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Abstract

Background: Exosomes are extracellular cells (EVs) emancipated by various cell types and are involved in cell-to-cell transmission.
In cancer diseases, exosomes emerge as local and systemic cells to cell mediators of oncogenic information and play a significant role
in the advancement of cancer through the horizontal transfer of various molecules, such as proteins and miRNAs.

Methods: In this study, 66 articles from PubMed, MEDLINE, Science Direct, Cochrane, EMBASE, and Scopus were used as English

sources.

Results: The biological distribution of cancer cell-derived exosomes in tumor tissue is an important factor in detecting their role in
tumor increase; on the other hand, a limited number of studies have examined the biodistribution of exosomes in tumor tissues. While
exosomes function as cancer biomarkers and support cancer treatment, we have a long way to improve the antitumor treatment of
exosomes and develop exosome-based cancer diagnostic and therapeutic strategies.

Conclusion: This review describes the science and significance of cancer pathogenesis and exosomes relative to cancer treatment

resistance.

Keywords: Exosome, Cancer pathogenesis, Tumor, Metastasis, Immune system

Conflicts of Interest: None declared
Funding: None

*This work has been published under CC BY-NC-SA 1.0 license.
Copyright© Iran University of Medical Sciences

Cite this article as: Pashazadeh M. The role of tumor-isolated exosomes on suppression of immune reactions and cancer progression: A systematic
review. Med J Islam Repub Iran. 2020 (4 Aug);34:91. https://doi.org/10.34171/mjiri.34.91

Introduction

Two different research groups, led by Philip Stahl and
Rose Johnstone, independently described reticulocyte fu-
sion back into reticulocyte plasma membranes, and exoso-
mal cargoes were discovered 35 years ago (1). Interest-
ingly, the secretion of exosome mechanism was demon-
strated in a study about the iron-binding transferrin receptor
by reticulocytes during maturation into erythrocytes in
1983 by Harding et al (1). The downregulation of transfer-
rin receptors was considered as related to endocytosis and
lysosomal d egradation and revealed the multivesicular
bodies and fusion with the plasma membrane (2). In recent
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years, a mechanism for intracellular communication in-
volving the extracellular transfer of extracellular vesicles
(EVs) has emerged. EVs are composed of both microparti-
cles produced by reverse budding of multi membrane bod-
ies, spilling from the plasma membrane released from na-
nosicles or exosomes. The microgranules are produced di-
rectly from the cell plasma membrane from external cell
budding (3). Although the release of apoptotic bodies dur-
ing apoptosis has been known for a long time (4), the fact
that perfectly healthy cells pour vesicles through plasma
membranes has only recently been recognized. Most cells,

1What is “already known” in this topic:

Intercellular communication is essential for all life forms,
especially the multicellular organisms. Communication between
cells can be achieved by cell-to-cell contact and transmission of
specific molecules.

— What this article adds:
This review describes the current science and significance in

cancer pathogenesis and exosomes relative to cancer treatment
resistance.
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including normal and diseased cells, can release the bilayer
membrane-bound nanovesicles into the extracellular space
and body fluids. EVs derived from this membrane can be
divided into 3 main classes depending on their size, follow-
ing exosomes (40-100 nm), microparticles (100-500 nm),
and apoptotic bodies (500-1000 nm). Exosomes are distin-
guished from apoptotic bodies and microparticles accord-
ing to their size, origin, and composition. The apoptotic
vesicles appear when the cells enter apoptosis as a result of
the signals they receive from their environment (5). The
protein content of EVs from different sources was analyzed
by SDS-PAGE, followed by protein staining, immunoblot-
ting, or proteomic analysis. In highly purified EVs, protein
proteins of serum proteins and intracellular compartments
(eg, the endoplasmic reticulum or mitochondria) should
never contain contaminants that do not come into contact
with EVs. As a result, exosomes from different cell types
include endosome-related proteins (eg, Lord GTPase,
SNAREs, Supplements, and flotillin), some of which are
involved in MVE biogenesis (eg, Alix and TsglO01) (6).
Membrane proteins, which are known to accumulate in mi-
croregions in the plasma membrane or endosomes, are also
enriched in EVs. These include tetraspanins, a family of>
30 proteins consisting of 4 transmembrane domains (7-9).
The molecular composition of exosomes depends on the
cell type of origin, but most exosomes contain highly con-
centrated molecules. Tetraspanins are the most abundant
protein family found on exosomes. Tetraspanin is a highly
conserved membrane protein between species, which spans
the membrane four times and act as scaffolding proteins,
anchoring multiple proteins to a location on the plasma
membrane (8, 9). The tetraspanins CD9, CD63, CD8I,
CD82, and CD151 are highly enriched on exosomes in a
similar way as lipid rafts (10). Zo6ller showed that tetraspan-
ins are very important in EVs from other sources (11). Alt-
hough tetraspanin-enriched membrane regions are different
from detergent-resistant lipid, protein rafts, EVs are also

enriched in proteins coupled to lipid rafts, including glyco-
sylphosphatidylinositol-associated proteins and flotillin
(12, 13) (Fig. 1).

In place of, they are formed by inward budding of the
endosomal membranes, thereby resulting in the formation
of intracellular multivesicular bodies combine and secreted
with the plasma membrane (14). Exosomes include blood
plasma/serum (15), saliva (16), breast milk (17), cerebro-
spinal fluid (18), urine, and semen (19). Exosomes are se-
creted from healthy cells in physiological conditions as
well as by cancer cells and tumor-associated stromal cells
(20, 21). It has been shown that exosomes play an important
role in the regulation of immune responses in both innate
and adaptive immunity. Exosomes are involved in the
spread of self and nonself antigens to many sites of the body
due to their small size. Exosomes that are secreted from an-
tigen presenting cells (APCs) such as B cells and dendritic
cells (DC) can activate T-cells by direct binding of exoso-
mal MHC-peptide complexes to the T-cell receptor. Also,
antigen-bearing exosomes can be internalized and pro-
cessed by APCs, to activate T-cells (21). Additionally, the
origin of the exosomes determines the impact, as mature
DC exosomes induce T-cell activation more effectively
than immature DC exosomes (20, 21). Moreover, exosomes
derived from mycoplasma infected DCs could induce both
T-cell and B-cell proliferation. Additionally, exosomes de-
rived from mycoplasma infected DCs could induce both T-
cell and B-cell proliferation (22). Exosomes are associated
with various antigens according to the disease or infection
type. Pathogen-infected cell exosomes carry pathogen-spe-
cific antigens, which can be processed and associated by
DCs to activate T-cells. Furthermore, it has been demon-
strated that tumor-derived exosomes can also be processed
by DCs and provide antitumoral immune responses by ac-
tivating T-cells through the presentation of tumor-specific
antigens (22, 23). The purpose of the article significant in
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Fig. 1. Schematic of extracellular vesicles (exosome) (12)
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cancer pathogenesis and exosomes relative to cancer treat-
ment resistance.

Effects of EV's on Suppression of immune responses

There is great evidence that immune responses are in-
duced by antigen-containing EVs, the release of EVs by tu-
mor cells is a mechanism by which tumors suppress the an-
titumor immune response. Injection of tumor-derived EVs
bearing tumor antigen Ovalbumin (OVA) results in the sup-
pression of delayed-type hypersensitivity (DTH) response
to OVA (24). Tumor EVs are likely to be acquired by en-
dogenous APCs that suppress the immune response follow-
ing the footpad injection of OVA. Similarly, injection of
tumor-derived EVs partially induced IL-6 expression in
these leader cells by inhibiting the differentiation of
CD11b" myeloid precursors in the bone marrow (25, 26).
These myeloid cells have also been shown to alter their
pathways of differentiation into a myeloid-derived suppres-
sor cell (MDSC) phenotype (27). Here, some miRNAs
found in prostaglandin E2 (PGE2), heat shock protein
(HSP70), and tumor-derived EVs play a major role in di-
recting monocyte differentiation towards MDSCs. Also,
there is an increase in transforming growth factor beta
(TGF-p) expression by myeloid cells that contributes to an-
tigen-specific immunosuppression (27). Interestingly, EVs
isolated from the serum of tumor-bearing mice can sup-
press the immune response to a specific tumor antigen by a
mechanism linked to major histocompatibility complex
(MHC) class II molecules (MHC-II) (28). Here, the sup-
pression of the antigen-specific immune response is not
carried out by tumor-derived EVs, but by CD11b*, MHC
class II" host-derived EVs. Thence, in the tumor microen-
vironment, tumor EVs are assumed to be taken up by mac-
rophages and possibly other APCs and receive EVs that can
suppress immune responses to tumor antigens present in tu-
mor EVs. Taken together, these results show that not only
tumor-derived EVs can directly suppress T and natural
killer (NK) immune responses, but can also indirectly sup-
press responses through macrophage cross-presentation
and subsequent release of EVs (27).

Exosomes in cancer detection

Exosomes have been identified in many biological fluids,
described in this review above. Cancer exosomes can serve
as a fluid biopsy to aid in the diagnosis of malignancies in-
cluding cancers of the prostate, pancreas, breast, and ovary,
glioblastoma, and melanoma (28). Increased exosome con-
centration has been reported in patients with ovarian,
breast, and pancreatic cancer (16). Specific markers associ-
ated with cancer exosomes may enhance their enrichment
and may be useful for diagnosis when collected from a het-
erogeneous exosome population in body fluids. In vitro or
ex vivo While lipids and metabolites in cancer exosomes
provide unique information about cancer detection and bi-
ology, more precise information is being developed on the
use of proteins and nucleic acids in the exomes. EVs may
play an immunosuppressive or immunostimulatory role (7,
8). C-phosphate-G (CPG) has been shown to stimulate B
cells from HIV patients to produce lower amounts of IgG
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in the presence of EVs from the same patients. Platelet-de-
rived EVs are biased to the secretion of growth factor-secret
which causes an anti-inflammatory response and transfor-
mation of macrophages. However, exomes containing au-
toimmune antigens are immunostimulatory in a NOD
mouse model and lead to the production of proinflamma-
tory cytokines and the proliferation of T cells (10). Cancer
cell-derived exosomes play a role in determining the tumor-
igenic potential of epithelial cells (24, 25). Cancer ex vivo
miR may also contribute to tumor formation and can medi-
ate cell-independent miR biogenesis, which is a feature not
associated with normal exosomes. Exosomes with cancer
RNA-induced silencing complex-associated miRs induce
tumor formation by non-tumorigenic mouse breast cells
(MCF-10A cells). In particular, disruption of exosome-as-
sociated miR biogenesis by specific silencing of Dicer pre-
vented the growth of MCF10A tumors (25).

Exosomes in tumor angiogenesis

Exosomes are also involved in the regulation of patho-
logical angiogenesis, including tumor angiogenesis (29).
Especially in response to enhanced exosome production
due to intratumoral hypoxia, the uptake of cancer cell-de-
rived exosomes by endothelial cells (ECs) stimulates angi-
ogenesis (30). This is achieved in part by stimulating the
proangiogenic secretome of ECs (31). Angiogenic pro-
grams initiated by hypoxia-induced cell signaling in cancer
cells may be affected by exosomes. The effect of tumor-
derived exosomes on vascular remodeling can affect not
only tumor growth but also metastasis. For example, mela-
noma-derived exosomes cause vascular leakage at sites of
metastasis and affect the pro-vasculogenic phenotype of re-
cruited bone marrow (BM) progenitors (32). Cancer cell-
derived exosomes may also impair the structural integrity
of ECs. The uptake of cancer cell-derived exosomal miR-
105 by ECs lowers the tight fusion protein ZO-1, thereby
enhancing vascular permeability and metastatic spread
(33).

Effect of exosome in cancer immunotherapy

Immunotherapy of cancer has recently become one of
cancer prevention strategies, particularly for patients who
do not respond to conventional treatments (34). These exo-
somes carried by molecular can be immunostimulatory or
immunosuppressive and respectively exosome interactions
with the host immune system can lead to a better or worse
anti-tumor immune response at the result. Since that is use-
ful for the tumor to suppress anti-tumor immunity, tumor
immune microenvironment (TME) will likely support im-
munosuppression. For this purpose, it is not the only partic-
ipate in blinded anti-tumor immune responses assembled
by the host using the various mechanisms but also interferes
with and inhibits anti-tumor immune therapies. Exosomes
have recently been shown to exert great effects on immu-
nological activities as mediators involved in many stages of
immune and inflammatory responses such as induction, or-
chestration, subtraction, dissolution, and regulation. As an
important example, T regulatory (Treg) Foxp3* cells pro-
duce exosomes that suppress type 1 T helper (Th1) cell pro-
liferation and cytokine production by gene silencing due to
http://mjiri.iums.ac.ir
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transferred Treg cell-derived miRNAs (27). Also, thymic
epithelial cells produce tissue-restricted Antigen-bearing
exosomes it directs the improving of Treg cells (28). An
illustrative example of allergy relates to CD23" (Fc-gR-2")
B cells and then produces exosomes that produce exosomes
carrying CD23, IgE, and MHC-class II (B cell exosomes
called "bexosomes"), which is transferred to DCs that stim-
ulate antigen-specific T cells (28, 35). Exosome-mediated
intercellular interactions involving mast cells are particu-
larly relevant to allergies. These include T-cell exosome ac-
tivation of mast cells and mast cell activation of T and B
cells (36, 37), exosome-mediated phenotypic and func-
tional maturation of mast cells (30, 38), and endothelial
cells or progenitor stem cells (39). These effects can be in-
duced by mast cell exhaust transfer of mRNA encoding ex-
osome-mediated cytokines (36, 40) or cytokines and by in-
fluencing cytokine signaling (40) or by triggering cytokine
production by bronchial cells (41) or airway smooth muscle
cells (42). Finally, mast cell exosomes induce phenotypic
and functional maturation of DC, enabling them to elicit
specific immune responses in vivo, activate endothelial
cells to secrete endothelial cells clotting factors, and acti-
vate T and B cells (36, 37). Exosomes also participate in
various pathological processes such as tumor growth and
metastasis, as well as chronic inflammation and infections
(43). The list of human diseases mediating pathology is
HIV-1 (44), autoimmunity (45), Parkinson's disease (46),
Alzheimer's disease (46), numerous inflammatory condi-
tions (47), and others. Perhaps of particular importance to
the pathological role of exosomes is their effect on the host
immune system. Exosomes produced by malignant or vi-
rus-infected cells carry an immunosuppressive cargo and
cause dysfunction of the immune effector cells not only lo-
cally but also systemically at the site of the disease.

Tumor-derived exosomes suppress immune responses
and help advance cancer

During cancer (tumor) development and metastasis, most
cancer cells are opposed by the immune system. Suppress-
ing immune reactivation or escaping immune surveillance
is a vital task for cancer development. In this process, exo-
somes produced by both immune and non-immune cells
play an important role in regulating host immunity. Most
cancer patients have immunosuppression or immunodefi-
ciency. Recently, immunotherapy plays an important role
in many cancers such as malignant melanoma, kidney can-
cer, liver cancer, and even non-small cell lung cancer (48).
In this section, we will discuss how exosomes alter the im-
munoactivity of cancer patients to help cancer cell devel-
opment. Although tumor exosomes (which) express tumor
antigen leading to their recommended use as tumor vac-
cines, these exosomes also provide antigen-specific immu-
nosuppression (49). A lot of evidence shows the role of ex-
osomes in immunosuppression (50, 51). For example, exo-
somes of OV A expressing melanoma containing full-length
OVA protein can effectively suppress an OV A-specific im-
mune response (52). In a tumor-bearing model, plasma-de-
rived exosomes positive for CD11b suppressed the tumor
antigen-specific response via an MHC class II-linked
mechanism (53). The detailed mechanisms of exosomes in
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suppressing tumor antigen-specific responses have been
extensively studied. Tumor-derived exomes not only in-
hibit the immune activity of multiple lymphoid cell types
but also modulate NKG2D expression in cancer to provide
immune avoidance (53, 54). NKG2D is an activating recep-
tor for NK, NKT, and CD8" T cells, and down-regulation
of expression or loss in cancer cells is a key mechanism
underlying immune avoidance. An important study from
Clayton (55) showed that exosomes produced by various
cancer cell lines in vitro or isolated from pleural effusions
of mesothelioma patients carry NKG2D ligands. These ex-
osomes can trigger the down-regulation of surface NKG2D
expression in NK cells and CD8" T cells. Therefore, lym-
phocyte activation through NKG2D is impaired after exo-
some treatment. Furthermore, its interaction with NKG2D
ligand positive tumor exosome lymphocytes did not lead to
the activation of CD8" T or NK cells. NKG2D down-mod-
ulation was due to CD8" T of TGFp1 or direct exosomes
distribution of the NK cell subset (55).

Therapeutic use of exosomes for cancer

Reports have shown that various clinical studies have
demonstrated the role of exosomes as cancer therapies and
that several essential side factors have been identified in the
application of these nanovesicles in cancer addition. There
are effective methods for cancer treatment, for instance,
chemotherapy, radiotherapy, hormone therapy, and target
therapy. Bone marrow cells, such as breast cancer cells,
hair follicle cells, and rapidly dividing cells, are the targets
of chemotherapy and radiotherapy (35). Patients with posi-
tive estrogen receptor and progesterone receptor have been
used hormone therapy (40). The two treatments are limited
to side effects on normal cells; therapeutic effects and un-
predictable responses. It is also responsible for treatment
failure in drug resistance. Exomes with endogenous nano-
sized membrane vesicles can be used to transport drugs
with low immunogenicity and toxicity (31). After modifi-
cation targeting breast cancer cells, exosomes can be used
to give doxorubicin (dox) (33). Exosome derived from ep-
igallocatechin gallate may prevent infiltration of tumor-as-
sociated macrophages and polarization of M2 macrophages
and thus suppress cancer growth (32). Exosomes have
worsened the potential for cancer growth in the tumor mi-
croenvironment. Immune escape is an important feature of
cancer. Exosomes can transfer anti-tumor substances to en-
sure the surveillance of the immune system. Exomes re-
leased by an adenoviral vector (AdVHER?2) showed HER2-
specific cytotoxic T lymphocyte responses and dendritic
cells (56), which have been shown to confer protective im-
munity against trastuzumab-resistant breast cancer. It is not
appropriate to obtain a large number of exosomes due to the
low exosome. Therefore, researchers should look for better
methods to produce abundant exosomes without showing
large costs. This is also controversial the way exosomes en-
ter the body. Intravenous injection is appropriate, but exo-
somes should be directed to cancer cells, which is a chal-
lenge for exosome design. Avoiding this problem of tar-
geted delivery design with local injection but that is new
challenges (57). Exact secretion of exosomes triggers



changes in the local and systemic tumor environment to in-
duce tumor cells, tumor growth enhancement, metastasis,
and insensitivity to drugs. Thus, the destruction of the exo-
some-propagation pathway through the tumor cells or the
removal of these nanovesicles from the blood circulation
system can create an effective method of treating cancer
(58). Recently, a therapeutic hemofiltration process called
ADAPT™ (adaptive dialysis-like affinity platform technol-
ogy) has been applied to remove EVs from the bloodstream
(59). When the patient's blood plasma samples are trans-
ferred via the ADAPT™ gystem, the plasma samples fac-
tors of the porous fibers are particularly absorbed when in-
teracting with immobilized affinity agents for these target
molecules, particularly unbound serum factors and blood
cells passing through this system (59). Exosomes are used
as vehicles loaded with numerous anticancer drugs, sSiRNA,
and miRNA for many cancer therapeutic burdens. The lipid
bilayer membrane of these nanovesicles forms a natural
protective shelter, thereby enhancing cellular internaliza-
tion of encapsulated anti-cancer drugs. For exosomes orig-
inating from autologous cancer cells, these nanovesicles
may cause minimal toxicity when introduced into target
cells and may be less immunogenic than artificial delivery
devices. Also, their small size may allow them to escape
phagocytosis via the mononuclear phagocyte system
(MPS) and can simplify their extravasation through tumor
blood vessels and then release in target cancer tissues. In-
creased colorectal and breast cancers can be suppressed by
administering doxorubicin-loaded on exosomes in vivo or
using exosome-mimetic nanovesicles. Therefore, the effec-
tiveness of doxorubicin has been extensively supported by
targeting immature dendritic cell exosomes to cancer tis-
sues (60). Also, another widely used antimitotic chemother-
apeutic drug is Paclitaxel, which can be loaded into micro-
particles by sonication, and these charged microparticles
have 50 times more cytotoxicity than free Paclitaxel for
drug-resistant tumor cells in vitro. Besides, the exosomes
encapsulated Paclitaxel can substantially block murine
Lewis lung cancer, metastases and reduce the size of a tu-
mor in the mouse model (61). Exomes can be used to target
specific tissues or organs since they have specific cell tro-
pism according to their properties. The application of a
well-characterized exosomal membrane protein (Lamp2b)
to express the targeting peptide immediately below the sig-
nal peptide sequence containing the targeting peptides ra-
bies viral glycoprotein (RVG) and internalizing RGD
(iIRGD) was inserted into these nanovesicles to the target
brain or cancer tissues from immature dendritic cells (59,
60). In addition to anti-cancer therapeutic drugs, exosomes
can likewise include several tumor antigens, nano bord,
apoptotic-containing proteins, proteasomes, deficient or
mutant anti-apoptosis proteins, tumor and tissue-specific
peptides, transferrin and lactoferrin in tumor cells for tar-
geting drug (61-65). Exosomes-based cell-free vaccines
may indicate alternative dendritic cell therapy to inhibit tu-
mor growth through the function of exosomes in the im-
mune system. These DC-derived exosomes contain co-
stimulatory molecules on MHC-peptide complexes and
membranes, that enable them to continue APCs and in-
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crease immunization in mice compared to antigen-present-
ing dendritic cells (64). Furthermore, miRNAs are com-
monly assigned in exosomes in derived cancer cells or iso-
lated from body fluids that contribute to exosome-mediated
cell-cell communication and induce anti-cancer properties
(65, 66).

Conclusion

Exosomes are an important player in cancer formation
and progression due to their biological and morphological
features. The facts that they differ according to the cell
types they are originated and can be obtained from all fluids
in the body are a serious advantage and potential markers
for cancer-related studies. Endogenous EVs probably mod-
ulate immune responses while stimulating immune re-
sponses to antigens, suppressing self-response to antigens.
Although EVs can modulate the function of many immune
cell types, including T and NK cells, the most effective reg-
ulatory activity of EVs is achieved by binding or internal-
izing the cell surface via APCs. In cancer, tumor-derived
exosomes carry a large number of immunosuppressive sig-
nals, disable anti-tumor immune effector cells, and promote
tumor escape from immune control. In cancer, viral infec-
tions, autoimmune or other diseases, exosomes that give
negative signals to immune cells can interfere with treat-
ment and affect the outcome. However, the fact that exo-
some biology has not been fully enlightened yet poses a po-
tential obstacle in future studies. In the light of the devel-
oping technology, exosomes are thought to be a nano bio-
logical structure that deserves to be investigated not only in
the formation, progression, diagnosis, and treatment of can-
cer but also in studies on the mechanism and diagnosis of
many diseases.
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