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Exosomes are lipid bilayer particles that originated from almost all types of cells and play an important role in intercellular
communication. Tumor-derived exosomes contain large amounts of noncoding RNA, DNA, and proteins, which can be
transferred into recipient cells as functional components in exosomes. These exosomal functional constituents depend on the
originating cells, and it has been proved that types and numbers of exosomal components differ in cancer patients and healthy
individuals. This review summarizes the role of tumor-derived exosomes in immunomodulation and discusses the application
of exosomes in immunotherapy in cancers. Overall, exosomes isolated from cancer cells are turned out to promote immune
evasion and interfere with immune responses in tumors through inducing apoptosis of CD8+ T cells, facilitating generation of
Tregs, suppressing natural killer (NK) cell cytotoxicity, inhibiting maturation and differentiation of monocyte, and enhancing
suppressive function of myeloid-derived suppressor cells (MDSCs). Mechanistically, exosomal functional components play a
significant role in the immunomodulation in cancers. Moreover, based on the existing studies, exosomes could potentially

serve as therapeutic delivery vehicles, noninvasive biomarkers, and immunotherapeutic vaccines for various types of cancers.

1. Introduction

Cancer is a global public health problem, and the incidence
and mortality of cancer are dramatically increasing. It is
reported that there are more than 18 million new cases
and 9 million deaths each year worldwide [1-3]. There are
several strategies for tumor development and survival, and
tumor immune evasion, as one of the important mecha-
nisms, enables tumors to escape from immune surveillance,
inhibit antitumor immune responses, and finally, grow pro-
gressively [4]. Immune cells in tumor microenvironment
play important roles in tumorigenesis [5], and exosomes
released into tumor microenvironment have also been
proved to be able to regulate immune responses in
tumors [6].

Extracellular vesicle is membrane-bound vesicle in all
body fluids for crosstalk between cells. Exosome, a subtype
of extracellular vesicle, refers to lipid bilayer particles with
a diameter of 50-150 mm [7]. They are released by almost

all types of cells into microenvironment and have emerged
as a novel method for intercellular communication through
either functional component transfer or membrane
receptor-mediated signaling transduction [8]. Cancer-
derived exosomes are widely distributed in body fluids from
tumor-xenograft animal models and cancer patients, such as
plasma, ascites, pleural effusion, and other fluids [9]. It has
been demonstrated that types and numbers of exosomal
constituents differ in cancer patients and healthy individuals
[10]. Exosomes isolated from cancer cells can interfere with
immune responses and correlate with the development and
progression of tumors, including tumor growth, invasion,
and metastasis [11, 12]. However, the intercellular commu-
nication of cancer cells and noncancer cells via exosomes
has not been fully illustrated. Therefore, this review is aimed
at summarizing the functional components in exosomes,
reviewing the role of tumor-derived exosomes in immuno-
modulation, and discussing the application of exosomes in
immunotherapy in cancers.
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2. Formation and Contents of Cancer Exosomes

The biogenesis of exosomes is attributed to endocytosis and
exocytosis of all cell types [13]. The endocytosis of cell mem-
brane can form early endosomes, which are located near the
cell membrane with a tubular appearance. After acidifica-
tion, protein contents change, and fusion with other mem-
brane components and early endosomes develop into late
endosomes, which are located near the nucleus and exhibit
a spherical shape. The multivesicular bodies (MVBs) then
develop from late endosomes through reversed budding.
The process of budding of late endosomes into their lumen
is limited, resulting in vesicle enrichment in internal lumen
[14]. Subsequently, the vesicles, also named exosomes, are
released into extracellular space mediated by the exocytic
fusion of the external membrane of MVBs and the cell mem-
brane (Figure 1).

Since exosomes are originated from endocytosis and
exocytosis of membrane vesicles, the molecular composi-
tions of exosomes are dependent on the originating cells
(Figure 1). Structurally, exosomes are with a lipid bilayer
that encloses cytoplasm; thus, proteins and nucleic acids,
main components in cytoplasm, are also the contents of exo-
somes (Table 1). Cancer exosomes regulate tumor biological
processes, including tumor progression, metastasis, and
angiogenesis.

2.1. RNAs in Cancer Exosomes. MicroRNA (miRNA) in can-
cer exosomes has been demonstrated to be involved in
tumor progression. miRNAs, which inhibit targeted mRNA
translation process, can be absorbed by cells through exo-
somes and act as tumor promoters or suppressors, finally
interfering with other stromal cells in tumor microenviron-
ment [15]. In breast cancer, tumor-derived exosomes have
been proved to be specifically enriched in miRNA, which is
able to stimulate a transformation of nontumor-originated
breast cells into tumors [16]. Similarly, miR-105 secreted
by exosomes isolated from the same type of cancer cells is
reported to promote metastasis by destroying vascular endo-
thelial barriers [17]. High levels of miR-122 in exosomes can
also reprogram glucose metabolism in nontumor cells to
facilitate metastasis [18]. Except for the significant role in
tumor development and metastasis, miRNA may also serve
as biomarkers in cancer, especially colorectal cancer [19].
A study has demonstrated that exosomal miR-320d in serum
may act as a noninvasive diagnostic marker for metastatic
colorectal cancer [20]. Also, the expression level of circulat-
ing exosomal miR-25-3p is also associated with the metasta-
sis of colorectal cancer [21]. In addition, exosomal miRNAs
are also significant in other types of tumors, such as esoph-
ageal squamous cell carcinoma [22] and breast cancer [15],
and serve as molecular biomarkers [23].

Long noncoding RNA (IncRNA), another type of
RNA content in cancer exosomes [24], also participates
in biological processes of genetic transcription, mRNA
translation, and protein modification [25]. It has been
proved that IncRNA from cancer cell-originated exosomes
is able to promote tumorigenesis by facilitating angiogen-
esis, suppressing immune functions, and inducing metas-
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tasis [26]. IncRNA HOTAIR can be conveyed into
endothelial cells via exosomes secreted by glioma cells,
and HOTAIR is known to promote angiogenesis [27].
Similarly, IncRNA H19, which facilitates hepatocarcino-
genesis [28], is enriched in exosomes from liver cancer
cells and can be internalized by endothelial cells, resulting
in cell adhesion and angiogenesis [29]. Moreover, exoso-
mal IncRNA SNHGI16 in breast cancer is reported to
suppress immune functions by inducing CD73%y81 Treg
cells [30], revealing a close relationship between exosomal
IncRNA and immunosuppression in cancers. Further-
more, many studies have also confirmed the involvement
of exosomal IncRNA in tumor metastasis in different can-
cer types. IncRNA MALAT-1 is abundant in exosomes
isolated from the serum of non-small-cell lung cancer
patients, and it facilitates tumor migration and lymphatic
node metastasis [31]. Meanwhile, serous exosomal
IncRNA 91H, which is proved to promote tumor migra-
tion, also dramatically decreases after operation in colo-
rectal cancer patients, indicating the significance of
exosomal IncRNA in cancers.

Although circRNA is a novel type of noncoding RNA,
the role of exosomal circRNA in cancer tissues has also been
emphasized. The presence of circular RNA (circRNA) has
been demonstrated to play a critical role in cancer growth
and metastasis. Exosomal circPACRGL is upregulated in
colorectal cancer, and promotes tumor cell proliferation,
migration, and invasion in vitro [32]. Exosomal circRNAs
are also found to promote cancer progression in gastric can-
cer [33] and tumor metastasis in hepatocellular carci-
noma [34].

2.2. DNAs in Cancer Exosomes. Recently, it has been
reported that DNA also exists in cancer-derived exosomes
[35, 36], and exosomal DNA may be crucial in cell commu-
nication as RNA components do. Although the exact mech-
anism of DNA presence in exosomes is still under
investigation, mitochondrial DNA (mtDNA) was observed
in exosomes isolated from astrocytes and glioblastoma cells
for the first time [37]. Interestingly, a large abundance of
mtDNA can be detected on the surface of exosomes [38],
and it is speculated that it may be associated with exosomal
aggregation and recipient cell dysfunction [39]. Moreover,
other types of DNA, including single-stranded DNA
(ssDNA) and double-stranded DNA (dsDNA), are also
overserved in exosomes derived from cancer cells in recent
years [40, 41]. What should be noted is that exosomal
dsDNA exhibits a tumor-specific manner, whose amount is
much higher originated from cancer cells than normal cells
[42]. It revealed that exosomal DNA may act as a noninva-
sion biomarker for early cancer detection. Moreover, exoso-
mal DNA in cancers also allows for treatment monitoring.
The horizontal transfer of mtDNA from exosomes can result
in therapy resistance in oxidative phosphorylation-
dependent breast cancer and lead to metastasis [43]. How-
ever, in another study, the so-called exosomal DNA is just
a nucleic acid-histone complex resulting from autophagy
[44]. The presence of exosomal DNA needs to be further
investigated and explored.
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FiGure 1: Formation and contents of exosomes. The biogenesis of exosomes is attributed to endocytosis and exocytosis of cells. The
endocytosis of cell membrane can form early endosomes, which then develop into late endosomes. The process of budding of late
endosomes into their lumen is limited, resulting in vesicle enrichment in internal lumen in multivesicular bodies (MVBs). Subsequently,
exosomes, with a diameter of 50-150 nm, are released into extracellular space mediated by the exocytic fusion of the external membrane
of MVBs and the cell membrane. The molecular compositions of exosomes are dependent on the originating cells, and structurally,
exosomes are lipid bilayer vehicles with proteins and nucleic acids. MVBs: multivesicular bodies; HSP: heat shock proteins.

Tragetlng/adhesmn
proteins

Membrane transport
and fusion proteins

TasLE 1: Contents of cancer exosomes.

Content Molecular types Function
. . Inducing m is, invasion, and transformation an
MicroRNA (miRNA) . ducing netastasis, invasion, a dtg sformation a d .
formation of tumors in noncancerous cells; serving as biomarkers in cancers
RNA R Promoting tumorigenesis by facilitating angiogenesis, suppressin:
Long noncoding RNA (IncRNA) 8 8 Y TS ANBlog  SUPP &
immune functions, and inducing metastasis
Circular RNA (circRNA) Promoting carcinoma growth and metastasis
Being associated with abnormal DNA replication in cancer cells,
DNA DNA in exosomes (exoDNA) and reverse transcription of cellular
RNA; mediating immune response activation
Targeting/adhesion proteins
Membrane transport and fusion proteins Regulating tumor proliferation, growth, metastasis,
Protein Heat shock proteins migration, angiogenesis, adhesion, immune suppression, and

Enzymes
Receptor proteins
Cell type-specific markers of the originating cells

many other biological processes of tumor;
having potential immunotherapeutic effects

2.3. Proteins in Cancer Exosomes. The protein components
in cancer exosomes are complicated and have an endocytic
origin. A recent study identified 232 unique proteins via exo-
somal proteome using ion trap mass spectrometry [45].
Generally, targeting/adhesion proteins, membrane transport
and fusion proteins, heat shock proteins, enzymes, receptor
proteins, cell type-specific markers of the originating cells
are the main constitutive protein components of exosomes.

In hepatocarcinoma, exosomal proteins are associated with
cell migration, invasion, and angiogenesis  [46].
Threspanin-8 in gastric cancer cell-derived exosomes can
act as a biomarker for cancer growth and metastasis [47].
Another study also reported that exosomal CD317 and
EGFR might also be used as early biomarkers for non-
small-cell lung cancer [48]. Some tumor-specific markers,
such as prostate-specific antigen (PSA) and survivin, have
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F1GURE 2: The functions of cancer exosomes in immunomodulation. Exosomes isolated from cancer cells are turned out to promote immune
evasion and interfere with immune responses in tumors through inducing apoptosis of CD8+ T cells, facilitating generation of Tregs,
suppressing NK cells cytotoxicity, inhibiting maturation and differentiation of monocyte, and enhancing suppressive function of MDSCs.
NK cells: natural killer cells; DCs: dendritic cells; MDSCs: myeloid-derived suppressor cells.

also been reported to highly express in exosomes, revealing a
clinical significance of exosomal markers in diagnosis and
differential diagnosis in prostate cancer [49]. In addition,
the function of exosomal proteins from metastatic and non-
metastatic murine breast cancer cells is totally different. The
former one is mainly involved in cell proliferation, migra-
tion, and angiogenesis, while the latter mainly participated
in cell adhesion [50]. Moreover, immunosuppressive pro-
teins are highly expressed in melanoma cell-derived exo-
somes, resulting in cell apoptosis, T cells proliferation
suppression, and NK cells dysfunction [51]. These results
emphasize that exosomal proteins in cancer play a critical
role in tumor progression via immunomodulation.

3. Cancer Exosomes in Immunomodulation

3.1. Cancer Exosomes Induce Apoptosis of CD8" T Cells.
Cytotoxic CD8" T cells and CD4" Th1 cells are the main
antitumor immune response effector cells [52, 53]. Cancer-
derived exosomes regulate functions of T cells mainly
through impairing proliferation and facilitating apoptosis
of CD8" T cells [54], while immune cell-derived exosomes
intend to promote T cell proliferation [55] (Figure 2). Fas
ligand (FasL) has been reported to be highly expressed in
various types of tumor cell-derived exosomes, including
ovarian cancer [56], melanoma [54], prostate cancer [57],
and oral squamous cell carcinoma [58]. The activation of
Fas/FasL signaling pathway can promote apoptosis and
downregulate immune response [59]. Several studies have
also demonstrated that FasL-expressed cancer exosomes

can induce CD8" T cell apoptosis and be correlated with
poor prognosis [54, 60]. The interaction between pro-
grammed death-ligand 1 (PD-L1) in cancer cells and pro-
grammed cell death protein 1 (PD-1) receptor in activated
T cells is another mechanism of immune evasion in cancer
[61]. On the one hand, exosomal PD-L1 can inhibit T cell
activation and proliferation [62]; on the other hand, it can
be transferred into cancer cells [63], finally resulting in
immunosuppression amplification. In non-small-cell lung
cancer, the exosomal PD-L1 level in serum is much higher
in patients suffering from cancers with a higher TMN stage,
indicating that the level of exosomal PD-L1 might be a
potential cancer progression monitoring [64]. Similarly, exo-
somal PD-L1 expression in serum is also regarded as a reli-
able marker for treatment response prediction in melanoma
[61]. Apart from FasL and PD-L1, it is also reported that
exosomes can induce immunosuppression through many
mechanisms. For instance, galectin-9 is detected in exo-
somes isolated from nasopharyngeal carcinoma patients.
The binding of exosomal galectin-9 and mucin-domain
containing-3 (Tim-3) in T cells promotes apoptosis of
CD4" T cells, and this process can be reserved by neutraliz-
ing these two components [65].

3.2. Cancer Exosomes Facilitate Generation of Tregs. Regula-
tion T cells (Tregs) help tumor cells escape from attacks of
immune system by releasing immunosuppressive cytokines,
such as IL-10 and TGF-B1 [66], and the expression of
tumor-infiltrating Tregs has a close relationship with the
prognosis of cancer. It has been demonstrated that exosomes
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isolated from tumor cells facilitate generation and expansion
of Tregs [67] (Figure 2). CD4" CD25 T cells can be con-
verted into CD4" CD25™8" FoxP3* Tregs after coculture
with tumor-derived exosomes. In terms of mechanism, exo-
somal miR-214 inhibits the expression of phosphatase and
tensin homolog (PTEN) in T cells and induce Tregs to secret
IL-10, finally promoting tumor growth [68]. Similar phe-
nomena can also be investigated in another study. Exosomes
isolated from mutant KRAS lung cancer cells are found to
facilitate the switch of naive CD4" T cells into Tregs, which
is also observed after the transfection of mutant KRAS
cDNA. It indicates that exosomal mutant KRAS DNA leads
to this conversion, and it is further confirmed by the enrich-
ment of FoxP3" Tregs in tumor tissues from mutant KRAS
patients, compared to the WT KRAS controls [69]. More-
over, IncRNA SNHGI16 transmitted by exosomes is also
proved to induce CD73"p81 Treg in breast cancer by spong-
ing miR-16-4p, which enables the downregulation of
SMADS5, the subsequent enhancement of TGF-b1/SMAD5
pathway, and finally, the promotion of CD73 expression
[30]. Furthermore, Th17 cells can either induce angiogenesis
and immunosuppression to facilitate tumor progression or
recruit immune cells to promote antitumor immune
response [70]. An upregulated Treg/Thl7 ratio can be
observed in ovarian cancer patients, and the imbalance of
Treg/Th17 is induced by the transfer of miR-29a-3p and
miR-21-5p mediated by cancer-derived exosomes. These
exosomal miRNAs can directly induce signal transducer
and activator of transcription 3 (STAT3) inhibition, promot-
ing cancer progression and metastasis [71].

3.3. Cancer Exosomes Suppress Cytotoxicity of NK Cells. Nat-
ural killer (NK) cells are innate lymphocytes involved in
antitumor immune response and immune surveillance
[72]. Natural killer group 2 member D (NKG2D) is an acti-
vating receptor for NK cells, loss of which is crucial in
immune evasion [73]. It is found that the activity of NK cells
is frequently decreased in cancer patients compared with
healthy controls [74], so the expression of NKG2D in NK
cells treated with exosomes isolated from cancer cells [75]
(Figure 2). Studies have demonstrated that cancer-derived
exosomes express NKG2D ligands to depress NKG2D
expression and inhibit NK cell cytotoxicity [76]. The pres-
ence of TGF-f1, as a cytokine that can suppress NK cells
cytotoxicity, in tumor-derived exosomes may contribute to
the suppression of NK cells activity in cancers [75], which
can be verified by the rescue of exosome-mediated NKG2D
reduction in NK cells upon TGF-f1 neutralization [74].
Some other studies have also suggested that exosomes from
cancers can promote tumor growth by impairing NK func-
tions [77]. Noncoding RNAs in exosomes, such as cir-
cUHRF]I, are also proved to be associated with NK cell
exhaustion in cancers [78].

3.4. Cancer Exosomes Inhibit Maturation and Differentiation
of Monocyte. Monocytes are innate myeloid cells that can
differentiate into macrophages and dendritic cells (DCs).
Cancer exosomes have been proved to induce immunosup-
pression by impairing maturation and differentiation of

monocytes [79] (Figure 2). DCs, as specialized antigen-
presenting cells, have significant functions in innate and
adaptive immune responses. However, DC functions are
suppressed in tumor environment, and thereby immune-
suppressive DCs are recruited and infiltrated in tumor tis-
sues [80]. Cancer exosomes are first reported to inhibit
monocyte differentiation by Valenti et al. [81]. Exosomes
from lung and breast cancers block the process of myeloid
precursor cells into DCs [82]. It has been reported that exo-
somes isolated from colorectal cancer and melanoma cells
inhibit the differentiation of monocytes to DCs [81]. The
possible mechanism of the suppression in immune system
may attribute to the protein components in exosomes, such
as TGF-, IL-6, and PGE2 [83]. It has been demonstrated
that tumor-derived exosomes lead to inhibition of the differ-
entiation of bone marrow myeloid precursors into DCs via
secreting IL-6 and activating Stata3 signaling [84]. The
intake of exosomal TGF-f1 released by tumor cells by
immature DCs can also block DC maturation [85]. Mean-
while, the differentiation of monocytes to macrophages in
colorectal cancer can also be regulated by exosomes [86].
Exosomes from glioblastoma-derived stem cells can foster
the differentiation of monocytes to M2 macrophages, result-
ing in suppression in immune response [87]. Detailed mech-
anisms may focus on noncoding RNA in exosomes. For
instance, the levels of miR-222-3p released by exosomes
are higher in ovarian cancer patients, and it can be trans-
ferred into macrophages to induce tumor-promoting M2
population, resulting in tumor growth promotion [88]. Exo-
somal miR-200b is also upregulated in serums of ovarian
cancer patients and promotes proliferation and invasion of
cancer cells via inducing M2 macrophage polarization [89].
Immunosuppressive monocytes are gained by the fusion of
tumor-derived exosomes and monocytes, exhibiting as high
CD14 expression without HLA-DA expression [90], and
CD14"HLA-DR"™8 monocytes, as tumor-induced immu-
nosuppressive mediator, have been proved to increase in
serum of many cancers, such as pancreatic cancer [91].
Moreover, horizon transfer of tumor antigens into antigen-
presenting cells, such as monocytes, macrophages, and
DCs mediated by tumor-derived exosomes may activate
tumor immune response, interfering with processes of inter-
cellular communication [92]. In summary, tumor-derived
exosomes mediate immunosuppression by interfering with
the differentiation of monocytes into DCs and macrophages.

3.5. Cancer Exosomes Enhance Suppressive Function of
MDSCs.  Myeloid-derived suppressor cells (MDSCs),
equipped with strong immune suppressive activity, are
immature myeloid cells with multiple phenotypes in tumor
microenvironment [93]. The accumulation of MDSCs nega-
tively impacts the process of antigen processing and presen-
tation and produces abundant immunosuppressive factors
to interfere with immune responses [94]. Several studies
have indicated that the suppressive function of MDSCs on
T cells can be potentiated by cancer exosomes (Figure 2).
In renal cancer, exosomal HSP70 facilitates proliferation
and enhances activation of MDSCs via activating TLR2 sig-
naling [95]. Meanwhile, miR-9 and miR-181a from breast
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TaBLE 2: Engineered exosomes for cancer immunotherapy.
fy};oessome Exosome source Functional cargo Immune response Reference
Activating and redirecting T cells
SMART-Exo Expi293F Anti-CD3, anti-HER2, anti-EGFR toward HER2- or EGFR-expressing ~ [105]
breast cancer cells
B7-1 and Leukemia cells B7 costgnulator}r proteins and Fac111taf1ng T cell-mediated [106]
B7-2 Exo leukemia-associated antigens antitumor responses
Cell—'free DGs differentiated from MHC and antigenic peptide Initiating T cell responses [124]
vaccine autologous monocytes
CD40L-Exo 3LL Lewis lung cells CD40L, TAA Activating DCs-mediated antitumor ;)
immunity in 3LL tumors
TEX-NIND HCC, breast and pancreatic NIND and TAA Actlvatlng DCs-mediated antitumor [126]
cancer cells immune response
IFN)./-Exo RM-1 cancer cells IFN-y and TAA .Act1vat1ng Ml-me(?hated antitumor [127]
vaccine immune response in RM-1 tumors
%ﬁﬁ?_ };for HEK293 Extracellular domain of TNFR1 Antagonizing TNF-« in vitro [128]

SMART-Exo: synthetic multivalent antibodies retargeted exosome; HER2: human epidermal growth factor receptor 2; EGFR: epidermal growth factor
receptor; DCs: dendritic cells; MHC: major histocompatibility complex; CD40L: CD40 ligand; TAA: tumor-associated antigens; TEX: tumor-derived
exosome; NIND: N-terminus domain of HMGN1; HCC: hepatocellular carcinoma; IFN-y: interferon gamma; M1: macrophage 1; TNFR1: tumor necrosis

factor receptor 1; TNF-a: tumor necrosis factor alpha.

cancer-derived exosomes facilitate tumor growth and
immune evasion via enhancing MDSC function through
activating JAK/STAT signaling pathway by separately inhi-
biting SOCS3 and PIAS3 [96]. TGF-f1 and PGE2 from exo-
somes isolated from breast cancers help with the
accumulation of MDSCs and the enhancement of tumor
growth [97]. Similarly, under hypoxia conditions, miR-10a
and miR-21 in glioma-derived exosomes mediate MDSC
expansion and activation via RORA and PTEN, respectively
[98]. Exosomal miR-21 also plays a significant role in the
modulation of MDSC function in oral squamous cell carci-
noma microenvironment. Exosomes derived from hypoxic
oral squamous cell carcinoma enhance immunosuppressive
function of MDSCs to interfere with moderation functions
of 8§ T cell via miR-21/PTEN/PD-L1 signaling pathway [99].

4. Cancer Exosomes in Immunotherapy

Immunotherapy has become a popular therapeutic option
for cancer patients. Exosomes, membranous vesicles
secreted by almost all types of cells, can be absorbed and
internalized by recipient cells via membrane fusion, receptor
transportation, and many other pathways [100]. Given the
excellent modifiability, biocompatibility, and cyclic half-life,
exosomes are regarded as potential therapeutic delivery
vehicles for biological components such as antibodies and
chemotherapeutic drugs [101, 102]. Abundant tumor pep-
tide antigens, such as MHC I and MHC II, are capsulized
in exosomes and can be used to stimulate antitumor
responses as cell-free vaccines. In animal models, adminis-
tration of exosomes-loaded DCs can improve the therapeu-
tic effect of cytotoxic drugs and prolong the survival time
[103]. To improve the targeting efficiency of naturally occur-
ring exosomes, exosome reprogramming is becoming popu-

lar. A novel exosome platform named synthetic multivalent
antibodies retargeted exosome (SMART-Exo) is designed
and developed to enable exosome genetic modification
[104, 105]. Exosomes are reprogrammed to express CD3-
specific antibodies for T cells and EGFR antibodies for
EGFR-expressing breast cancer cells [104]. In another study,
exosomes are also engineered to display both anti-CD3 and
anti-HER2 antibodies to target cytotoxic T cells and
HER2-expressing breast cancer cells [105]. In addition to
breast cancer, CD80 and CD86 are also packed in engi-
neered exosomes to facilitate immune responses and secret
immune-associated cytokines in leukemia [106]. These stud-
ies demonstrate that exosome reprogramming might be
potential targeted immunotherapy for cancers. Another
exosome-based drug delivery system named exosome-
based superparamagnetic nanoparticle cluster (SMNC-
EXO) is also developed to help exosomes with targeted drug
delivery in the presence of external magnetic fields [107]. In
a word, engineered exosome-based drug delivery systems
might be a promising candidate for antitumor immunother-
apy in the future (Table 2).

It has been shown that activated immune cells can secret
exosomes containing miRNAs that can be used as bio-
markers for immunotherapy. A study investigates exosomal
miRNA profiles in non-small-cell lung cancer patients
receiving PD-1/PD-L1 immunotherapy and healthy con-
trols. More than 150 unique exosomal miRNAs are identi-
fied in cancer patients, and hsa-miR-320d, hsa-miR-320c,
and hsa-miR-320b may be potential biomarkers to predict
treatment efficacy of PD-1/PD-L1 immunotherapy in lung
cancers [108]. The levels of plasma exosomal caveolin-1
are found to be downregulated in ovarian cancer, and they
are positively associated with prognosis and overall survival
as a biomarker [109]. Similarly, plasma-derived exosomal
miR-4732-5p is also highly expressed in epithelial ovarian
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cancer patients and could be used to monitor cancer pro-
gression [110]. The above studies suggest the significance
of exosomes as biomarkers in immunotherapy and progno-
sis monitor.

However, most of the current studies that investigated the
predictor value of exosomal components in cancer progres-
sion and immunotherapy are laboratory studies; the clinical
values should be confirmed in clinical trials. The first exosome
phase I trial reported the administration of autologous exo-
somes derived from DCs in 15 cancer patients, and the results
confirm the safety of exosome administration, despite the fact
that no specific T cell responses are observed in circulating
[111]. Meanwhile, some other clinical trials also prove that
plasma DC-derived exosomes in cancer patients are also
proved to be effective. It is worthy noted that although exo-
somes are expected to be potential immunotherapeutic vac-
cines in cancer treatment, it still will be a long time for
exosome-based immunotherapy in clinical practices [112].

5. Challenge in Clinical Application of
Exosomes for Cancer Treatment

It seems that exosomes isolated from tumors have an excellent
prospect and are emerged as a potential tool for cancer ther-
apy, yet the future of exosomes in clinical application still pres-
ent many challenges. Currently, there is no gold standard for
exosome isolation and purification, but new methodologies
seemingly emerge in an endless stream. It has been reported
that the purity and concentration of exosomes isolated vary
with isolation methods [113]. A comparison of miRNA pro-
files of exosomes isolated by different methods suggested that
the discrepancies of the content and amount of miRNA result
from methodological differences [114]. Similar results are also
reported in other studies, in which the circulating exosomal
miRNA varies due to the isolated methods used [115]. More-
over, the proteins in exosomes may also be differential in
results of the difference of isolation techniques [116]. Ultra-
centrifugation is the most widely used approach for exosome
isolation worldwide [117]; however, several shortcomings,
including the existence of nonexosomal impurity, potential
damage, low yield of exosomes, and RNA components, are still
investigated [118]. In addition to isolation methods, concen-
tration and components of exosomes can also be influenced
by microenvironments. It has been found that hypoxic condi-
tions can increase the production of exosomes [119]. Mean-
while, exosomal miRNAs are also reported to be influenced
by the oxygen concentration in microenvironment in terms
of expression level [120]. The inconsistency of productions
and the drawbacks in different isolation methods limit the
clinical utilization of exosomes in diagnostic, prognostic, and
therapeutic applications. Furthermore, although some compo-
nents in exosomes derived from cancer cells, such miRNAs
and proteins, are thought to be potential biomarkers for diag-
nosis and prognosis of cancers [121-123], these biomarkers
are lack of specificity on screening, which may narrow their
application. Focusing on the limitations of characterizations
of exosomes as well as isolation methods is conductive to the
development of exosomes in human diseases.

6. Conclusion

Tumor-derived exosomes contain large amounts of noncod-
ing RNA, DNA, and proteins, which can be transferred into
recipient cells as functional components in exosomes. Exo-
somes isolated from cancer cells are turned out to promote
immune evasion and interfere with immune responses in
tumors through inducing apoptosis of CD8+ T cells, facili-
tating generation of Tregs, suppressing NK cells cytotoxicity,
inhibiting maturation and differentiation of monocyte, and
enhancing suppressive function of MDSCs. Mechanistically,
exosomal functional components play a significant role in
the immunomodulation in cancers. Moreover, based on
the existing studies, exosomes could potentially serve as
therapeutic delivery vehicles, noninvasive biomarkers, and
immunotherapeutic vaccines for various types of cancers.

Conflicts of Interest

All authors have no conflicts of interest to declare.

Acknowledgments

We would like to express heartfelt gratitude to our col-
leagues in Reproductive Medicine Center, Tongji Hospital,
Tongji Medical College, Huazhong University of Science
and Technology. This study was supported by the National
Natural Science Foundation of China (81601348) and the
Fundamental Research Funds for the Central Universities
(2021yjsCXCY095).

References

[1] F. Bray, J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre,
and A. Jemal, “Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36 can-
cers in 185 countries,” CA: A Cancer Journal for Clinicians,
vol. 68, no. 6, pp- 394-424, 2018.

[2] P. Subedi, S. Nembrini, Q. An et al., “Telomere length and
cancer mortality in American Indians: the Strong Heart
Study,” Geroscience, vol. 41, no. 3, pp. 351-361, 2019.

[3] A. Csiszar, P. Balasubramanian, S. Tarantini et al., “Chemi-
cally induced carcinogenesis in rodent models of aging: asses-
sing organismal resilience to genotoxic stressors in
geroscience research,” Geroscience, vol. 41, no. 2, pp. 209-
227,2019.

[4] X. Lei, Y. Lei, J. K. Li et al., “Immune cells within the tumor
microenvironment: biological functions and roles in cancer
immunotherapy,” Cancer Letters, vol. 470, pp. 126-133, 2020.

[5] T.F. Gajewski, H. Schreiber, and Y. X. Fu, “Innate and adap-
tive immune cells in the tumor microenvironment,” Nature
Immunology, vol. 14, no. 10, pp. 1014-1022, 2013.

[6] T. L. Whiteside, “Exosomes and tumor-mediated immune
suppression,” The Journal of Clinical Investigation, vol. 126,
no. 4, pp. 1216-1223, 2016.

[7] R.Kalluri and V. S. LeBleu, “The biology, function, and bio-
medical applications of exosomes,” Science, vol. 367,
no. 6478, p. eaau6977, 2020.

[8] L. Gao, L. Wang, T. Dai et al, “Tumor-derived exosomes
antagonize innate antiviral immunity,” Nature Immunology,
vol. 19, no. 3, pp. 233-245, 2018.



(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

S. H. Kim, N. R. Bianco, W. J. Shufesky, A. E. Morelli, and
P. D. Robbins, “MHC class II+ exosomes in plasma suppress
inflammation in an antigen-specific and Fas ligand/Fas-
dependent manner,” Journal of Immunology, vol. 179, no. 4,
pp. 2235-2241, 2007.

F. G. Kugeratski and R. Kalluri, “Exosomes as mediators of
immune regulation and immunotherapy in cancer,” The
FEBS Journal, vol. 288, no. 1, pp. 10-35, 2021.

C. Kahlert and R. Kalluri, “Exosomes in tumor microenviron-
ment influence cancer progression and metastasis,” Journal of
Molecular Medicine (Berlin, Germany), vol. 91, no. 4,
pp. 431-437, 2013.

Y. Liu, Y. Gu, and X. Cao, “The exosomes in tumor immu-
nity,” Oncoimmunology, vol. 4, no. 9, article €1027472, 2015.
R. C. Piper and D. J. Katzmann, “Biogenesis and function of
multivesicular bodies,” Annual Review of Cell and Develop-
mental Biology, vol. 23, no. 1, pp. 519-547, 2007.

T. Doring, K. Gotthardt, J. Stieler, and R. Prange, “p2-Adap-
tin is functioning in the late endosomal sorting pathway and
interacts with ESCRT-I and -III subunits,” Biochimica et Bio-
physica Acta, vol. 1803, no. 11, pp. 1252-1264, 2010.

Q. Liu, F. Peng, and J. Chen, “The role of exosomal micro-
RNAs in the tumor microenvironment of breast cancer,”
International Journal of Molecular Sciences, vol. 20, no. 16,
p. 3884, 2019.

S. A. Melo, H. Sugimoto, J. T. O’Connell et al., “Cancer exo-
somes perform cell-independent microRNA biogenesis and
promote tumorigenesis,” Cancer Cell, vol. 26, no. 5,
pp. 707-721, 2014.

W. Zhou, M. Y. Fong, Y. Min et al., “Cancer-secreted miR-
105 destroys vascular endothelial barriers to promote metas-
tasis,” Cancer Cell, vol. 25, no. 4, pp. 501-515, 2014.

M. Y. Fong, W. Zhou, L. Liu et al,, “Breast-cancer-secreted
miR-122 reprograms glucose metabolism in premetastatic
niche to promote metastasis,” Nature Cell Biology, vol. 17,
no. 2, pp. 183-194, 2015.

O. Rapado-Gonzélez, A. Alvarez-Castro, R. Lépez-Lopez,
J. Iglesias-Canle, M. M. Sudrez-Cunqueiro, and
L. Muinelo-Romay, “Circulating microRNAs as promising
biomarkers in colorectal cancer,” Cancers, vol. 11, no. 7,
p- 898, 2019.

Y. Tang, Y. Zhao, X. Song, X. Song, L. Niu, and L. Xie,
“Tumor-derived exosomal miRNA-320d as a biomarker for
metastatic colorectal cancer,” Journal of Clinical Laboratory
Analysis, vol. 33, no. 9, article 23004, 2019.

Z.Zeng, Y. Li, Y. Pan et al., “Cancer-derived exosomal miR-
25-3p promotes pre-metastatic niche formation by inducing
vascular permeability and angiogenesis,” Nature Communi-
cations, vol. 9, no. 1, p. 5395, 2018.

D. Luo, Z. Huang, H. Lv, Y. Wang, W. Sun, and X. Sun, “Up-
regulation of microRNA-21 indicates poor prognosis and
promotes cell proliferation in esophageal squamous cell car-
cinoma via upregulation of IncRNA SNHG1,” Cancer Man-
agement and Research, vol. 12, pp. 1-14, 2020.

V. C.Kok and C. C. Yu, “Cancer-derived exosomes: their role
in cancer biology and biomarker development,” International
Journal of Nanomedicine, vol. 15, pp. 8019-8036, 2020.

M. Wang, L. Zhou, F. Yu, Y. Zhang, P. Li, and K. Wang, “The
functional roles of exosomal long non-coding RNAs in can-
cer,” Cellular and Molecular Life Sciences, vol. 76, no. 11,
pp. 2059-2076, 2019.

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

Journal of Immunology Research

F. Chen, N. Wang, H. Y. Tan, W. Guo, C. Zhang, and Y. Feng,
“The functional roles of exosomes-derived long non-coding
RNA in human cancer,” Cancer Biology & Therapy, vol. 20,
no. 5, pp. 583-592, 2019.

Z. Sun, S. Yang, Q. Zhou et al., “Emerging role of exosome-
derived long non-coding RNAs in tumor microenviron-
ment,” Molecular Cancer, vol. 17, no. 1, p. 82, 2018.

S. K. Tan, C. Pastori, C. Penas et al., “Serum long noncoding
RNA HOTAIR as a novel diagnostic and prognostic bio-
marker in glioblastoma multiforme,” Molecular Cancer,
vol. 17, no. 1, p. 74, 2018.

1. J. Matouk, N. DeGroot, S. Mezan et al., “The H19 non-
coding RNA is essential for human tumor growth,” PLoS
One, vol. 2, no. 9, article e845, 2007.

A. Conigliaro, V. Costa, A. Lo Dico et al., “CD90™ liver cancer
cells modulate endothelial cell phenotype through the release
of exosomes containing H19 IncRNA,” Molecular Cancer,
vol. 14, no. 1, p. 155, 2015.

C.Ni, Q. Q. Fang, W. Z. Chen et al., “Breast cancer-derived
exosomes transmit IncRNA SNHG16 to induce CD73+y81
Treg cells,” Signal Transduction and Targeted Therapy,
vol. 5, no. 1, p. 41, 2020.

R. Zhang, Y. Xia, Z. Wang et al., “Serum long non coding
RNA MALAT-1 protected by exosomes is up-regulated and
promotes cell proliferation and migration in non-small cell
lung cancer,” Biochemical and Biophysical Research Commu-
nications, vol. 490, no. 2, pp. 406-414, 2017.

A. Shang, C. Gu, W. Wang et al., “Exosomal circPACRGL
promotes progression of colorectal cancer via the miR-142-
3p/miR-506-3p- TGF-f1 axis,” Molecular Cancer, vol. 19,
no. 1, p. 117, 2020.

M. Xie, T. Yu, X. Jing et al., “Exosomal circSHKBP1 promotes
gastric cancer progression via regulating the miR-582-
3p/HUR/VEGF axis and suppressing HSP90 degradation,”
Molecular Cancer, vol. 19, no. 1, p. 112, 2020.

X.Y.Huang, Z. L. Huang, J. Huang et al., “Exosomal circRNA-
100338 promotes hepatocellular carcinoma metastasis via
enhancing invasiveness and angiogenesis,” Journal of Experi-
mental & Clinical Cancer Research, vol. 39, no. 1, p. 20, 2020.
X. Qu, Q. Li, J. Yang et al., “Double-stranded DNA in exo-
somes of malignant pleural effusions as a novel DNA source
for EGFR mutation detection in lung adenocarcinoma,”
Frontiers in Oncology, vol. 9, p. 931, 2019.

Z. Song, Z. Cai, J. Yan, Y. W. Shao, and Y. Zhang, “Liquid
biopsies using pleural effusion-derived exosomal DNA in
advanced lung adenocarcinoma,” Translational Lung Cancer
Research, vol. 8, no. 4, pp. 392-400, 2019.

M. Guescini, S. Genedani, V. Stocchi, and L. F. Agnati,
“Astrocytes and glioblastoma cells release exosomes carrying
mtDNA,” Journal of Neural Transmission, vol. 117, no. 1,
pp. 1-4, 2010.

Y. Kawamura, Y. Yamamoto, T. A. Sato, and T. Ochiya,
“Extracellular vesicles as trans-genomic agents: emerging
roles in disease and evolution,” Cancer Science, vol. 108,
no. 5, pp. 824-830, 2017.

B. Kone¢n4, L. Téthova, and G. Repiskd, “Exosomes-associ-
ated DNA-new marker in pregnancy complications?,” Inter-
national Journal of Molecular Sciences, vol. 20, no. 12,
p. 2890, 2019.

L. L. Wang, W. Q. Chen, Y. R. Wang et al., “Numerous long
single-stranded DNAs produced by dual amplification



Journal of Immunology Research

(41]

(42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

reactions for electrochemical detection of exosomal micro-
RNAs,” Biosensors ¢ Bioelectronics, vol. 169, article 112555,
2020.

C. Kahlert, S. A. Melo, A. Protopopov et al., “Identification of
double-stranded genomic DNA spanning all chromosomes
with mutated KRAS and p53 DNA in the serum exosomes
of patients with pancreatic cancer,” The Journal of Biological
Chemistry, vol. 289, no. 7, pp. 3869-3875, 2014.

B. K. Thakur, H. Zhang, A. Becker et al., “Double-stranded
DNA in exosomes: a novel biomarker in cancer detection,”
Cell Research, vol. 24, no. 6, pp. 766-769, 2014.

P. Sansone, C. Savini, I. Kurelac et al., “Packaging and trans-
fer of mitochondrial DNA via exosomes regulate escape from
dormancy in hormonal therapy-resistant breast cancer,” Pro-
ceedings of the National Academy of Sciences of the United
States of America, vol. 114, no. 43, pp. E9066-E9075, 2017.

S. Pluchino and J. A. Smith, “Explicating exosomes: reclassi-
fying the rising stars of intercellular communication,” Cell,
vol. 177, no. 2, pp. 225-227, 2019.

D. D. Taylor and C. Gercel-Taylor, “Exosomes/microvesicles:
mediators of cancer-associated immunosuppressive micro-
environments,” Seminars in Immunopathology, vol. 33,
no. 5, pp. 441-454, 2011.

R. Sasaki, T. Kanda, O. Yokosuka, N. Kato, S. Matsuoka, and
M. Moriyama, “Exosomes and hepatocellular carcinoma:
from bench to bedside,” International Journal of Molecular
Sciences, vol. 20, no. 6, p. 1406, 2019.

W.1i, C. Li, T. Zhou et al., “Role of exosomal proteins in can-
cer diagnosis,” Molecular Cancer, vol. 16, no. 1, p. 145, 2017.
K. R. Jakobsen, B. S. Paulsen, R. Bak, K. Varming, B. S. Sor-
ensen, and M. M. Jgrgensen, “Exosomal proteins as potential
diagnostic markers in advanced non-small cell lung carci-
noma,” Journal of Extracellular Vesicles, vol. 4, no. 1, article
26659, 2015.

B. Pang, Y. Zhu, J. Ni et al., “Extracellular vesicles: the next
generation of biomarkers for liquid biopsy-based prostate
cancer diagnosis,” Theranostics, vol. 10, no. 5, pp. 2309-
2326, 2020.

L. Gangoda, M. Liem, C. S. Ang et al., “Proteomic profiling of
exosomes secreted by breast cancer cells with varying meta-
static potential,” Proteomics, vol. 17, no. 23-24, article
1600370, 2017.

P. Sharma, B. Diergaarde, S. Ferrone, J. M. Kirkwood, and
T. L. Whiteside, “Melanoma cell-derived exosomes in plasma
of melanoma patients suppress functions of immune effector
cells,” Scientific Reports, vol. 10, no. 1, p. 92, 2020.

B. Farhood, M. Najafi, and K. Mortezaee, “CD8"* cytotoxic
T lymphocytes in cancer immunotherapy: a review,” Jour-
nal of Cellular Physiology, vol. 234, no. 6, pp. 8509-8521,
2019.

J. Borst, T. Ahrends, N. Bgbata, C. J. M. Melief, and
W. Kastenmiiller, “CD4" T cell help in cancer immunology
and immunotherapy,” Nature Reviews Immunology, vol. 18,
no. 10, pp. 635-647, 2018.

E. U. Wieckowski, C. Visus, M. Szajnik, M. J. Szczepanski,
W. J. Storkus, and T. L. Whiteside, “Tumor-derived microve-
sicles promote regulatory T cell expansion and induce apo-
ptosis in tumor-reactive activated CD8" T lymphocytes,”
Journal of Immunology, vol. 183, no. 6, pp. 3720-3730, 2009.
E. Wieckowski and T. L. Whiteside, “Human tumor-derived
vs dendritic cell-derived exosomes have distinct biologic roles

(56]

(57]

(58]

(59]

(60]

[61]

[62]

[63]

[64]

[65]

[66]

(67]

(68]

(69]

(70]

and molecular profiles,” Immunologic Research, vol. 36, no. 1-
3, pp. 247-254, 2006.

D. D. Taylor, C. Gergel-Taylor, K. S. Lyons, J. Stanson, and
T. L. Whiteside, “T-cell apoptosis and suppression of T-cell
receptor/CD3-zeta by Fas ligand-containing membrane vesi-
cles shed from ovarian tumors,” Clinical Cancer Research,
vol. 9, pp. 5113-5119, 2003.

A.]. Abusamra, Z. Zhong, X. Zheng et al., “Tumor exosomes
expressing Fas ligand mediate CD8" T-cell apoptosis,” Blood
Cells, Molecules & Diseases, vol. 35, no. 2, pp. 169-173, 2005.

J. W. Kim, E. Wieckowski, D. D. Taylor, T. E. Reichert,
S. Watkins, and T. L. Whiteside, “Fas ligand-positive mem-
branous vesicles isolated from sera of patients with oral can-
cer induce apoptosis of activated T lymphocytes,” Clinical
Cancer Research, vol. 11, pp. 1010-1020, 2005.

R. M. Siegel, F. Ka-Ming Chan, H. J. Chun, and M. J. Lenardo,
“The multifaceted role of Fas signaling in immune cell
homeostasis and autoimmunity,” Nature Immunology,
vol. 1, no. 6, pp. 469-474, 2000.

G. Andreola, L. Rivoltini, C. Castelli et al., “Induction of lym-
phocyte apoptosis by tumor cell secretion of FasL-bearing
microvesicles,” The Journal of Experimental Medicine,
vol. 195, no. 10, pp. 1303-1316, 2002.

T. Okazaki and T. Honjo, “PD-1 and PD-1 ligands: from dis-
covery to clinical application,” International Immunology,
vol. 19, no. 7, pp. 813-824, 2007.

G. Chen, A. C. Huang, W. Zhang et al., “Exosomal PD-L1
contributes to immunosuppression and is associated with
anti-PD-1 response,” Nature, vol. 560, no. 7718, pp. 382-
386, 2018.

M. Poggio, T. Hu, C. C. Pai et al.,, “Suppression of exosomal
PD-L1 induces systemic anti-tumor immunity and memory,”
Cell, vol. 177, no. 2, pp. 414-27.e13, 2019.

C. Li, C. Li, C. Zhi et al,, “Clinical significance of PD-L1
expression in serum-derived exosomes in NSCLC patients,”
Journal of Translational Medicine, vol. 17, no. 1, p. 355, 2019.

J. Klibi, T. Niki, A. Riedel et al., “Blood diffusion and Th1-
suppressive effects of galectin-9-containing exosomes
released by Epstein-Barr virus-infected nasopharyngeal carci-
noma cells,” Blood, vol. 113, no. 9, pp. 1957-1966, 2009.

J. Wada, H. Onishi, H. Suzuki et al., “Surface-bound TGF-
betal on effusion-derived exosomes participates in mainte-
nance of number and suppressive function of regulatory T-
cells in malignant effusions,” Anticancer Research, vol. 30,
pp. 3747-3757, 2010.

M. Szajnik, M. Czystowska, M. ]. Szczepanski,
M. Mandapathil, and T. L. Whiteside, “Tumor-derived
microvesicles induce, expand and up-regulate biological
activities of human regulatory T cells (Treg),” PLoS One,
vol. 5, no. 7, article 11469, 2010.

Y. Yin, X. Cai, X. Chen et al., “Tumor-secreted miR-214
induces regulatory T cells: a major link between immune eva-
sion and tumor growth,” Cell Research, vol. 24, no. 10,
pp. 1164-1180, 2014.

A. Kalvala, P. Wallet, L. Yang et al., “Phenotypic switching of
naive T cells to immune-suppressive Treg-like cells by
mutant KRAS,” Journal of Clinical Medicine, vol. 8, no. 10,
p- 1726, 2019.

L. Guéry and S. Hugues, “Th17 cell plasticity and functions in
cancer immunity,” BioMed Research International, vol. 2015,
Article ID 314620, 11 pages, 2015.



10

(71]

(72]

(73]

(74]

[75]

[76]

(77]

(78]

[79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

J. Zhou, X. Li, X. Wu et al., “Exosomes released from tumor-
associated macrophages transfer miRNAs that induce a
Treg/Th17 cell imbalance in epithelial ovarian cancer,” Can-
cer Immunology Research, vol. 6, no. 12, pp. 1578-1592, 2018.

E. Vivier, S. Ugolini, D. Blaise, C. Chabannon, and L. Brossay,
“Targeting natural killer cells and natural killer T cells in can-
cer,” Nature Reviews Immunology, vol. 12, no. 4, pp. 239-252,
2012.

P.Y.Lam, M. D. Nissen, and S. R. Mattarollo, “Invariant nat-
ural killer T cells in immune regulation of blood cancers: har-
nessing their potential in immunotherapies,” Frontiers in
Immunology, vol. 8, p. 1355, 2017.

A. Clayton, J. P. Mitchell, J. Court, S. Linnane, M. D. Mason,
and Z. Tabi, “Human tumor-derived exosomes down-
modulate NKG2D expression,” Journal of Immunology,
vol. 180, no. 11, pp. 7249-7258, 2008.

M. J. Szczepanski, M. Szajnik, A. Welsh, T. L. Whiteside, and
M. Boyiadzis, “Blast-derived microvesicles in sera from
patients with acute myeloid leukemia suppress natural killer
cell function via membrane-associated transforming growth
factor-1,” Haematologica, vol. 96, no. 9, pp. 1302-1309, 2011.

L. Mincheva-Nilsson and V. Baranov, “Cancer exosomes and
NKG2D receptor-ligand interactions: impairing NKG2D-
mediated cytotoxicity and anti-tumour immune surveil-
lance,” Seminars in Cancer Biology, vol. 28, pp. 24-30, 2014.

C. Liu, S. Yu, K. Zinn et al.,, “Murine mammary carcinoma
exosomes promote tumor growth by suppression of NK cell
function,” Journal of Immunology, vol. 176, no. 3, pp. 1375-
1385, 2006.

P. F. Zhang, C. Gao, X. Y. Huang et al., “Cancer cell-derived
exosomal circUHRF1 induces natural killer cell exhaustion
and may cause resistance to anti-PD1 therapy in hepatocellu-
lar carcinoma,” Molecular Cancer, vol. 19, no. 1, p. 110, 2020.

K. E. Kunigelis and M. W. Graner, “The dichotomy of tumor
exosomes (TEX) in cancer immunity: is it all in the Con-
TEXt?,” Vaccine, vol. 3, no. 4, pp. 1019-1051, 2015.

J. M. Tran Janco, P. Lamichhane, L. Karyampudi, and K. L.
Knutson, “Tumor-infiltrating dendritic cells in cancer patho-
genesis,” Journal of Immunology, vol. 194, no. 7, pp. 2985-
2991, 2015.

R. Valenti, V. Huber, M. Iero, P. Filipazzi, G. Parmiani, and
L. Rivoltini, “Tumor-released microvesicles as vehicles of
immunosuppression: figure 1,” Cancer Research, vol. 67,
no. 7, pp. 2912-2915, 2007.

Y. Ning, K. Shen, Q. Wu et al., “Tumor exosomes block den-
dritic cells maturation to decrease the T cell immune
response,” Immunology Letters, vol. 199, pp. 36-43, 2018.

S. Yu, C. Liu, K. Su et al., “Tumor exosomes inhibit differen-
tiation of bone marrow dendritic cells,” Journal of Immunol-
ogy, vol. 178, no. 11, pp. 6867-6875, 2007.

Y. Liu, X. Xiang, X. Zhuang et al., “Contribution of MyD88 to
the tumor exosome-mediated induction of myeloid derived
suppressor cells,” The American Journal of Pathology,
vol. 176, no. 5, pp. 2490-2499, 2010.

C.Yang, S. H. Kim, N. R. Bianco, and P. D. Robbins, “Tumor-
derived exosomes confer antigen-specific immunosuppres-
sion in a murine delayed-type hypersensitivity model,” PLoS
One, vol. 6, no. 8, article 22517, 2011.

M. Baj-Krzyworzeka, B. Mytar, R. Szatanek et al., “Colorectal
cancer-derived microvesicles modulate differentiation of

(87]

(88]

(89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

(97]

(98]

[99]

[100]

[101]

Journal of Immunology Research

human monocytes to macrophages,” Journal of Translational
Medicine, vol. 14, no. 1, p. 36, 2016.

K. Gabrusiewicz, X. Li, J. Wei et al., “Glioblastoma stem cell-
derived exosomes induce M2 macrophages and PD-L1
expression on human monocytes,” Oncoimmunology, vol. 7,
no. 4, article e1412909, 2018.

X. Ying, Q. Wu, X. Wu et al., “Epithelial ovarian cancer-
secreted exosomal miR-222-3p induces polarization of
tumor-associated macrophages,” Oncotarget, vol. 7, no. 28,
pp. 43076-43087, 2016.

J. Xiong, X. He, Y. Xu, W. Zhang, and F. Fu, “MiR-200b is
upregulated in plasma-derived exosomes and functions as
an oncogene by promoting macrophage M2 polarization in
ovarian cancer,” Journal of Ovarian Research, vol. 14, no. 1,
p. 74, 2021.

A. E. Mengos, D. A. Gastineau, and M. P. Gustafson, “The
CD14"HLA-DR/™¢ monocyte: an immunosuppressive phe-
notype that restrains responses to cancer immunotherapy,”
Frontiers in Immunology, vol. 10, p. 1147, 2019.

N. Javeed, M. P. Gustafson, S. K. Dutta et al., “Immunosup-
pressive CD14"HLA-DR'®™& monocytes are elevated in pan-
creatic cancer and “primed” by tumor-derived exosomes,”
Oncoimmunology, vol. 6, no. 1, article e1252013, 2017.

L. Czernek, A. Chworos, and M. Duechler, “The uptake of
extracellular vesicles is affected by the differentiation status
of myeloid cells,” Scandinavian Journal of Immunology,
vol. 82, no. 6, pp- 506-514, 2015.

V. Kumar, S. Patel, E. Tcyganov, and D. I. Gabrilovich, “The
nature of myeloid-derived suppressor cells in the tumor
microenvironment,” Trends in Immunology, vol. 37, no. 3,
pp. 208-220, 2016.

P. Filipazzi, M. Biirdek, A. Villa, L. Rivoltini, and V. Huber,
“Recent advances on the role of tumor exosomes in immuno-
suppression and disease progression,” Seminars in Cancer
Biology, vol. 22, no. 4, pp. 342-349, 2012.

Y. Gao, H. Xu, N. Li et al., “Renal cancer-derived exosomes
induce tumor immune tolerance by MDSCs-mediated
antigen-specific immunosuppression,” Cell Communication
and Signaling, vol. 18, no. 1, p. 106, 2020.

M. Jiang, W. Zhang, R. Zhang et al, “Cancer exosome-
derived miR-9 and miR-181a promote the development of
early- stage MDSCs via interfering with SOCS3 and PIAS3
respectively in breast cancer,” Oncogene, vol. 39, no. 24,
pp. 4681-4694, 2020.

X. Xiang, A. Poliakov, C. Liu et al., “Induction of myeloid-
derived suppressor cells by tumor exosomes,” International
Journal of Cancer, vol. 124, no. 11, pp. 2621-2633, 2009.

X. Guo, W. Qiu, Q. Liu et al., “Immunosuppressive effects of
hypoxia-induced glioma exosomes through myeloid-derived
suppressor cells via the miR-10a/Rora and miR-21/Pten path-
ways,” Oncogene, vol. 37, no. 31, pp. 4239-4259, 2018.

L. Li, B. Cao, X. Liang et al., “Microenvironmental oxygen
pressure orchestrates an anti- and pro-tumoral 8 T cell equi-
librium via tumor-derived exosomes,” Oncogene, vol. 38,
no. 15, pp. 2830-2843, 2019.

L. A. Mulcahy, R. C. Pink, and D. R. Carter, “Routes and
mechanisms of extracellular vesicle uptake,” Journal of Extra-
cellular Vesicles, vol. 3, no. 1, 2014.

L. Zhao, C. Gu, Y. Gan, L. Shao, H. Chen, and H. Zhu, “Exo-
some-mediated siRNA delivery to suppress postoperative



Journal of Immunology Research

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

breast cancer metastasis,” Journal of Controlled Release,
vol. 318, pp. 1-15, 2020.

Z. Xunian and R. Kalluri, “Biology and therapeutic potential
of mesenchymal stem cell-derived exosomes,” Cancer Sci-
ence, vol. 111, no. 9, pp. 3100-3110, 2020.

L. Xiao, U. Erb, K. Zhao, T. Hackert, and M. Zoller, “Efficacy
of vaccination with tumor-exosome loaded dendritic cells
combined with cytotoxic drug treatment in pancreatic can-
cer,” Oncoimmunology, vol. 6, no. 6, article e1319044, 2017.
Q. Cheng, X. Shi, M. Han, G. Smbatyan, H. J. Lenz, and
Y. Zhang, “Reprogramming exosomes as nanoscale control-
lers of cellular immunity,” Journal of the American Chemical
Society, vol. 140, no. 48, pp. 16413-16417, 2018.

X. Shi, Q. Cheng, T. Hou et al., “Genetically engineered cell-
derived nanoparticles for targeted breast cancer immuno-
therapy,” Molecular Therapy, vol. 28, no. 2, pp. 536-547,
2020.

W. Hu, F. Huang, L. Ning, J. Hao, J. Wan, and S. Hao,
“Enhanced immunogenicity of leukemia-derived exosomes
via transfection with lentiviral vectors encoding costimula-
tory molecules,” Cellular Oncology, vol. 43, no. 5, pp. 889-
900, 2020.

H. Qi, C. Liu, L. Long et al., “Blood exosomes endowed with
magnetic and targeting properties for cancer therapy,” ACS
Nano, vol. 10, no. 3, pp. 3323-3333, 2016.

X. X. Peng, R. Yu, X. Wu et al., “Correlation of plasma exoso-
mal microRNAs with the efficacy of immunotherapy inEG-
FR/ALKwild-type advanced non-small cell lung cancer,”
Journal for Immunotherapy of Cancer, vol. 8, no. 1, 2020.

L. Yang, H. Wu, Y. Zhu, X. Chen, and Y. Chen, “Plasma exo-
somal caveolin-1 predicts poor prognosis in ovarian cancer,”
Journal of Cancer, vol. 12, no. 16, pp. 5005-5012, 2021.

J. Liu, J. Yoo, J. Y. Ho et al., “Plasma-derived exosomal miR-
4732-5p is a promising noninvasive diagnostic biomarker for
epithelial ovarian cancer,” Journal of Ovarian Research,
vol. 14, no. 1, p. 59, 2021.

B. Escudier, T. Dorval, N. Chaput et al., “Vaccination of met-
astatic melanoma patients with autologous dendritic cell
(DC) derived-exosomes: results of the first phase I clinical
trial,” Journal of Translational Medicine, vol. 3, no. 1, p. 10,
2005.

J. Zhou, X. L. Li, Z. R. Chen, and W. J. Chng, “Tumor-derived
exosomes in colorectal cancer progression and their clinical
applications,” Oncotarget, vol. 8, no. 59, pp. 100781-
100790, 2017.

R. J. Lobb, M. Becker, S. Wen Wen et al., “Optimized exo-
some isolation protocol for cell culture supernatant and
human plasma,” Journal of Extracellular Vesicles, vol. 4,
no. 1, p. 27031, 2015.

Y. T. Tang, Y. Y. Huang, L. Zheng et al., “Comparison of iso-
lation methods of exosomes and exosomal RNA from cell
culture medium and serum,” International Journal of Molec-
ular Medicine, vol. 40, no. 3, pp. 834-844, 2017.

M. Ding, C. Wang, X. Lu et al., “Comparison of commercial
exosome isolation kits for circulating exosomal microRNA
profiling,” Analytical and Bioanalytical Chemistry, vol. 410,
no. 16, pp. 3805-3814, 2018.

E. Serrano-Pertierra, M. Oliveira-Rodriguez, M. Rivas et al,,
“Characterization of plasma-derived extracellular vesicles
isolated by different methods: a comparison study,” Bioengi-
neering, vol. 6, no. 1, p. 8, 2019.

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

11

C. Gardiner, D. Di Vizio, S. Sahoo et al., “Techniques used for
the isolation and characterization of extracellular vesicles:
results of a worldwide survey,” Journal of Extracellular Vesi-
cles, vol. 5, no. 1, article 32945, 2016.

M. Y. Konoshenko, E. A. Lekchnov, A. V. Vlassov, and P. P.
Laktionov, “Isolation of extracellular vesicles: general meth-
odologies and latest trends,” BioMed Research International,
vol. 2018, Article ID 8545347, 27 pages, 2018.

N. Ludwig, B. M. Razzo, S. S. Yerneni, and T. L. Whiteside,
“Optimization of cell culture conditions for exosome isola-
tion using mini-size exclusion chromatography (mini-
SEC),” Experimental Cell Research, vol. 378, no. 2, pp. 149-
157, 2019.

H. Namazi, E. Mohit, I. Namazi et al., “Exosomes secreted by
hypoxic cardiosphere-derived cells enhance tube formation
and increase pro-angiogenic miRNA,” Journal of Cellular
Biochemistry, vol. 119, no. 5, pp. 4150-4160, 2018.

J. Nilsson, J. Skog, A. Nordstrand et al., “Prostate cancer-
derived urine exosomes: a novel approach to biomarkers for
prostate cancer,” British Journal of Cancer, vol. 100, no. 10,
pp. 16031607, 2009.

J. Skog, T. Wiirdinger, S. van Rijn et al., “Glioblastoma micro-
vesicles transport RNA and proteins that promote tumour
growth and provide diagnostic biomarkers,” Nature Cell Biol-
ogy, vol. 10, no. 12, pp. 1470-1476, 2008.

D. M. Smalley, N. E. Sheman, K. Nelson, and
D. Theodorescu, “Isolation and identification of potential uri-
nary microparticle biomarkers of bladder cancer,” Journal of
Proteome Research, vol. 7, no. 5, pp. 2088-2096, 2008.

L. Zitvogel, A. Regnault, A. Lozier et al, “Eradication of
established murine tumors using a novel cell-free vaccine:
dendritic cell derived exosomes,” Nature Medicine, vol. 4,
no. 5, pp. 594-600, 1998.

J. Wang, L. Wang, Z. Lin, L. Tao, and M. Chen, “More effi-
cient induction of antitumor T cell immunity by exosomes
from CD40L gene-modified lung tumor cells,” Molecular
Medicine Reports, vol. 9, no. 1, pp. 125-131, 2014.

B. Zuo, H. Qi, Z. Lu et al., “Alarmin-painted exosomes elicit
persistent antitumor immunity in large established tumors
in mice,” Nature Communications, vol. 11, no. 1, p. 1790,
2020.

X. Shi, J. Sun, H. Li et al., “Antitumor efficacy of interferon-y-
modified exosomal vaccine in prostate cancer,” The Prostate,
vol. 80, no. 11, pp- 811-823, 2020.

N. Duong, K. Curley, A. Brown et al., “Decoy exosomes as a

novel biologic reagent to antagonize inflammation,” Interna-
tional Journal of Nanomedicine, vol. 14, pp. 3413-3425, 2019.



	The Immunomodulation Potential of Exosomes in Tumor Microenvironment
	1. Introduction
	2. Formation and Contents of Cancer Exosomes
	2.1. RNAs in Cancer Exosomes
	2.2. DNAs in Cancer Exosomes
	2.3. Proteins in Cancer Exosomes

	3. Cancer Exosomes in Immunomodulation
	3.1. Cancer Exosomes Induce Apoptosis of CD8+ T Cells
	3.2. Cancer Exosomes Facilitate Generation of Tregs
	3.3. Cancer Exosomes Suppress Cytotoxicity of NK Cells
	3.4. Cancer Exosomes Inhibit Maturation and Differentiation of Monocyte
	3.5. Cancer Exosomes Enhance Suppressive Function of MDSCs

	4. Cancer Exosomes in Immunotherapy
	5. Challenge in Clinical Application of Exosomes for Cancer Treatment
	6. Conclusion
	Conflicts of Interest
	Acknowledgments

