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Abstract: Nowadays, tumor has been the serious threat to human health and life. To further 
explore the mechanism of tumor genesis and development is necessarily for developing the 
effective treatment strategy. Extracellular vesicles are the vesicles secreted by almost all 
types of cells, and they play an important part in intercellular communication by transporting 
their cargoes. Immune cells are the vital components of the human defense system, which 
defense against infection and tumor through cytotoxicity, immune surveillance, and clear
ance. However, via release tumor-derived extracellular vesicles, tumor could induce immune 
cells dysfunction to facilitate its proliferation and metastasis. Studies have shown that tumor- 
derived extracellular vesicles play dual role on immune cells by their specific cargoes. Here, 
we reviewed the effects of tumor-derived extracellular vesicles on immune cells in recent 
years and also summarized their research progress in the tumor immunotherapy and 
diagnosis. 
Keywords: tumor-derived extracellular vesicles, immune cell, regulatory effects, drug 
delivery, immunotherapy

Introduction
Extracellular vesicles (EVs) are a class of plasma membrane encapsulated, cell- 
secreted vesicles with a diameter ranging from 30 to 1500 nm.1 EVs are mainly 
classified into two subtypes by size:2 (1) medium/large EVs, with diameters of 150– 
1500 nm, including microvesicles, also called ectosomes, and apoptotic bodies, 
which are formed by cell membrane budding or apoptosis; and (2) small EVs, with 
diameters from 30 to 150 nm, including exomeres and exosomes. Exosomes are 
formed through exocytosis after the plasma membrane fuses with multivesicular 
bodies (MVBs), which are formed by the budding of early endosomes via the 
invagination of the cell membrane.3,4 We reviewed the role of tumor-derived 
extracellular vesicles (TEVs) from the existing literature, mainly focusing on 
exosomes, immune cells and tumor immunotherapy. The extracellular vesicles, 
exosomes or microvesicles covered in the original articles are discussed in the text.

Exosomes are enriched in tetraspanins, including CD9, CD63, CD81, and 
CD82, which are involved in exosome formation and are considered classical 
exosomal markers. NSMASE2 (also known as SMPD3) and RAB27A are the 
two critical enzymes for exosomes biogenesis, the former promotes vesicle budding 
from the early endosome, while the latter is involved in the fusion of multivesicular 
bodies with cell membrane.5 Secreted by local cells and tissues, exosomes can be 
transported to all over the body through the circulatory system to play a remote 
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regulatory role.6 Furthermore, exosomes carry many pro
teins, lipids, and nucleic acids and have a similar topolo
gical structure to the cell of origin; thus, they reflect the 
characteristics of the original cells to some extent.7 For 
example, tumor-derived exosomes (TEXs) generated from 
different types of tumors carry specific “molecular car
goes” that mainly originate from the cell membrane and 
endosomes of the original tumor cells.5 These TEXs have 
enormous potential for use as specific biomarkers in the 
early screening, diagnosis, and prognosis of cancer in the 
clinic.8

The tumor microenvironment (TME) is the inner envir
onment involved in tumor generation and development 
and is composed of malignant cells, cancer-associated 
fibroblasts, neuroendocrine cells, adipose cells, immuno
cytes, and vascular and lymphatic networks.9 If the pri
mary tumor is to grow in secondary organs, its first task is 
to evade immune clearance.10 A previous study revealed 
that the released amount of TEXs is 10-fold greater than 
that of normal cell-derived exosomes.11 In the TME, 
tumors secrete a large number of TEVs to induce immune 
cell dysfunction and activate immune suppressor cells to 
impair antitumor immune surveillance, promote TME for
mation and assist tumors in escaping from the host 
immune system.12 Based on the existing literature, in this 
article, we reviewed the regulatory effects of TEVs on 
immune cells in vitro and in vivo and the potential for 
using 1) TEVs as biomarkers for cancer diagnoses; 2) 
TEVs as vehicles to load drugs for cancer therapy; 
and 3) TEVs as vaccines in antitumor immunotherapy.

The Regulatory Effect of TEVs on 
Immune Cells
T Lymphocyte
T cells, which are thymus-dependent lymphocytes, have 
important biological functions of responding to specific 
antigens, directly killing target cells, and secreting 
cytokines,13 thus playing an essential role in anti- 
infection and antitumor processes.

TEVs Inhibit Activation and Proliferation and 
Promote the Apoptosis of T Cells
Under normal circumstances, through a variety of positive 
and negative regulatory procedures, the human body can 
control the intensity of the immune response in a timely 
manner to maintain the balance and stability of immune 
function.14 A large number of studies have revealed that 
TEVs can take advantage of the self-negative feedback 

regulation mechanism to create a microenvironment that 
is conducive to tumor growth. Several cytokines and fac
tors, such as prostaglandin E2, programmed death ligand-1 
(PD-L1), IL-10, transforming growth factor-β (TGF-β) and 
adenosine, play important roles in different stages of the 
immune response15 and can be used by TEVs to inhibit 
T cell activation and proliferation.16 For instance, 
mediated by CD39 and CD73, exosomes derived from 
diverse cancer cells can initiate an exogenous nucleotidase 
cascade by degrading ATP to increase the extracellular 
adenosine level. Then, extracellular adenosine can inhibit 
T cell activation by binding to T cell surface receptors (A1, 
A2A, A2B, A3) and reduce the local immune response.17 

Furthermore, studies have confirmed that most TEVs car
rying PD-L1 can bind to PD-1 expressed on activated 
T cells to suppress T cell receptor (TCR)-related pathways 
and trigger immunosuppressive effects on T cells.18,19 

Subsequently, inhibitors that can block the interaction 
between PD-1 and PD-L1 have been developed to restore 
the killer function of immune cells.20,21 Fas (CD95), also 
known as death receptor, is a transmembrane receptor 
existing on the cell membrane. When TEXs carrying Fas 
ligand (FasL) bind to Fas on the T cell surface, the trans
membrane transmission of apoptosis signals is initiated 
and subsequently induces T cell apoptosis.22 In addition, 
several in vitro experiments have shown that TEXs iso
lated from ascites and other malignant effusions from 
tumor patients carry FasL, which suppresses the activity 
of effector T cells by combining with Fas expressed on 
T cells23 (Figure 1).

TEVs Cause T Cell Dysfunction
MicroRNAs (miRNAs), a type of endogenous noncoding 
RNA containing 19–24 nucleotides, can exert regulatory 
functions in cells by binding to the 3ʹUTR or open reading 
frame of target mRNA and cause target mRNA silencing.24 

Through encapsulation in exosomes or microvesicles, 
tumor-derived miRNAs can spread around the TME and 
even to other parts of the body, where they affect distal 
cells, including immune cells. The regulation of tumor- 
derived exosomal miRNAs on immune cells is reviewed 
in Table 1. One study25 demonstrated that compared with 
NP69 cells (an immortalized human nasopharyngeal epithe
lium cell line) and healthy donor sera, miR-24-3P was 
significantly overexpressed in exosomes derived from naso
pharyngeal carcinoma (NPC) cell lines and patient sera. 
This miRNA can directly prevent T cell function by target
ing fibroblast growth factor 11 (FGF11). Additionally, Ye 
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et al found26 that a group of miRNAs, including miR-106a- 
5p, miR-24-3p, miR-1908, miR-20a-5p, and miR-891a, 
enveloped in nasopharyngeal carcinoma TW03 cell- 
derived exosomes could induce T cell dysfunction by down
regulating the expression of MAPK1 and blocking the JAK/ 
STAT pathway. In addition regulating immunocytes via 
exosomal nucleic acids, TEX-carrying proteins can inhibit 
T cell activity. 14-3-3ζ is a protein that is overexpressed in 
hepatocellular carcinoma (HCC), which promotes cell pro
liferation and epithelial–mesenchymal transition (EMT) in 
HCC.27 It was shown that when carried by HCC exosomes, 
the 14-3-3ζ protein can be transmitted to tumor infiltrating 
T lymphocytes and inhibit their antitumor function. Another 
study28 found that functional PD-L1 carried by breast can
cer-derived exosomes can be transferred to other low- or 
non-expressing PD-L1 tumor cells to shape the TME and 
inhibit T cell function. Moreover, a recent study showed 
that under endoplasmic reticulum (ER) stress, exosomal 
miR-23a-3p in HCC cells can enhance the expression of 
PD-L1 in macrophages via the phosphatase and tensin 

homolog (PTEN)-phosphatidylinositol 3-kinase-protein 
kinase B (AKT) pathway to inhibit T cell function.29 

Additionally, it was reported that interferon-γ (IFN-γ) can 
increase the expression of PD-L1 on human melanoma- 
derived exosomes, which further inhibits the function of 
CD8+ T cells.30

TEVs Promote Treg Proliferation
Regulatory T cells (Tregs) are a particular subgroup of 
T cells that play a negative regulatory role in the immune 
response and are important for maintaining immune toler
ance in the human body. By secreting inhibitory factors 
such as TGF-β and IL-10, Tregs can inhibit CD4+/CD8+ 

T cell activity and promote tumor growth in the TME.31 

Colorectal EVs are able to induce T cell differentiation 
into Treg cells by activating TGF-β/SMAD signaling and 
inactivating SAPK signaling.32 Other studies have found 
that by inhibiting the ERK, STAT1, and STAT3 pathways 
and enhancing the phosphorylation level of STAT5, naso
pharyngeal carcinoma exosomes can induce an increase in 
CD4+/CD8+ T cell secretion of the proinflammatory 

Figure 1 Effects of TEVs on immune cells. TEVs can directly or indirectly inhibit the functions of immune cells (T cell, B cell, DC, macrophages and NK cell) through 
a variety of ways, and help tumor escape immune surveillance and clearance, thereby promoting tumor occurrence, growth and metastasis.
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Table 1 The Inhibitory Effect of TEVs on Immune Cells

Immune 
Cell

Effect Impact Factor Source of EVs Reference

T cell Inhibit T-cell activation CD39, CD73 Various cancers exosomeal [17]

PD-L1 Glioblastoma EVs [18]

Inhibit T-cell proliferation TGF-β Breast cancer cell exosomal [16]

Promote T-cell apoptosis Fas L Ovarian cancer exosomal [23]

Dysfunction; inhibit Th1 and Th17 

differentiation; suppress T-cell 

functions

miR-24-3p, miR-891a, miR- 

106a-5, miR-20a-5p, miR- 

1908

Nasopharyngeal carcinoma exosomal [26]

PD-L1 Melanoma/lung/breast cancer exosomal [30]

miR-23a-3p Hepatocellular carcinoma cells exosomal [29]

Activate Tregs; promote Treg 
expansion

CCL20 Nasopharyngeal carcinoma exosomal [33]

TGF-β Colorectal cancer cell EVs [32]

miR-214 Lewis lung cancer and human embryonic 

kidney cell line microvesicles

[34]

miR-24-3p Nasopharyngeal carcinoma (NPC) cell 

lines and patient sera exosomal

[25]

Enhance the inhibitory effect of 

MDSCs on γδT cells

miR-21 Oral squamous cell carcinoma (OSCC) 

cell lines Cal-27 and SCC- 9 exosomal

[36]

B cell Suppression function Tumor antigen Pancreatic cancer exosomal [38]

— Mycoplasma infects tumor cells 
exosomal

[40]

Promote Breg expansion — Esophageal cancer microvesicles [39]

Macrophages Formation of inflammatory 

environment before metastasis

miR-21; miR-29a Lung cancer cell lines A549 and SK-MES 

exosomal

[43]

Annexin A2, IL-6, TNF-α Breast cancer exosomal [44]

GCSF, IL-6, IL-8, IL-1β, CCL2, 

TNF-α
Breast cancer exosomal [63]

Induce the polarization of macrophage 

to M2 phenotype

miR-222-3p Epithelial ovarian cancer Skov-3 cells 

exosomal

[48]

— Glioblastoma stem cell exosomal [50]

— Lung cancer cell exosomal [49]

DCs Inhibit antigen presentation function miR-203 Pancreatic cancer cell panc-1 exosomal [53]

miR-212-3p Pancreatic cancer cell line PANC-1, 

SW1990, BxPC-3 exosomal

[52]

Change the direction of differentiation — Breast cancer/lung cancer exosomal [54]

— Melanoma/colorectal cancer exosomal [55]

(Continued)
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factors IL-10, IL-6, and IL-1β and a reduction in the 
release of IL-17, IL-2 and IFN-γ. Therefore, nasopharyn
geal carcinoma exosomes can hinder T cell proliferation, 
promote CD4+ T cell differentiation into helper T cells 
(Th1) and Th17 cells and promote the proliferation of 
Tregs.25,33 In the article reviewed by Yin et al, a high 
level of miR-214 was found in microvesicles derived 
from several tumors. By downregulating the expression 
of PTEN in T cells, miR-214 promotes Treg expansion 
in the TME, and then Tregs can induce effector T cell 
apoptosis and boost tumor growth by releasing high levels 
of IL-10.34

TEXs Inhibit T Cell Function by Activating MDSCs
Myeloid-derived suppressor cells (MDSCs) are a group of 
immature bone marrow cells that can significantly inhibit 
the T cell immune response.35 γδT cells are a unique 
lymphocyte population that plays a complicated role and 
can have a positive or negative role in tumors. Li et al 
found that in the TME, the partial pressure of oxygen can 
affect the content of tumor-derived exosomes that further 
inhibit the function of γδT cells and promote tumor 
progression.36 Compared with exosomes in a normoxic 
environment, exosomes derived from oral squamous cell 
carcinoma in a hypoxic environment can enhance the 
inhibitory effect of MDSCs on γδT cells and promote 
tumor growth by affecting the miR-21/PTEN/PD-L1 sig
naling axis.

B Lymphocyte
B cells are a type of lymphocyte that produce antibodies 
and mediate the humoral immune response, which also act 
as antigen-presenting cells to initiate adaptive immune 
responses. Regulatory B cells (Bregs) are a special subset 

of B cells that play a negative role in antitumor immune 
responses.37 TEVs can directly inhibit the immune func
tion of B cells or indirectly activate Bregs to impair B cell 
functions. Exosomes derived from pancreatic cancer cells 
and the plasma of pancreatic cancer patients carry a large 
number of tumor antigens, which can trick B cells to 
generate autoantibody reactions, thereby limiting comple
ment-mediated cytotoxicity.38 Microvesicles derived from 
esophageal cancer can induce naive B cells to differentiate 
into Bregs, and Bregs inhibit the proliferation of CD8+ 

T cells by secreting TGF-β.39 Yang’s study showed that by 
infecting tumor cells, mycoplasma employs tumor-derived 
exosomes to deliver their own components and regulate 
immune cell activity. These mycoplasma components car
ried by exosomes can specifically activate B cells in the 
spleen, induce spleen cells to produce IFN-γ and IL-10 
factors, and suppress the activity of effector T cells by 
activating Breg cells40 (Figure 1).

Macrophages
As the primary effector cells in innate immunity, macro
phages not only eliminate antigenic and foreign bodies 
through strong phagocytosis but also participate in adap
tive immune responses as full-time antigen-presenting 
cells. In different tissue environments, macrophages can 
differentiate into two diverse polarization states, the clas
sically activated M1 type and the selectively activated M2 
type.41 M1 macrophages are induced by stimulation with 
bacterial lipopolysaccharide (LPS) and IFN-γ and can then 
eliminate the pathogenic infection by secreting proinflam
matory cytokines and chemokines. While M2 macro
phages have anti-inflammatory effects, they can promote 
angiogenesis and accelerate tumor progression.42

Table 1 (Continued). 

Immune 
Cell

Effect Impact Factor Source of EVs Reference

NK cell Down-regulate the expression of the 

activating receptor NKG2D

MICA*008 Human cervical cancer exosomal [58]

NKG2Dligand Leukemia/lymphoma exosomal [64]

Inhibit NK cell function; impair NK 
cell-mediated cytotoxicity

TGF-β Acute myeloid leukemia exosomal [23]

miR-92b Serum exosomal from rat model of 

orthotopic liver tumor

[61]

miR-23a;TGF-β Multiple tumor cells derived 

microvesicles

[59]
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TEVs Damage Innate Immunity by Regulating 
Macrophage Function
In addition to binding with and regulating the expression 
of targeted mRNA in recipient cells, miRNAs can also act 
as ligands and play a regulatory role. One study showed 
that miR-21 and miR-29a carried by lung cancer exosomes 
can trigger nuclear transcription factor nuclear factor-κB 
(NF-κB)-mediated inflammation by acting on human 
macrophage Toll-like receptor 8 (TLR8) or mouse macro
phage TLR7, respectively, and further enhance the secre
tion of IL-6 and tumor necrosis factor α (TNF-α) in 
macrophages, which plays a positive role in the growth 
and metastasis of lung cancer.43 Proteomics analysis 
revealed that Annexin II is one of the highly expressed 
proteins in exosomes. Annexin II loaded on breast cancer 
exosomes increases the secretion of TNF-α and IL-6 from 
macrophages by activating the p38/MAPK, NF-κB and 
STAT3 signaling pathways, which provides favorable con
ditions for angiogenesis and tumor metastasis.44 It is worth 
mentioning that TLR2 and MyD88 are essential “signal 
adaptors” of the NF-κB pathway, and ablating TLR2 or 
MyD88 at the gene level can completely eliminate the 
tumor-promoting effects of breast cancer-derived 
exosomes.45 Another study demonstrated that in the 
human body, lung cancer exosomes can participate in the 
regulation of endogenous cell signaling pathways and 
reduce the production of IFN-γ by delivering activated 
epidermal growth factor receptor (EGFR) to macrophages, 
damaging inherent immunization and causing 
immunosuppression.46

TEVs Drives Macrophages Polarizing into M2
Based on the ability to transport “cargo”, exosomes have 
the potential and ability to regulate the phenotype and 
polarization of macrophages.47 By downregulating the 
expression of suppressor of cytokine signaling 3 
(SOCS3) in macrophages, miR-222-3p packaged in 
epithelial ovarian exosomes can trigger macrophage 
polarization toward the M2 phenotype. By secreting 
proangiogenic factors, M2 macrophages can stimulate 
tumor growth by promoting angiogenesis and 
lymphangiogenesis.48 Similarly, lung cancer cell- 
derived exosomes can promote M0 macrophage differ
entiation into the M2 phenotype by enhancing their oxy
gen consumption rate and altering their bioenergetic 
state.49 Through the STAT3 signaling pathway, glioblas
toma stem cell-derived exosomes can mediate the polar
ization of monocytes into the immunosuppressive M2 

type and enhance the expression of PD-L1 on mono
cytes, thereby impairing antitumor immunity in the 
TME50 (Figure 1).

Dendritic Cells
Dendritic cells (DCs) are critical antigen-presenting cells 
with many dendritic protrusions at maturity; they can 
recognize, ingest, process foreign antigens, and induce 
T cell activation and proliferation by providing antigen 
peptides.51 Furthermore, DCs can regulate the functions 
of other immune cells by secreting a variety of cytokines 
and chemokines. Studies have shown that TEVs can pro
mote tumor growth and metastasis by inhibiting the anti
gen presentation function of DCs in the TME. For 
instance, exosomal miR-212-3p52 and miR-20353 in pan
creatic cancer can downregulate the expression of major 
histocompatibility complex (MHC)-II transcription factor 
regulatory factor X associated protein (RFXAP), Toll-like 
receptor 4 (TLR4) and downstream cytokines in DCs to 
induce their immune tolerance capacity and promote pan
creatic cancer escape from antitumor immunity. By med
iating PD-L1 expression, exosomes derived from lung 
cancer and breast cancer cells can act on myeloid precur
sor cells to inhibit their differentiation into CD11c+ DCs 
and promote the formation of an immunosuppressive 
microenvironment.54 Meanwhile, melanoma and colorec
tal exosomes can induce CD14+ monocytes to differentiate 
into MDSCs rather than DCs,55 thus reducing the antitu
mor immune response (Figure 1).

Natural Killer Cells
Natural killer (NK) cells are large granular lymphocytes 
with the phenotype of CD56+CD3− that can directly kill 
target cells without MHC restriction. Under pathological 
conditions, NK cells can kill cancerous and infected cells 
independent of antigen presentation and antibody media
tion. Hence, NK cells are the first line of defense against 
infection and tumors in the human body.56

TEVs Carrying NKG2D Ligand Inhibit NK Cell 
Activity
NK group 2 member D (NKG2D) is an important activat
ing receptor expressed on the NK cell surface. Through 
carrying NKG2D ligand and releasing TGF-β, acute mye
loid leukemia-derived microvesicles can directly decrease 
NKG2D expression and suppress the activity and cytotoxi
city of NK cells.57 The transmembrane glycoproteins 
MICA/B (MHC class I chain-related proteins A/B) are 
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the ligands for NKG2D; unlike other MHC class 
I proteins, they cannot bind antigen peptides but bind to 
the NKG2D of NK cells. Soluble MICA/B or exosomal 
MICA/B can suppress NK cytotoxicity by inhibiting the 
expression of NKG2D and promoting tumor immune 
escape.58

TEVs Carrying Immunosuppressive Factors Inhibit 
NK Cytotoxicity
Several studies have shown that TEVs can inhibit NK cell 
function by delivering TGF-β and miRNA.59–61 For exam
ple, the atypical serine/threonine kinase mammalian target 
of rapamycin (mTOR) is an important regulator of cell 
growth and metabolism, which promotes anabolic pro
cesses such as ribosome biogenesis and the synthesis of 
proteins, nucleotides, fatty acids and lipids and inhibits 
catabolic processes such as autophagy.62 By delivering 
TGF-β to inhibit the activation of the serine and threonine 
kinase mTOR, several tumor-derived exosomes can impair 
NK cell activity and cytotoxicity.60 Similarly, miR-92b61 

derived from hepatic carcinoma exosomes can inhibit the 
expression of CD69 on NK cells and inhibit NK cell- 
mediated cytotoxicity. Compared with those secreted in 
a normal oxygen environment, tumor microvesicles 
secreted in a hypoxic environment have a more significant 
inhibitory effect on NK cells. Multiple tumor-derived 
microvesicles can deliver a large quantity of immunosup
pressive factors, such as miR-23a and TGF-β, to NK cells 
to suppress the expression of CD107a and NKG2D on NK 
cells and further inhibit NK cell activation and function59 

(Figure 1).

The Application of TEVs in Tumor 
Immunotherapy
Currently, nanotechnology has been widely used in cancer 
treatment. Several synthetic nanoparticles, such as 
pegaspargase65 and doxorubicin,66 have been approved by 
the FDA for treating acute lymphoblastic leukemia, 
advanced ovarian cancer, and multiple bone marrow cancers 
clinically. Although synthetic nanoparticles have the advan
tages of easy manufacture, separation and purification with 
high yields, they still have many limitations, including high 
toxicity, lack of targeting specificity, rapid elimination by the 
mononuclear phagocytic system, and low bioavailability.67 

Compared with synthetic nanoparticles, EVs are natural 
vehicles for cargo delivery. Because of their unique biocom
patibility, minimal toxicity, high stability and cell targeting 
ability,68 EVs have great potential for targeted drug delivery. 

In addition, TEVs can also be developed and applied as 
tumor diagnostic markers and vaccines because they carry 
tumor-associated antigen (TAA) and so on (Figure 2).

TEVs: Potential Biomarkers for Tumor 
Diagnosis
EVs can be extracted from an extremely wide range of 
sources. In addition to in cell culture supernatant, EVs also 
largely exist in biological fluids such as blood, urine, saliva, 
and sweat,7 which makes them easy to obtain and analyze for 
liquid biopsies. Currently, many clinical trials are focusing on 
evaluating the components of TEVs, including DNA, 
miRNA, long noncoding RNA (lncRNA), and certain 
tumor antigens, as biomarkers used in cancer diagnostics, 
which are detailed in Table 2. Meanwhile, TEVs can also 
reflect the effect of drug treatment at different tumor stages. 
An ongoing clinical trial is evaluating the expression profile 
of exosomal miRNAs and PD-L1 in non-small cell lung 
cancer (NSCLC) patients before and after immunotherapy 
and exploring the potential of exosomes as biomarkers to 
predict the curative effect of anticancer drugs (pabolizumab/ 
nafulizumab) (NCT04427475).

However, how to efficiently separate EVs is still an 
urgent issue that needs to be solved. Furthermore, 
a method for the accurate quantification of EVs is also 
necessary for the clinical application of EVs in the future. 
At present, the separation methods of EVs mainly include 
the kit method, the immunomagnetic bead method, ultra
centrifugation and ultrafiltration centrifugation, but these 
methods all still have many drawbacks.45 They are either 
expensive or extremely dependent on specific instruments 
and take a long time. Recently, a study69 demonstrated 
the development of a new simple method for directly 
isolating and quantifying disease-specific exosomes by 
using carboxyl group-functionalized iron oxide nanopar
ticles (C-IONPs). This method includes two steps. First, 
functional C-IONPs that carry exosome marker proteins 
(tetraspanin, CD9, etc.) are used to separate bulk exo
somes from the initial sample; then, the pathogen-specific 
exosomes are preliminarily separated from the sample by 
electrochemical methods and quantified by tumor-specific 
markers. Electrochemical methods have excellent sensi
tivity and specificity for the detection of biomolecules in 
biological substrates and have been applied to quantify 
exosomes derived from ovarian cancer and breast 
cancer.70
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TEVs: Drug Delivery Vehicles
EVs are natural delivery vehicles that not only have the 
ability to cross biobarriers (cytoplasmic membrane and 
blood-brain barrier) but also have inherent long-term 
circulation capabilities and excellent biocompatibility. 
Compared to other drug carriers, such as lipidosomes 
and viruses, EVs induce a lesser immune response, and 
their drug transfer efficiency is also excellent.71 They 
have been used to deliver nucleic acids, proteins and 
small molecule drugs to targeted cells or tissues in 
oncotherapy.15,72,73 For example, one study showed 
that EVs derived from patient body fluids can be mod
ified by electroporation to carry exogenous siRNA and 
then transport the siRNA to human blood cells (mono
cytes and lymphocytes).72 A variety of small molecule 
anticancer drugs and natural compounds (such as pacli
taxel, curcumin, doxorubicin, celastrol, and β-elemene) 
have been packed in exosomes to enhance the bioavail
ability of drugs and inhibit tumor growth and 
metastasis.74 To date, related studies have mainly 

focused on using vesicles derived from stem cells, but 
some researchers have attempted to use TEVs as carriers 
to deliver antitumor drugs. Table 3 summarizes recent 
studies that focused on TEVs as carriers for tumor 
treatment. For example, loading paclitaxel to autologous 
prostate cancer cell (LNCaP and PC-3)-derived exo
somes increased the cytotoxic effect of paclitaxel on 
prostate cancer.75 Gang Jia’s team76 designed a new 
type of TEV for glioma treatment, which was not only 
loaded with superparamagnetic iron oxide nanoparticles 
(SPIONs) and the chemical drug curcumin but also 
combined with exosomal membranes and the glioma- 
targeting ligand RGERPPR peptide (RGE) by click 
chemistry methods. These types of TEVs showed ideal 
antiglioma effects and provide a potential method for 
the diagnosis and treatment of intracranial tumors. In 
general, by combining the biological properties of exo
somes and preparing synthetic nanoparticles, the clinical 
application of nanomaterial-based drug delivery systems 
will be greatly promoted and developed.

Figure 2 Application of TEVs in tumor diagnosis, drug vesicles and immunotherapy. TEVs can not only be used as a biomarkers or drug delivery vehicle due to its own 
advantages, but also can be used as a tumor vaccine for tumor immunotherapy.
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TEVs: Antitumor Vaccines
TEVs have the potential to become cancer vaccines. The 
previous article has reviewed in detail the inhibitory effect 
of TEVs on immune cells. Then, how to block this inhi
bitory effect to restore the activity of immune cells and use 
the “tumor-specific components” of TEVs to activate 
immune cells are the key to the development of tumor 
vaccines. From the past to the present, many researchers 
have devoted themselves to exploring the anti-tumor 
effects of tumor-derived extracellular vesicles and the 
possibility of applying them to future clinical treatments. 
At present, numerous studies in vivo and in vitro have 
confirmed the possibility of tumor-derived extracellular 
vesicles as tumor vaccines. The details are described 
below. However, if it is applied to the clinical treatment 
of tumors in the future, there are still many problems and 

difficulties that need to be solved urgently. Of course, until 
now, the distinction and separation of extracellular vesicle 
subsets is still the primary problem to be solved in this 
field. Only after the extracellular vesicles are accurately 
separated, the characteristics and markers of each subset 
can be deeply understood. Then, by comparing the simila
rities and differences between them, the role of each subset 
in cellular communication and physiological processes can 
be clarified.

Heat Stress and Heat Shock Protein
Compared with exosomes secreted under a normal envir
onment, tumor-derived exosomes secreted under heat- 
stressed circumstances can induce specific antitumor 
immune responses more effectively.79 Under heat stress 
circumstances, tumor cells can produce and release exo
somes enriched in heat shock proteins such as Hsp60 and 

Table 2 Clinical Trials on Using TEVs for Tumor Diagnosis Biomakers

Cancer Type Vesicles Sample ID Apply

Colorectal cancer TEXs proteins Blood NCT04394572 Early diagnosis

Colorectalcancer TEXs miRNA Blood NCT04523389 Early prognostic

Lung cancer Exosomes Blood plasma NCT04529915 Early diagnosis

HER2-positive breast cancer Exosomes Blood and tumor tissue NCT04288141 Diagnosis

Prostate cancer Exosomes 
gene

Urinary NCT02702856 Diagnosis

Clear cell renal cell carcinoma Exosomes Urinary NCT04053855 Early diagnosis

Pancreatic cancer Exosomes Blood and tissue NCT02393703 Diagnosis

Bladder cancer Exosomes Urinary NCT04155359 Diagnosis

Lung cancer Exosomes Blood NCT04629079 Early diagnosis

Prostate cancer Exosomes Blood NCT04556916 Early diagnosis

Papillomavirus-positive oropharyngeal squamous cell 

carcinoma

Exosomes Blood and saliva NCT02147418 Screening

Rectal cancer Exosomes Blood NCT03874559 Diagnosis

Lung cancer TEXs IncRNA Serum NCT03830619 Early diagnosis

Metastatic breast cancer Exosomes Blood/tissues NCT04258735 Genomic 

analysis

Digestive and gynecologic/breast cancer TEXs DNA Blood NCT04530890 Diagnosis

Prostate cancer Exosomes Blood NCT03694483 Diagnosis

Rectal cancer TEVs Blood NCT04852653 Liquid biopsy

NSCLC Exosomes Blood NCT04499794 Prognostic
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Hsp70 as well as tumor antigen peptides80 to activate the 
antitumor effect of immune cells. In addition, heat stress- 
induced tumor exosomes are rich in chemokines CCL20, 
CCL5, CCL4, CCL3 and CCL2, which can activate 
CD11c+ DCs and CD4+/CD8+ T cells and increase their 
chemotaxis capacity.79 It has been reported that in a heat- 
stressed environment, colorectal-derived exosomes81 can 
induce Treg cells to transform into Th17 cells in the 
presence of IL-6, thereby producing strong antitumor 
effects in vitro. Through engineering methods, Xie et al 
expressed Hsp 70 on the cell membrane of myeloma cells 
to simulate heat stress. The exosomes obtained from the 
myeloma cells carried a large amount of Hsp70, which 
could activate CD8+ T and NK cells in vitro.80

Tumor-Associated Antigen and DNA
TEVs have been demonstrated to be able to carry TAA,82 

which can be used as a pivotal component of antitumor 
vaccines in cancer therapy. One study83 revealed that exo
somes derived from renal cell carcinoma carrying a large 
amount of TAAs, through Fas/FasL signaling pathway 
mediation, can provoke forceful cytotoxic effects from 
CD8+ T cells against autologous tumor cells in vivo. 
Similarly, exosomes extracted from the serum of HCC 
patients can be used as specific HCC antigens. These 
HCC patient serum-derived exosomes were proven to sig
nificantly inhibit tumors in orthotopic HCC mice pulsed 
with DC treatment. HCC exosomes can transfer their 

antigens to DCs, and these preimmunized DCs can elicit 
antitumor immunity by significantly promoting the prolif
eration of specific CD4+ T cells in mice. Furthermore, 
HCC exosome treatment with DCs increased INF-γ levels, 
decreased IL-10 and TNF-β levels in the TME and sig
nificantly inhibited tumor growth in a mouse model.

The DNA fragments derived from parental cells 
account for a substantial component of exosomal cargoes. 
Through an unknown mechanism, these DNA fragments 
that originate from the nuclei and mitochondria accumu
late in the cytoplasm and are then packaged into 
exosomes.84 The CD47 protein is an immune checkpoint 
receptor that can interact with ligand signal regulatory 
protein alpha (SIRP α) on innate immune cells to transmit 
negative signals to inhibit macrophage-mediated 
phagocytosis.85 One study revealed that blocking CD47 
expression in tumor cells can cause preferential accumula
tion and export of tumor mitochondrial DNA by exo
somes, which activates STING signaling in neighboring 
DCs to promote antitumor immunity.86

Treatment and Modification of Tumor Cells
A series of studies have revealed that by pretreating tumor 
cells with cytokines and certain substances with antitumor 
effects, TEVs can be used to develop antitumor vaccines. 
For example, the epigallocatechin gallate (EGCG) present 
in green tea has been shown to have an inhibitory effect on 
tumorigenesis in vivo and in vitro.87 After EGCG 

Table 3 Study of TEVs as Drug Vehicles

Drugs Source Type Delivery 
Methods

Targets Effect Reference

Paclitaxel Prostate cancer LNCaP and 

PC-3 cells

Exosomes Incubation Autologous prostate 

cancer cells

Increased the anti-tumor 

effect of Paclitaxel

[75]

Curcumin Pancreatic adenocarcinoma 

cell (PANC-1, MIA PaCa-2) 

derived exosomes

Exosomes Tumors cells 

which 

treatment with 
drugs

PANC-1; MIA PaCa-2 Promoting anti-tumor 

effect reduces tumor cells 

viability

[77]

siRNA Plasma exosomes Exosomes Electroporation Monocytes; 

lymphocytes

Provide cells with 

heterologous nucleic acids 

such as therapeutic siRNAs

[72]

Paclitaxel Glioblastoma cell line U-87 Exosomes Incubation; 

sonication

U-87 Increased drugs effect 

against U-87 cell line

[78]

Curcumin Mouse macrophage cell line 

Raw264.7

Exosomes Electroporation Human glioma cell line 

U251; human hepatoma 
cell line Bel-7404

Provided good results for 

targeted imaging and 
therapy of glioma.

[76]
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treatment, exosomes derived from 4T1 cells were capable 
of altering the phenotype of tumor-associated macro
phages (TAMs) from the M2 to the M1 phenotype.88 

Recently, Yang et al found89 that interferon regulatory 
factor 1 (IRF-1) can upregulate the expression of IL- 
15Rα and MHC-I on Hepa1-6 and MC38 cell (two 
mouse tumor cell lines)-derived exosomes. Exosomes 
with high IL-15Rα and MHC-I expression can improve 
the antitumor effect in mice by promoting CD4+ and 
CD8α+ T cell infiltration into tumors. Similarly, combined 
with granulocyte-macrophage colony stimulating factor 
(GM-CSF), ascites-derived exosomes90 from colorectal 
cancer patients can induce specific antitumor responses 
in cytotoxic T lymphocytes. In addition, by overexpressing 
the genes encoding IL-2 or IL-18 in tumor cells, TEVs 
carrying IL-2 or IL-18 were generated by the Yunshan91 

and Shengming92 research groups, respectively. Their 
results indicated that TEVs carrying IL-2 can induce the 
polarization of antigen-specific TH1 cells and activate the 
cytotoxicity of T cells, while TEVs carrying IL-18 can 
promote DC maturation and the proliferation of cytotoxic 
T cells. CD40 signaling plays a vital role in inducing DC 
maturation and the antitumor immune response. In a study
93 by Wang et al, through transfection of the CD40 L gene 
into lung cancer cells, CD40L-carrying exosomes were 
obtained, which can effectively promote the maturation 
of DCs and the activity of antitumor T cells in vitro. 
These data indicated that it is worth further studying and 
developing an effective antitumor vaccine strategy based 
on exosomes obtained from overexpressing specific pro
teins in tumor cells.

Strategy to Impair the Immunosuppressive Effects of 
TEVs
Because of the immunosuppressive property of TEVs, it 
can be assumed that impairing the immunosuppressive 
ability of TEVs may produce better therapeutic effects 
when they are used as drug delivery vehicles. One 
study94 revealed that by using small molecule inhibitors 
against NSMNASE2 and RAB27A, the expression of exo
somal PD-L1 can be blocked in prostate cancer cell lines 
and melanoma cell lines. When performing small molecule 
inhibitor treatment accompanied by PD-L1 antibody ther
apy simultaneously, cancer patients who were not sensitive 
to PD-L1 antibody treatments achieved better therapeutic 
effects. An interesting assumption is that an in situ PD-L1 
blockade therapy strategy can synergistically induce sys
temic immune responses in multiple tumor sites. 

Therefore, blocking the expression of exosomal PD-L1 
may be a new immunotherapy strategy to improve the 
effect of antibody therapy in specific tumor types, such 
as prostate cancer and melanoma.

Discussion
Now, there are still many biological challenges and issues 
related to the role of TEVs in immune cells and immu
notherapy, tumor diagnosis and drug delivery vehicles. 
The first difficulty is that subsets of EVs such as micro
vesicles and exosomes are difficult to separate accurately. 
The commonly used methods have been reviewed above 
and will not be repeated here. Nowadays, interdisciplinary 
is more and more common. The combination of materials 
science, chemistry and other disciplines with biology also 
brings new breakthroughs for the precise separation of 
extracellular vesicles. For example, a research team95 

from Fudan University and Ningbo University has devel
oped a microfluidic Raman biochip for the separation and 
analysis of exosomes, which has been successfully applied 
to the determination of exosomes in clinical serum sam
ples. This biochip has potential to become a promising tool 
for prostate cancer diagnosis.

Extracellular vesicles are rich in nucleic acids, proteins 
and other substances from parental cells. Nucleic acids, 
especially miRNAs, have been extensively studied. 
Certainly, the study of TEVs proteome is equally impor
tant. For example, the TEVs protein group can be com
pared with the tumor protein group, which is conducive to 
discovering important tumor-related proteins (such as pro
teins that can regulate immune cells and self-activity) and 
tumor markers which can be used as therapeutic targets or 
applied to tumor diagnosis.

Although studies have shown that TEVs carrying tumor- 
specific antigens and nucleic acids can act to activate 
immune cells, the current research on exosomes is still 
very superficial. For in vitro experiments, in addition to 
conventional cells proliferation, apoptosis, cycle and other 
experimental indicators, the secretion level and composition 
changes of TEVs should also be studied. For example, does 
the cell growth period and cell state affect the secretion of 
EV? Is there any change in the composition of EVs? If there 
is a change, how much can it be? These can further help 
researchers to deepen their understanding of tumors.

Immunotherapy is a major research hotspot in cancer 
treatment in recent years. It is mainly divided into 
somatic immunotherapy and immune checkpoint inhibi
tor therapy. Among them, immune checkpoint inhibitor 
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anti-PD-1 and anti-PD-L1 monoclonal drugs have been 
extensively studied and have been used in clinical tumor 
treatment. However, this type of treatment is not suitable 
for all cancers. It can only treat and relieve a small 
proportion of patients in certain cancer types. In recent 
years, studies96 have found that TEVs also carry PD-L1 
on the surface, which can induce immune escape and 
promote tumor progression, such as TEVs PD-L1 med
iates resistance to immunotherapy by directly binding to 
anti-PD-L1 antibodies. Therefore, PD-L1 on the surface 
of TEVs: 1) as a target to develop more effective 
immune checkpoint inhibitors; 2) as a research object 
to in-depth study of the occurrence and mechanism of 
PD-L1.

Conclusion and Perspectives
With the rapid progress of social modernization and indus
trialization, the pace of life is accelerating gradually. 
Excessive pressures and serious environmental pollution 
are the latent reasons for the increasing tumor incidence. 
Through several mechanisms, tumors can escape immune 
surveillance and clearance to boost their occurrence, devel
opment and metastasis. Therefore, it is urgent to understand 
the underlying mechanism of tumor immune escape.

As a mediator between tumors and immune cells, TEVs 
play a dual role in modulating immune cells in the TME. On 
the one hand, TEVs can inhibit the activation, proliferation, 
differentiation and function of immune cells by directly 
acting on them or promoting the activity of immunosuppres
sive cells. On the other hand, TEVs can also act as specific 
tumor antigens to activate immune cells, promote antitumor 
immunity and inhibit tumor growth. Therefore, how to cir
cumvent the immunosuppressive effect of TEVs and use 
their immune stimulus activation is the key research direc
tion in the future. Of course, regardless of their effects on 
immune cells, activation or suppression, TEVs can still be 
used as specific targets for tumor recognition and treatment. 
Further identification of specific tumor markers on TEVs 
will allow for early diagnosis and prognostic analysis for 
tumor patients in the clinic.

At present, there are still many limitations hindering 
research on TEVs, such as the lack of precise separation 
and identification methods and efficient isolation methods 
for TEVs. Thus, how to rationally use the advantages of 
TEVs while weakening or avoiding their side effects will 
be the research focus in the tumor therapy field. In addi
tion, in-depth exploration of the role of TEVs in modulat
ing immune cells is the goal of researchers who focus on 

tumor immunity, which can provide new inspiration for 
tumor treatment.
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