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a b s t r a c t 

Cancer is a major global concern due to its high mortality rate. Tumor immunotherapy 

has revolutionized cancer treatment. However, low response rates and immune-related 

complications remain challenges. Extracellular vesicles (EVs), including exosomes, have 

emerged as promising therapeutic tools for various pathological conditions, especially 

cancer. Evidence indicates that changes in the quantity and composition of EVs can 

influence the immunosuppressive tumor microenvironment, potentially affecting the 

effectiveness of immunotherapy. Exploiting EVs for immune sensitization has generated 

significant clinical interest. This review provides an in-depth understanding of the origin 

of EVs, their therapeutic applications (such as drug delivery nanoplatforms and cancer 

immunotherapies, including vaccines), diagnostic potential as tumor biomarkers, ongoing 

EV-based clinical trials, and the challenges encountered in EV-based cancer immunotherapy. 

© 2025 Shenyang Pharmaceutical University. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
∗ Corresponding author.
E-mail address: msheykhhasan@muq.ac.ir (M. Sheykhhasan) .

1 These authors contributed equally.
Peer review under responsibility of Shenyang Pharmaceutical Unive

https://doi.org/10.1016/j.ajps.2025.101065
1818-0876/© 2025 Shenyang Pharmaceutical University. Published by El
license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
rsity.

sevier B.V. This is an open access article under the CC BY-NC-ND 

https://doi.org/10.1016/j.ajps.2025.101065
http://www.sciencedirect.com/science/journal/18180876
http://www.elsevier.com/locate/AJPS
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajps.2025.101065&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:msheykhhasan@muq.ac.ir
https://doi.org/10.1016/j.ajps.2025.101065
http://creativecommons.org/licenses/by-nc-nd/4.0/


2 Asian Journal of Pharmaceutical Sciences 20 (2025) 101065 

1

C
h
O
c
m  

c
l
w
c
i
c
m
i
a
c
t

r  

E
b
s
a  

f
(
v
p
m
d
c
a
t
i
a
b
m

i
b
p
n
c
o
t
i
e
r
e
c
E
p
c

2

R
E

b
i
t
(
o
s
b  

a
c
i

2

I
v
1
b
p
t
o
v
t
t
1
f
r
t
s
d
a
E
d  

s
g
i
r
s
m
E

2
E
E
a
[
0
c
p
c
p
[

2
E
s
p
p
t
s
b

. Introduction 

ancer is the leading cause of death worldwide, which 

as reduced the quality of life [ 1 ]. The Global Cancer 
bservatory (GLOBOCAN) 2022 revealed about 20 million new 

ancer cases and nearly 10 million cancer fatalities [ 2 ]. The 
ain cancer treatments are chemotherapy, radiation therapy,

ryoablation, and surgical procedures. Pioneering treatments 
ike precision therapy and immunotherapy target tumor cells 
ith minimal side effects without affecting non-cancerous 

ells [ 3 ]. Cancer immunotherapy majorly modifies the tumor 
mmune microenvironment (TIME), which enables immune 
ells to combat cancer cells [ 4 ]. Therefore, understanding the 
echanisms of how the immune system evades cancer cells 

s crucial in recent cancer treatment. Some immunotherapy 
pproaches employed in cancer treatment are immune 
heckpoint inhibitors (ICI), oncolytic virotherapy, adoptive cell 
herapy, cancer vaccines, and pericyte therapy [ 5 ,6 ]. 

Cancer immunomodulation has recently advanced cancer 
esearch using exovesicles or extracellular vesicles (EVs).
Vs are a collection of particles enclosed in a phospholipid 

ilayer membrane, released by cells into the intercellular 
pace [ 7 ]. Prokaryotic and eukaryotic cells shed EVs. EVs 
re classified based on their sources, size, characteristics,
ormation, and functions, namely exosomes, microvesicles 
MVs), and apoptotic bodies (apoptotic EVs) [8–10] . These 
esicles facilitate cellular interactions in standard and 

athological conditions by transferring various biological 
aterials, such as nucleic acids, lipids, and proteins from 

ifferent cell types [ 7 ,8 ,11 ,12 ]. Furthermore, EVs emitted from 

ancer cells impede the effectiveness of immunotherapy 
nd undermine immune responses against cancer. On 

he contrary, EVs from immunocytes trigger anticancer 
mmune responses by transporting cancer-specific antigens 
nd different stress proteins. However, EVs can either 
oost or hinder anticancer immunity within the tumor 
icroenvironment (TME) [ 7 ]. 
EV-based therapies have been developed to counter 

mmune evasion due to the protumorigenic effect stimulated 

y the TME. These approaches focus on inhibiting the 
roduction of EVs by cancer cells or utilizing EVs released 

aturally by immune cells [ 7 ]. EVs can also serve as drug 
arriers in cancer treatment by modifying their content 
r surface with therapeutic agents. This allows them to 
arget cancer and immune cells, producing potent anticancer 
mmune responses [ 13 ]. Preliminary studies have shown that 
ngineered EVs can activate T lymphocytes and macrophage 
esponses, reducing cancer progression [ 7 ]. This review 

xplores the role of EVs in immunotherapy and as cargo in 

ancer immunoregulation. It also provides an overview of 
V biology and its functions. In conclusion, we examine the 
otential role of EVs in immunotherapy and the challenges in 

linical practice. 

. EVs: definition and origins 

ecently, there has been increasing interest in understanding 
Vs’ generation, role, and potential, although their metabolic 
yproducts have often led to limited interest [ 14 ]. To 
mprove the isolation and classification of different EV 

ypes, the International Society for Extracellular Vesicles 
ISEV) introduced the Minimal Information for Studies 
f Extracellular Vesicles (MISEV) guidelines in 2014 and 

ubsequently updated in 2018 and 2023. EV production can 

e affected by external stimuli, regulation of EV biogenesis,
nd innovative culture systems. Hence, optimizing the culture 
onditions and combining EVs with synthetic liposomes could 

mprove the yield [ 15 ]. 

.1. Exosome (Exo) 

n the 1980s, Exos were identified as substances secreted by 
arious cultured cells, typically ranging in size from 30 to 
50 nm [16–20] . This secretion occurs when multivesicular 
odies (MVBs) fuse through the inward budding of the 
lasma membrane, releasing contents that include enzymes 
o break down 5′ -ribonucleotides into ribonucleosides and 

rthophosphate, resulting in the development of intraluminal 
esicles (ILVs) ( Fig. 1 ). After this process, ILVs fuse with 

he cell membrane, enabling the release of Exos into 
he extracellular environment [ 21 ,22 ]. However, in the late 
980s, smaller vesicles with 30 to 100 nm diameter were 
rom endosomes and released during the maturation of 
eticulocytes [ 22 ]. Later in the 20th century, studies showed 

hat B lymphocytes and dendritic cells (DCs) also release 
imilar vesicles originating from endosomes [ 21 ]. This 
emonstrated the role of Exos in immune surveillance 
nd anti-tumor immunomodulation [ 23 ]. The membrane of 
xos is composed of various phospholipids and proteins 
erived from the parent cell, including carrier proteins,
tress proteins, and tetraspanins [ 24 ,25 ]. It also possesses a 
lobular or cup-like morphology [ 8 ,24 ]. Recent advancements 
n cytoplasmic membrane research uncovered that Exos play 
oles beyond simple waste transport [ 14 ]. The endosomal 
orting complex required for transport (ESCRT)-dependent 
echanisms and alternative pathways are used to generate 

xos [ 26 ,27 ]. 

.1.1. ESCRT-dependent Exo biogenesis 
SCRT-dependent pathway is the primary mechanism for 
xo production. This pathway involves ESCRT-0, -I, -II 
nd -III, as well as endosomal membrane deubiquitinases 
 26 ]. For instance, studies have shown that HGS (ESCRT- 
) is essential for generating Exos. Meanwhile, GPR143 is 
rucial in regulating the ESCRT-dependent Exo biogenesis 
athway. It impacts selective protein sorting and influences 
ancer cell motility and metastasis via the integrin/FAK/Src 
athway, highlighting its importance in cancer progression 

 28 ]. 

.1.2. Alternative pathways of Exo biogenesis 
xos can be formed through G-proteins like the Ras 
uperfamily, ADP ribosylation factor 6 (ARF6), the enzyme 
hospholipase D2 (PLD2), and the syndecan-binding 
rotein syntenin processes [ 29 ]. Recent studies indicate 
hat alternative pathways, including autophagy-dependent 
ecretome and amphisome formation, are essential for Exo 
iogenesis. These pathways present potential therapeutic 
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Fig. 1 – Process of EV formation and release from a source cell. Exos (40 to 160 nm) are released when MVBs fuse with the 
plasma membrane. MVs (100 to 1,000 nm) form directly from the plasma membrane, containing proteins and RNAs. 
Apoptotic bodies (1,000 to 5,000 nm) are produced during apoptosis and contain DNA fragments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

targets for altering cellular secretion profiles in various
diseases [ 30 ]. Additionally, some Exos can be released through
budding at the cell surface membrane without involving the
Rab family [ 31 ]. 

2.2. Microvesicle 

Microvesicles (MVs), also known as platelet dust, are platelet-
derived particles found in healthy blood plasma and serum
[ 23 ]. They are membrane-bound vesicles that blebbed from
the cell membrane before being released into the extracellular
space ( Fig. 1 ). The diameter of MVs ranges from 100 nm to
1,000 nm, whereas oncosomes or oncogenic EVs can reach
sizes of up to 10,000 nm [ 22 ,24 ]. MVs are found in various
biofluids such as circulatory fluid, renal excretion, joint fluid,
and bodily fluids in healthy and diseased states [ 24 ]. The
generation of MVs involves phospholipid rearrangement,
including phosphatidylserine (PS) externalization and
activation of the contractile apparatus, while their shedding
is stimulated by external factors [ 31 ]. For example, the
biogenesis of MVs is triggered by the influx of calcium ions
(Ca2 + ) and an increase in cytosolic Ca2 + levels [ 31 ,32 ]. It
activates the phospholipid transporter scramblase and the
cysteine proteinase calpain [ 32 ]. Meanwhile, scramblase
activity causes the translocation of phospholipids within
the cytoplasmic membrane, while intracellular Ca2 + -
dependent calpain activity leads to the breakdown of
various proteins, further facilitating MVs blebbing [ 31 ,32 ].
This results in the fusion of proteins from the cytoplasmic
membrane to the protruding MVs while the molecules
on the cell membrane become encapsulated within the
MVs [ 33 ]. 
2.3. Apoptotic body 

Apoptotic body (Apo-EVs), a subcategory of EVs, are 1,000 to
5,000 nm in size [ 32 ]. These vesicles are produced during
apoptosis and may contain fragmented intracellular
organelles and nuclear components ( Fig. 1 ) [ 33 ]. The
membrane composition of Apo-EVs reflects the changes
that occur on the surface of the parent cells during apoptosis
[ 32 ]. Macrophages clear most Apo-EVs. Previous studies
suggest that those escaping phagocytosis can transmit
information to nearby or distant cells [ 33 ]. 

2.4. EV cargo 

EVs encapsulate and transport components, including
proteins, lipids, nucleic acids, metabolites, and non-coding
RNAs. The composition and quantity of these contents
influence EV formation and secretion [ 22 ]. Notably, EVs
contain proteins that govern their biosynthesis process,
proteins like ESCRT-related proteins such as tumor
susceptibility gene 101 (TSG101) and apoptosis-linked gene
2-interacting protein X (ALIX) ( Fig. 2 ) [ 31 ]. Meanwhile, EV
generation and secretion proteins, including small GTP-
binding proteins like Ras-related protein Rab-27A (Rab27A),
Ras-related protein Rab-11B (Rab11B) and ARF ³ [ 31 ]. In
addition, cell membrane proteins, specifically tetraspanins
like tetraspanin 30, tetraspanin 28 and tetraspanin 29, along
with cell-signaling proteins [ e.g., epidermal growth factor
receptor (EGFR), major histocompatibility complex class I/II
(MHC I/II)], and other membrane-associated proteins like
CD107a (Lysosome-associated membrane glycoprotein 1) and
CD71(Transferrin receptor protein 1), are commonly found in
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Fig. 2 – Composition and structural components of EVs. EVs have various components: nuclear acids such as snoDNA, 
mtRNA, cfDNA, mRNA, tRNA, lncRNA, miDNA and rRNA; a bilayer lipid membrane comprising sphingomyelin, ceramide, 
phospholipids, ganglioside GM3, diglycerides, phosphatidylcholine, phosphatidylserine, phosphatidylethanolamine, 
phosphatidylinositol, cholesterol and polyglycerophospholipids. Structural components include proteins/peptides, 
cytoskeletal molecules, and minerals. It also features signaling proteins like EGFR and cytokines such as ILs and TNF- α, 
with key proteins including TSG101, Flotillin, ALIX, Rab GTPases and HSP90/70. 
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V [ 31 ,34 ]. The lipid composition of EVs closely resembles the 
arent cells in which they are derived. However, prior studies 
ave suggested that different categories of EVs are uniquely 
ssociated with specific lipids. Lipids such as sphingomyelin,
holesterol, hematoside, unsaturated fatty acids, PS, and 

eramide are in high concentrations within EVs [ 31 ]. EVs also 
ontain a diverse array of genetic materials, including nuclear 
NA, mitochondrial DNA (mtDNA), ribosomal RNAs, transfer 
NAs, messenger RNAs (mRNAs), microRNAs (miRNAs), small 
on-coding RNAs, long and small untranslated RNAs, piRNAs,
tRNA and Y RNA [ 31 ]. 

.5. Functions 

Vs play a vital role in biological processes by delivering 
roteins and lipids that activate receptors on target 
ell membranes, facilitating fusion with the target cell’s 
ytoplasmic membrane. This process enables the transfer of 
arious elements, including sequence-specific DNA-binding 
actors, transforming genes, long and small untranslated 

NAs, mRNAs, and infectious agents into the recipient 
ells [ 35 ]. Through these mechanisms, EVs play a role in 

aintaining normal physiological functions, including 
tem cell retention, tissue repair, immune surveillance,
hysiological neovascularization, and natural hemostatic 
rocesses [ 32 ,35 ]. EVs can be considered signalosomes 
ecause of their intricate signaling entities that govern 

ritical cellular and bodily processes. In addition, EVs 
ontribute to cancer development due to their pivotal role 
n regulating biological phenomena. These signaling effects 
f EVs imply that they may inherently offer therapeutic 
otential, particularly in immunotherapy, because of their 
ide range of mechanisms [ 35 ]. 

. EVs isolation and characterization 

.1. EVs isolation 

espite extensive studies on EVs, standardized procedures 
or their collection, separation, and preservation are still 
acking. Several strategies exist for isolating EVs, but the 
iminutive diameters complicate the purification procedure.
V separation methods exhibit inherent tendencies to specific 
V subpopulations or risk contamination with co-isolated 

aterials [ 36 ]. For instance, because thrombocytes and 
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Table 1 – The pros and cons of each EV isolation methods. 

Isolation method Advantages Disadvantages Ref. 

Differential 
ultracentrifugation 

High purity Time-intensive 
Low yield of EVs 
Requirement specialized ultracentrifuge 
Induction of physical damage to EVs 

[ 36 ,41 ] 

Polymer-based 
precipitation 

User friendly 
Cost-efficient 
High EVs recovery 
Straightforward implementation 

Low purity 
Difficulty of eliminatingpreparationreagents 
from the final preparation 

[ 36 ,47 ] 

Immunoaffinity capture Isolation of EV subpopulations with 
remarkable specificity 

Elimination of EVs that do not exhibit the 
specific marker 
Challenging in the removal of bound antibodies 
Expensive 
Low yield of EVs 
Time-intensive 

[ 36 ,38 ,41 ,47 ] 

Size exclusion 
chromatography 

Preservation of EV function and structure 
Narrower size distribution of isolated EVs 
Short duration of sample processing 
High EVs recovery 
Good purity 

Requirement for manual collection 
Dilution of the purified sample 
There is no risk of contamination from particles 
with similar densities. 
Long isolation duration 
Selection of EVs of specific sizes over others 

[ 41 ,45 ] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

lipoproteins in plasma and serum display similar EV sizes and
densities, there are no techniques to completely isolate all EVs
or their subpopulations without contaminants [ 37 ]. Moreover,
there is a significant difference between these techniques
based on duration, complexity, and necessity for specific
instruments and expert skills [ 37 ]. Therefore, various methods
produce varying outcomes regarding yield, purification, and
compatibility for future usage. The physical and biochemical
factors used in isolating EVs are diameter, density, charge, and
specific biomarkers [ 36 ]. Different techniques for EV isolation
have been employed, such as differential ultracentrifugation,
Polymer-Based Precipitation, Immunoaffinity capture, and
size exclusion chromatography ( Table 1 ) [ 32 ,38 ]. 

3.1.1. Differential ultracentrifugation 

Differential ultracentrifugation represents the initial
technique employed to isolate EVs from biological fluids
and cell culture medium [ 38 ]. This technique is based on the
isolated EVs’ density, size and shape. The main principle of
this method is that larger and denser particles sediment out
first, enabling the effective fractionation and purification of
the target EV populations [ 39 ,40 ]. This technique entails a
series of centrifugation steps using different centrifugal forces
to facilitate the isolation of particles [ 38 ]. Since centrifugation
relies on density as the fundamental principle for particle
isolation, the pellet obtained from this process contains EVs
and contaminations exhibiting equivalent densities. The
contaminations may include viruses, proteins, lipoproteins,
and cell residue removed by low-speed pre-centrifugation.
Followed by vesicle isolation using centrifugal forces between
19,000 and 100,000 ×g [ 38 ]. This approach is inadequate
for recovering EVs from highly viscous biological fluids like
plasma [ 41 ]. 

3.1.2. Polymer-based precipitation 

The polymeric precipitation process is a phase separation
via ultracentrifugation based on the interaction between the
samples and the reagents, where the less soluble elements
aggregate to form sediments. However, the high centrifugal
forces of ∼1,500 g could negatively impact the integrity
of EVs. On the other hand, the co-isolation of EVs with
unwanted proteins during polymer-based precipitation could
result in impurities from the pellets [ 42 ]. For instance,
coagulation factor I, commonly referred to as fibrinogen,
is a plasma component that can compromise the purity
of isolated EVs from plasma. However, adding thrombin,
followed by centrifugation, can alleviate impurities [ 43 ]. In
addition, polymer-based precipitation techniques have led to
the detection of serum albumin and Apoproteins E in isolated
EVs [ 44 ]. 

3.1.3. Immunoaffinity capture 
The isolation method based on immune capture relies on the
EV surface antigen [ 39 ]. This technique fundamentally
employs antibodies for identifying EV receptors or
biomarkers, including tetraspanins ( e.g., tetraspanin 29,
tetraspanin 30 and tetraspanin 28), stress proteins, and MHC
proteins. This involves the binding of antibodies to specific
surface antigens. For example, to improve blood EV purity,
the immune-depletion approach removes serum, plasma
proteins, and lipoproteins [ 41 ]. The significant advantage of
this method is the potential to isolate EVs from a particular
source. In clinical conditions such as heart diseases or cancers,
the immunoaffinity capture technique can separate targeted
cells/tissue EVs by identifying specialized markers on those
cells or tissues. Assays like enzyme-linked immunosorbent
assay (ELISA) and magneto-immunoprecipitation are used
[ 36 ]. 

3.1.4. Size exclusion chromatography 
Size exclusion chromatography is a method that isolates
EVs according to their size, eliminating the need for
ultracentrifugation [ 45 ]. Size-based isolation techniques
use ultrafiltration, Exo isolation kits, chromatography, and
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ydrostatic filtration dialysis [ 46 ]. During this procedure,
Vs traverse a column containing a porous stationary 
hase that captures smaller components. Consequently,
his configuration enables more prominent entities like 
Vs to exit more quickly than smaller constitutes. This 
echnique preserves EVs while facilitating EVs’ separation 

rom a substantial protein background [ 45 ]. Size exclusion 

hromatography offers a more rapid and straightforward 

rocess than differential ultracentrifugation [ 47 ]. Additionally,
ize exclusion chromatography has fewer co-separated 

ontaminants than precipitation-based techniques,
rimarily eliminating high-density lipoprotein (HDL) and big 
ultiprotein complexes that are not EVs [ 38 ,47 ]. Nevertheless,

nstances of minimal amounts of albumin and various 
ipoproteins comparable in size to EVs (such as low-density 
ipoproteins (LDLs), intermediate-density lipoproteins (IDLs),
ery-low-density lipoproteins (VLDLs), lipoprotein(a) (Lp(a)),
nd chylomicrons) within blood EV isolates have been 

ocumented [ 38 ]. 

.2. EV characterization 

he characterization of EVs involves physical and biochemical 
pproaches. 

.2.1. Physical characterization 

anoparticle tracking analysis (NTA) measures the size 
nd concentration of EVs using an optical microscope.
his device irradiates the sample with laser light, and the 

ight scattering from EV movement correlates with EV size.
odern NTA devices can measure particle motion in an 

lectric field, enabling the calculation of zeta potential (an 

ndicator of particle surface charge) [ 48 ]. Another approach 

or EV characterization is single particle interferometric 
eflectance imaging (SP-IRIS), a new optics-based approach.
easurements produced by SP-IRIS are more reliable than 

TA. Furthermore, resistive pulse sensing (RPS) is also a 
ethod for characterizing EVs through size, count, and 

urface charge, while flow cytometry (FCM) enhances our 
nderstanding of EV biology. 

.2.2. Biochemical characterization 

iochemical characterization involves antibody affinity 
abeling, nucleic acid sequencing (NA-Seq), and mass 
pectrometry (MS). NA-seq methods characterize EVs in 

he context of RNA transport by identifying and quantifying 
NA species packaged in EVs. Meanwhile, MS analyses 
haracterize lipid and protein components of EVs. Antibody 
ffinity labeling analyzes EV content and cell-derived EVs 
 49 ]. 

. Unique properties of EVs in cancer 
mmunity 

he function of EVs in cancer immunology is complex 
nd dynamic, and it involves cancer-specific antigens and 

he activation of anti-cancer immune responses. Given the 
omplexity of the TME, EVs can either promote or suppress 
umor progression, depending on their specific roles [ 50 ].
or instance, targeting EV mechanisms or their components 
ould be a promising strategy for developing anti-tumor 
herapies due to the higher EV released by tumor cells 
han non-tumor cells. EVs can suppress tumor progression 

y regulating immune cells in the TME. EVs also enable 
eukocyte communication by regulating immune responses 
gainst tumors [ 51 ]. Furthermore, Exos from mast cells 
ndirectly stimulate B and T lymphocytes by influencing 
he differentiation of DCs [ 50 ]. Meanwhile, EV dysregulation 

romotes tumor content release, mediating communication 

etween cancer cells, the TME, and distant metastatic sites 
 51 ]. 

Exos play a crucial role in regulating anti-cancer immune 
esponses. EVs can be anti-cancer vaccines developed from 

mmune cells like DCs that activate immune responses 
gainst tumors [ 52 ]. Cancer-derived Exos contain heat shock 
rotein 70 kDa (HSP70), which regulates natural killer (NK) 
ells, resulting in DC activation [ 50 ]. Previous studies have 
hown that DCs and T lymphocytes are targets for cancer- 
erived EVs [ 51 ]. Conversely, cancer-derived EVs inhibit DC 

ctivity [ 51 ]. Reports have shown that Exos suppress DC 

evelopment, facilitating immune evasion by increasing the 
xpression of B-cell stimulatory factor-2 (BSF-2/IL-6) in bone 
arrow precursor cells of DCs [ 53 ]. EVs can also modulate 
 lymphocyte activity by impeding the function of other 

eukocyte populations, particularly DCs [ 54 ]. For example, T 

ymphocytes expressing Fas undergo apoptosis when exposed 

o the CD178 antigen found on tumor cell-derived Exos [ 55 ].
revious studies have demonstrated that cancer-derived EVs 
an alter T lymphocyte behavior, especially by enhancing 
he proliferation, differentiation, and activation of regulatory 
 (Treg) lymphocytes, which suppress immune responses 
 51 ]. For instance, transforming growth factor-beta1 (TGF β1) 
xpression in Exos from malignant cells is associated with 

regs activation [ 56 ]. 
EVs can facilitate cancer progression, as studies have 

hown that Exos released by tumor cells can suppress 
he proliferation and cytotoxic activity of NK cells by 
ownregulating NK cell group 2 member D (NKG2D) [ 57 ]. For 

nstance, EVs activate nuclear factor kappa B (NF κB) signaling,
eading to the secretion of inflammatory cytokines and 

riggering proinflammatory responses. This stimulates tumor- 
romoting immune cells like macrophages [ 51 ]. Gaining a 
eeper understanding of the immunological functions of Exos 

n cancer could pave the way for developing innovative and 

ffective tumor-fighting strategies. A summary of EVs used 

n anti-cancer immune responses or pro-cancer immune 
esponses is shown in Table 2 . 

. Heterogenous EVs with diverse functions 

n cancer 

Vs exhibit heterogeneity in size, composition, and biological 
unction. Furthermore, they display various biophysical 
roperties, including diameters, density, charge, and content 
akeup, resulting in heterogeneity of the EVs released into 

he intercellular milieu [ 97 ]. Our main emphasis here will be 
n the implications of various types of EVs in their diverse 
unctions within cancer settings ( Fig. 3 ). 
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Table 2 – Role of EVs in Cancer immunity. 

Source of EVs Cancer type Cargo of EVs Pro-tumor effects Anti-tumor effects Role in immune evasion Type of study Ref. 

Tumor-derived Exos NSCLC PD-L1 Promotes tumor growth through 
immune escape 

N/A Suppresses T cell killing of cancer 
cells 

Experimental [ 58 ] 

Glioblastoma stem 

cell-derived Exos 
GBM PD-L1 Induces M2 macrophages and 

increases PD-L1 expression in 
monocytes 

N/A Enhances immune evasion via 
macrophage polarization 

Experimental [ 59 ] 

Tumor-derived 
microparticles 

Triple-negative 
breast cancer 

PD-L1 Promotes immune suppression via 
PD-L1-associated pathways 

N/A Facilitates immune evasion via 
macrophages 

Experimental [ 60 ] 

Tumor-derived Exos HCC HMGB1 Promotes regulatory B cell 
expansion 

N/A Fosters immune evasion by 
increasing TIM-1 + regulatory B 
cells 

Experimental [ 61 ] 

CAFs -derived Exos HCC PD-L1, IL6, STAT3 Induces PD-L1+ neutrophils, 
fostering immune suppression 

N/A Immune suppression via the 
IL6-STAT3 pathway 

Experimental [ 62 ] 

Tumor-derived Exos GC PD-L1 Increases neutrophil expression of 
PD-L1, suppressing T cell 
immunity 

N/A Enhances immune evasion by 
neutrophils 

Experimental [ 63 ] 

Tumor-derived Exos Melanoma PD-L1 Drives immunosuppressive 
macrophages in pre-metastatic 
niches 

N/A Induces systemic immune 
suppression and promotes 
macrophage-mediated immune 
evasion 

Experimental [ 64 ] 

Bone 
marrow-derived cell 
Exos 

Tumor-bearing 
mice 

PD-L1 Suppresses anti-tumor immunity N/A Inhibits antitumor immunity 
through PD-L1 + Exos 

Experimental [ 65 ] 

Glioblastoma- 
derived 
EVs 

GBM LGALS9 Suppresses DC antigen 
presentation 

N/A Immune evasion through 
LGALS9-mediated suppression of 
T cell responses 

Experimental [ 66 ] 

TEVs HCC circGSE1 Promotes Treg cell expansion N/A Induces immune escape through 
expansion of Treg cells 

Experimental [ 67 ] 

HCC HCC miR-146a-5p Drives T-cell exhaustion through 
M2 macrophage activation 

N/A Promotes immune evasion via 
T-cell exhaustion 

In vivo/in vitro [ 68 ] 

HCC HCC 14–3–3 ζ protein Impairs anti-tumor function of 
tumor-infiltrating T lymphocytes 

N/A Reduces T-cell cytotoxicity by 
interfering with immune 
recognition 

In vivo/in vitro [ 69 ] 

Prostate tumor Prostate cancer Unknown Reduce NKG2D expression on NK 

and CD8+ T cells with low 

cytotoxic activity 

N/A Facilitates immune evasion with 
low cytotoxic lymphocyte activity 

In vivo/in vitro [ 70 ] 

GC GC miRNA-107 MDSCs, which suppress immune 
response 

N/A Supports immune suppression by 
increasing MDSC population 

In vivo/in vitro [ 71 ] 

Breast cancer cells Breast cancer Unknown N/A Gallic acid inhibits EV 

secretion, potentially 
hindering tumor growth 

Prevent immune evasion through 
reduced EV secretion 

In vitro [ 72 ] 

Glioblastoma cells Glioblastoma Unknown Exo secretion leading to therapy 
resistance 

N/A Immune evasion and drug 
resistance 

In vitro [ 73 ] 

( continued on next page ) 
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Table 2 ( continued ) 

Source of EVs Cancer type Cargo of EVs Pro-tumor effects Anti-tumor effects Role in immune evasion Type of study Ref. 

HCC HCC PD-L1 Exosomal PD-L1 suppresses T-cell 
activity, promoting tumor growth 

Nanounit strategy reverses 
PD-L1 mediated 
suppression, leading to 
enhanced ferroptosis 

Blocks T-cell activation via 
exosomal PD-L1 

In vivo [ 74 ] 

DEXs NSCLC DC antigens N/A Boost immune response 
after chemotherapy 

Reduce recurrence of immune 
evasion by sustaining immune 
memory 

Clinical study [ 75 ] 

Engineered EVs Various cancers Anti-PDL1 proteins 
and 
chemotherapeutics 

N/A Effective chemotherapy and 
immunotherapy by 
targeting tumor cells 

Overcomes PD-L1 immune evasion 
in the TME 

Preclinical [ 76 ] 

Pancreatic cancer Pancreatic 
cancer 

Unknown N/A Enhances immunotherapy 
and reprograms the TME by 
targeting tumor cells 

Mitigates immune suppression 
within the TME 

In vivo/in vitro [ 77 ] 

HCC HCC Iron oxide 
nanoparticles and 
exosomal content 

N/A Polarizes macrophages to 
an M1 phenotype, 
promoting an immune 
response against the tumor 

Shifts macrophage polarization to 
favor anti-tumor immunity 

In vivo/in vitro [ 78 ] 

Pancreatic cancer 
cell Exos 

Pancreatic 
cancer 

miRNA-155 and 
miRNA-125b2 

Reprograms macrophages to 
promote tumor growth 

N/A Promotes immune evasion by 
reprogramming macrophages 

In vivo/in vitro [ 79 ] 

Glioblastoma tumor Glioblastoma Checkpoint 
inhibitors 

N/A High efficacy of checkpoint 
inhibitors when combined 
with radiation therapy 

Blocks immune evasion by priming 
immune response before therapy 

Preclinical [ 80 ] 

Engineered immune 
cells 

Various cancers Radiotherapy- 
enhancing 
proteins 

N/A Enhances radiotherapy by 
making cancer cells more 
vulnerable to immune 
attack 

Prevents immune evasion by 
enhancing immune cell 
recognition 

In vivo [ 81 ] 

M1 
macrophage-derived 
Exos 

Various cancers IL-4 receptor 
antagonists 

N/A Reprograms TAMs to 
promote an immune 
response against the tumor 

Overcomes immune suppression 
by promoting M1 macrophage 
polarization 

Preclinical [ 82 ] 

Tumor cells Lung cancer IL-12 mRNA None reported Promotes systemic 
immunity 

None reported Preclinical [ 83 ] 

Tumor cells NSCLC TGF- β Immune suppression, poor 
response to ICI 

None reported Predicts resistance to ICI therapy Clinical [ 84 ] 

( continued on next page ) 
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Table 2 ( continued ) 

Source of EVs Cancer type Cargo of EVs Pro-tumor effects Anti-tumor effects Role in immune evasion Type of study Ref. 

Tumor cells NSCLC PD-L1, B7-H3, 
B7-H4 

Enhances immune evasion None reported Suppresses T-cell activity Clinical [ 85 ] 

Breast cancer cells Breast cancer EV-associated 
factors 

Immune cell suppression None reported Differential T-cell regulation Pilot study [ 86 ] 

Serum-derived EVs Breast cancer EV cargo Promotes immune evasion None reported Regulates T-cell escape 
mechanisms 

Clinical [ 87 ] 

Tumor cells GC YTHDF1-targeting 
m6A modulators 

Epigenetic immune suppression Enhances chemotherapy Reduces immune recognition Preclinical [ 88 ] 

Tumor cells GC YTHDF1 Epigenetic immune regulation Enhances immune 
response to therapy 

Reduces immune recognition Preclinical [ 89 ] 

Tumor cells Breast cancer Multifunctional 
cargo 

Lymph node metastasis Enhances immunotherapy None reported Preclinical [90] 

Genetically 
engineered EVs 

Diiferent cancer Immune- 
modulating 
factors 

None reported Enhances anti-tumor 
immunity 

None reported Preclinical [ 91 ] 

Tumor cells Different cancer STING agonist None reported Suppresses tumor growth Enhances immune response Preclinical [ 92 ] 
Tumor cells Various cancers CD300a Suppresses T cell function None reported Regulates Treg cells in tumors Preclinical [ 93 ] 
Tumor cells Various cancers PD-L1 Immune suppression None reported Evades immune checkpoint 

inhibition 
Clinical [ 94 ] 

Stem cells Various cancers Immunoregulatory 
molecules 

None reported Immune cell activation Enhances immune modulation Preclinical [ 95 ] 

Treg cells Various cancers EVs from Tregs Immune suppression None reported Modifies DCs Preclinical [ 96 ] 

NSCLC, Non-small cell lung cancer; GBM, glioblastoma multiforme; PD-L1, programmed death-ligand 1; HCC, hepatocellular carcinoma; GC, gastric cancer; MDSCs, expands myeloid-derived suppressor 
cells; M1, Pro-inflammatory macrophages; M2, Anti-inflammatory macrophages; TAMs, tumor-associated macrophages; CAFs, cancer-associated fibroblasts; DEXs, DC-derived exosomes. A summary 
of how EVs modulate immune responses, impacting both pro-tumor and anti-tumor mechanisms across various cancer types. 
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Fig. 3 – Mechanisms of EVs in cancer progression and therapeutic resistance. (a) Comparison between drug-resistant and 

drug-sensitive tumors in therapeutic resistance. (b) Depiction of the metastatic cascade in Tumor Metastasis. (c) Illustration 

of tumor-associated blood vessel formation in cancer angiogenesis. 
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The heterogeneity of EVs could be observed based on 

he composition. For example, the differences in protein 

rofiles between MVs and Exos in the neuroblastoma cell line 
SH-SY5Y) [ 98 ]. This variation suggests new perspectives in 

dentifying potential biological markers for tumors [ 99 ]. 

.1. Heterogenous EVs and their different roles in cancer 
rowth and metastasis 

xos derived from SH-SY5Y cells promote in vitro growth 

nd motility of SK-N-BE2 human neuroblastoma cells 
ompared to MVs [ 99 ]. In contrast, NIH3T3 fibroblast cells 
espond more invasively to LIM 1863 colonic carcinoma 
ells-derived MVs than Exos [ 98 ]. Understanding these 
nderlying differences could offer valuable insights into 

ancer treatment and contribute to developing more precise 
V-based diagnostic and therapeutic strategies. For instance,
2a cells, a mouse neuroblastoma cell line, release diverse 

ubpopulations of Exos with or without CD63 [ 100 ]. Exos 
ith tetraspanin exhibit non-specific attachment to neurons 

nd neuroglia, while Exos with CD63 tend to attach to 
he neuron’s dendrons [ 100 ]. Previous studies have shown 

hat B16F10 mouse melanoma cell lines release two Exo 
ubsets, low-density and high-density Exo, with different 
ene expressions [ 101 ]. For instance, glutamine transporter 
LC38A1 is upregulated in endothelial cells (ECs) when 
xposed to low-density Exos. Glutamine is essential in 

alignant cells, supporting energy production, redox balance,
acromolecule synthesis, and signaling pathways [ 101 ,102 ].

hese attributes enhance the glutamine metabolic process 
or innovative clinical approaches designed for detecting,
bserving, and treating tumors [ 102 ]. The differentiation of 
xosomal subsets promotes exosomal biological mechanisms 
nd functionality and facilitates the advancement of Exo- 
elated diagnosis and treatment approaches [ 101 ]. Several 
tudies have also indicated that integrins from cancer- 
erived Exos play a crucial role in disseminating cancerous 
ells to particular remote sites, a phenomenon known as 
rganotropic metastasis. Furthermore, Exos from tumor 
urface proteins TSP-180 ( α6 β4 integrin) and VLA-6 ( α6 β1 
ntegrin) promote lung metastases by preferentially binding 
o lung fibroblasts and epithelial cells. In contrast, Exo 
dhesion to liver-resident macrophages (Kupffer cells) is 
ediated by αV β5 integrin, contributing to liver metastases.

his indicates that integrins found in Exos may serve as 
ndicators for metastatic organotropism [ 103 ]. 

.2. Heterogenous EVs and their different roles in 

oagulation activity and cancer immunity 

Vs from B16-F1 mouse melanoma cells showed that Apo-EVs 
ad more significant hemostatic activity than MVs and Exos 
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after in vitro coagulation tests. Additionally, immunization
studies in melanoma mouse models demonstrated that Apo-
EVs offered the most effective anti-cancer immune defense
[ 104 ]. These could influence the choice of tumor treatment
strategies. Specific approaches, such as cytoablation regimens,
can induce the secretion of tumor-derived Apo-EVs, elevating
the thrombosis danger and enhancing tumor immunity
associated with T lymphocytes and NK cells [ 98 ,104 ]. Exo
interactions are driven by integrin αL β2 and B220 on DC
surfaces, while tetraspanin-29, TAPA1, and the vitronectin
receptor on Exo surfaces enable their targeting and uptake by
DCs. Therefore, targeted cells can recognize and absorb Exos,
affecting tetraspanins or integrins expression [ 98 ]. 

6. Clinical trials and therapeutic potential of 
EVs 

EVs hold therapeutic potential due to their involvement in
treating various diseases [ 22 ]. One remarkable feature of
EVs is their capacity to transport molecular signatures from
their parent cells, enabling precise targeting and interaction
with recipient cells [ 105 ]. These vesicles can encapsulate
a wide array of molecules, including proteins, RNAs, and
lipids, making them versatile carriers for delivering a range
of therapeutic agents, from small molecules to large nucleic
acids [ 106 ]. EVs are biomarkers derived from cancer cells
that can provide insights into tumor biology and aid early
detection. In contrast, engineered EVs can deliver anti-
cancer drugs or genetic material to tumor sites [ 107 ]. It
provides genetic material, such as miRNAs and mRNAs,
to recipient cells, influencing their behavior and function.
This capability is explored for therapeutic purposes, like
silencing oncogenes or upregulating tumor suppressor genes
in cancer treatment [ 108 ]. The ability to transfer functional
RNA makes EVs promising for precision medicine, tailoring
therapies to individual genetic profiles. EVs, particularly
those from mesenchymal stem cells (MSC), are also being
investigated for tissue repair and regeneration. They’ve shown
potential in promoting healing and reducing inflammation,
with applications in treating chronic wounds, bone fractures,
and other regenerative needs [ 109 ,110 ]. 

Clinical applications of EVs have advanced, offering new
treatment possibilities for various diseases [ 106 ]. EVs have
shown significant potential due to their role in intercellular
communication and ability to transport bioactive molecules
such as proteins, RNAs, and drugs. This has led to multiple
clinical trials, particularly for cancer treatment and biomarker
identification [ 107 ,111 ]. Recent clinical trials have focused on
EVs derived from human and plant cells for drug delivery,
cancer vaccines, and diagnostics [ 112 ]. Their stability in body
fluids and ability to protect biomolecules from degradation
make them ideal for non-invasive diagnostics, with EV-based
proteins and miRNAs promising as cancer biomarkers [ 113 ].
EVs are also utilized for targeted drug delivery in conditions
like colon cancer, COVID-19, and degenerative disorders.
They are considered promising candidates for targeted drug
delivery because of their intricate structure, composed of
lipids, surface proteins, and receptors that facilitate precise
tissue and cell targeting [ 112 ]. 
EVs function as biomarkers for antitumor vaccines
and drug delivery systems. EV-based vaccines contain
active molecules like MHC and costimulatory molecules,
which help stimulate immune cells to trigger anti-tumor
responses. Clinical trials have explored tumor-derived EV
(TEV) components, such as DNA, miRNA, long noncoding
RNA (lncRNA), and specific tumor antigens, as biomarkers for
cancer diagnosis [ 114 ]. EVs move through the bloodstream
because of the membrane composition and nanoscale size,
which enhance therapeutic efficiency. Preclinical and clinical
trials have highlighted the ability of Exos to trigger anti-tumor
immune responses. EVs from stem cells could promote tissue
repair, while Exo-based vaccines could be used in regenerative
medicine. For instance, DEXs developed as vaccines have
enhanced the efficacy and safety in aggressive cancers
like glioblastoma when combined with other therapies.
Furthermore, combining DCs-Exo vaccines with NK cell
therapies offers a synergistic strategy to enhance anti-tumor
immune responses [ 112 ,115 ]. 

Additionally, Exos derived from B-cell Non-Hodgkin
Lymphoma serve as diagnostic markers due to their high
CD20 expression, allowing them to evade the immune
system [ 116 ]. Clinical trials have utilized Exos as predictive
biomarkers for immunotherapy responses in renal and
HCC [ 117 ,118 ]. Despite the progress made, further research
is required to clarify EV-mediated mechanisms, address
their heterogeneity, and optimize storage for clinical
use. Enhancing EV yield and quality through advanced
isolation and production techniques is vital for their clinical
success. Some clinical applications of EVs are highlighted in
Table 3 . 

7. Potentials of EVs in cancer immunotherapy 

EVs can deliver functional molecules to target cells that
influence the immune microenvironment, which could
promote effective cancer immunotherapy strategies. Immune
cell-derived EVs coordinate the complex interaction between
the immune system and the cancer anti-tumor immunity
landscape [ 114 ]. These EVs are derived from immune cells
such as T cells, B cells, NK cells, DCs and macrophages,
exhibiting unique characteristics for effective cancer
immunotherapy [ 125 ]. They release surface receptors and
effector molecules that enable them to modulate immune
responses. They also boost antitumor immunity due to
their cell-homing and targeting abilities, thus minimizing
off-target effects and enhancing the therapeutic potential of
their cargo. Additionally, immune-stimulatory molecules can
activate immune cells or inhibit checkpoints to counteract
tumor-induced immunosuppression [ 126 ]. 

EVs trigger immune cells to combat various diseases like
cancer. For instance, NK cells combat cancer by utilizing
EVs as molecular tools to target and destroy transformed
or infected cells. These EVs contain a range of cytotoxic
proteins, including perforin, granzymes, and tumor necrosis
factor (TNF)-related apoptosis-inducing ligands (TRAIL),
which promote apoptosis in cancer cells. Additionally, NK
cell-derived EVs are rich in tumor-suppressor microRNAs,
further enhancing their cytotoxic effects. By distributing
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Table 3 – Therapeutic and diagnostic applications of EVs. 

Disease Intervention / Treatment Therapeutic potential Study design Study 
start 

Ref/NCT 

Colon cancer Plant Exos Effective delivery of curcumin to 
colon tumors 

Phase I 2011 [ 119 ] 

Pancreas cancer Exos MSC-derived Exo with siRNA to 
target metastatic pancreatic 
cancer 

Phase I 2021 [ 120 ] 

Osteosarcoma Circulating Exo in Blood 
samples 

Exo-derived RNA as a diagnostic 
biomarker for osteosarcoma 

Pilot study 2017 [ 121 ] 

Cholangiocarcinoma 
Circulating Exos in Blood 
samples 

Exo-derived RNA as a diagnostic 
biomarker for cholangiocarcinoma 

Pre-clinical 2017 [ 122 ] 

GC Circulating Exos in blood 
samples 

Exos as predictive biomarkers for 
GC 

Observational 
case-control 

2013 [ 123 ] 

Lung cancer Circulating Exos in blood 
samples 

Exos as biomarkers to manage and 
improve lung cancer 

Observational 
cohort 

2018 NCT04315753 a 

AML UCMSC-Exo UCMSC Exos for AML patient’s 
treatment 

Phase 1 2024 NCT06245746 a 

DLBCL Exos in blood samples Exos used in immunotherapy 
escape 

Not 
applicable 

2019 NCT03985696 

Breast cancer EVs isolated from the 
plasma of breast cancer 

EVs serve as diagnostic and 
predictive biomarkers in breast 
cancer 

Observational 
case-control 

2020 [ 124 ] 

CRC Circulating Exos EVs act as biomarkers in CRC Observational 
cohort 

2020 NCT04523389 a 

Thyroid cancer EVs EVs serve as biomarkers in thyroid 
cancer 

Observational 
cohort 

2020 NCT04742608 a 

Malignant pleural 
effusion 

Drug-packaging 
microparticles 

Delivery of chemotherapy with 
tumor-derived microparticles for 
malignant pleural effusion 
treatment 

Phase 2 2013 NCT01854866 a 

GC Exo-based liquid biopsy Diagnostic for GC Observational 
cohort 

2023 NCT06342427 a 

Prostate cancer Exosomal microRNA Diagnostic for aggressiveness of 
prostate cancer in Chinese 
patients 

Observational 
cohort 

2018 NCT03911999 a 

Liver cancer Exo-based liquid biopsy Diagnostic for liver cancer Observational 
case-only 

2024 NCT06342414 

Lung cancer Serum exosomal lncRNAs Biomarker for the diagnosis of 
lung cancer 

Observational 
case-control 

2017 NCT03830619 a 

CRC Exosomal microRNAs 
(cf-miRNA and 
exo-miRNA, respectively) 

Early detection of CRC Observational 
case-control 

2023 NCT06342401 a 

ICC Exo-based liquid biopsy Lymph node metastasis detection Observational 
case-control 

2023 NCT06381648 

Pancreatic cancer Serum exosomal 
microRNAs 

Early detection of pancreatic 
cancer 

Observational 
case-control 

2023 NCT06388967 a 

Advanced 
adenomas and 
CRC 

Serum exosomal 
circulating microRNAs 

Detection of CRC and adenomas Observational 
case-control 

2020 NCT06342440 a 

Sarcoma Exosomal proteins and 
nucleic acids 

Monitoring disease progression Observational 
cohort 

2018 NCT03800121 a 

Lung squamous 
Carcinoma 

Serum Exosomal miRNA Predicting therapeutic efficiency in 
lung SCC 

Observational 
cohort 

2022 NCT05854030 a 

AML, acute myeloid leukemia; UCMSC-Exo, Umbilical cord-derived MSCs exosomes; DLBCL, diffuse large B-cell lymphomas; CRC, colorectal 
cancer; ICC, intrahepatic cholangiocarcinoma. 

a The relevant information obtained from the website: https://clinicaltrials.gov/ . 
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hese potent effector molecules, NK cell-derived EVs boost 
mmune surveillance, averting tumor progression, metastasis,
nd the detrimental effects of cancer [ 127 ]. Meanwhile, DC- 
erived EVs (DCEVs) have immunostimulatory properties 
nd drug delivery potentials that promote effective immune 
ell attacks on cancer cells. DCEVs activate the immune 
ystem and prime T lymphocytes, particularly cytotoxic T 

ymphocytes (CTLs), for antitumor activity [ 128 ,129 ]. 

https://clinicaltrials.gov/
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EVs released from macrophages harbor multifaceted
functions in the context of tumor immunity because
macrophages polarize to pro-inflammatory (M1) or anti-
inflammatory (M2). Macrophage-derived EVs play a role
in antigen presentation and aid the adaptive immune
response against cancer cells. Depending on signals from
the TME, EVs derived from macrophages can either promote
tumor growth and metastasis or trigger antitumor immune
responses, highlighting their dual role in regulating tumor
immunity [130–132] . Meanwhile, classical neutrophils release
neutrophil-derived trails (NDTRs) and neutrophil-derived
MVs (NDMVs). NDTRs recruit and activate immune cells,
while NDMVs have immunosuppressive effects. Neutrophil-
derived EVs offer pathogen defense and are used as drug
carriers due to their short lifespan [ 133 ]. 

EVs derived from CD4+ and CD8+ T cells have diverse
functions that promote immune responses against tumors.
These EVs carry miRNAs, antigens and cytokines that
regulate immune cell activation, proliferation, and function.
T cell-derived EVs affect the balance between immune
surveillance and tumor evasion in TME [ 134 ]. Meanwhile,
B cells-derived EVs act as antigen-presenting vehicles that
activate CTLs to enhance antitumor responses. B cell-derived
EVs may also have immunosuppressive effects, triggering T
cell apoptosis or altering immune cell function within the
TME. Understanding this complex interaction is essential
for developing targeted immunotherapeutic strategies against
cancer [ 135 ,136 ]. Exploiting such inherent EV properties
made it possible to engineer these nano-vesicles to target a
particular cell type or deliver the therapeutic payload at the
tumor site [ 134 ]. 

TEVs are essential in intercellular communication,
spreading immunosuppressive signals that enable them
to evade immune surveillance and promote tumor growth.
These carry TEVs containing immunosuppressive molecules,
such as TGF- β, PD-L1 and Fas ligand, suppressing immune
cells in the TME [ 114 ]. Previous studies have demonstrated
that TEVs trigger robust CD8+ T cell responses and reduce
Treg cells, positioning them as promising candidates for
cancer vaccines [ 107 ,137 ]. TEVs contain immunogenic
components, such as MHC-I molecules and HSP70, which
activate immune responses targeting cancer cells [ 128 ,138 ]. In
2008, the first clinical trial using colorectal carcinoma-derived
TEVs with granulocyte-macrophage colony-stimulating
factor (GM-CSF) showed limited efficacy and safety [ 139 ].
Additionally, bacterial EVs have shown promise as cancer
immunotherapy without side effects [ 128 ]. Furthermore,
TEVs can enhance the transport of antitumor drugs
and nanomaterials. Engineered immune cell-derived EVs
represent a new frontier in immunotherapy tailored for the
delivery of cancer patient therapy. EVs can be modified for
specific functions, enhancing their therapeutic potential
through genetic engineering, membrane engineering,
and cargo delivery strategies. EVs are essential mediators
between cells in different physiological and pathological
processes, including immune responses against tumors
[ 13 ,82 ,89 ,106 ] ( Fig. 4 ). This suggests that immune cell-
derived EVs offer improved safety and functionality,
positioning them as a promising new strategy for cancer
therapy. 
8. EVs and their roles as cancer vaccine 

Vaccines serve different purposes: traditional vaccines are
preventive, while cancer vaccines primarily treat existing
cancers. However, preventive cancer vaccines exist but are
limited to virus-related cancers. For example, viruses such as
human papillomavirus (HPV), associated with genital cancers,
and hepatitis B and C viruses, linked to liver cancer, are
key risk factors [ 140 ]. The main goal of therapeutic vaccines
is to stimulate strong T cell responses, particularly from
CD8+ CTLs, by using adjuvants to enhance the immune
system’s reaction [ 141 ]. One prevalent method involves
the injection of DCs, which initiate and direct immune
responses against specific antigens. Upon maturation, DCs
display increased co-stimulatory factors, active MHC peptide
complexes, and adhesion molecules to engage immune
cells. Furthermore, DCEVs transport functional molecules
involved in antigen presentation, enhancing the potential
for immune cell-mediated tumor rejection. Recent studies
demonstrate that DCEVs are the earliest cancer vaccines
to achieve clinical application [ 142 ,143 ]. However, DC-based
immunotherapy has yielded inconclusive results, involves
high costs, faces challenges in production standards, and
loses effectiveness with prolonged storage [ 140 ]. Previous
studies have demonstrated that DEXs and MVs possess
immunostimulatory effects, activating CD8+ T cell responses
against specific antigens and significantly enhancing the
relative proportion of germinal center B cells ( Fig. 4 ) [ 144 ].
DEXs are cancer vaccines with high stability attributed to
their lipid composition and abundance of MHC class I/II
molecules compared to DCs [ 142 ,145 ]. A phase II clinical
trial that used DEXs indicated an increased proportion of
tetraspanins (CD82, CD81, CD63), HSP70, TSG101 and HLA-
DR, and a peptide elution strategy was employed to enhance
affinity with MHC I proteins [ 145 ]. In a phase I clinical trial,
DEXs were used as cell-free anticancer vaccines in lung cancer
patients [ 146 ]. These Exos demonstrate increased resistance
to immunosuppressive signals within the TME [ 145 ]. Besse
et al. [ 75 ] and Munich et al. [ 147 ] demonstrated that DEXs
can boost antitumor responses in T cells and NK cells via
TNF and interferon gamma (IFN- γ) superfamily ligands. Some
modifications involve tailoring EV membranes to improve
tumor targeting and optimizing their cargo to maximize
antitumor effectiveness [ 148 ]. 

TEVs could serve as therapeutic cancer vaccines. They
are lipid bilayer particles from tumor cells that have
characteristics and functions of their origin recipient cells
[ 114 ,115 ]. TEVs play a crucial role in communication between
immune and tumor cells, carrying both tumor-associated
antigens (TAAs) and tumor-specific antigens (TSAs) from
parent tumor cells, including PD-L1, gp100, MHC I, MHC
II, TYRP, and HSP proteins like HSP70 and HSP90 [ 149 ,150 ].
These vesicles naturally contain TAAs, which aid in antigen
presentation and can be engineered to carry immune cell
activators, thereby boosting the vaccine’s effectiveness [114] .
TEVs also facilitate tumor growth and immune suppression
by converting monocytes into MDSCs, which inhibit effector T
cells. They also induce anergy in natural killer T (NKT) cells,
promote M2-like macrophage polarization, and expand Tregs
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Fig. 4 – Exo-based cancer immunotherapy and drug delivery. EVs act as versatile platforms for enhancing cancer treatment 
by combining immunotherapy and targeted drug delivery strategies. 
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151–153] . TEVs activate the immune system in early-stage 
ancer by delivering tumor antigens, such as MHC-I molecules 
nd HSPs to DCs, triggering CD8+ T cell responses. In late- 
tage cancer, TEVs promote immune evasion [ 61 ,154 ,155 ].
EVs can also contribute to immune suppression and 

umor growth [ 114 ]. When transferred to DCs, TEVs can 

nitiate antigen-specific CTL responses, leading to adequate 
rotection against autologous tumors than irradiated tumor 
ells, apoptotic bodies, or tumor lysates in vitro and in 
ivo models [ 107 ,126 ]. Sometimes, it is necessary to pair 
ancer vaccines with adjuvants to boost immune responses 
nd strategies, further neutralizing tumor-promoting effects 
 141 ]. Conversely, TEVs can promote cancer progression, drug 
esistance, immune evasion, and metastasis. Consequently,
he utilization of TEVs directly in cancer therapy raises safety 
oncerns, thereby impeding their potential as safe cellular 
ancer vaccines [ 148 ]. 

Different cells secrete EVs, which does not affect their 
ole as vaccines. For instance, Yaddanapudi et al. [ 156 ] 
emonstrated that human embryonic stem cells secrete 
Vs that express GM-CSF, which can be used effectively as 
 prophylactic cancer vaccine. Additionally, cytotoxic and 

elper T cells secrete EVs to mediate cellular interactions 
nd induce functional modifications. Qiu et al. [ 157 ] also 
emonstrated that activated T cells release Exos that contain 

nti-programmed cell death 1 (PD-1), which triggers PD- 
1 internalization within Exos or from the surface of cells.
his mechanism aids in re-establishing tumor immune 
urveillance and mitigating immune evasion mediated by PD- 
1 in triple-negative breast cancer. Furthermore, EVs derived 

rom NK cells carry cytotoxic proteins like perforin and 

asL, which induce cell death in multiple types of tumor 
ells via activating immune responses [ 158 ]. Zhu et al. [ 159 ]
lso demonstrated that TNF- α containing EVs derived from 

K-92 cells influence melanoma cell growth and apoptosis.
dditionally, the ability of TAMs to exhibit distinct phenotypes 

ike M1 with tumor-suppressive properties and M2 with 

umor-promoting properties has made nanovesicles (NVs) 
ssential in the TME. NVs from M1-polarized macrophages 
an reprogram M2 TAMs into M1 macrophages, further 
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stimulating the secretion of pro-inflammatory cytokines
thereby initiating antitumor immune reactions [ 160 ]. 

Outer membrane vesicles (OMVs) are tumor vaccines
secreted by Gram-negative bacteria known to contain various
bacterial components, such as lipopolysaccharide (LPS),
peptidoglycan, proteins, nucleic acids, and toxins [ 161 ]. These
vesicles form through several mechanisms: cell lysis, loss of
cross-linking proteins between the outer phospholipid bilayer
and peptidoglycan layer, accumulation of peptidoglycan
or misfolded proteins, and insertion of foreign signaling
molecules into the outer membrane. OMVs play vital roles
in bacterial communication and host interactions. OMVs
use the circulatory system to move to different organs,
facilitating long-distance signaling between bacteria and
host tissues in their host [ 161 ]. Previous studies have
demonstrated the accumulation of OMV in the TME due
to the enhanced permeability and retention (EPR) effect,
which promotes vesicle retention at tumor sites. OMVs
are an important vaccine due to the unique physiological
features that trigger immune responses even without direct
bacterial contact. OMVs carry LPS and lipoproteins, which
can induce programmed cell death in host cells upon
interaction [ 161 ,162 ]. Developing OMV-based anti-tumor
vaccines involves using genetic engineering to incorporate
foreign proteins into or onto the vesicles, eliciting targeted
immune responses with low immunogenicity and minimal
side effects. Another approach is the fusion of an antigen
with an OMV protein, like CytolysinA (ClyA) or hemoglobin
protein (Hbp), to form chimeric proteins expressed on the
OMV surface [ 162 ]. For instance, the fusion of ClyA-GFP
protein enhances immune responses by producing increased
antibody titers compared to the controls in mice [ 162 ]. Grandi
et al. [ 163 ] also demonstrated that engineered OMVs carry
FAT1 antigen that is overexpressed in various tumor cells,
which led to anti-tumor responses and tumor regression in
mice with colon cancer. 

9. Roles of EVs in cancer drug delivery 

EVs are promising candidates for optimizing drug delivery
in cancer therapy due to their natural targeting abilities
and lower immunogenicity than synthetic nanoparticles
[ 164 ,165 ]. They can efficiently transport drugs to tumor
sites, navigate biological barriers like the blood-brain barrier,
and evade phagocytosis [ 166 ]. Cytomembrane-targeted
photodynamic priming induces EV storm for efficient
drug delivery and tumor destruction via bioorthogonal
reaction, improving therapeutic efficacy [ 167 ]. EVs are stable
during circulation and use endogenous cargo delivery
mechanisms. They effectively target and disseminate
cancer cells, potentially preventing tumor progression
and relapses [ 165 ,168 ]. Engineered EVs can improve tumor
specificity, reduce systemic toxicity, and even present T-cell
antigens to enhance immune responses against cancer ( Fig. 4 )
[ 169 ]. Previous studies have shown that chemotherapeutic
drugs delivered by EVs are more stable and effective, with
less toxicity than conventional therapies. Their ability to
carry nucleic acids and proteins makes them ideal for
gene therapy and targeting cancer cells [ 165 ]. EVs can
serve in allogeneic and autologous treatments that include
immune cells, MSCs, cancer cells, and cell lines [ 170 ]. TEVs
express integrins and adhesion molecules, which enhance
selective binding to target cells in metastatic sites, improving
therapeutic efficacy while minimizing off-target effects
[ 171 ]. 

EVs loading uses electroporation, sonication, and extrusion
for small molecules, proteins, and nucleic acids. At the same
time, the genetic engineering of donor cells can enhance
specific targeting without damaging the EV membrane [ 172 ].
On the contrary, post-isolation loading techniques preserve
the integrity of EV membrane [ 173 ]. For instance, hydrophobic
drugs like paclitaxel (PTX) loaded in MSCs produced EVs
with high cytotoxic effects and increased drug solubility and
stability [ 174 ]. Alternatively, previous studies have shown
that EV cargo can be modified by transfection in breast
cancer cells engineered to contain miR-134, resulting in
effective anti-HSP90 treatments [ 175 ,176 ]. In a clinical trial,
curcumin-loaded EVs demonstrated effective tumor-targeted
anti-inflammatory therapy [ 177 ]. Artificial EVs, either semi-
synthetic or fully synthetic EV mimetics, offer promising
drug delivery by combining liposomes with specific EV
membrane proteins [ 177 ]. They can also improve targeting
and immune evasion by using PEG to extend circulation
time or incorporating pH-sensitive elements for controlled
drug release in the acidic TME. Previous studies have shown
that engineered EVs delivered drugs by effectively targeting
leukemia, improving survival rates [ 178 ]. 

Preclinical studies have demonstrated the potential
of EV-based drug delivery systems in cancer therapy. For
example, Exos loaded with the chemotherapeutic agent
PTX have shown increased efficacy in reducing tumor
growth in a mouse lung cancer model [ 179 ]. Despite
their promising potential, translating EV-based drug
delivery systems into clinical use faces several challenges.
Previous studies have shown that cell source influences
the composition and function of EVs, a major challenge
affecting the therapeutic efficacy and safety [ 180 ]. Meanwhile,
advanced characterization techniques like NTA, dynamic light
scattering (DLS), and high-resolution FCM could tackle EV
heterogeneity, offering insights into their biological functions
[ 181 ]. 

EVs are biocompatible because they trigger immune
responses based on their origin and composition [ 182 ].
Comprehensive preclinical studies are essential to evaluate
the immunogenicity, toxicity, and bodily distribution [ 183 ].
Addressing these concerns is vital for regulatory approval
and patient safety, impacting the clinical development of
EV-based drug delivery systems [ 184 ]. Currently, there are no
standardized regulatory guidelines for EV-based therapies
precisely. The regulatory framework for EVs is still evolving,
with agencies like the FDA and EMA working to establish
guidelines for their development, characterization, and
clinical testing. Furthermore, establishing clear criteria for
EV purity, potency, and safety, along with standardized
manufacturing and quality control protocols, can address
challenges related to EV selection, source, isolation,
characterization, storage, immunogenicity, and regulatory
approval, unlocking their full potential for drug delivery
[169,181,185–187] . 
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Fig. 5 – Roles of EVs in cancer diagnosis and treatment. EVs, derived from various cells such as T cells, macrophages, B cells 
and DCs, can be isolated from bodily fluids, including saliva, CSF, milk, blood serum and urine. These EVs can be modified 

for various applications: liquid biopsy for tumor diagnosis, drug delivery systems targeting tumors, immunotherapy to 

enhance immune response, and cancer vaccines to stimulate immunity. 
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0. Roles of EVs as tumor biomarkers 

V-based biomarkers offer significant benefits over traditional 
iagnostic methods. They are abundant in various body 
uids like saliva, blood, urine, semen, breast milk and 

ronchoalveolar fluid, enabling minimally invasive sampling 
 Fig. 5 ) and making them a non-invasive diagnostic tool.
hey carry various biomolecules that can be measured,
otentially enhancing diagnostic sensitivity and specificity 
 188 ]. Tissue sampling remains a significant challenge,
pecifically in cancers such as central nervous system 

umors [ 189 ]. Aside from EVs, biomarkers like cell-free DNA 

cfDNA) and circulating tumor cells (CTCs) are targets that 
ffer novel insights and expand the horizons of cancer 
anagement. cfDNA are short fragments of nucleic acids 

resent in bodily fluids such as blood and urine, primarily 
eleased during apoptosis, while circulating tumor DNA 

ctDNA) is from cancer cells and provides insights into the 
enetic and epigenetic alterations of the primary tumor.
v’s vesicular lipid membrane shields their cargo from 

egradation, enhancing stability compared to cfDNA and 

oluble proteins in bodily fluids. Due to this protective feature 
nd their abundance, they often outperform cfDNA and 

oluble proteins as tumor indicators [ 190 ]. 
EV-based liquid biopsies have been used for clinical 

tudies, especially for early cancer detection and tracking 
inimal residual disease in patients after therapy [ 191 ,192 ].

or instance, ExoDx Prostate IntelliScore, a urine EV-based 

ssay, effectively distinguishes higher-grade prostate cancers 
Gleason score 7 or higher) from lower-grade cancers 
t
nd benign conditions [ 192 ]. Previous studies have shown 

hat mutations common in pancreatic cancer, such as 
RASG12D and TRP53R273H, are detectable in DNA-derived 

Vs released into the bloodstream of affected patients 
 193 ]. Bulk analysis of heterogeneous EV populations results 
n concentration and expression patterns variability. This 
ariability arises from the diverse cellular origins of EVs 
nd the absence of standardized protocols for their isolation 

nd characterization. Pre-analytical factors further contribute 
o technical inconsistencies, including storage duration,
reeze-thaw cycles, and transport conditions. Moreover,
mall patient sample sizes in clinical studies limit the 
eliability of findings. Advanced single-particle analysis 
echniques, such as imaging FCM and fluorescence-based 

TA, could enhance EV classification accuracy, thereby 
educing biological variability [ 190 ]. 

EVs serve as clinical indicators for therapy response 
rediction, disease progression, tumor burden, and 

onitoring of treatment efficacy [ 191 ,194 ,195 ]. Sun et al.
 196 ] demonstrated that the plasma levels of vesicular 
opine-3 (CPNE3) in patients with CRC are positively related 

o the tissue expression level of CPNE3 in tumor samples. This 
ndicated that the concentration of EVs and their molecular 
ontent in liquid biopsies from cancer patients are essential 
ndicators of clinical parameters and can function as tumor 

arkers. Previous studies on CRC and breast cancer have 
hown elevated levels of EVs in cancer patients associated 

ith drug resistance, disease progression, and reduced overall 
urvival [ 194 ,195 ]. Following surgical removal of the primary 
umor, EV levels in plasma decreased significantly, indicating 
hat the tumor mass is a significant factor driving increased 
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EVs released [ 191 ]. Monitoring plasma EV concentrations
in post-surgical conditions serves as an indicator of tumor
burden in cancer patients. Additionally, chemotherapy and
radiotherapy have been shown to stimulate the release of
EVs in patients with various types of cancer [ 197 ,198 ]. These
findings suggest that measuring EV levels could potentially
enhance the evaluation of therapeutic responses in clinical
settings. 

EV-related nucleic acids such as DNA, RNA, lncRNAs,
miRNAs and mRNAs can be biomarkers. Nucleic acids like
RNAs and proteins have emerged as potential tumor diagnosis
indicators ( Table 4 ) [ 188 ]. In the context of cancer diagnosis,
using EVs is essential in highlighting the characteristics of
TEVs, which could offer avenues for early disease detection.
For instance, Hornick et al. [ 199 ] showed that EVs associated
with AML were present in the bloodstream before leukemic
blasts became detectable. Melo et al. [ 200 ] also showed a cell
surface proteoglycan, glypican-1 (GPC1), enhances the levels
of EVs before the tumor becomes visible through standard
imaging methods in an in vivo model of pancreatic cancer. 

TEVs are pivotal in transferring specific types of proteins
and miRNA from drug-resistant cells to drug-sensitive cells
( Fig. 3 ). This transfer process has been observed across
different cancer treatments, including tamoxifen resistance
in breast cancer [ 234 ]. For another example, EVs carrying
HER2 can bind to trastuzumab, reducing drug efficacy. This
interaction highlights a specific pathway through which TEVs
can influence the response to trastuzumab treatment in
breast cancer patients [ 235 ]. Most EV biomarkers associated
with chemoresistance have demonstrated elevated plasma
levels in non-responsive cancer patients, as evidenced by
various protein markers and RNA-based molecules [ 236 ,237 ].
Conversely, some studies have demonstrated a reduction in
EV-derived miRNA levels in the blood of patients who did not
respond to chemotherapy or radiotherapy [ 238 ]. 

TEV biomarkers can monitor therapy effectiveness by
analyzing changes in their expression levels in patient
samples after treatment compared to before treatment. The
levels of RNAs and proteins in plasma EVs decreased following
chemotherapy or tumor removal, such as extracellular
matrix metalloproteinase inducer (EMMPRIN) in CRC and
prostate-specific membrane antigen (PSMA) in prostate
cancer [ 190 ,239 ]. Additionally, RNA molecules associated with
EVs, such as miR-155 and the lncRNAs HOTAIR, have emerged
as effective indicators for tracking responses to surgery
and chemotherapy in patients with breast cancer [ 240 ,241 ].
Some biomarkers are highly expressed in circulating EVs
after favorable treatment responses. For example, higher
serum levels of EpCAM-positive EVs during chemotherapy
were linked to prolonged progression-free survival among
patients diagnosed with pancreatic ductal adenocarcinoma
(PDAC), potentially indicating a stress response induced by
the treatment in the tumor [ 242 ]. Moreover, during PD-1
immunotherapy, elevated PD-L1 expression on small EVs
in plasma has been correlated with enhanced treatment
response in melanoma patients [ 243 ]. 

Regarding predicting disease state and disease
progression, the complete mRNA profile of plasma-derived
EVs has been associated with metastasis in osteosarcoma
[ 121 ].Also, high levels of miR-17-5p and miR-92a-3p in EVs
from CRC is linked to the cancer stage [ 244 ]. These findings
emphasize the critical role of EV biomarkers in predicting
disease states. Several bodily fluids in different cancers are
also biomarkers. For instance, EV-based blood biopsies are
used for diagnosis, prognosis, and monitoring of cancer
patients, while salivary gland fluid is a potential source for
EV-based liquid biopsies in oral cancer despite contamination
with bacterial EVs [ 245 ]. Additionally, urine-derived EVs are
evaluated in urological malignancies, such as prostate [ 246 ],
bladder, and kidney cancers [ 190 ]. Previous studies have also
identified cancer-derived EVs as biomarkers in bodily fluids,
specifically by detecting miR-21 in EVs from the cerebrospinal
fluid (CSF) of patients with GBM [ 247 ]. In addition, bile-derived
EVs contain high levels of claudin-3 in cholangiocarcinoma
[ 248 ], and DNA methylation markers were identified in
EVs derived from gastric juice in GC [ 245 ]. Plasma-derived
EVs DNA (EV-DNA) can detect mutations in the Kirsten rat
sarcoma (KRAS) gene in PDAC patients [ 249 ]. 

11. Challenges and future directions in 

EV-based cancer immunotherapy 

The major challenge involved in EV-based cancer immunology
is the isolation of Exos and the effective usage of these
vesicles in immunotherapy. Johnstone RM et al. first identified
Exos in 1983 [250] . Later, in 1996, Raposo et al. [ 251 ] clarified
that Exos play a crucial role in presenting antigens from B
cells and initiating T cell responses. Since then, Exos have
attracted significant interest as a critical players in cellular
communication, diagnosis, progression, and treatment of
tumors. Thery and colleagues were the first to introduce Exos
in cancer therapies [ 250 ]. Exos play a crucial role in regulating
the microenvironment by modulating the immune system
and escape, resulting in increased metastasis, tumorigenesis
and drug resistance [ 252 ]. Notably, the functions of Exos can
differ widely depending on the cells derived and the specific
biological context. The purposes and mechanisms underlying
the physiological release of Exos remain unclear and require
further investigation [250,251] . 

Meanwhile, the structure of Exos, such as the lipid
bilayer, shields them from degradation and removal in
the bloodstream, making them a promising tool for drug
delivery in different diseases like cancer. Despite significant
progress, the biological functions of Exos remain incompletely
understood, and developing new treatments continues to
encounter several challenges [250,251] . The varying isolation
methods of Evs based on the heterogeneity and the
nanoscale size make it difficult to isolate them efficiently
[ 36 ,47 ]. Separating Exos from different body fluids and cell
cultures also lacks standardization [ 128 ]. Hence, developing
standardized and efficient methodologies to distinguish
between the various types of EVs is essential. Addressing this
issue is critical for our understanding and fully harnessing
the potential of these dynamic vesicular structures. Hence,
characterizing EVs involves DLS, size and concentration
measurement, electron microscopy, immunoblotting, and
proteomic analysis [ 253 ]. In addition, limited data on Exo
composition and quantities, interactions between tumor
cells and immune cell-derived EVs, the impact of clinical
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Table 4 – Highlights on EV biomarker types, their sources, and their roles in various cancers. 

Biomarker 
type 

Biomarker 
name 

Source of EVs Cancer Type Role Expression Ref 

microRNA miR-7641 Cancer cells Breast cancer Promotes progression, 
metastasis 

↑ [ 65 ] 

miR-1290 Circulating Exos Epithelial ovarian 
cancer 

Diagnostic biomarker ↑ [ 201 ] 

miRNA-720 Serum-derived EVs HCC Diagnostic performance 
marker 

↑ [ 202 ] 

miR-205 Plasma-derived EVs Ovarian cancer Early diagnosis, staging 
indicator 

↑ [ 203 ] 

miR–1910–3p Cancer-derived EVs Breast cancer Promotes proliferation, 
metastasis, autophagy 

↑ [ 204 ] 

miR-20b-5p Serum-derived EVs NSCLC Early diagnostic marker ↑ [ 205 ] 
miR-382 Serum-derived EVs NSCLC Prognostic biomarker ↓ [ 206 ] 
miR-3937 Tumor-origin EVs CRC Early minimally invasive 

biomarker 
↑ [ 207 ] 

miR-1269a Serum-derived EVs NSCLC Diagnostic biomarker ↑ [ 63 ] 
miR-92b Serum-derived EVs Breast cancer Diagnostic biomarker ↑ [ 208 ] 
miR-1470 Serum-derived EVs CRC Promotes cell proliferation, 

metastasis 
↑ [ 209 ] 

miR–4732–5p Plasma-derived EVs Epithelial ovarian 
cancer 

Non-invasive diagnostic 
biomarker 

↑ [ 210 ] 

miR-1269a Serum-derived EVs NSCLC Diagnostic marker plays an 
oncogenic role 

↑ [ 63 ] 

miR–3187–5p Serum-derived EVs NSCLC Early-stage diagnostic 
biomarker 

↑ [ 204 ] 

miR-3937 TEVs CRC Early diagnostic biomarker 
for liquid biopsy 

↑ [ 207 ] 

miR-92b Serum-derived EVs Breast cancer Diagnostic biomarker 
promoting tumorigenesis 

↑ [ 208 ] 

lncRNA LINC00355 Exos GC Promotes malignant 
progression 

↑ [ 211 ] 

NNT-AS1 Serum Exos CRC Potential biomarker, 
oncogene via 
miR-496/RAP2C axis 

↑ [ 212 ] 

TTN-AS1 CTCs Cholangiocarcinoma Promotes proliferation and 
migration 

↑ [ 213 ] 

MALAT1 Exos Wilms’ tumor Candidate biomarker for 
liquid biopsy monitoring 

↑ [ 214 ] 

FOXD2-AS1, 
NRIR, 
XLOC_009459 

Serum Exos CRC Diagnostic biomarkers ↑ [ 215 ] 

Various 
lncRNAs 

Tumor-derived Exos NSCLC Expression analysis for 
potential biomarkers 

Varying 
levels of 
expression 
in tumors 
and Exos 

[ 81 ] 

LncRNA 

signature 
Exos Ovarian cancer Associated with prognosis 

and immunotherapy 
biomarkers 

– [ 216 ] 

RP5–977B1 Exos NSCLC Novel minimally invasive 
biomarker for diagnosis 
and prognosis 

↑ [ 217 ] 

THEMIS2–211 Circulating Exos HCC Promotes growth and 
metastasis 

↑ [ 218 ] 

SNHG16 Urinary Exos Bladder cancer Diagnostic biomarker ↑ [ 218 ] 
Various 
lncRNAs 

Urinary Exos Bladder cancer Noninvasive biomarkers for 
diagnosis 

↑ [ 219 ] 

FGD5-AS1 Exos Pancreatic cancer Promotes TAM M2 
polarization, enhancing 
proliferation 

↑ [ 76 ] 

( continued on next page ) 
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Table 4 ( continued ) 

Biomarker 
type 

Biomarker 
name 

Source of EVs Cancer Type Role Expression Ref 

circRNAs CircRNA 

ACTN4 
Exos ICC Promotes tumor 

progression by recruiting 
YBX1 to initiate FZD7 
transcription 

↑ [ 220 ] 

CircACTN4 Exos Breast cancer Promotes tumorigenesis 
and progression by 
regulating MYC expression 

↑ [ 74 ] 

Circ_0000735 Exos NSCLC Contributes to malignant 
progression 

↑ [ 221 ] 

CircATP8A1 Exos GC Induces macrophage M2 
polarization via 
miR–1–3p/STAT6 axis 

↑ [ 222 ] 

CircRNAs Exos GC Noninvasive liquid biopsy 
biomarker for early 
detection 

↑ [ 223 ] 

CircRNAs Exos Papillary thyroid 
cancer 

Diagnostic tool for 
distinguishing papillary 
thyroid cancer 

↑ [ 205 ] 

CircRNA 

panel 
Plasma exosomal 
RNA 

Hepatitis B 
virus-related HCC 

Large-scale diagnostic tool 
for HCC 

↑ [ 224 ] 

CircRUNX1 Exos Esophageal squamous 
cell carcinoma (ESCC) 

Facilitates growth and 
metastasis via 
miR-449b-5p/FOXP3 axis 

↑ [ 225 ] 

CircLPAR1 Exos CRC Functions in diagnosis and 
suppresses tumorigenesis 

↓ [ 226 ] 

Protein Integrin αV β3 M2-like 
macrophage-derived 
EVs 

NSCLC Facilitates metastasis ↑ [ 14 ] 

CD97 T EVs Gastric carcinoma Promotes lymphatic 
metastasis 

↑ [ 227 ] 

CD9 CAFs EVs Malignant melanoma Inhibits proliferation of 
melanoma cells 

↑ [ 228 ] 

Rab27b TEVs GC Associated with peritoneal 
metastases 

↑ [ 229 ] 

B7-H4 Irradiated TEVs Glioblastoma Increases FoxP3 expression 
in Th1 cells 

↑ [ 230 ] 

PSM-E Prostate TEVs Prostate cancer Inhibits M2 macrophage 
polarization 

↓ [ 231 ] 

ADAM17 TEVs CRC Promotes pre-metastatic 
niche formation 

↑ [ 232 ] 

ITGB6 Dormant TEVs Lung adenocarcinoma Activates CAFs s ↑ [ 233 ] 
Glypican-1 Cancer-cell-derived 

Exos 
Pancreatic cancer Aid early detection of 

pancreatic cancer 
↑ [ 200 ] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

characteristics on Exos, and a lack of in vivo studies
make Exos challenging to work with [ 128 ,254 ]. There is
also no information on Exo distribution, half-life, blood
concentrations and urine clearance, and the capture of Exos by
macrophages during circulation is also a challenge. Strategies
to enhance Exo stability, prolong half-life during circulation
and minimizing immune clearance have been considered
[ 181 ]. 

Another challenge is that therapeutic Exo storage,
manufacturing, and biosafety still need to be addressed,
as well as practical and logistical issues [ 255 ]. Following
purification, EVs must be stored under appropriate conditions
to preserve stability. Hence, optimizing the storage conditions
for various types of EVs is essential for successful clinical
translation. The commonly utilized storage is −80 °C,
while methods like lyophilization with cryoprotectants,
such as trehalose, serve as alternatives [ 256 ]. Furthermore,
optimizing the manufacturing processes to achieve scalable
mass production and multiple iterations could improve
the yield needed. The preclinical pharmacokinetics,
pharmacodynamics, and biosafety of the drug and EV should
be studied to prevent side effects. This is because drug delivery
by EVs results in liver and spleen accumulation. Hence, EV
engineering involving immunological, physical, and chemical
modifications can mitigate this issue by reducing tissue
toxicity and accumulation and facilitating targeted therapy.
Extensive clinical trials are needed to confirm the safety and
effectiveness of Exos as a treatment option [ 257 ]. Preclinical
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tudies have shown the effect of EV-based therapies and 

rug delivery systems, but there are insufficient reports 
n the toxic effects [ 128 ]. Despite considerable progress in 

nderstanding the biological functions of EVs, their potential 
s engineered tools for advanced cancer immunotherapy 
emains largely unexplored. 

2. Conclusion 

Vs have become a crucial focus in cancer research,
roviding valuable insights and new opportunities for 
herapeutic advancements. This review underscores the 
iverse roles of EVs, from their fundamental properties to 
heir transformative potential in cancer treatment. With their 
nique characteristics, EVs show great promise in cancer 
herapy, especially immunotherapy, where they can boost 
mmune responses against tumors. Their use as drug delivery 
ystems enhances targeted treatment, minimizing off-target 
ffects. Additionally, EVs are valuable biomarkers, offering 
 non-invasive method to monitor tumor progression and 

reatment response. Developing EV-based cancer vaccines is 
lso a groundbreaking strategy that could improve vaccine 
ffectiveness and patient outcomes. 

However, several challenges must be addressed to fully 
arness the potential of EVs therapeutically. Some significant 
roblems include the lack of standardized methods for 

solating EVs, leading to their quality and composition 

ariability. The heterogeneity of EVs and the absence of 
 universal standard for isolation and characterization 

omplicate the interpretation of EVs study. Furthermore, the 
iological roles of EVs are not fully understood, while their 

nteractions with various cell types and clinical settings add 

urther complexity. Additional challenges include scaling up 

V production, ensuring their stability in vivo , and addressing 
otential risks such as immunogenicity or toxicity, all of which 

ust be resolved before EV-based therapies can be broadly 
dopted in clinical practice. 

onflicts of interest 

he authors report no conflicts of interest. The authors alone 
re responsible for the content and writing of this article. 

eferences 

[1] Bray F, Laversanne M, Weiderpass E, Soerjomataram I. The 
ever-increasing importance of cancer as a leading cause of 
premature death worldwide. Cancer 2021;127(16):3029–30 .

[2] Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL,
Soerjomataram I, et al. Global cancer statistics 2022: 
GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J 
Clin 2024;74(3):229–63 .

[3] Najafi S, Majidpoor J, Mortezaee K. Extracellular 
vesicle-based drug delivery in cancer immunotherapy.
Drug Deliv Transl Res 2023;13(11):2790–806 .

[4] Lv B, Wang Y, Ma D, Cheng W, Liu J, Yong T,
et al. Immunotherapy: reshape the tumor immune 
microenvironment. Front Immunol 2022;13:844142 .
[5] Rui R, Zhou L, He S. Cancer immunotherapies: advances and 

bottlenecks. Front Immunol 2023;14:1212476 .
[6] Cao Y, Xu P, Shen Y, Wu W, Chen M, Wang F, et al.

Exosomes and cancer immunotherapy: a review of recent 
cancer research. Front Oncol 2022;12:1118101 .

[7] Ahmadi M, Abbasi R, Rezaie J. Tumor immune escape: 
extracellular vesicles roles and therapeutics application. Cell 
Commun Signal 2024;22(1):9 .

[8] Gurunathan S, Kang MH, Qasim M, Khan K, Kim JH.
Biogenesis, membrane trafficking, functions, and next 
generation nanotherapeutics medicine of extracellular 
vesicles. Int J Nanomed 2021;16:3357–83 .

[9] Mokhtari K, Sheykhhasan M, Shahnazari M,
Ahmadieh-Yazdi A, Shokrollah N, Samadi P, et al.
Extracellular vesicles in reproductive medicines. In: 
Anand K, Vadivalagan C, Gangadaran P, Muthu S, Peacock B,
editors. Extracellular vesicles for therapeutic and diagnostic 
applications. Elsevier; 2025. p. 243–81 .

[10] Samadi P, Sheykhhasan M, Mokhtari K, Yang P, Maghool F,
Kalhor N. Extracellular vesicles: unlocking therapeutic 
potential in regenerative medicine. In: Anand K,
Vadivalagan C, Gangadaran P, Muthu S, Peacock B, editors.
Extracellular vesicles for therapeutic and diagnostic 
applications. Elsevier; 2025. p. 397–435 .

[11] Khoei SG, Dermani FK, Malih S, Fayazi N, Sheykhhasan M.
The use of mesenchymal stem cells and their derived 

extracellular vesicles in cardiovascular disease treatment.
Curr Stem Cell Res Ther 2020;15(7):623–38 .

[12] Sheikholeslami A, Davoodi Asl F, Fazaeli H, Sheykhhasan M,
Kalhor N, Naserpour L. Exosomes of mesenchymal stem 

cells and PRP restore spermatogenesis in the rat model 
of non-obstructive azoospermia. Reproduction 2024;168(3): 
e230474 .

[13] Liu C, Wang Y, Li L, He D, Chi J, Li Q, et al. Engineered
extracellular vesicles and their mimetics for cancer 
immunotherapy. J Control Release 2022;349:679–98 .

[14] Huang L, Wang F, Wang X, Su C, Wu S, Yang C, et al.
M2-like macrophage-derived exosomes facilitate metastasis 
in non-small-cell lung cancer by delivering integrin αV β3.
MedComm 2023;4(1):e191 .

[15] Welsh JA, Goberdhan DCI, O’Driscoll L, Buzas EI, Blenkiron C,
Bussolati B, et al. Minimal information for studies 
of extracellular vesicles (MISEV2023): from basic to 
advanced approaches. J Extracell Vesicles 2024;13(2): 
e12404 .

[16] Sheykhhasan M, Kalhor N, Sheikholeslami A, Dolati M,
Amini E, Fazaeli H. Exosomes of mesenchymal stem cells 
as a proper vehicle for transfecting mir-145 into the breast 
cancer cell line and its effect on metastasis. Biomed Res Int 
2021;2021:5516078 .

[17] Sheykhhasan M, Heidari F, Farsani ME, Azimzadeh M,
Kalhor N, Ababzadeh S, et al. Dual role of exosome in 

neurodegenerative diseases: a review study. Curr Stem Cell 
Res Ther 2024;19(6):852–64 .

[18] Wang J, Ma P, Kim DH, Liu BF, Demirci U. Towards 
microfluidic-based exosome isolation and detection for 
tumor therapy. Nano Today 2021;37:101066 .

[19] Heidari F, Seyedebrahimi R, Yang P, Farsani ME, Ababzadeh S,
Kalhor N, et al. Exosomes in viral infection: effects 
for pathogenesis and treatment strategies. Biocell 
2023;47(12):2597–608 .

[20] Ababzadeh S, Davoodi Asl F, Fazaeli H, Sheykhhasan M,
Naserpour L, Farsani ME, et al. Effects of exosomes 
from menstrual blood-derived stem cells and ginger 
on endometriotic stem cells. Curr Med Sci 2024; 
44(6):1293–302 .

[21] Colombo M, Raposo G, Théry C. Biogenesis, secretion,
and intercellular interactions of exosomes and other 
extracellular vesicles. Annu Rev Cell Dev Biol 2014;30:255–89 .

http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0001
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0002
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0003
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0004
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0005
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0006
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0007
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0008
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0009
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0010
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0011
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0012
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0013
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0014
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0015
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0016
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0017
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0018
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0019
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0020
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0021


Asian Journal of Pharmaceutical Sciences 20 (2025) 101065 21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[22] van Niel G, D’Angelo G, Raposo G. Shedding light on the
cell biology of extracellular vesicles. Nat Rev Mol Cell Biol
2018;19(4):213–28 .

[23] Meldolesi J. Exosomes and ectosomes in intercellular
communication. Curr Biol 2018;28(8):R435–44 .

[24] Giacobino C, Canta M, Fornaguera C, Borrós S, Cauda V.
Extracellular vesicles and their current role in cancer
immunotherapy. Cancers (Basel) 2021;13(9):2280 .

[25] Sheykhhasan M, Amini R, Soleimani Asl S, Saidijam M,
Hashemi SM, Najafi R. Neuroprotective effects of coenzyme
Q10-loaded exosomes obtained from adipose-derived stem
cells in a rat model of Alzheimer’s disease. Biomed
Pharmacother 2022;152:113224 .

[26] Dixson AC, Dawson TR, Di Vizio D, Weaver AM.
Context-specific regulation of extracellular vesicle
biogenesis and cargo selection. Nat Rev Mol Cell Biol
2023;24(7):454–76 .

[27] Ahmadieh-Yazdi A, Karimi M, Afkhami E, Hajizadeh-Tafti F,
Kuchakzadeh F, Yang P, et al. Unveiling therapeutic
potential: adipose tissue-derived mesenchymal stem
cells and their exosomes in the management of diabetes
mellitus, wound healing, and chronic ulcers. Biochem
Pharmacol 2024;226:116399 .

[28] Lee YJ, Shin KJ, Jang HJ, Ryu JS, Lee CY, Yoon JH, et al.
GPR143 controls ESCRT-dependent exosome biogenesis and
promotes cancer metastasis. Dev Cell 2023;58(4):320–34 .

[29] D’Souza-Schorey C, Schorey JS. Regulation and mechanisms
of extracellular vesicle biogenesis and secretion. Essays
Biochem 2018;62(2):125–33 .

[30] Zubkova E, Kalinin A, Bolotskaya A, Beloglazova I,
Menshikov M. Autophagy-dependent secretion: crosstalk
between autophagy and exosome biogenesis. Curr Issues
Mol Biol 2024;46(3):2209–35 .

[31] Abels ER, Breakefield XO. Introduction to extracellular
vesicles: biogenesis, RNA cargo selection, content, release,
and uptake. Cell Mol Neurobiol 2016;36(3):301–12 .

[32] Yuana Y, Sturk A, Nieuwland R. Extracellular vesicles
in physiological and pathological conditions. Blood Rev
2013;27(1):31–9 .

[33] Clemmens H, Lambert DW. Extracellular vesicles:
translational challenges and opportunities. Biochem Soc
Trans 2018;46(5):1073–82 .

[34] Sheykhhassan M, La’ah AS, Ahmadieh-Yazdi A, Yang P,
Tanzadehpanah H, Mahaki H, et al. Advancement
in “off-the-shelf” CAR T-cell therapy for cancer
immunotherapy. In: Sheykhhasan M, Yang P, Poondla N,
editors. Critical developments in cancer immunotherapy.
Pennsylvania, USA: IGI Global Scientific Publishing; 2024.
p. 33–92 .

[35] EL Andaloussi S, Mäger I, Breakefield XO, Wood MJ.
Extracellular vesicles: biology and emerging therapeutic
opportunities. Nat Rev Drug Discov 2013;12(5):347–57 .

[36] Monguió-Tortajada M, Gálvez-Montón C, Bayes-Genis A,
Roura S, Borràs FE. Extracellular vesicle isolation methods:
rising impact of size-exclusion chromatography. Cell Mol Life
Sci 2019;76(12):2369–82 .

[37] Couch Y, Buzás EI, Di Vizio D, Gho YS, Harrison P, Hill AF,
et al. A brief history of nearly EV-erything-the rise and rise of
extracellular vesicles. J Extracell Vesicles 2021;10(14):e12144 .

[38] Holcar M, Kandušer M, Lenassi M. Blood nanoparticles-
influence on extracellular vesicle isolation and
characterization. Front Pharmacol 2021;12:773844 .

[39] Yang Q, Xu J, Gu J, Shi H, Zhang J, Zhang J, et al. Extracellular
vesicles in cancer drug resistance: roles, mechanisms, and
implications. Adv Sci 2022;9(34):2201609 .

[40] Konoshenko MY, Lekchnov EA, Vlassov AV, Laktionov PP.
Isolation of extracellular vesicles: general methodologies
and latest trends. Biomed Res Int 2018;2018:8545347 .
[41] Talebjedi B, Tasnim N, Hoorfar M, Mastromonaco GF, De
Almeida Monteiro Melo Ferraz M. Exploiting microfluidics
for extracellular vesicle isolation and characterization:
potential use for standardized embryo quality assessment.
Front Vet Sci 2020;7:620809 .

[42] Singh PK, Patel A, Kaffenes A, Hord C, Kesterson D, Prakash S.
Microfluidic approaches and methods enabling extracellular
vesicle isolation for cancer diagnostics. Micromachines
(Basel) 2022;13(1):139 .

[43] Tian Y, Gong M, Hu Y, Liu H, Zhang W, Zhang M,
et al. Quality and efficiency assessment of six extracellular
vesicle isolation methods by nano-flow cytometry. J Extracell
Vesicles 2020;9(1):1697028 .

[44] Van Deun J, Mestdagh P, Sormunen R, Cocquyt V,
Vermaelen K, Vandesompele J, et al. The impact of disparate
isolation methods for extracellular vesicles on downstream
RNA profiling. J Extracell Vesicles 2014;3:24858 .

[45] Wang J, Barr MM, Wehman AM. Extracellular vesicles.
Genetics 2024;227(4):iyae088 .

[46] Stam J, Bartel S, Bischoff R, Wolters JC. Isolation of
extracellular vesicles with combined enrichment methods.
J Chromatogr B 2021;1169:122604 .

[47] Robinson SD, Samuels M, Jones W, Gilbert D, Critchley G,
Giamas G. Shooting the messenger: a systematic
review investigating extracellular vesicle isolation
and characterisation methods and their influence
on understanding extracellular vesicles-radiotherapy
interactions in glioblastoma. BMC Cancer 2023;23(1):939 .

[48] Bachurski D, Schuldner M, Nguyen PH, Malz A, Reiners KS,
Grenzi PC, et al. Extracellular vesicle measurements
with nanoparticle tracking analysis- an accuracy and
repeatability comparison between NanoSight NS300 and
ZetaView. J Extracell Vesicles 2019;8(1):1596016 .

[49] Veziroglu EM, Mias GI. Characterizing extracellular vesicles
and their diverse RNA contents. Front Genet 2020;11:700 .

[50] Kalluri R, Weinberg RA. The basics of
epithelial-mesenchymal transition. J Clin Invest
2009;119(6):1420–8 .

[51] Jabalee J, Towle R, Garnis C. The role of extracellular vesicles
in cancer: cargo, function, and therapeutic implications.
Cells 2018;7(8):93 .

[52] Zhou M, Chen J, Zhou L, Chen W, Ding G, Cao L. Pancreatic
cancer derived exosomes regulate the expression of TLR4 in
dendritic cells via miR-203. Cell Immunol 2014;292(1–2):65–9 .

[53] Yu S, Liu C, Su K, Wang J, Liu Y, Zhang L, et al. Tumor
exosomes inhibit differentiation of bone marrow dendritic
cells. J Immunol 2007;178(11):6867–75 .

[54] Ye SB, Li ZL, Luo DH, Huang BJ, Chen YS, Zhang XS,
et al. Tumor-derived exosomes promote tumor progression
and T-cell dysfunction through the regulation of enriched
exosomal microRNAs in human nasopharyngeal carcinoma.
Oncotarget 2014;5(14):5439–52 .

[55] Andreola G, Rivoltini L, Castelli C, Huber V, Perego P,
Deho P, et al. Induction of lymphocyte apoptosis by tumor
cell secretion of FasL-bearing microvesicles. J Exp Med
2002;195(10):1303–16 .

[56] Clayton A, Mitchell JP, Court J, Mason MD, Tabi Z. Human
tumor-derived exosomes selectively impair lymphocyte
responses to interleukin-2. Cancer Res 2007;67(15):7458–66 .

[57] Clayton A, Mitchell JP, Court J, Linnane S, Mason MD, Tabi Z.
Human tumor-derived exosomes down-modulate NKG2D
expression. J Immunol 2008;180(11):7249–58 .

[58] Kim DH, Kim H, Choi YJ, Kim SY, Lee JE, Sung KJ,
et al. Exosomal PD-L1 promotes tumor growth through
immune escape in non-small cell lung cancer. Exp Mol Med
2019;51(8):1–13 .

[59] Ricklefs FL, Alayo Q, Krenzlin H, Mahmoud AB, Speranza MC,
Nakashima H, et al. Immune evasion mediated by PD-L1

http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0022
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0023
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0024
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0025
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0026
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0027
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0028
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0029
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0030
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0031
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0032
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0033
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0034
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0035
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0036
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0037
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0038
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0039
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0040
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0041
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0042
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0043
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0044
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0045
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0046
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0047
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0048
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0049
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0050
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0051
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0052
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0053
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0054
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0055
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0056
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0057
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0058
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0059


22 Asian Journal of Pharmaceutical Sciences 20 (2025) 101065 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

on glioblastoma-derived extracellular vesicles. Sci Adv 
2018;4(3):eaar2766 .

[60] Li C, Qiu S, Jin K, Zheng X, Zhou X, Jin D, et al. Tumor-derived
microparticles promote the progression of triple-negative 
breast cancer via PD-L1-associated immune suppression.
Cancer Lett 2021;523:43–56 .

[61] Ye L, Zhang Q, Cheng Y, Chen X, Wang G, Shi M, et al.
Tumor-derived exosomal HMGB1 fosters hepatocellular 
carcinoma immune evasion by promoting TIM-1( + ) 
regulatory B cell expansion. J Immunother Cancer 
2018;6(1):145 .

[62] Cheng Y, Li H, Deng Y, Tai Y, Zeng K, Zhang Y, et al.
Cancer-associated fibroblasts induce PDL1 + neutrophils 
through the IL6-STAT3 pathway that foster immune 
suppression in hepatocellular carcinoma. Cell Death Dis 
2018;9(4):422 .

[63] Wang X, Jiang X, Li J, Wang J, Binang H, Shi S, et al. Serum
exosomal miR-1269a serves as a diagnostic marker and plays 
an oncogenic role in non-small cell lung cancer. Thorac 
Cancer 2020;11(12):3436–47 .

[64] Morrissey SM, Zhang F, Ding C, Montoya-Durango DE,
Hu X, Yang C, et al. Tumor-derived exosomes drive 
immunosuppressive macrophages in a pre-metastatic niche 
through glycolytic dominant metabolic reprogramming. Cell 
Metab 2021;33(10):2040–58 .

[65] Shen S, Song Y, Zhao B, Xu Y, Ren X, Zhou Y, et al.
Cancer-derived exosomal miR-7641 promotes breast 
cancer progression and metastasis. Cell Commun Signal 
2021;19(1):20 .

[66] Wang M, Cai Y, Peng Y, Xu B, Hui W, Jiang Y, et al. Exosomal
LGALS9 in the cerebrospinal fluid of glioblastoma patients 
suppressed dendritic cell antigen presentation and cytotoxic 
T-cell immunity. Cell Death Dis 2020;11(10):896 .

[67] Huang M, Huang X, Huang N. Exosomal circGSE1 
promotes immune escape of hepatocellular carcinoma 
by inducing the expansion of regulatory T cells. Cancer Sci 
2022;113(6):1968–83 .

[68] Yin C, Han Q, Xu D, Zheng B, Zhao X, Zhang J.
SALL4-mediated upregulation of exosomal miR-146a-5p 
drives T-cell exhaustion by M2 tumor-associated 

macrophages in HCC. Oncoimmunology 2019;8(7):1601479 .
[69] Wang X, Shen H, Zhangyuan G, Huang R, Zhang W,

He Q, et al. 14-3-3 ζ delivered by hepatocellular 
carcinoma-derived exosomes impaired anti-tumor function 

of tumor-infiltrating T lymphocytes. Cell Death Dis 
2018;9(2):159 .

[70] Lundholm M, Schröder M, Nagaeva O, Baranov V, Widmark A,
Mincheva-Nilsson L, et al. Prostate tumor-derived exosomes 
down-regulate NKG2D expression on natural killer cells and 

CD8+ T cells: mechanism of immune evasion. PLoS One 
2014;9(9):e108925 .

[71] Ren W, Zhang X, Li W, Feng Q, Feng Y, Tong Y, et al.
Exosomal miRNA-107 induces myeloid-derived suppressor 
cell expansion in gastric cancer. Cancer Manag Res 
2019;11:4023–40 .

[72] Jabbari N, Feghhi M, Esnaashari O, Soraya H, Rezaie J.
Inhibitory effects of gallic acid on the activity of exosomal 
secretory pathway in breast cancer cell lines: a possible 
anticancer impact. BioImpacts 2022;12(6):549–59 .

[73] Soraya H, Sani NA, Jabbari N, Rezaie J. Metformin increases 
exosome biogenesis and secretion in u87 mg human 

glioblastoma cells: a possible mechanism of therapeutic 
resistance. Arch Med Res 2021;52(2):151–62 .

[74] Wang X, Xing L, Yang R, Chen H, Wang M, Jiang R,
et al. The circACTN4 interacts with FUBP1 to promote 
tumorigenesis and progression of breast cancer by 
regulating the expression of proto-oncogene MYC. Mol 
Cancer 2021;20(1):91 .
[75] Besse B, Charrier M, Lapierre V, Dansin E, Lantz O,
Planchard D, et al. Dendritic cell-derived exosomes as 
maintenance immunotherapy after first line chemotherapy 
in NSCLC. Oncoimmunology 2016;5(4):e1071008 .

[76] He Z, Wang J, Zhu C, Xu J, Chen P, Jiang X, et al.
Exosome-derived FGD5-AS1 promotes tumor-associated 

macrophage M2 polarization-mediated pancreatic 
cancer cell proliferation and metastasis. Cancer Lett 
2022;548:215751 .

[77] Zhou W, Zhou Y, Chen X, Ning T, Chen H, Guo Q,
et al. Pancreatic cancer-targeting exosomes for 
enhancing immunotherapy and reprogramming tumor 
microenvironment. Biomaterials 2021;268:120546 .

[78] Chen H, Jiang S, Zhang P, Ren Z, Wen J. Exosomes 
synergized with PIONs@E6 enhance their immunity 
against hepatocellular carcinoma via promoting M1 
macrophages polarization. Int Immunopharmacol 2021;99: 
107960 .

[79] Su MJ, Aldawsari H, Amiji M. Pancreatic cancer Cell 
exosome-mediated macrophage reprogramming and the 
role of microRNAs 155 and 125b2 transfection using 
nanoparticle delivery systems. Sci Rep 2016;6:30110 .

[80] Tian T, Liang R, Erel-Akbaba G, Saad L, Obeid PJ, Gao J,
et al. Immune checkpoint inhibition in GBM primed with 

radiation by engineered extracellular vesicles. ACS Nano 
2022;16(2):1940–53 .

[81] Talebi S, Abadi AJ, Kazemioula G, Hosseini N, Taheri F,
Pourali S, et al. Expression analysis of five different 
long non-coding ribonucleic acids in nonsmall-cell lung 
cancer tumor and tumor-derived exosomes. Diagnostics 
2022;12(12):3209 .

[82] Gunassekaran GR, Poongkavithai Vadevoo SM, Baek MC,
Lee B. M1 macrophage exosomes engineered to foster M1 
polarization and target the IL-4 receptor inhibit tumor 
growth by reprogramming tumor-associated macrophages 
into M1-like macrophages. Biomaterials 2021;278: 
121137 .

[83] Liu M, Hu S, Yan N, Popowski KD, Cheng K. Inhalable 
extracellular vesicle delivery of IL-12 mRNA to treat lung 
cancer and promote systemic immunity. Nat Nanotechnol 
2024;19(4):565–75 .

[84] de Miguel-Perez D, Russo A, Gunasekaran M, Buemi F,
Hester L, Fan X, et al. Baseline extracellular vesicle TGF- β is 
a predictive biomarker for response to immune checkpoint 
inhibitors and survival in non-small cell lung cancer. Cancer 
2023;129(4):521–30 .

[85] Genova C, Tasso R, Rosa A, Rossi G, Reverberi D,
Fontana V, et al. Prognostic role of soluble and extracellular 
vesicle-associated PD-L1, B7-H3 and B7-H4 in non-small 
cell lung cancer patients treated with immune checkpoint 
inhibitors. Cells 2023;12(6):832 .

[86] Santoro J, Carrese B, Peluso MS, Coppola L, D’Aiuto M,
Mossetti G, et al. Influence of breast cancer extracellular 
vesicles on immune cell activation: a pilot study. Biology 
(Basel) 2023;12(12):1531 .

[87] Graham R, Gazinska P, Zhang B, Khiabany A, Sinha S,
Alaguthurai T, et al. Serum-derived extracellular vesicles 
from breast cancer patients contribute to differential 
regulation of T-cell-mediated immune-escape mechanisms 
in breast cancer subtypes. Front Immunol 2023;14:1204224 .

[88] Du R, You Q, Liu J, Wang C, Zhu L, Yang Y. Dual-functional
extracellular vesicles enable synergistic treatment via 
m6A reader YTHDF1-targeting epigenetic regulation and 

chemotherapy. Nano Res 2023;16(12):13309–21 .
[89] You Q, Wang F, Du R, Pi J, Wang H, Huo Y, et al. m6A reader

YTHDF1-targeting engineered small extracellular vesicles 
for gastric cancer therapy via epigenetic and immune 
regulation. Adv Mater 2023;35(8):e2204910 .

http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0059
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0060
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0061
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0062
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0063
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0064
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0065
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0066
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0067
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0068
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0069
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0070
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0071
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0072
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0073
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0074
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0075
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0076
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0077
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0078
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0079
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0080
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0081
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0082
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0083
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0084
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0085
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0086
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0087
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0088
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0089


Asian Journal of Pharmaceutical Sciences 20 (2025) 101065 23 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[90] Ji P, Yang Z, Li H, Wei M, Yang G, Xing H, et al. Smart exosomes
with lymph node homing and immune-amplifying
capacities for enhanced immunotherapy of metastatic
breast cancer. Mol Ther Nucleic Acids 2021;26:987–96 .

[91] Cheng Q, Dai Z, Smbatyan G, Epstein AL, Lenz HJ, Zhang Y.
Eliciting anti-cancer immunity by genetically engineered
multifunctional exosomes. Mol Ther 2022;30(9):3066–77 .

[92] McAndrews KM, Che SPY, LeBleu VS, Kalluri R. Effective
delivery of STING agonist using exosomes suppresses tumor
growth and enhances antitumor immunity. J Biol Chem
2021;296:100523 .

[93] Nakazawa Y, Nishiyama N, Koizumi H, Kanemaru K,
Nakahashi-Oda C, Shibuya A. Tumor-derived extracellular
vesicles regulate tumor-infiltrating regulatory T cells via the
inhibitory immunoreceptor CD300a. Elife 2021;10:e61999 .

[94] Chen G, Huang AC, Zhang W, Zhang G, Wu M, Xu W,
et al. Exosomal PD-L1 contributes to immunosuppression
and is associated with anti-PD-1 response. Nature
2018;560(7718):382–6 .

[95] Xie M, Xiong W, She Z, Wen Z, Abdirahman AS, Wan W, et al.
Immunoregulatory effects of stem cell-derived extracellular
vesicles on immune cells. Front Immunol 2020;11:13 .

[96] Tung SL, Boardman DA, Sen M, Letizia M, Peng Q, Cianci N,
et al. Regulatory T cell-derived extracellular vesicles modify
dendritic cell function. Sci Rep 2018;8(1):6065 .

[97] Phillips W, Willms E, Hill AF. Understanding extracellular
vesicle and nanoparticle heterogeneity: novel methods and
considerations. Proteomics 2021;21(13–14):e2000118 .

[98] Willms E, Cabañas C, Mäger I, Wood MJA, Vader P.
Extracellular vesicle heterogeneity: subpopulations,
isolation techniques, and diverse functions in cancer
progression. Front Immunol 2018;9:738 .

[99] Keerthikumar S, Gangoda L, Liem M, Fonseka P, Atukorala I,
Ozcitti C, et al. Proteogenomic analysis reveals exosomes
are more oncogenic than ectosomes. Oncotarget
2015;6(17):15375–96 .

[100] Laulagnier K, Javalet C, Hemming FJ, Chivet M, Lachenal G,
Blot B, et al. Amyloid precursor protein products concentrate
in a subset of exosomes specifically endocytosed by neurons.
Cell Mol Life Sci 2018;75(4):757–73 .

[101] Willms E, Johansson HJ, Mäger I, Lee Y, Blomberg KE, Sadik M,
et al. Cells release subpopulations of exosomes with distinct
molecular and biological properties. Sci Rep 2016;6:22519 .

[102] Hensley CT, Wasti AT, DeBerardinis RJ. Glutamine and
cancer: cell biology, physiology, and clinical opportunities. J
Clin Invest 2013;123(9):3678–84 .

[103] Hoshino A, Costa-Silva B, Shen TL, Rodrigues G,
Hashimoto A, Tesic Mark M, et al. Tumour exosome
integrins determine organotropic metastasis. Nature
2015;527(7578):329–35 .

[104] Muhsin-Sharafaldine MR, Saunderson SC, Dunn AC, Faed JM,
Kleffmann T, McLellan AD. Procoagulant and immunogenic
properties of melanoma exosomes, microvesicles and
apoptotic vesicles. Oncotarget 2016;7(35):56279–94 .

[105] Zhou X, Jia Y, Mao C, Liu S. Small extracellular vesicles:
non-negligible vesicles in tumor progression, diagnosis, and
therapy. Cancer Lett 2024;580:216481 .

[106] Yao C, Zhang H, Wang C. Recent advances in
therapeutic engineered extracellular vesicles. Nanoscale
2024;16(16):7825–40 .

[107] Kumar MA, Baba SK, Sadida HQ, Marzooqi SA, Jerobin J,
Altemani FH, et al. Extracellular vesicles as tools and
targets in therapy for diseases. Signal Transduct Target Ther
2024;9(1):27 .

[108] Kouwaki T, Okamoto M, Tsukamoto H, Fukushima Y,
Oshiumi H. Extracellular vesicles deliver host and virus
RNA and regulate innate immune response. Int J Mol Sci
2017;18(3):666 .
[109] Yang F, Xiong WQ, Li CZ, Wu MJ, Zhang XZ, Ran CX, et al.
Extracellular vesicles derived from mesenchymal stem cells
mediate extracellular matrix remodeling in osteoarthritis
through the transport of microRNA-29a. World J Stem Cells
2024;16(2):191–206 .

[110] Manzoor T, Saleem A, Farooq N, Dar LA, Nazir J, Saleem S,
et al. Extracellular vesicles derived from mesenchymal
stem cells—A novel therapeutic tool in infectious diseases.
Inflamm Regen 2023;43(1):17 .

[111] Qin J, Xu Q. Functions and application of exosomes. Acta Pol
Pharm 2014;71(4):537–43 .

[112] Rezaie J, Feghhi M, Etemadi T. A review on exosomes
application in clinical trials: perspective, questions, and
challenges. Cell Commun Signal 2022;20(1):145 .

[113] Nedaeinia R, Manian M, Jazayeri M, Ranjbar M, Salehi R,
Sharifi M, et al. Circulating exosomes and exosomal
microRNAs as biomarkers in gastrointestinal cancer. Cancer
Gene Ther 2017;24(2):48–56 .

[114] Li Q, Cai S, Li M, Salma KI, Zhou X, Han F, et al.
Tumor-derived extracellular vesicles: their role in immune
cells and immunotherapy. Int J Nanomedicine 2021;16:
5395–5409 .

[115] Wiklander OP, MÁ Brennan, Lötvall J, Breakefield XO, El
Andaloussi S. Advances in therapeutic applications of
extracellular vesicles. Sci Transl Med 2019;11(492):eaav8521 .

[116] Abraham DJ. Exosomes and immunotherapy in non-
hodgkin b-cell lymphomas (ExoReBLy). Available from: https:
//clinicaltrials.gov/study/NCT03985696 .

[117] Zhao ZCH. A companion diagnostic study to develop
circulating exosomes as predictive biomarkers
for the response to immunotherapy in renal cell
carcinoma. Available from: https://clinicaltrials.gov/study/
NCT05705583 .

[118] Wang DF, Zhang Y. Clinical study for combined analysis
of CTC and exosomes on predicting the efficacy
of immunotherapy in patients with hepatocellular
carcinoma. Available from: https://clinicaltrials.gov/study/
NCT05575622 .

[119] Wu K, Xing F, Wu SY, Watabe K. Extracellular vesicles
as emerging targets in cancer: recent development from
bench to bedside. Biochim Biophys Acta Rev Cancer
2017;1868(2):538–63 .

[120] Tang M, Chen Y, Li B, Sugimoto H, Yang S, Yang C,
et al. Therapeutic targeting of STAT3 employing small
interference RNAs and antisense oligonucleotides
embedded exosomes in liver fibrosis. FASEB J
2021;35(5):e21557 .

[121] Bao Q, Gong L, Wang J, Wen J, Shen Y, Zhang W. Extracellular
vesicle RNA sequencing reveals dramatic transcriptomic
alterations between metastatic and primary osteosarcoma
in a liquid biopsy approach. Ann Surg Oncol 2018;25:2642–51 .

[122] Ge X, Tang L, Wang Y, Wang N, Zhou J, Deng X,
et al. The diagnostic value of exosomal miRNAs in
human bile of malignant biliary obstructions. Dig Liver Dis
2021;53(6):760–5 .

[123] Pazo-Cid RA Circulating exosomes as potential prognostic
and predictive biomarkers in advanced gastric cancer
patients (“EXO-PPP Study”). Available from: https:
//clinicaltrials.gov/study/NCT01779583 .

[124] Corsi PF. Characterization of extracellular vesicles in breast
cancer patients. Available from: https://clinicaltrials.gov/
study/NCT05798338 .

[125] Xie F, Zhou X, Fang M, Li H, Su P, Tu Y, et al. Extracellular
vesicles in cancer immune microenvironment and cancer
immunotherapy. Adv Sci 2019;6(24):1901779 .

[126] Reale A, Khong T, Spencer A. Extracellular vesicles and their
roles in the tumor immune microenvironment. J Clin Med
2022;11(23):6892 .

http://refhub.elsevier.com/S1818-0876(25)00049-2/optANZFJ1eeuU
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0091
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0092
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0093
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0094
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0095
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0096
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0097
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0098
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0099
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0100
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0101
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0102
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0103
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0104
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0105
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0106
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0107
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0108
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0109
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0110
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0111
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0112
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0113
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0114
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0115
https://clinicaltrials.gov/study/NCT03985696
https://clinicaltrials.gov/study/NCT05705583
https://clinicaltrials.gov/study/NCT05575622
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0119
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0120
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0121
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0122
https://clinicaltrials.gov/study/NCT01779583
https://clinicaltrials.gov/study/NCT05798338
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0125
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0126


24 Asian Journal of Pharmaceutical Sciences 20 (2025) 101065 

[  

[  

[  

[

 

[

[  

[  

[  

[  

 

[

[  

[
 

[  

[  

[  

[  

[  

[  

[

[  

[  

[

[  

[  

[  

[  

[  

[

[

[  

[  

 

[  

[  

[  

[  
127] Vulpis E, Loconte L, Peri A, Molfetta R, Caracciolo G,
Masuelli L, et al. Impact on NK cell functions of acute versus 
chronic exposure to extracellular vesicle-associated MICA: 
dual role in cancer immunosurveillance. J Extracell Vesicles 
2022;11(1):e12176 .

128] Pirisinu M, Pham TC, Zhang DX, Hong TN, Nguyen LT,
Le MTN. Extracellular vesicles as natural therapeutic agents 
and innate drug delivery systems for cancer treatment: 
recent advances, current obstacles, and challenges for 
clinical translation. Semin Cancer Biol 2022;80:340–55 .

129] Wang K, Zhang X, Ye H, Wang X, Fan Z, Lu Q, et al.
Biomimetic nanovaccine-mediated multivalent IL-15 
self-transpresentation (MIST) for potent and safe cancer 
immunotherapy. Nat Commun 2023;14(1):6748 .

130] Ji G, Feng S, Ren H, Chen W, Chen R. Exosomes released from 

macrophages infected with Talaromyces marneffei activate 
the innate immune responses and decrease the replication.
Immun Inflamm Dis 2023;11(6):e881 .

131] Shyu KG, Wang BW, Fang WJ, Pan CM, Lin CM. Exosomal 
MALAT1 derived from high glucose-treated macrophages 
up-regulates resistin expression via miR-150-5p 
downregulation. Int J Mol Sci 2022;23(3):1095 .

132] Philipp JH, Julia M, Julia K, Julia KP, Barbara T, Christoph K,
et al. Alternative activation of human macrophages 
enhances tissue factor expression and production of 
extracellular vesicles. Haematologica 2021;106(2):454–63 .

133] Youn YJ, Shrestha S, Lee YB, Kim JK, Lee JH, Hur K,
et al. Neutrophil-derived trail is a proinflammatory subtype 
of neutrophil-derived extracellular vesicles. Theranostics 
2021;11(6):2770–87 .

134] Yang P, Peng Y, Feng Y, Xu Z, Feng P, Cao J, et al. Immune
cell-derived extracellular vesicles–new strategies in cancer 
immunotherapy. Front Immunol 2021;12:771551 .

135] Karami Fath M, Azami J, Jaafari N, Oryani MA, Jafari N,
poor AK, et al. Exosome application in treatment and 

diagnosis of B-cell disorders: leukemias, multiple sclerosis,
and arthritis rheumatoid. Cell Mol Biol Lett 2022;27(1): 
74 .

136] Saunderson SC, McLellan AD. Role of lymphocyte subsets in 

the immune response to primary b cell–derived exosomes. J 
Immunol 2017;199(7):2225–35 .

137] Wang X, Zhang Y, Chung Y, Tu CR, Zhang W, Mu X, et al.
Tumor vaccine based on extracellular vesicles derived from 

γ δ-T cells exerts dual antitumor activities. J Extracell Vesicles 
2023;12(9):e12360 .

138] Linder M, von Strandmann EP. The role of extracellular 
HSP70 in the function of tumor-associated immune cells.
Cancers (Basel) 2021;13(18):4721 .

139] Dai S, Wei D, Wu Z, Zhou X, Wei X, Huang H, et al.
Phase I clinical trial of autologous ascites-derived exosomes 
combined with GM-CSF for colorectal cancer. Mol Ther 
2008;16(4):782–90 .

140] Santos P, Almeida F. Exosome-based vaccines: history,
current state, and clinical trials. Front Immunol 
2021;12:711565 .

141] Han J, Kim S, Hwang YH, Kim SA, Lee Y, Kim J, et al.
Novel personalized cancer vaccine using tumor extracellular 
vesicles with attenuated tumorigenicity and enhanced 
immunogenicity. Adv Sci 2024;11(25):e2308662 .

142] Pitt JM, André F, Amigorena S, Soria JC, Eggermont A,
Kroemer G, et al. Dendritic cell–derived exosomes for cancer 
therapy. J Clin Invest 2016;126(4):1224–32 .

143] Viaud S, Théry C, Ploix S, Tursz T, Lapierre V, Lantz O, et al.
Dendritic cell-derived exosomes for cancer immunotherapy: 
what’s next? Cancer Res 2010;70(4):1281–5 .

144] Wahlund CJ, Güclüler G, Hiltbrunner S, Veerman RE,
Näslund TI, Gabrielsson S. Exosomes from antigen-pulsed 

dendritic cells induce stronger antigen-specific immune 
responses than microvesicles in vivo . Sci Rep 2017;7(1): 
17095 .

145] Nikfarjam S, Rezaie J, Kashanchi F, Jafari R. Dexosomes as 
a cell-free vaccine for cancer immunotherapy. J Exp Clin 

Cancer Res 2020;39(1):258 .
146] Morse MA, Garst J, Osada T, Khan S, Hobeika A, Clay TM, et al.

A phase I study of dexosome immunotherapy in patients 
with advanced non-small cell lung cancer. J Transl Med 

2005;3(1):9 .
147] Munich S, Sobo-Vujanovic A, Buchser WJ, Beer-Stolz D,

Vujanovic NL. Dendritic cell exosomes directly kill tumor 
cells and activate natural killer cells via TNF superfamily 
ligands. Oncoimmunology 2012;1(7):1074–83 .

148] Wu M, Wang M, Jia H, Wu P. Extracellular vesicles: emerging 
anti-cancer drugs and advanced functionalization platforms 
for cancer therapy. Drug Deliv 2022;29(1):2513–38 .

149] Gonzalez-Melero L, Hernandez RM, Santos-Vizcaino E,
Igartua M. Tumour-derived extracellular vesicle based 

vaccines for melanoma treatment. Drug Deliv Transl Res 
2023;13(5):1520–42 .

150] Zhang M, Ono M, Kawaguchi S, Iida M, Chattrairat K, Zhu Z,
et al. On-site stimulation of dendritic cells by cancer-derived 
extracellular vesicles on a core–shell nanowire platform. ACS 
Appl Mater Interfaces 2024;16(23):29570–80 .

151] Chalmin F, Ladoire S, Mignot G, Vincent J, Bruchard M,
Remy-Martin JP, et al. Membrane-associated Hsp72 from 

tumor-derived exosomes mediates STAT3-dependent 
immunosuppressive function of mouse and human 

myeloid-derived suppressor cells. J Clin Invest 
2010;120(2):457–71 .

152] Deng ZB, Zhuang X, Ju S, Xiang X, Mu J, Liu Y, et al.
Exosome-like nanoparticles from intestinal mucosal cells 
carry prostaglandin E2 and suppress activation of liver NKT 

cells. J Immunol 2013;190(7):3579–89 .
153] Wang X, Luo G, Zhang K, Cao J, Huang C, Jiang T,

et al. Hypoxic tumor-derived exosomal miR-301a 
mediates M2 macrophage polarization via PTEN/PI3K γ

to promote pancreatic cancer metastasis. Cancer Res 
2018;78(16):4586–98 .

154] Whiteside TL. Tumor-derived exosomes and their role in 

cancer progression. Adv Clin Chem 2016;74:103–41 .
155] Wang L, Sun Z, Wang H. Extracellular vesicles and the 

regulation of tumor immunity: current progress and future 
directions. J Cell Biochem 2021;122(7):760–9 .

156] Yaddanapudi K, Meng S, Whitt AG, Al Rayyan N, Richie J,
Tu A, et al. Exosomes from GM-CSF expressing embryonic 
stem cells are an effective prophylactic vaccine for cancer 
prevention. Oncoimmunology 2019;8(3):1561119 .

157] Qiu Y, Yang Y, Yang R, Liu C, Hsu JM, Jiang Z, et al. Activated
T cell-derived exosomal PD-1 attenuates PD-L1-induced 

immune dysfunction in triple-negative breast cancer.
Oncogene 2021;40(31):4992–5001 .

158] Shoae-Hassani A, Hamidieh AA, Behfar M, Mohseni R,
Mortazavi-Tabatabaei SA, Asgharzadeh S. NK cell-derived 

exosomes from nk cells previously exposed to 
neuroblastoma cells augment the antitumor activity of 
cytokine-activated nk cells. J Immunother 2017;40(7):265–76 .

159] Zhu L, Dong D, Yu ZL, Zhao YF, Pang DW, Zhang ZL.
Folate-engineered microvesicles for enhanced target and 

synergistic therapy toward breast cancer. ACS Appl Mater 
Interfaces 2017;9(6):5100–8 .

160] Choo YW, Kang M, Kim HY, Han J, Kang S, Lee JR,
et al. M1 macrophage-derived nanovesicles potentiate the 
anticancer efficacy of immune checkpoint inhibitors. ACS 
nano 2018;12(9):8977–93 .

161] Li D, Zhu L, Wang Y, Zhou X, Li Y. Bacterial outer membrane
vesicles in cancer: biogenesis, pathogenesis, and clinical 
application. Biomed Pharmacother 2023;165:115120 .

http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0127
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0128
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0129
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0090
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0130
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0131
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0132
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0133
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0134
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0135
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0136
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0137
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0138
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0139
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0140
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0141
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0142
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0143
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0143
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0144
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0145
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0146
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0147
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0148
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0149
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0150
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0151
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0152
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0153
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0154
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0155
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0156
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0157
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0158
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0159
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0160


Asian Journal of Pharmaceutical Sciences 20 (2025) 101065 25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[162] Wang S, Guo J, Bai Y, Sun C, Wu Y, Liu Z, et al. Bacterial outer
membrane vesicles as a candidate tumor vaccine platform.
Front Immunol 2022;13:987419 .

[163] Grandi A, Fantappiè L, Irene C, Valensin S, Tomasi M,
Stupia S, et al. Vaccination with a FAT1-derived B cell epitope
combined with tumor-specific B and T cell epitopes elicits
additive protection in cancer mouse models. Front Oncol
2018;8:481 .

[164] Gener P, Gonzalez Callejo P, Seras-Franzoso J, Andrade F,
Rafael D, Abasolo I, et al. The potential of nanomedicine
to alter cancer stem cell dynamics: the impact of
extracellular vesicles. Nanomed: Nanotechnol, biol, Med
2020;15(29):2785–800 .

[165] Sun Z, Wang L, Dong L, Wang X. Emerging role of
exosome signalling in maintaining cancer stem cell dynamic
equilibrium. J Cell Mol Med 2018;22(8):3719–28 .

[166] Vader P, Mol EA, Pasterkamp G, Schiffelers RM.
Extracellular vesicles for drug delivery. Adv Drug Deliv
Rev 2016;106:148–56 .

[167] Wang X, Ning S, Tao W, Wang K, Li J, Huang L, et al.
Cytomembrane-targeted photodynamic priming triggers
extracellular vesicle storm for deep penetration and
complete destruction of bladder cancer. Nano Today
2024;56:102311 .

[168] de Jong OG, Kooijmans SAA, Murphy DE, Jiang L, Evers MJW,
Sluijter JPG, et al. Drug delivery with extracellular
vesicles: from imagination to innovation. Acc Chem Res
2019;52(7):1761–70 .

[169] Walker S, Busatto S, Pham A, Tian M, Suh A, Carson K, et al.
Extracellular vesicle-based drug delivery systems for cancer
treatment. Theranostics 2019;9(26):8001–17 .

[170] Lener T, Gimona M, Aigner L, Börger V, Buzas E, Camussi G,
et al. Applying extracellular vesicles based therapeutics in
clinical trials–an ISEV position paper. J Extracell Vesicles
2015;4(1):30087 .

[171] Gonzalez MJ, Kweh MF, Biava PM, Olalde J, Toro AP,
Goldschmidt-Clermont PJ, et al. Evaluation of exosome
derivatives as bio-informational reprogramming therapy for
cancer. J Transl Med 2021;19(1):103 .

[172] Manoochehri H, Sheykhhasan M, Pourjafar M, Saidijam M.
Exosomes and their role in cancer development, diagnosis
and therapy. Res Mol Med (RMM) 2018;6(1):1–4 .

[173] Ulpiano C, da Silva CL, Monteiro GA. Bioengineered
mesenchymal-stromal-cell-derived extracellular vesicles
as an improved drug delivery system: methods and
applications. Biomedicines 2023;11(4):1231 .

[174] Cordani N, Lisini D, Coccè V, Paglia G, Meanti R, Cerrito MG,
et al. Conditioned medium of mesenchymal stromal cells
loaded with paclitaxel is effective in preclinical models
of triple-negative breast cancer (TNBC). Int J Mol Sci
2023;24(6):5864 .

[175] O’Brien K, Lowry MC, Corcoran C, Martinez VG, Daly M,
Rani S, et al. miR-134 in extracellular vesicles reduces
triple-negative breast cancer aggression and increases drug
sensitivity. Oncotarget 2015;6(32):32774–89 .

[176] Zeng H, Guo S, Ren X, Wu Z, Liu S, Yao X. Current strategies
for exosome cargo loading and targeting delivery. Cells
2023;12(10):1416 .

[177] Hernandez-Oller L, Seras-Franzoso J, Andrade F, Rafael D,
Abasolo I, Gener P, et al. Extracellular vesicles as drug
delivery systems in cancer. Pharmaceutics 2020;12(12):
1146 .

[178] García-Manrique P, Matos M, Gutiérrez G, Pazos C,
Blanco-López MC. Therapeutic biomaterials based on
extracellular vesicles: classification of bio-engineering
and mimetic preparation routes. J Extracell Vesicles
2018;7(1):1422676 .

[179] Kim MS, Haney MJ, Zhao Y, Mahajan V, Deygen I,
Klyachko NL, et al. Development of exosome-encapsulated
paclitaxel to overcome MDR in cancer cells. Nanomed:
Nanotechnol, Biol Med 2016;12(3):655–64 .

[180] Bahmani L, Ullah M. Different sourced extracellular vesicles
and their potential applications in clinical treatments. Cells
2022;11(13):1989 .

[181] Burnouf T, Agrahari V, Agrahari V. Extracellular vesicles as
nanomedicine: hopes and hurdles in clinical translation. Int
J Nanomed 2019;14:8847–59 .

[182] Elsharkasy OM, Nordin JZ, Hagey DW, de Jong OG,
Schiffelers RM, Andaloussi SEL, et al. Extracellular vesicles
as drug delivery systems: why and how? Adv Drug Deliv Rev
2020;159:332–43 .

[183] Gilligan KE, Dwyer RM. Extracellular vesicles for cancer
therapy: impact of host immune response. Cells
2020;9(1):224 .

[184] Meng W, He C, Hao Y, Wang L, Li L, Zhu G. Prospects
and challenges of extracellular vesicle-based drug
delivery system: considering cell source. Drug Deliv
2020;27(1):585–98 .

[185] Sil S, Dagur RS, Liao K, Peeples ES, Hu G, Periyasamy P,
et al. Strategies for the use of extracellular vesicles for
the delivery of therapeutics. J Neuroimmune Pharmacol
2020;15(3):422–42 .

[186] Li YJ, Wu JY, Hu XB, Wang JM, Xiang DX. Autologous
cancer cell-derived extracellular vesicles as drug-delivery
systems: a systematic review of preclinical and clinical
findings and translational implications. Nanomedicine
(Lond) 2019;14(4):493–509 .

[187] Wang CK, Tsai TH, Lee CH. Regulation of exosomes as
biologic medicines: regulatory challenges faced in exosome
development and manufacturing processes. Clin Transl Sci
2024;17(8):e13904 .

[188] Urabe F, Kosaka N, Ito K, Kimura T, Egawa S, Ochiya T.
Extracellular vesicles as biomarkers and therapeutic targets
for cancer. Am J Physiol-Cell Physiol 2019:C29–39 .

[189] Shi R, Wang PY, Li XY, Chen JX, Li Y, Zhang XZ, et al. Exosomal
levels of miRNA-21 from cerebrospinal fluids associated with
poor prognosis and tumor recurrence of glioma patients.
Oncotarget 2015;6(29):26971 .

[190] Irmer B, Chandrabalan S, Maas L, Bleckmann A, Menck K.
Extracellular vesicles in liquid biopsies as biomarkers for
solid tumors. Cancers (Basel) 2023;15(4):1307 .

[191] Stevic I, Buescher G, Ricklefs FL. Monitoring therapy
efficiency in cancer through extracellular vesicles. Cells
2020;9(1):130 .

[192] Kalluri R, McAndrews KM. The role of extracellular vesicles
in cancer. Cell 2023;186(8):1610–26 .

[193] Yang S, Che SP, Kurywchak P, Tavormina JL, Gansmo LB,
Correa de Sampaio P, et al. Detection of mutant KRAS and
TP53 DNA in circulating exosomes from healthy individuals
and patients with pancreatic cancer. Cancer biol Ther
2017;18(3):158–65 .

[194] Silva J, Garcia V, Rodriguez M, Compte M, Cisneros E,
Veguillas P, et al. Analysis of exosome release and its
prognostic value in human colorectal cancer. Genes
Chromosomes Cancer 2012;51(4):409–18 .

[195] König L, Kasimir-Bauer S, Bittner AK, Hoffmann O,
Wagner B, Santos Manvailer LF, et al. Elevated levels
of extracellular vesicles are associated with therapy
failure and disease progression in breast cancer patients
undergoing neoadjuvant chemotherapy. Oncoimmunology
2018;7(1):e1376153 .

[196] Sun B, Li Y, Zhou Y, Ng TK, Zhao C, Gan Q, et al. Circulating
exosomal CPNE3 as a diagnostic and prognostic biomarker
for colorectal cancer. J Cell Physiol 2019;234(2):1416–25 .

[197] Aubertin K, Silva AK, Luciani N, Espinosa A, Djemat A,
Charue D, et al. Massive release of extracellular vesicles from
cancer cells after photodynamic treatment or chemotherapy.
Sci Rep 2016;6(1):35376 .

http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0161
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0162
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0163
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0164
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0165
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0166
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0167
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0168
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0169
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0170
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0171
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0172
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0173
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0174
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0175
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0176
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0177
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0178
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0178
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0179
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0180
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0181
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0182
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0183
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0184
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0185
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0186
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0187
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0188
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0189
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0190
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0191
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0192
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0193
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0194
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0195
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0196


26 Asian Journal of Pharmaceutical Sciences 20 (2025) 101065 

[  

[  

[  

[  

[  

[  

[  

[  

[
 

[  

[  

[  

[  

[  

[

[  

[  

[  

[  

[  

[  

[  

[  

 

[
 

[  

[  

 

[  

 

[  

[  

[  

[  

[  

[  
198] Mutschelknaus L, Peters C, Winkler K, Yentrapalli R, Heider T,
Atkinson MJ, et al. Exosomes derived from squamous 
head and neck cancer promote cell survival after ionizing 
radiation. PLoS one 2016;11(3):e0152213 .

199] Hornick NI, Huan J, Doron B, Goloviznina NA, Lapidus J,
Chang BH, et al. Serum exosome microRNA as a 
minimally-invasive early biomarker of AML. Sci Rep 

2015;5(1):11295 .
200] Melo SA, Luecke LB, Kahlert C, Fernandez AF,

Gammon ST, Kaye J, et al. Glypican-1 identifies cancer 
exosomes and detects early pancreatic cancer. Nature 
2015;523(7559):177–82 .

201] Jeon H, Seo SM, Kim TW, Ryu J, Kong H, Jang SH,
et al. Circulating exosomal miR-1290 for diagnosis of 
epithelial ovarian cancer. Curr Issues Mol Biol 2022;44(1): 
288–300 .

202] Jang JW, Kim JM, Kim HS, Kim JS, Han JW, Lee SK, et al.
Diagnostic performance of serum exosomal miRNA-720 in 

hepatocellular carcinoma. J Liver Cancer 2022;22(1):30–9 .
203] Zhu Z, Chen Z, Wang M, Zhang M, Chen Y, Yang X, et al.

Detection of plasma exosomal miRNA-205 as a biomarker for 
early diagnosis and an adjuvant indicator of ovarian cancer 
staging. J Ovarian Res 2022;15(1):27 .

204] Zhang ZJ, Song XG, Xie L, Wang KY, Tang YY, Yu M,
et al. Circulating serum exosomal miR-20b-5p and 

miR-3187-5p as efficient diagnostic biomarkers for 
early-stage non-small cell lung cancer. Exp Biol Med 

(Maywood) 2020;245(16):1428–36 .
205] Shi E, Ye J, Zhang R, Ye S, Zhang S, Wang Y, et al.

A combination of circRNAs as a diagnostic tool for 
discrimination of papillary thyroid cancer. OncoTargets Ther 
2020;13:4365–72 .

206] Luo R, Liu H, Chen J. Reduced circulating exosomal miR-382 
predicts unfavorable outcome in non-small cell lung cancer.
Int J Clin Exp Pathol 2021;14(4):469–74 .

207] Qiao D, Gu C, Wang W, Yan W, Jiang C, Hu J, et al.
Tumor-originated exosomal hsa-miR-3937 as a minimally 
invasive early biomarker for liquid biopsy of colorectal 
cancer. J Oncol 2022;2022:6990955 .

208] Kan JY, Shih SL, Yang SF, Chu PY, Chen FM, Li CL, et al.
Exosomal microRNA-92b is a diagnostic biomarker in breast 
cancer and targets survival-related MTSS1L to promote 
tumorigenesis. Int J Mol Sci 2024;25(2):1295 .

209] Wu Y, Zhang J, Lin F, Zhao Y, Zheng B, Zhou N, et al.
Exosomal miR-1470 is a diagnostic biomarker and promotes 
cell proliferation and metastasis in colorectal cancer. Cancer 
Med 2024;13(7):e7117 .

210] Liu J, Yoo J, Ho JY, Jung Y, Lee S, Hur SY, et al.
Plasma-derived exosomal miR-4732-5p is a promising 
noninvasive diagnostic biomarker for epithelial ovarian 

cancer. J Ovarian Res 2021;14(1):59 .
211] Zhao W, Zhang Y, Zhang W, Sun Y, Zheng B, Wang J,

et al. Exosomal LINC00355 promotes the malignant 
progression of gastric cancer through histone deacetylase 
HDAC3-mediated TP53INP1 transcriptional inhibition. Life 
Sci 2023;315:121387 .

212] Yin H, Hu J, Ye Z, Chen S, Chen Y. Serum long non–coding 
RNA NNT–AS1 protected by exosome is a potential 
biomarker and functions as an oncogene via the 
miR–496/RAP2C axis in colorectal cancer. Mol Med Rep 

2021;24(2):585 .
213] Zhou X, Kong X, Lu J, Wang H, Liu M, Zhao S, et al.

Circulating tumor cell-derived exosome-transmitted long 
non-coding RNA TTN-AS1 can promote the proliferation and 

migration of cholangiocarcinoma cells. J Nanobiotechnol 
2024;22(1):191 .

214] Sharma D, Singh A, Wilson C, Swaroop P, Kumar S, Yadav DK,
et al. Exosomal long non-coding RNA MALAT1: a candidate 
of liquid biopsy in monitoring of Wilms’ tumor. Pediatr Surg 
Int 2024;40(1):57 .

215] Yu M, Song XG, Zhao YJ, Dong XH, Niu LM, Zhang ZJ,
et al. Circulating serum exosomal long non-coding 
RNAs FOXD2-AS1, NRIR, and XLOC_009459 as 
diagnostic biomarkers for colorectal cancer. Front Oncol 
2021;11:618967 .

216] Cui Y, Zhang W, Lu W, Feng Y, Wu X, Zhuo Z, et al. An
exosome-derived lncRNA signature identified by machine 
learning associated with prognosis and biomarkers 
for immunotherapy in ovarian cancer. Front Immunol 
2024;15:1228235 .

217] Min L, Zhu T, Lv B, An T, Zhang Q, Shang Y, et al. Exosomal
LncRNA RP5-977B1 as a novel minimally invasive biomarker 
for diagnosis and prognosis in non-small cell lung cancer. Int 
J Clin Oncol 2022;27(6):1013–24 .

218] Yao J, Hua X, Shi J, Hu X, Lui K, He K, Mai J, et al. LncRNA
THEMIS2-211, a tumor-originated circulating exosomal 
biomarker, promotes the growth and metastasis of 
hepatocellular carcinoma by functioning as a competing 
endogenous RNA. FASEB J 2022;36(4):e22238 .

219] Bian B, Li L, Ke X, Chen H, Liu Y, Zheng N, et al. Urinary
exosomal long non-coding RNAs as noninvasive biomarkers 
for diagnosis of bladder cancer by RNA sequencing. Front 
Oncol 2022;12:976329 .

220] Chen Q, Wang H, Li Z, Li F, Liang L, Zou Y, et al. Circular
RNA ACTN4 promotes intrahepatic cholangiocarcinoma 
progression by recruiting YBX1 to initiate FZD7 transcription.
J Hepatol 2022;76(1):135–47 .

221] Liu S, Wu X, Wang Y, Chen Y. Exosomal circ_0000735 
contributes to non-small lung cancer malignant progression.
J Biochem Mol Toxicol 2024;38(4):e23700 .

222] Deng C, Huo M, Chu H, Zhuang X, Deng G, Li W, et al.
Exosome circATP8A1 induces macrophage M2 polarization 

by regulating the miR-1-3p/STAT6 axis to promote gastric 
cancer progression. Mol Cancer 2024;23(1):49 .

223] Roy S, Kanda M, Nomura S, Zhu Z, Toiyama Y, Taketomi A,
et al. Diagnostic efficacy of circular RNAs as noninvasive,
liquid biopsy biomarkers for early detection of gastric 
cancer. Mol Cancer 2022;21(1):42 .

224] Yu J, Ding WB, Wang MC, Guo XG, Xu J, Xu QG, et al. Plasma
circular RNA panel to diagnose hepatitis B virus-related 
hepatocellular carcinoma: a large-scale, multicenter study.
Int J Cancer 2020;146(6):1754–63 .

225] Wang C, Zhou M, Zhu P, Ju C, Sheng J, Du D, et al.
IGF2BP2-induced circRUNX1 facilitates the growth and 

metastasis of esophageal squamous cell carcinoma through 

miR-449b-5p/FOXP3 axis. J Exp Clin Cancer Res 2022;41(1): 
347 .

226] Zheng R, Zhang K, Tan S, Gao F, Zhang Y, Xu W,
et al. Exosomal circLPAR1 functions in colorectal cancer 
diagnosis and tumorigenesis through suppressing BRD4 via 
METTL3-eIF3h interaction. Mol Cancer 2022;21(1):49 .

227] Liu D, Li C, Trojanowicz B, Li X, Shi D, Zhan C, et al. CD97
promotion of gastric carcinoma lymphatic metastasis is 
exosome dependent. Gastric Cancer 2016;19(3):754–66 .

228] Fujii N, Yashiro M, Hatano T, Fujikawa H, Motomura H.
CD9-positive exosomes derived from cancer-associated 

fibroblasts might inhibit the proliferation of malignant 
melanoma cells. Anticancer Res 2023;43(1):25–33 .

229] Nambara S, Masuda T, Hirose K, Hu Q, Tobo T, Ozato Y, et al.
Rab27b, a regulator of exosome secretion, is associated with 

peritoneal metastases in gastric cancer. Cancer Genomics 
Proteomics 2023;20(1):30–9 .

230] Tian Y, Liu C, Li Z, Ai M, Wang B, Du K, et al. Exosomal B7-H4
from irradiated glioblastoma cells contributes to increase 
FoxP3 expression of differentiating Th1 cells and promotes 
tumor growth. Redox Biol 2022;56:102454 .

http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0197
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0198
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0199
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0200
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0201
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0202
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0203
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0204
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0205
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0206
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0207
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0208
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0209
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0210
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0211
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0212
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0213
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0213
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0214
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0215
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0216
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0217
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0218
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0219
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0220
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0221
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0222
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0223
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0224
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0225
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0226
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0227
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0228
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0229


Asian Journal of Pharmaceutical Sciences 20 (2025) 101065 27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[231] Qin X, Niu R, Tan Y, Huang Y, Ren W, Zhou W, et al. Exosomal
PSM-E inhibits macrophage M2 polarization to suppress
prostate cancer metastasis through the RACK1 signaling
axis. Biomarker Res 2024;12(1):138 .

[232] Li K, Xue W, Lu Z, Wang S, Zheng J, Lu K, et al.
Tumor-derived exosomal ADAM17 promotes pre-metastatic
niche formation by enhancing vascular permeability in
colorectal cancer. J Exp Clin Cancer Res 2024;43(1):59 .

[233] Feng X, Liu X, Xiang J, Xu J, Yin N, Wang L, et al. Exosomal
ITGB6 from dormant lung adenocarcinoma cells activates
cancer-associated fibroblasts by KLF10 positive feedback
loop and the TGF- β pathway. Transl Lung Cancer Res
2023;12(12):2520–37 .

[234] Wei Y, Lai X, Yu S, Chen S, Ma Y, Zhang Y, Li H, et al.
Exosomal miR-221/222 enhances tamoxifen resistance in
recipient ER-positive breast cancer cells. Breast Cancer Res
Treat 2014;147(2):423–31 .

[235] Ciravolo V, Huber V, Ghedini GC, Venturelli E, Bianchi F,
Campiglio M, et al. Potential role of HER2-overexpressing
exosomes in countering trastuzumab-based therapy. J Cell
Physiol 2012;227(2):658–67 .

[236] Del Re M, Marconcini R, Pasquini G, Rofi E, Vivaldi C, Bloise F,
et al. PD-L1 mRNA expression in plasma-derived exosomes
is associated with response to anti-PD-1 antibodies in
melanoma and NSCLC. Br J Cancer 2018;118(6):820–4 .

[237] Shao H, Chung J, Lee K, Balaj L, Min C, Carter BS, et al.
Chip-based analysis of exosomal mRNA mediating drug
resistance in glioblastoma. Nat Commun 2015;6(1):6999 .

[238] Yu Q, Li P, Weng M, Wu S, Zhang Y, Chen X, et al.
Nano-vesicles are a potential tool to monitor therapeutic
efficacy of carbon ion radiotherapy in prostate cancer. J
Biomed Nanotechnol 2018;14(1):168–78 .

[239] Biggs CN, Siddiqui KM, Al-Zahrani AA, Pardhan S, Brett SI,
Guo QQ, et al. Prostate extracellular vesicles in patient
plasma as a liquid biopsy platform for prostate cancer
using nanoscale flow cytometry. Oncotarget 2016;7
(8):8839–49 .

[240] Stevic I, Müller V, Weber K, Fasching PA, Karn T, Marmé F,
et al. Specific microRNA signatures in exosomes of
triple-negative and HER2-positive breast cancer patients
undergoing neoadjuvant therapy within the GeparSixto
trial. BMC Med 2018;16(1):1–16 .

[241] Tang S, Zheng K, Tang Y, Li Z, Zou T, Liu D. Overexpression of
serum exosomal HOTAIR is correlated with poor survival and
poor response to chemotherapy in breast cancer patients. J
Biosci 2019;44(1):1–8 .

[242] Giampieri R, Piva F, Occhipinti G, Bittoni A, Righetti A,
Pagliaretta S, et al. Clinical impact of different exosomes’
protein expression in pancreatic ductal carcinoma patients
treated with standard first line palliative chemotherapy.
PLoS One 2019;14(5):e0215990 .
[243] Robert C. A decade of immune-checkpoint inhibitors in
cancer therapy. Nat Commun 2020;11(1):3801 .

[244] Fu F, Jiang W, Zhou L, Chen Z. Circulating exosomal
miR-17-5p and miR-92a-3p predict pathologic stage and
grade of colorectal cancer. Transl Oncol 2018;11(2):221–32 .

[245] Yamamoto H, Watanabe Y, Oikawa R, Morita R, Yoshida Y,
Maehata T, et al. BARHL2 methylation using gastric wash
DNA or gastric juice exosomal DNA is a useful marker for
early detection of gastric cancer in an h. pylori-independent
manner. Clin Transl Gastroenterol 2016;7(7):e184 .

[246] McKiernan J, Donovan MJ, O’Neill V, Bentink S, Noerholm M,
Belzer S, et al. A novel urine exosome gene expression assay
to predict high-grade prostate cancer at initial biopsy. JAMA
Oncol 2016;2(7):882–9 .

[247] Akers JC, Ramakrishnan V, Kim R, Skog J, Nakano I,
Pingle S, et al. MiR-21 in the extracellular vesicles (EVs)
of cerebrospinal fluid (CSF): a platform for glioblastoma
biomarker development. PLoS One 2013;8(10):e78115 .

[248] Ikeda C, Haga H, Makino N, Inuzuka T, Kurimoto A, Ueda T,
et al. Utility of Claudin-3 in extracellular vesicles from
human bile as biomarkers of cholangiocarcinoma. Sci Rep
2021;11(1):1195 .

[249] Allenson K, Castillo J, San Lucas FA, Scelo G, Kim DU,
Bernard V, et al. High prevalence of mutant KRAS
in circulating exosome-derived DNA from early-stage
pancreatic cancer patients. Ann Oncol 2017;28(4):741–7 .

[250] Zhu L, Sun HT, Wang S, Huang SL, Zheng Y, Wang CQ,
et al. Isolation and characterization of exosomes for cancer
research. J Hematol Oncol 2020;13:1–24 .

[251] Li X, Li C, Zhang L, Wu M, Cao K, Jiang F, et al. The
significance of exosomes in the development and treatment
of hepatocellular carcinoma. Mol Cancer 2020;19:1–11 .

[252] Sun F, Wang JZ, Luo JJ, Wang YQ, Pan Q. Exosomes in the
oncobiology, diagnosis, and therapy of hepatic carcinoma: a
new player of an old game. BioMed Res Int 2018;2018:1–15 .

[253] Doyle LM, Wang MZ. Overview of extracellular vesicles, their
origin, composition, purpose, and methods for exosome
isolation and analysis. Cells 2019;8(7):727 .

[254] Ruan S, Greenberg Z, Pan X, Zhuang P, Erwin N, He M.
Extracellular vesicles as an advanced delivery biomaterial
for precision cancer immunotherapy. Adv Healthc Mater
2022;11(5):2100650 .

[255] Syn NL, Wang L, Chow EKH, Lim CT, Goh BC. Exosomes in
cancer nanomedicine and immunotherapy: prospects and
challenges. Trends Biotechnol 2017;35(7):665–76 .

[256] Jeyaram A, Jay SM. Preservation and storage stability of
extracellular vesicles for therapeutic applications. AAPS J
2018;20(1):1–7 .

[257] Zhang M, Hu S, Liu L, Dang P, Liu Y, Sun Z, et al. Engineered
exosomes from different sources for cancer-targeted
therapy. Signal Transduct Target Ther 2023;8(1):124 .

http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0230
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0231
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0232
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0233
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0234
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0235
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0236
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0237
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0238
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0239
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0240
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0241
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0242
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0243
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0244
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0245
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0246
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0247
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0248
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0250
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0249
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0251
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0252
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0253
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0254
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0255
http://refhub.elsevier.com/S1818-0876(25)00049-2/sbref0256

	Extracellular vesicles in cancer immunotherapy: Therapeutic, challenges and clinical progress
	1 Introduction
	2 EVs: definition and origins
	2.1 Exosome (Exo)
	2.1.1 ESCRT-dependent Exo biogenesis
	2.1.2 Alternative pathways of Exo biogenesis

	2.2 Microvesicle
	2.3 Apoptotic body
	2.4 EV cargo
	2.5 Functions

	3 EVs isolation and characterization
	3.1 EVs isolation
	3.1.1 Differential ultracentrifugation
	3.1.2 Polymer-based precipitation
	3.1.3 Immunoaffinity capture
	3.1.4 Size exclusion chromatography

	3.2 EV characterization
	3.2.1 Physical characterization
	3.2.2 Biochemical characterization


	4 Unique properties of EVs in cancer immunity
	5 Heterogenous EVs with diverse functions in cancer
	5.1 Heterogenous EVs and their different roles in cancer growth and metastasis
	5.2 Heterogenous EVs and their different roles in coagulation activity and cancer immunity

	6 Clinical trials and therapeutic potential of EVs
	7 Potentials of EVs in cancer immunotherapy
	8 EVs and their roles as cancer vaccine
	9 Roles of EVs in cancer drug delivery
	10 Roles of EVs as tumor biomarkers
	11 Challenges and future directions in EV-based cancer immunotherapy
	12 Conclusion
	Conflicts of interest
	References


