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Exosomes are small extracellular particles enclosed in two lipid layers with the
endosomal origin that contain nucleic acids, proteins, and lipids, and are secreted by
most cell types. They can transmit their contents for the intercellular
communication signals and stimulate signaling pathways in target cells. Exosomes
might contribute to tumor growth and metastasis by controlling the immune
response and promoting angiogenesis. Exosomes are involved in the pathology of
many cancers with different mechanisms. It interferes in the development of breast
tumors through the process of angiogenesis or for example, exosomal lipids play a
special role in the pathology of pancreatic cancer. In addition, the mechanism of
epithelial-mesenchymal transition plays a role in colorectal cancer. Activation of
matrix metalloproteinases destroys the extracellular matrix in prostate cancer and
causes metastasis. Therefore, the detailed understanding of the molecular pathways
of exosomes involvement in the pathology of various types of cancers can be a very
suitable solution in choosing cancer treatment approaches. The aim of this study
was to review the exosomes’ role in the progression of cancer.
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Introduction
Extracellular vesicles (EVs) found on the nanoscale contain nucleic acids and proteins and can be released by

different cells. These vesicles are categorized into three sets; 1- microvesicles, 2- apoptotic bodies, and exosomes,
each of which is different in terms of function, biogenesis, size, and distribution pathway. Exosomes are 40-150
nanometers in size and are released by different types of cells (1-3). They can transmit their contents for
communication between cells and stimulate signaling pathways in acceptor cells (4). Exosomes could contribute
to cancer development in a variety of ways, for example, they can do so by facilitating the tumor
microenvironment, interfering with the immune system, and playing a role in drug resistance (5).

The exosomes derived from cancer cause tumor development, angiogenesis, and metastasis by direct
activation of signaling pathways accountable for maintaining the proliferation of tumors, including PI3K/AKT
or MAPK/ERK. This has been reported in gastric, bladder, and squamous cell carcinomas (6). Another instance
of exosomes that manipulate the microenvironment of a tumor could be observed in the stimulation of the
angiogenic procedure which is essential in the progression of cancer due to the provision of oxygen and
nutrients and the elimination of waste products (7). Tumor-derived exosomes have noteworthy impacts on the
development of cancer by affecting the immune system. On the one hand, tumor-derived exosomes can
stimulate the immune response against cancer (8, 9). Tumor-derived exosomes through various mechanisms
can increase resistance to treatment. One of the mechanisms is the exosome transport containing miRNA,
IncRNA, and protein to the target cell and altering important signaling pathways in drug resistance such as
EGFR, PTEN, and mTOR (10). In addition, there is a major mechanism by which tumor-derived exosomes
(TEXs) modulate the tumor microenvironment by suppressing an effective cellular immune response and
inducing immunosuppressive cells, which can neutralize the drug (11).

In the process of cancer progression, exosomes contributed to angiogenesis with transporting several
proangiogenic molecules including matrix metalloproteinases (MMPs), vascular endothelial growth factor
(VEGF), and miRNAs. These bodies could elevate angiogenesis via inhibiting the HIF-1 expression. When
typical endothelial cells receive tumor-derived exosomes, the angiogenesis paths were activated and induce the
formation of new vessels. Interaction of mesenchymal stem cells with cells of immune system through the
tumor-derived exosomes may inhibit the anti-tumoral action. Efficient blocking of tumoral angiogenesis could
inhibit the progression of tumor. Bevacizumab, a specific antibody of VEGF, was firstly used in clinic as an
antiangiogenic molecule. Drug resistance issue is the main problem in cancer treatment with VEGF or its
receptor. Immunotherapy in combination with inhibitors of angiogenesis could be effective against several
cancers however, more investigations are needed to obtain more effective strategies (12, 13). The aim of this

study was to review the cellular and molecular role of exosomes in the pathophysiology of cancer.

Exosome general features

Exosomes are small vesicles with a topology similar to the plasma membrane, which are present in a large
number of body fluids such as blood, urine, saliva, semen, serum, etc. Generally, the size of exosomes is 40 to
100 nm, although larger sizes up to 200 nm are also reported. Exosomes include a variety of proteins such as
heat shock proteins including hsp70 and hsp90, membrane and binding transporters and tetraspanins. In
addition to proteins, exosomes contain lipids involved in cell transport, coding RNAs, and also small RNAs.
Among the small RNAs, miRNAs are more present in exosomes (14).

Based on the path of formation and secretion of extracellular vesicles, they are generally classified into two
classes. One of these classes, which is called microvesicle, is directly separated from the plasma membrane.
Another class is exosomes, and when multivesicles are fused with plasma membranes are secreted by
exocytosis. Exosomes are originally formed by endocytosis, first, the cell membrane enters inside as
endocytosis, then a large number of vesicles are formed inside the endosome itself, which is called
multivesicular bodies, and finally, these bodies are fused with the cell membrane and their internal vesicles

secretes into the extracellular space, which is converted into exosomes (15-17).
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In general, exosomes can interact with the acceptor cells through three mechanisms. The first mechanism is
the membrane proteins of the exosome can directly connect to the signal receptors of the target cell membrane.
Second, the exosomes fuse with the plasma membrane of the target cell and release their contents, and thirdly,
exosomes can enter the target cell, which themselves have two fates. Exosomes swallowed by the target cell can
fuse with endosomes and undergo transcytosis and be transported to neighboring cells, or exosomes enter the

endosomes of the target cell and are directed to the lysosome to be degraded there (18-20).

Role in tumorigenesis and facilitation of tumor microenvironment

Tumor cells secrete exosomes known as tumor-derived exosomes (TEXs). The peptides in the TEXs are
precisely the same as the peptides in the tumor cells from which the exosome is derived, and they comprise
tumor-specific antigens that are existed in the origin cells. The exosomes derived from cancer cause tumor
development, angiogenesis, and metastasis by direct activation of signaling pathways accountable for
maintaining the proliferation of tumors, including PI3K/AKT or MAPK/ERK. This has been reported in gastric,
bladder, and squamous cell carcinomas (6).

Moreover, exosomes derived from tumor cells could change the microenvironment to stimulate the disease
invasion and spread. The tumor microenvironment is composed of various cell kinds including endothelial
cells, immune cells, and fibroblasts, and the interaction of this microenvironment with the tumor is essential for
the growth and development of cancer cells (4). Fibroblast cells are the main elements in cancer tissues and their
activated form plays an important role in tumor progression (1). Other instance of manipulation of the cancer
microenvironment by exosomes could be observed in the stimulation of the angiogenic procedure.
Angiogenesis is essential in the progression of cancer because it provides nutrients and oxygen and removes
waste products. Many researches have shown that exosomes have a main role in angiogenesis via the transport
of miRNAs, mRNAs, and peptides (Figure 1). For example, exosomes derived from leukemia cells overexpress
miR-92a, which enters endothelial cells and leads to increased migration and angiogenesis (7).

Other investigations have revealed that exosomes derived from mesenchymal stem cells stimulate
angiogenesis by increasing the production of vascular endothelial growth factor (VEGF) in cancer cells and by
inducing the pathways of ERK1/2 and p38 mitogen-activated protein kinase (21). Studies on cancer-derived
exosomes have shown important clinical potential for exosome signaling, both as an intervention opinion or
biological target in tumor therapy and the inhibition of resistance to chemotherapy and as a possible biomarker
for the prognosis of cancer. This issue has been explored and has led to significant research into the study of

tumor-induced exosome signaling.

Role of exosome in immune system

Tumor-derived exosomes have significant effects on the immune system in the development of cancer. On
the other hand, exosomes derived from tumor could induce the immune response vs. tumor, also identified as
cancer immune monitoring (8, 9). In addition, exosomes derived from tumor could enable immune suppression
and prevent immune monitoring for invasion and proliferation (8, 22). Really, the components of several
exosomes derived from tumor have elements from maternal cancer cells that could indirectly or directly affect
the progress, activation, and antitumor activity of immune system (23).

In the microenvironment of tumor, exosomes might facilitate the connection between cells and regulate
immune cell function. Tumor-derived exosomes (TEXs) and immune cell-derived exosomes (IEXs) can activate
the immune response by antigens transporting to antigen-presenting cells (APCs), leading to activation and
proliferation of CD4+ and CD8+ T helper cells (Figure 1) (24). Depending on the source of the exosomes, TEXs
might comprise certain antigens related to tumor, such as mesothelin, carcinoembryonic antigen, melan A (25).
So, TEXs can be employed to form a set of tumor-related antigens to induce the antitumor response as cancer
vaccines in immunotherapy (26). Although exosomes have antitumor effects, several investigations have

performed on their impacts on cancer development (27). In neuroblastoma tumors, tumor-derived exosomes
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enhance the proliferation and migration of tumor by decrease of NEDD4 expression by hsamiR199a-3p (28).
Other investigations have shown that the exosomes derived from gastric tumor could stimulate the
differentiation of monocytes to tumor-associated macrophages (Figure 1), which could inhibit anticancer
responses (29). In addition, miRNAs in TEXs might support the growth and metastasis of tumor. Exosomes
secreted by immune cells and other cells have also been reported to facilitate tumor growth and metastasis.
Activated CD8+ T helper cells-derived exosomes could facilitate the cancer cell invasion through the pathway of
Fas/FasL (30). These studies demonstrate the importance of exosomes in progression of cancer and the
appearance of novel patterns in cell biology of tumor. However, exosomes might be a future therapeutic target

for cancer because of their significant immune-suppressing function (26).

Role of exosomes in drug resistance

Tumor-derived exosomes through different mechanisms can increase treatment resistance. One of the
mechanisms of exosome transport contains miRNA, IncRNA and protein to the target cell and changes in
important signaling pathways in drug resistance such as EGFR, PTEN, and mTOR (10). In addition, there is a
major mechanism by which TEXs modulate the microenvironment of tumor by suppressing the effective
cellular immune response and stimulating immunosuppressive cells, which can neutralize the drug (11).

Examples of different mechanisms of exosome-based drug resistance are given in Table 1.
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Figure 1. Role of exosomes in cancer development.

The exosomes could transport some specific molecules to target cells and trigger angiogenesis (A). exosomes
could also interfere with immune functions. For example, they could inhibit monocyte to macrophage
differentiation and stimulate the activation and proliferation of CD4+ and CD8+ T helper cells (B).
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Table 1. Drug resistance of different tumors by exosomes through different mechanisms (31-36).

Cancer cell type Exosome cargo Mechanism Target genes Drug resistance
Breast Cancer miR-155 Epithelial-to- TGF-p Chemical resistance
mesenchymal
transition (EMT)
induction
Ovarian cancer EMT induction TGF-B/SMAD Resistance to platinum
Gastric cancer miR-155-5p EMT induction GATA3, TP53 Resistance to
paclitaxel
Glioblastoma PTPRZ1-MET EMT induction Resistance to
temozolomide
Breast cancer LncRNA-SNHGI14 Inhibition of apoptosis  Bcl-2/BAX Resistance to
trastuzumab
Oral squamous Inhibition of apoptosis PTEN Resistant to cisplatin
cell carcinoma
Hepatocellular ~ miR-221 Inhibition of apoptosis Caspase 3 Resistance to sorafenib
carcinoma
Human lung Induction of the Upregulation of Resistance to cisplatin
adenocarcinoma mTOR pathway mTOR expression
Chronic CD20 Attenuation of Resistance to
lymphocytic antibody deposition rituximab
leukemia on the target cell

Role of exosome in breast cancer

Cancer stem cells may be the origin of cancers. Because these cells have the ability of self-renewal and can
cause tumor development. Breast tumors may also originate from these types of cells. Differentiated breast
tumor cells have some abilities such as disruption of the cell cycle and resistance to apoptosis (37). Exosomes
induced by some factors such as heparanase or by hypoxia are related to angiogenesis in breast tumor. In fact,
this angiogenesis is one of the main parts of breast tumorigenesis. Evidence shows that exosome derived from
breast cancer (Exo-BCa) induce apoptosis resistance of normal cells around the breast tumor. These exosomes
can regulate the expression of the NKG2D receptor and thereby inhibit the immune responses against breast
cancer cells (38, 39). Most deaths by breast cancer are because of invasion and metastasis of tumor cells. It
proposed that the exosomes may participate to metastasis and invasion of theses tumor cells. One of the
mechanisms by which exosomes can increase breast cancer metastasis is the transfer of miR-10b to cancer cells,
which is found in malignant breast cancers (40). Schematic of exosome and four breast, pancreatic, colorectal

and prostate cancers are shown in Figure 2.

Role of exosomes in pancreatic cancer

Pancreatic cancer is characterized by invasion. This problem causes ineffectiveness of pancreatic cancer
treatments, because metastatic lesions from this cancer show resistance to chemotherapy. The process of
metastasis is very complex and is observed in malignant cancers. Metastatic cells can be transported to different
parts of the body through body fluids. In the next new environment, these cells can resist chemotherapy and
cause cancer recurrence (41). It is known that exosomes play a role in some pathological processes such as
initiation and metastasis of cancer cells. These bodies can turn normal cells into prostate and breast cancer cells.
The contents of exosomes, such as oncogene proteins, adhesion molecules, cytokines, some specific mRNA and
miRNAs, promote the proliferation of cancer cells (42). For example, miR-200, which is a tumor suppressor, can
promote breast tumor metastasis (43). Exosomes derived from cancer cells can facilitate the proliferation of
gastric cancer cells by inducing cellular kinase cascades (44).

However, in the case of pancreatic cancer, different results were obtained and exosomes inhibit the Notch-1
pathway through lipids and induce apoptosis (45). Exosomal lipids also activate NF-kB in MiaPaCa-2, a
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pancreatic cancer cell line, and as a result induce the expression of SDF-1a and finally block cell death (46).
According to the mentioned cases, it is clear that exosomal lipids play a special role in the pathology of
pancreatic cancer. Also, some exosomes derived from the pancreas can cause the proliferation of pancreatic
tumor cells through the mediation of some special miRNAs (47). In one study, it was found that exosomes from
pancreatic cancer induce metastasis in animal models. The said exosomes prepare the liver for the implantation

of pancreatic cancer cells (48).

The role of exosomes on colorectal cancer

Epithelial-mesenchymal transition (EMT) is hypothesized to be the first event in cancer development. This
phenomenon is related to some factors such as changing the expression of cell surface proteins, extracellular
matrix proteins, intracellular skeleton and MMPs (49). Tumor exosomes can contribute to EMT. The presence of
EpCAM in colorectal cancer, which is associated with Claudine-7, can play a role in cancer development
through the mechanism of Epithelial-mesenchymal transition (24, 50). In a research, it was found that a type of
colorectal cell line grows in suspension after some time, which indicates the occurrence of metastasis, and this
phenomenon was confirmed after analyzing the expression of E-cadherin and vimentin. Electron microscope
studies also showed that adherent cells produce exosomes that are received by metastatic cells. The presence of

miR-210 in the mentioned exosomes causes the process of EMT and eventually metastasis (51).

The role of exosomes on prostate cancer

Various cancer cells produce exosomes and can cause cancer to develop. These effects are due to the content
of exosomes including DNA, RNA (especially miRNAs), and special proteins. Chemokine receptor CXCRI,
which is present in the membrane of exosomes from prostate tumor, can cause the expansion of prostate cancer
niche. Metalloprotein 9 increases expression in fibroblasts under the influence of tumor exosomes and activates
them. These molecules can destroy the extracellular matrix and promote the metastasis of cancer cells. Increased
expression of metalloprotein 9 in fibroblasts activates fibroblasts in the secretion of exosomes and metastasis of
tumor cells. Communicating between cancer cells and fibroblasts through exosomes provides a suitable
environment for tumor expansion (52). Also, some miRNAs, including miR-100, increase the expression of some

metalloproteins and cause the migration of fibroblasts (53).

- = = b oG T ) =

Figure 2. Exosomes and cancers.
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Exosomes are involved in the pathology of many cancers with different mechanisms. It interferes in the
development of breast tumors through the process of angiogenesis or for example, exosomal lipids play a
special role in the pathology of pancreatic cancer. In addition, the mechanism of epithelial-mesenchymal
transition plays a role in colorectal cancer. Activation of matrix metalloproteinases destroys the extracellular

matrix in prostate cancer and causes metastasis.

Conclusion

Exosomes are vesicles that can act as mediators of intercellular communication. They are usually secreted by
most cells and have specific properties depending on the type of source cell. Sometimes these exosomes can
carry signals that trigger the onset and progression of cancer. Cargoes trapped inside the exosome sometimes
interfere with biological processes such as angiogenesis, immune system reactions, and the maintenance of
tumor microenvironment homeostasis, causing tumorigenesis. Of course, the role of exosomes in cancer can be
considered dual-purpose. Knowing the exact mechanisms involved in exosomes in cancer progression can be an

appropriate way to provide effective therapeutic strategies against many types of cancers.
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