36 Meanwhile, PS-negative MVs could also be
produced by the membrane activation of non-Ca2+ agonists, such
as collagen and adenosine diphosphate (ADP).37,38 This phenome-
non was found in the state of chronic stimuli exposure or strictly in
some cell types, such as endothelial cells.39,40 After that, MVs are
released from cells by outward budding and fission of the plasma
membrane, referred to as shedding.12 The process starts when out-
ward buds form in specific sites of MV origin; then, vesicles
undergo fission and are subsequent released to the extracellular
space.1,41 ADP-ribosylation factor 6 (ARF6) has been reported as
a key protein involved in MV formation and shedding.42 This pro-
tein triggers a signaling cascade that involves phospholipase D
(PLD), the recruitment of extracellular signal-regulated kinase
(ERK), the phosphorylation of myosin light-chain kinase (MLCK),
and the activation of the myosin light chain.43,44 Moreover, the
ARF6-regulated endosomal complex plays a vital role in the selec-
tive incorporation of molecular cargo into MVs.45

Apoptotic bodies
By contrast, ABs are distinct from exosomes and MVs. ABs

are heterogeneous vesicles with diameter sizes in the range of 800-
5000 nm. ABs contain cytosolic organelles and nuclear fragments
as DNA and RNA. Formerly, ABs were considered simply as the
cell remnant discarded from the apoptotic process.6,7,46 However,
the investigation in ABs has become more apparent since the par-
adigm shift in apoptosis concepts as not merely the consequence of
cell death but also methods of cells to reorchestrate the surround-
ing environment.47 The formation of ABs starts from cells that
begin apoptosis, triggering by either intrinsic or extrinsic

                                Review

Figure 1. Biogenesis of EV and their main components.
Exosomes (50-150 nm) primarily originated from the endosomal
membrane system. Invagination of the plasma membrane led to
the formation of early endosomes. Then, endosomes are either
destined to degrade in lysosomes or to mature into late endo-
somes and subsequently released into the circulation.
Microvesicles (100-1000 nm) are formed by outward cell mem-
brane budding, which is triggered by various cell states. Some
cargos could be recruited into either exosomes or microvesicles
during the processes. Oncosomes (100-400 nm) and large onco-
somes (1-10 µm) are triggered by specific mechanisms only in
cancer cells. ESCRT, endosomal sorting complex required for
transport; TSG101, tumor susceptibility gene 101; CD, cluster of
differentiate; PLD, phospholipase D; ERK, extracellular signal-
regulated kinases; MLC, myosin light chain; MLCK, myosin
light chain kinases; EGFR, epidermal growth factor receptor;
Akt, protein kinase B; DIAHP3, diaphanous related formin 3.

Table 1. The key features of the main extracellular vesicle populations.

Feature                                            Exosome                                                         Microvesicle                                    Apoptotic body

Size (nm)                                                       30-100                                                                                 100-1000                                                           800-5000
Density in sucrose (g/mL)                         1.13-1.22                                                                             ND                                                                    1.16-1.28
Sedimentation (×g)                                    100,000                                                                                10,000                                                               1200; 10,000; or 100,000
Appearance by  Electron microscopy      Cup shape                                                                         Irregular shape and electron-dense        Heterogenous
Lipid composition                                        Enriched in cholesterol,                                               Expose phosphatidylserine                        ND
                                                                         sphingomyelin, and ceramide; 
                                                                         contain lipid raft; expose phosphatidylserine          
Main protein markers                                 Tetraspanin (CD81, CD9, CD63), Alix and TSG101   Integrins, selectins, and CD40 ligand       Histones
Intracellular origin                                       Internal compartment (endosome)                           Plasma membrane                                        Programmed cell death
ND, no data; CD, cluster of differentiate; TSG, tumor susceptibility gene. Modified from Mincheva-Nilsson and Baranov3 and Mathivanan et al.4

[page 11]                                                             [Oncology Reviews 2021; 15:542]                                                                             



cascades.48 Then, the externalization of PS is induced by Ca2+

independent scramblases and activated by 3/7 cleaved caspase
enzymes in the plasma membrane, which the production rate is
regulated through different molecules, such as Rho-associated pro-
tein kinase (ROCK1) and myosin light chain kinase (MLCK).49,50

Considering ABs functions, as their name, ABs play a significant
role in an apoptotic process. They contain several proteins, such as
intercellular adhesion molecule 3 (ICAM-3), PS, and C-X-C motif
chemokine ligand 3 (CXCL3), which can recruit phagocytes and
activate their phagocytotic activity.51 In addition, ABs can also dis-
play antitumorigenic properties by manifesting as antigen-present-
ing cells to the dendritic cells, resulting in an immunogenic activa-
tion.51 Finally, some studies found that ABs could promote tissue
regeneration in cardiomyocytes, glomeruli, and bone tissue models
through various mechanisms.50

Oncosomes and large oncosomes
Apart from the classification mentioned above, EV subtypes

are classified according to their origins.15 Specifically for cancer,
oncosomes were named in 2008 following the discovery of
Epidermal Growth Factor Receptor (EGFR) vIII containing vesi-
cles derived from EGFRvIII expressed glioma cell lines. EGFRvIII
is an oncogenic form of EGFR. These oncosomes can make inert
glioma cells engage in an oncogenic activity.12 Fundamentally, the
term oncosomes indicates vesicles of 100-400 nm sizes that are
released from cancer cells via an unknown underlying
mechanism.52 Meanwhile, the large oncosome (LO) subpopulation
was initially discovered in 2009 by Vizio et al. The prostate cancer
cell lines at amoeboid state could release extraordinarily large EVs
(1-10 µm) in response to specific EGFR and Akt1 induction.53 The
biogenesis of LO resembles MVs in terms of budding membrane
origination.54 However, induction signaling occurred specifically
via oncogenic signaling pathways, such as EGFR, Akt induction,
or diaphanous-related formin-3 gene (DIAPH3) silencing.55 In
addition, LO contains oncogenic molecular cargos, such as cave-
olin-1, αV-integrin, and miR-1227 in prostate cancer, which are
distinct from typical cell vesicles56-58 V-ATPase V1G1, and home-
obox genes in glioblastoma.59 The LO release amounts are related
to cancer cells’ size and aggressiveness.53,56 Nevertheless, the util-
ity of LO is still limited in cell line studies. In clinical samples, the
tumor cell population is heterogeneous; they do not only stay in the
amoeboid state. Therefore, they can release both LO and non-LO
large EVs (including MVs and ABs). Distinguishing these two
subgroups is difficult because of the lack of specific LO markers
and isolation methods. Thus, many publications use the term large
EVs, which does not accurately reflect the LO sub-population.60,61

Extracellular vesicles components in cancer devel-
opment

Intercellular communication between EVs and the target cells
can occur by direct interaction via EV surface proteins with the
receptors on the recipient cells. Such interaction leads to the acti-
vation of intracellular signaling pathways. Moreover, EVs can be
pocketed through membrane fusion by the target cells (endocytosis
or phagocytosis), and the bioactive molecules can be transferred.24

The specific contents, such as membrane receptors, ligands, pro-
teins, lipids, and nucleic acids (DNA, RNA, and microRNA), can
be accommodated into EVs depending on their parental cells.25,62

Although common biomarkers of EVs have been established, such
as endosome-associated proteins (SNAREs, ALIX, and TSG101)
and tetraspanin proteins (CD9, CD63, and CD81), the specific con-

tent of different EV subtypes and the manner of sorting molecules
into EVs still need to be explored.11

Most cancer cells release various EV types that differ from
healthy cells in terms of content and quantity. Cancer-derived EVs
affect located cells and other distal cells, resulting in the transfer of
metastatic capability. EVs from noncancerous neighboring epithe-
lial cells can suppress cancer cell progression.22 EVs from malig-
nant cells, primarily exosomes, can induce normal cell transforma-
tion into malignant phenotypes (Figure 2). For example, exosomes
derived from breast cancer cells and sera of patients could induce
normal epithelial cells to form cancer in a Dicer-dependent state.63

Prostate cancer cell-derived exosomes contain various oncogenic
factors, such as H-ras and K-ras mRNA and oncogenic
microRNAs (miRNAs; miR-125b, miR-130b, and miR-155) that
cause neoplastic reprogramming of adipose-derived stem cells.64

Previous studies have investigated several proteins in EVs that
are derived from cancer cells. For example, amphiregulin identi-
fied from breast and colorectal cancer EVs play a role as invasive
factors;65 EGFR identified in brain and pancreatic cancer EVs is
involved in cell proliferation.12,66,67 EV Hsp90 derived from cancer
cells is responsible for their motility and invasiveness.68 In addi-
tion to EV proteins, EV miRNAs can promote cancer cell metasta-
sis through angiogenesis.69 Moreover, growth-inhibitory miRNAs
released from normal cells are hypothesized to kill transformed
cells during cancer initiation, thereby reviving the tissue to a
healthy state. For example, EV miRNA-143 isolated from normal
prostate cells could inhibit cancer cell growth in vitro and in vivo.70

Tumor-suppressive miRNAs are commonly down-regulated in
cancer cells. Thus, continuous secretion of tumor-suppressive

                                          [Oncology Reviews 2021; 15:542]                                                            [page 12]

                                                                                                                                Review

Figure 2. EV components in cancer development. Both normal
and cancer cells can release EVs to the target recipient cells.
Cancer cell EVs can convert recipient cells into malignant cells.
Conversely, normal cells can suppress the transforming cells and
convert them back into the normal state. Apoptotic bodies are
released from apoptotic cells and have less significant functions.



miRNAs via EVs derived from normal cells helps the homeostatic
mechanism. Other types of non-coding RNA have potential as bio-
markers. Long non-coding RNAs (lncRNAs) have attracted con-
siderable attention, especially in EVs. Chen et al. reported that sev-
eral kinds of the antisense lncRNAs, such as RP5-940J5.9, RP11-
290D2.6, 5 C17orf76AS1, and ZFAS1, are enriched in EVs
derived from colorectal cancer cell lines.71 Meanwhile, ZFAS1 has
been reported as an oncogene by destabilization of p53, leading to
cell cycle progression and inhibition of apoptosis in breast, liver,
and colorectal cancers.72-74 Moreover, lncRNA-TUC339 found in
EVs released from hepatocellular cancer is functionally implicated
in modulating tumor cell growth, adhesion, and cell cycle progres-
sion.75 lncRNA-MALAT1 enriched in EVs derived from HeLa cer-
vical and MCF-7 breast cancer cells is related to tumor metastasis
and invasion.76,77 In addition to abilities of cancer EVs in trans-
forming normal cells into malignant forms, cancer EVs can also
reorganize the surrounding tumor microenvironment (TME) to
facilitate tumor cells’ survival, growth, and metastatic capabilities
(Figure 3). Particularly, EVs from cancer cells can indoctrinate
nearby fibroblasts to execute the glycolysis process for them via
the reverse Warburg effect,78,79 with a similar process occurring in
adipocytes through enhancing the lipolysis activity80 - the manip-
ulation results in transforming fibroblasts and adipocytes into
major ATP powerhouses for cancer cells. Moreover, cancer EVs
facilitate a metastatic environment by promoting angiogenesis and
inducing vascular leakiness,81 as demonstrated in EV-associated
miRNA-9, which can reduce the suppressor of cytokine signaling
and activating the JAK/STAT pathway,19 and EV miRNA-210,
which regulates neutral sphingomyelinase 2 (nSMase2)69,82,83 and
inhibit angiogenic inhibitor ephrin-A3 in endothelial cells, result-
ing in angiogenesis promotion.84 Finally, tumor EVs carry the abil-
ity to evade the immune response system by inducing immune cell
apoptosis via death ligands, such as TNF-α and Fas ligand,78 or
directly evade the immune checkpoint by expressing protein death-
ligand 1 (PD-L1), rendering cytotoxic T-cells to ignore the tumor
cells completely.85

Extracellular vesicles utilization
Since cancer-derived EVs contain a cancer-specific molecule

signature, they are dramatically gaining interest as potential tools
for aiding cancer treatment in various aspects, mainly for diagnos-
tic, treatment monitoring, and drug delivery (Figure 4).

Extracellular vesicles as cancer diagnostic tools
Given that pain from a traditional cancer diagnosis is caused

by needle or tissue biopsy, blood-based minimally invasive and
non-invasive diagnoses using either urine or saliva samples are
attractive alternatives. Traditional biomarkers, such as prostate-
specific antigen (PSA) has low specificity for early detection, and
their use does not absolutely distinguish cancer patients from nor-
mal persons.86 Thus, novel biomarkers with high specificity are
currently required to corroborate the early cancer diagnosis.
Incidentally, as EVs are present in various body fluids, they can act
as non-invasive biomarkers that reflect the physiological and
pathological status of the cells they originated from by delivering
bioactive molecules into neighboring or distant cells.87 Circulating
EVs from blood were the most investigated as the potential cancer
diagnostic biomarker. For instance, the level of plasma EV sur-
vivin, an inhibitor of apoptosis protein, is significantly increased in
prostate cancer patients compared with patients with benign
prostate hyperplasia and normal controls.88 Serum EVs Glypican-
1 (GPC-1) from pancreatic ductal carcinoma (PDAC) patients can
distinguish cancers from benign tumors and controls with 100%
sensitivity and specificity.89 Moreover, several kinds of EV
miRNAs and lncRNAs have been proposed as cancer diagnostic
and prognostic indicators for lung cancers. Examples are as fol-
lows: miR-17-3p, miR-21, miR-106a, and lncRNA-MALAT1.90,91

In addition, urine EVs have been extensively studied in urological
cancers, such as EVd-catenin, caveolin-1, and CD59 in prostate
cancer92 and miR-720, miR-205, mi-2003p, and miR-29b-3p in
bladder cancer.93 Other biofluids study mostly focused on recruit-
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Figure 3. Roles of EVs in tumor microenvironment. A) Cancer
EVs can manipulate fibroblast and adipocyte to serve as the ATP
powerhouse for the tumor via glycolysis and lipolysis. B) Cancer
EVs induce the endothelium to increase permeability state and
promote angiogenesis. C) Some cancer EVs express the death lig-
ands Fas, which induce T-cells apoptosis when pair with T-cell
Fas receptor (FasR). Meanwhile, some EVs present protein death
ligand 1 (PD-L1) which can pair with protein death 1 (PD-1) on
T-cells, rendering them to ignore tumor in the cytotoxic process.
Created with BioRender.com

Figure 4. Utilization of EVs in different aspects. A) Difference in
EVs or EV cargo concentrations can distinguish healthy patients
from patients with cancer. Moreover, the level of EVs in cancer
patients can be monitored for disease status after treatment. B)
Biosynthetic EVs can be used to deliver the specific substance to
target cancer. Created with BioRender.com
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ment from local tissue. For example, EVs lncRNA-AA174084
from gastric lavage in gastric cancers94 and EVs miR-21, miR-146,
and lncRNA MALAT1, HOTAIR, and MEG3 in cervicovaginal
lavage of cervical cancer, were found to be significantly elevated
compared with their benign counterparts.95,96

Intriguingly, several EV-based diagnostic tools are currently
being used. Initiated by Caris Life Sciences, Carisome®Prostate
cMV 1.0 was launched in late 2010. The test uses a suitable
method to capture and analyze blood-based circulating microvesi-
cles (cMV) by detecting specific protein markers on the cMV of
prostate cancer. Additionally, ExoDxTM IntelliScore, launched by
Exomed, analyzes the EV expression levels of mRNA PCA3,
ERG, and SPDEF to calculate the risk of high-grade prostate can-
cer.97 The diagnostic kit is more accurate than a standard method
in virgin patients or patients with a prior negative biopsy with PSA
2-10 ng/mL.97,98 Consequently, ExoDxTM lung (EGFR T790M)
launch plan was released in 2016 from the same company. When
combined with cell-free DNA, the kit can detect EGFR mutation in
non-small cell lung cancer (NSCLC) patients with 92% sensitivity
and 89% specificity.99

EVs as a marker that predicts and monitors treatments
EVs’ characteristic mirrors the current status of cancer cells.

Thus, its specificity leads to the potential use of EVs as novel mon-
itoring biomarkers before, during, and after cancer treatment, espe-
cially in cancers that currently have limited biomarkers. This con-
cept was demonstrated in various cancer treatment modalities as
the EVs amounts in post-treatment patients correlate with dimin-
ished tumor volume. For surgery, The GPC-1 exosome concentra-
tion in patients with PDAC was significantly reduced from pre-
resection to the seventh day post-resection.89 The exosome levels
in patients with glioblastoma significantly decreased after the
resection compared with pre-operation levels and were elevated
back during the recurrence phase.100 For radiation and chemother-
apy treatment modalities, EV levels correspond with the tumor
volume according to imaging or post-surgery pathology findings.
Therefore, EVs could be used to assess patients’ response status
without invasive procedures or exposure to hazardous radiologic
contrasts. For instance, in an analysis of serum EVs from breast
cancer patients who received neoadjuvant chemotherapy (NAC)
followed by surgery, patients who responded to NAC exhibited
significantly lower EV concentration in the post-treatment period.
However, the EV level in non-responders remained constant.101

Breast cancer resistance protein (BCRP), a multi-chemotherapy
resistance protein that functions by expelling xenobiotics out of
cells,102 was more highly expressed in tissue and serum EVs
retrieved from chemo-resist patients compared with those from
patients who did not require NAC.103 Moreover, EV concentration
can also be used in conjunction with other markers to improve
treatment monitoring accuracy. In a study conducted by Kassam et
al., serum circulating tumor cells (CTC) and EV concentration,
together with computed tomography-perfusion, were used to accu-
rately assess NAC response status before resection when compared
with Ryan’s histopathological criteria evaluated after resection.104

EV cargos, such as RNA and protein, are also promising tar-
gets for monitoring cancer therapy. For instance, the different
expressions of EV miRNA hsa-let-7a-5p, hsa-miR-21-5p, miR-
493-5p, miR-323a-3p, and miR-411-5p can be used as predictors
of radiation response in patients with prostate cancer, or miR-423-
3p can be used as a predictor of platinum sensitivity in
NSCLC.105,106 Similarly, lncRNA-GC1, a known marker of gastric
cancer progression, was significantly reduced after surgical resec-
tion.107 Furthermore, EVs PD-L1, an immune checkpoint receptor
inhibitor stated in the earlier section, is receiving substantial atten-

tion at the moment as a promising tool to monitor cancer progres-
sion. In functional studies, EV PD-L1 manifested the same
immunosuppressive property with tissue PD-L1 by inhibiting T-
cell activation, but it had a better detection rate than tissue
immunochemistry.108,109 Consequently, many clinical studies have
found that the decreased/increased expression of EV PD-L1 corre-
lated with patients’ disease status in melanoma, head and neck can-
cer, and NSCLC.109-111

Interestingly, EV panel analysis, also known as EV phenotype
analysis, is currently being developed. Phenotype analysis allows
the detection of multiple EV markers by embedding multiple anti-
body markers in a single chip, thereby enhancing the speed and
specificity of EV characterization compared with conventional
methods, such as Western blot and ELISA. Wang et al. developed
an automatic EV phenotype analyzer chip consisting of the EV
markers that commonly increased during the melanoma treatment
course, such as MCSP, MCAM, ErbB3, and LNGFR. The panel
chip successfully analyzed the increased expression of all markers
during the targeted therapy period and decreased expression in
resistant patients with melanoma.112 Jin et al. utilized an aptamer-
based exosome-activated DNA molecular machine (ExoADM),
which allows the simultaneous dual detection of CD63 and PD-L1
with an accuracy comparable with ELISA profiling.113 However,
validation needs to be performed in a large sample size in future
research. If the verification is successful, these biosensor chips can
lead to a point-of-care paradigm in cancer treatment monitoring.

Extracellular vesicles as a new therapeutic target in
cancer

In addition to standard cancer treatments, including surgery,
radiation, chemotherapy, immune checkpoint blockades, and mol-
ecularly targeted drugs, targeting EVs has currently become a
promising therapeutic approach for personalized medicine.
Considering that the delivery of selected molecules from cancer
cells to target cells by EVs leads to cancer progression, EVs have
alternative therapeutic potential. Hence, EV research for cancer
therapy focuses on using native EVs and artificially engineered
vesicles as new tools for drug delivery.19,69 For example, the sup-
pression of targeting molecules related to EV production and
secretion from tumor cells, such as nSMase2, RAB27A, RAB27B,
and RAB22A, leads to cancer development inhibition.19,27,69,114-116

However, the impairment of EV secretion may affect cancer and
normal cells by affecting the homeostatic function of EVs. Thus,
understanding the contribution of these molecules in the biogene-
sis and secretion of EVs from both normal and cancer cells is
essential. Dendritic cell-derived EVs (dexosomes) have been pro-
posed as immunotherapeutic anticancer agents used in clinical tri-
als on several tumors, such as colorectal cancer, NSCLC, and
metastatic melanoma.116,117 Moreover, the elimination of circulat-
ing EVs from advanced cancer patients could potentially prevent
cancer metastasis. The HER2osome medical device strategy was
launched by Aethlon Medical. This device can reduce the circula-
tory presence of cancer-secreted HER2-positive exosomes by
immobilizing a HER2 antibody and an exosome-targeted affinity
agent in the outer-capillary space of plasma filtration integrated
within dialysis machines. This approach resulted in the inhibition
of HER2-positive breast cancer progression.118

Using EVs as a delivery vesicle for therapeutic agents, such as
nucleic acid or drug molecules that inhibit the functions of targeted
cancer cells, has attracted considerable attention because of EV’s
excellent biodistribution, bioavailability, and biocompatibility.119

The expression of EGFR was highly elevated in various human
cancers originating from epithelial cells, thereby suggesting that
the EGFR ligand, which includes epidermal growth factor and
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EGFR-specific peptide (GE11), was considered to be a cancer drug
target.120 Ohno et al. conducted a study in which EVs targeted
EGFR-expressing breast cancer cells. In their study, GE11 was
incorporated onto the surface of EVs carrying lethal 7a (let-7a
miRNA), and these incorporated molecules were subsequently
injected intravenously into tumor-bearing mice. The targeting of
EGFR-expressing breast cancer cells by GE11-EVs could signifi-
cantly reduce tumor formation in mice because the delivery of let-
7a miRNA inhibited the expression of high-mobility group AT-
hook protein (HMGA2) in cancer cells.121 Besides transporting
endogenous miRNA, EVs can efficiently deliver artificial short
interfering RNA (siRNA) to the target cells and induce cell death
through post-transcriptional target gene regulation. For example,
siRNA against RAD51, i.e., the eukaryote gene that assists in the
repair of DNA double-strand breaks in abnormally proliferating
cells, was incorporated into EVs by electroporation, and a signifi-
cant reduction of the RAD51 transcript led to the inhibition of
tumor growth after the delivery of EV carrying siRNA against
RAD51 to HEK293 and HCT116 colon cancer cell.122 In addition
to nucleic acid, EVs have become an effective vehicle for drug
reagent delivery. Curcumin was previously used as an anti-inflam-
matory, anti-neoplastic, and antioxidant agent with chemopreven-
tive properties.123-125 However, curcumin is significantly limited
by its low solubility due to its hydrophobic nature and preferential
interaction with lipid membranes.126 Interestingly, curcumin
showed increasing solubility, stability, and bioavailability when
incorporated into EVs.127 Moreover, the fusion of integrin αv-spe-
cific peptide onto the surface membrane of EV-containing doxoru-
bicin led to the highly efficient targeting of chemotherapeutics to
integrin αv-positive breast cancer cells and to the inhibition of
tumor growth in vivo without overt toxicity.128

Conclusions
EV is gradually attracting attention as a novel class of intercel-

lular signal mediators that deliver bioactive molecules of parental
cells into adjacent or distant cells and influence target cells’ phys-
iological and pathological state. In tumor progression, circulating
EVs are increased in cancer patients, and this phenomenon is cor-
related with the tumor stage. EVs have potential as biomarkers for
diagnosis, monitoring, prediction, and targeting therapeutic tar-
gets. Nonetheless, a validation method of EV cargos as a biomark-
er in cancer patient specimens is required. In addition, the bioac-
tive molecule sorted in EVs is investigated in various cancers.
Loading of EVs with small molecules or drugs has also been uti-
lized for cancer therapy. A large number of EVs from proper donor
cells with efficiently introduced therapeutic agents demonstrated
the use of EVs as a natural carrier in cancer therapy.
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