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Abstract: Exosomes refer to the mediators between tumor cells and matrix information exchange. With the trans-
fer of proteins and RNA mediated by exosomes, the microenvironment of tumors varies. Tumor-derived exosomes 
(TEXs) affect the progress, the treatment and the prognosis of colorectal cancer (CRC). In the present review, the 
latest research results of CRC-related exosomes in recent years are summarized, covering exosome-induced epi-
thelial-mesenchymal cell transformation of cancer cells. They can potentiate angiogenesis, tumor cell movement, 
metastasis and migration and suppress immune response, and cancer chemotherapy resistance. Besides, the use 
of exosomes as carriers in cancer targeting therapy, and the safety and reliability of developing cancer vaccines 
with exosomes separated from body fluids are discussed as well. Lastly, the application prospects of exosomes as 
biomarkers in CRC diagnosis and prognosis are prospected.
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Introduction

The first discovery of exosomes in rat reticulo-
cytes [1] dates back more than 50 years. We 
have found that considerable diseases are 
associated with exosomes, and we believe that 
exosomes are only excreted in cells, but recent-
ly discovered exosomes involve considera- 
ble biological pathways, covering the body’s 
immune response [2], antigen presentation [3], 
cell migration [4], cell differentiation [5], as well 
as tumor invasion [6]. Exosomes play important 
roles especially in the tumor cell genetic infor-
mation exchange, angiogenesis, invasion and 
metastasis.

Recently, a growing number of research on the 
relationship between exosomes and cancer 
has been more heated, because exosomes 
carry proteins, RNA, LncRNA, microRNAs and 
lipids in tumor cells to regulate the functions of 
normal receptor cells, to complete the process 
of epithelial-mesenchymal cell transition (EMT) 
and to potentiate the progress of cancer [7]. 
Moreover, studies have shown that shed micro-
bubbles (SMVs) can also be involved in drug 
resistance and spread, leading to multidrug 

resistance that has become a major obstacle to 
clinical cancer treatment [8]. In the tumor 
microenvironment, tumor markers mediated by 
exosomes are constantly discovered, which 
helps for a new understanding of the occur-
rence and development of tumor. It opens up a 
new way to explore the pathogenesis of cancer 
and provides great help for the diagnosis and 
treatment of cancer.

CRC ranks third among the world’s male tumors 
and second among the world’s female tumors 
[9]. Environment, diet and heredity are the 
major factors affecting the occurrence of CRC. 
At present, CRC is primarily treated by surgery 
and chemotherapy after operation. 5-fluoroura-
cil and oxaliplatin have always been convention-
al chemotherapy regimens. Recently, targeted 
drugs have been clinically used. Nevertheless, 
new clinical trials confirmed that there was no 
value in adding targeted drugs based on some 
standardized therapeutic regimens (e.g., beva-
cizumab and cetuximab) [10]. Thus, for patients 
with advanced CRC, early detection of cancer, 
search for new biomarkers, reduction of side 
effects of chemotherapy and improvement of 
prognosis have always been our goals. Recently, 

http://www.ijcem.com


Colorectal cancer therapy

12620 Int J Clin Exp Med 2019;12(11):12619-12632

with the further study of exosomes, we have 
found that the exosomes secreted by cancer 
cells carry their own proteins and nucleic acids, 
become antigens of cancer cells, can induce 
tumor immune response, but also suppress the 
immune system, and create a suitable microen-
vironment for the growth and metastasis of 
cancer cells [11]. Harada et al. found that 
Wnt5b-related exosomes potentiated CRC cell 
migration and proliferation [12]. CEA is a com-
mon diagnostic marker for CRC, but its specific-
ity is low. Lee et al. found that TSPAN1 positive 
extracellular vesicles have 75.7% diagnostic 
value. Combining with CEA or CA-199 can sig-
nificantly improve the diagnostic efficiency [13]. 
Recently, increasing studies have shown that 
exosomes play a critical role in the diagnosis 
and treatment of CRC. 

Origin, composition and function of exosomes

Extracellular vesicles (extracellular vesicles 
EVs) is a phospholipid bilayer structure formed 
by the vesicular fragments. It has been found in 

review (The mechanism of exosome formation 
is shown in Figure 1).

Exosomes are composed of proteins, nucleic 
acids, lipids, etc. The main components are lip-
ids and cholesterol [20], covering triglycerides, 
cholesterol, phospholipids [21]. However, exo-
somes from different cell contents are differ-
ent, but the common protein is Rabs protein, 
covering Rab2b, Rab5, Rab11, Rab9a, Rab7 
and Rab27. Moreover, studies have shown that 
the release of exosomes requires Rab27A and 
Rab27B to bind to effector proteins Slp4-a, 
Slac2-b, Munc13-4, regulate secretion, trans-
port and fuse with receptor cell membrane [22-
24]. Transmembrane proteins (e.g., CD9, CD63, 
CD82 and CD81) are characteristic tetramer 
membrane proteins in exosomes [25], while 
there are heat shock protein family (e.g., 
HSP60, HSP70, HSP20, HSC73). It has been 
reported that HSC73 can induce tumor im- 
mune response, presumably associated with 
the involvement of exosomes in anti-tumor 
effect [26]. Some adhesion molecules (integrin, 

Figure 1. Schematic diagram of release of SMVs and exosomes. a. Plasma 
membrane budding into small vesicles, and then enters the endosomes and 
MVB to form intraluminal vesicles. Most MVB fuses with the plasma mem-
brane to form exosomes and release them to the outside of the cell, while 
the rest MVB fuses with lysosomes. b. SMVS is discharged directly from the 
plasma membrane after bud. c. Exosomes carry proteins and genetic infor-
mation into recipient cells via lymph nodes, saliva, intestinal fluid, ascites 
and blood. d. SMVS and exosomes entering the extracellular environment 
can stay on the surface of the target cell, or fuse directly with the plasma 
membrane, enter the target cell, or formation of endocytic vesicles into tar-
get cells by endocytosis.

all cells and can also be 
detected in blood, saliva, pleu-
ral and ascites, lymph, urine, 
intestinal fluid and synovial 
fluid [14-16]. EVs include exo-
somes, SMVs and apoptotic 
bodies, differentiated in line 
with the secretory mechanism 
and size [17]. The exosome is 
a discoid vesicle with a diam-
eter of 40-100 nm [17]. Con- 
siderable types of cells can 
secrete, which is formed by 
the fusion of MVB and plasma 
membrane and released to 
the outside of the cell. The 
diameter of SMVs is about 
100-1000 nm, and the size  
of SMVs varies. SMVs are 
released directly from the 
plasma membrane by germi-
nation [18]. Apoptotic bodies 
are released after the dis- 
ruption of dead cells, nearly 
50-5000 nm in diameter [19]. 
Due to current technical con-
straints, there has been no 
clear distinction between EVS 
subgroups, so EVS includes all 
extracellular vesicles in this 
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ICAM-1) and metabolic enzymes (GAPDH, 
ATPase, pgk1) have been detected in exosomes 
also [27], and tumor susceptibility gene 101 
(TSG101) participates in the formation and 
release of MVB [28]. Exosomes from different 
cell origins, protein expression is also different. 
For example, exosomes originating from T cells 
contain CD3, and APC exosomes contain MHC I 
and MHC II molecules [29]. The composition of 
exosomes is shown in Figure 2.

Besides lipids and proteins, exosomes are also 
rich in a large number of nucleic acids, covering 
RNA, lncRNA and microRNAs [30]. After the 
exosome is detached from the plasma mem-
brane, the exosome carrying nucleic acid fuses 
with adjacent or distant cells and releases 
nucleic acid to regulate the function of target 
cells. Recent reports have shown that exo-
some-mediated ncRNA is closely associated 
with tumor effects, especially microRNA. Tumor 
tissue, normal tissue and tumor adjacent tis-
sue exosome miRNAs also have differences 

niche, and potentiate the invasiveness and 
migration ability of receptor cells. Syn et al. sug-
gested that these biological processes were 
primarily associated with caveolin-1, HIF1α, 
beta-catenin and transforming growth factor β 
(TGFβ) [6]. Gopal et al. [57] showed that, before 
the metastasis of tumor cells, the exosomes 
released protein to the adjacent or distant 
cells, via regulation of receptor intracellular sig-
naling cascades, so as to establish the premet-
astatic niche and create a suitable environment 
for the growth of tumor. E.g., tumor cells secret-
ed TGF-β protein in inducing Smad dependent 
signal transduction, regulation of fibroblast 
matrix, and induction of fibroblast differentia-
tion into myofibroblast [59]. Huang et al. [60] 
studied the effects of hypoxia on CRC cells. 
Hypoxic CRC cells can transfer Wnt4 mRNA to 
normal CRC cells by exosome, which can acti-
vate β-catenin signal and potentiate the inva-
sive ability of normal CRC cells. Most CRCs 
eventually develop liver metastasis. The study 
found that CRC cells secreted exosomes, 

Figure 2. Contents of exosomes. Exosomes are membrane structures con-
taining lipid bilayers, similar to plasma membranes. Exosomes from differ-
ent cell sources contain different membrane proteins and genetic materials. 
Common proteins are Rabs protein family; transmembrane proteins CD9, 
CD63, CD82, CD81; heat shock proteins family, e.g., HSP60, HSP70, HSP20, 
HSC73. There are also adhesion molecules (integrin, ICAM-1), metabolic en-
zymes (GAPDH, PGK1). Some special molecules, e.g., CD3 molecules from T 
cells, MHC I and MHC II molecules from APC cells. Moreover, there are also 
genetic materials from host cells e.g., RNA, ncRNA.

[31]. This article reviews the 
effects of exosome-mediated 
microRNAs in microcirculation 
on the occurrence, metastasis 
and migration of CRC CRC-
related microRNAs and their 
functions are shown in Table 
1.

Tumor cell epithelial-mesen-
chymal cell transition

EMT is the process of trans-
forming epithelial cells into 
mesenchymal cells through a 
certain process. It is charac-
terized by loss of polarity of 
epithelial cells, disconnection 
from basement membrane, 
increased migration and inva-
sion of cells and other charac-
teristics of mesenchymal cells 
[57]. EMT not only is vital to 
cell development, but also 
potentiates angiogenesis, in- 
vasion, metastasis and met- 
astasis niche establishment 
in tumor microenvironment 
[58]. TEXs enter receptor 
cells, potentiate matrix remod-
eling, form pre-metastasis 
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through miR-21-TLR7-IL-6 pathway, induced 
inflammatory metastatic niche, and potentiat-
ed liver metastasis [38, 61]. Moreover, CRC-
related exosomes released microRNA-25-3p, 
which regulated the expression of Claudin 5, 
tight junction protein-1 (ZO-1), VEGFR2 and 
occludin in endothelial cells by targeting 
KLF2/4, which induced angiogenesis and up-
regulated vascular permeability, potentiating 
the transfer before the formation of ecological 
niche [50]. In brief, by releasing exosomes, 
tumor cells can induce up-regulation or down-
regulation of EMT-related genes, potentiate the 
transformation between cancer cells and nor-
mal cells, leading to invasion, migration and 
establishment of pre-metastasis niche (Figure 
3 for the specific mechanism of EMT).

Tumor movement, metastasis and migration

Human cells originally came from embryonic 
stem cells. Tumor cells are the same, it entrusts 
tumor cells with vitality, migration and metasta-
sis, called tumor initiating cells (CIC) [62]. 
Specific markers are often found in CIC, and 

exosomes are often involved in the transport of 
these markers. CD44v6 was reported as a CIC 
marker of colorectal cancer and potentiated 
the movement and metastasis of cancer cells 
to non-CIC. The specific mechanism may be 
that CIC potentiated the movement of tumors 
by co-regulating the expression of non-CIC four-
transmembrane protein 8 (Tspan8) through the 
synergism of CD44v6 secreted by exosomes 
with integrins and proteases. Besides, under 
hypoxia, CRC cells derived hypoxic CRC cells to 
normal CRC cells and potentiated normal CRC 
cell metastasis through the exosome-mediated 
Wnt4/beta-catenin signaling pathway [60].

Liver metastasis is the most common metasta-
sis organ of advanced colorectal cancer, and 
also the main cause of CRC death. Moreover, 
the role of EMT in inducing pre-metastasis 
niche and potentiating tumor cell migration has 
been described previously. Exosomes can also 
mediate protein and RNA regulation of related 
signaling pathways to potentiate CRC cell 
metastasis. Integrin is a common adhesion 
molecule in exosomes. Hoshino et al. [63] 

Table 1. Major miRNAs involved in CRC progress
miRNA Target genes Physiological Function
mir-193a [31] Caprin1 cell cycle G1 arrest and cell proliferation repression
miR-125a-3p [32] Fyn, FAK and paxillin3 biomarker for diagnosis and prognosis 
mir-375 [33] bcl-2 Inhibit cell progression and dissemination 
miR-328 [34] - important predictor of metastases 
miR-200c, miR-141 [35] ZEB1, ZEB2 identify colon cancer patients with poor prognosis
miR-4772-3p [36] RTN4, RAB9A predictor of tumor recurrence
miR-21 [37, 38] TLR7 induce an inflammatory premetastatic niche 

WNT/β-Catenin signaling biomarker for diagnosis
miR-145-5p [39] Cx43 transferring miRs from one endothelial cell to neighboring tumor cells
miR-1246 [40, 41] Mutant p53, Smad 1/5/8 anti-inflammatory immunosuppression; potentiate angiogenesis
miR-183/96/182 [42] - a pleiotropic target for colon cancer therapy
miR-379 [43] Cyclin-B1 control CRC cell metastasis
miR-19a [44] - potential marker of prognosis and a therapeutic target in CRC
miR-7641 [45] CXCL1 biomarkers for the diagnosis of CRC
miR-210 [46] E-cadherin regulate epithelial-mesenchymal transition 
miR-96-5p, miR-149 [47] GPC1 biomarkers for the disease severity, prognosis
miR-92a [48] Dkk-3 facilitate angiogenesis
miR-100 [49] SMARCA5, E-cadherin induce cell migration, inflammation, immune responses, invasion
miR-25-3p [50] KLF2/4 involve in pre-metastatic niche formation 
miR-21-5p, miR-155-5p [51] BRG1 regulate migration and invasion of colorectal cancer cells
miR-486-5p [52] PLAGL2/IGF2/β-catenin potentiate CRC proliferation and migration
miR-200b [53] p27, RND3 facilitate the CRC cells proliferation
miR-17-5p, miR-92a-3p [54] - noninvasive biomarkers for CRC and metastasis progression
miR-6869-5p [55] TLR4 biomarker for the prediction of CRC prognosis
miR-203 [56] SOCS3 potentiates the differentiation of monocytes to M2 macrophages
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showed that tumor metastasis has organ spec-
ificity, and integrin αvβ5 can predict whether 
the tumor cells have hepatic metastasis risk. 
S100P and A8 up-regulated gene in Kupffer 
cells, decreased cell adhesion, potentiated 
liver metastasis of tumor cells. Besides, the 
expression of Ras gene can regulate integrin 
subunits and their complexes, suppress ITGB1 
glycosylation and reduce cell adhesion. The up-
regulation of ITGA6-ITGB4 complex in consider-
able cancer cells was associated with the prog-

nosis of invasive tumors [64]. Ji et al. [65] 
showed that compared with primary CRC cells, 
metastatic CRC cells were up-regulated with 
cell transfer factors: S100A9, TNC S100A8, 
MET; signal transduction molecules: EGFR, 
SRC, TNIK, JAG1, EFNB2, which finding would 
help us to study the microenvironment of can-
cer and target therapy of CRC.

The ncRNA carried by CRC exosomes plays a 
key role in tumorigenesis and progression. 

Figure 3. Schematic diagram of EMT. a. In hypoxic environment, the expression of HIF-1a in CRC cells is up-regulated, 
then HIF-1a potentiates Wnt4 gene transcription. Wnt4 gene transfers to normoxic CRC cells by exosome, activates 
the signal of beta-catenin, potentiates the aggregation of beta-catenin to the nucleus, regulates the expression of 
related genes, and leads to the migration and metastasis of normal CRC cells. b. CRC exosome carries microRNA-21 
into the blood circulation, which is engulfed by Kupffer cell in the liver, and then releases microRNA-21. Mir-21 acts 
on TRL-7 to potentiate the synthesis and release of IL-6. Lastly, permissive inflammatory premetastatic niche was 
formed. Moreover, IL-6 induces the binding of microRNA-21 with signal transduction factor Stat3, which in turn 
potentiates the production of IL-6 and eventually forms a positive feedback pathway in the liver. c. CRC-mediated 
microRNA-25-3p enters vascular endothelial cells by silencing KLF2 and KLF4, down-regulating ZO-1, occludin, and 
Caladin 5, and increasing VEGFR2, ultimately leading to tumor angiogenesis and potentiating CRC metastasis.
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Familial adenomatous polyposis gene (APC) is 
currently recognized as a cancer suppressor 
gene closely associated with CRC. Recently, 
Wang et al. [66] reported that APC can reduce 
the secretion of CRC-related exosomes by up-
regulating lncRNA-APC1 expression, which reg-
ulates the stability of Rab5b RNA, and ultimate-
ly reduces the angiogenesis of tumors, so as to 
suppress the growth and metastasis of tumors. 
Mi-193a was a tumor suppressor, which can 
suppress the proliferation of CRC cells and bind 
with major vault protein (MVP) to form a com-
plex of microRNA-193a-MVP, which was then 
transported to exosomes, resulting in the 
decrease of intracellular microRNA-193a and 
potentiating the proliferation and metastasis  
of tumors. 3’UTR of cell cycle-related protein-1 
(Caprin-1) mRNA, which was closely associated 
with the development of tumors and drug toler-
ance, can bind to microRNA-193a and reduce 
the production of Caprin-1, thus arresting the 
cell cycle in G1 phase and suppressing the pro-
liferation of CRC cells [31]. KRAS gene muta-
tion often occurs in CRC. It was found that 
microRNA-100 was up-regulated in the exo-
some of KRAS mutant CRC, and it could down-
regulate LGR5 in CRC cells, thus suppressing 
cell metastasis and migration. However, other 
studies have shown that mir-100 can induce 
EMT by targeting SMARCA5 to down-regulate 
E-cadherin level, and it can also target HOXA1 
to suppress tumor progression [49, 67]. 
Accordingly, there was still no consensus on  
the dual biological effects of microRNA-100. It 
has been reported that microRNA-21-5p and 
microRNA-155-5p were closely associated with 
breast cancer and ovarian cancer invasion and 
chemotherapy resistance. However, recent 
studies have found that M2 macrophages 
released exosomes containing microRNA-21- 
5p and microRNA-155-5p, which were then 
transferred to CRC cells. MicroRNA-21-5p and 
microRNA-155-5p down-regulate BRG1 expres-
sion in CRC cells. BRG1 is capable of potentiat-
ing the metastasis of CRC cells via Wnt path-
way and potentiating the migration of tumor 
cells to adjacent blood vessels, whereas the 
mechanism of CRC cells on M2 macrophages 
remains unclear [51]. Polymorphic adenoma 
gene-like protein 2 (PLAGL2), as a transcription 
factor, regulated gene expression and partici-
pated in the occurrence of considerable tumors 
(e.g., respiratory, blood, digestive and circula-
tory systems). Liu et al. [52] reported that the 

release of microRNA-486-5p from CRC exo-
somes potentiated CRC migration through the 
microRNA-486-5p-PLAGL2-IGF2/β-catenin sig-
nal axis. In brief, exosome-mediated ncRNA, 
especially microRNAs, is vital to regulate the 
movement and metastasis of CRC cells.

Tumor immunity

Exosomes are mediators of cell-to-cell commu-
nication. They contain a large number of immu-
noreactive proteins and RNA, e.g., heat shock 
protein family, transmembrane proteins, MHC I 
and MHC II molecules. They play a role in 
immune suppression, immune surveillance, 
immune activation and immune tolerance, and 
regulation of antigen expression. In particular, 
TEXs are capable of weakening immune surveil-
lance, enhancing immune evasion, increasing 
drug resistance and weakening specific T-cell 
response, thereby potentiating the progress of 
cancer [68].

TEXs varied the function of receptor cells by sig-
nal transduction or internalization absorption 
on the surface of receptor cells. The main mani-
festation was the suppression of immune 
response. According to existing studies, SMVs 
isolated from plasma of melanoma patients  
are capable of suppressing the differentiation 
of monocytes into dendritic cells and destroy-
ing bone marrow immune response [69]. 
Moreover, TEXs interfered with DC cell matura-
tion, induced macrophages to transform into 
tumor cell phenotype, potentiated regulatory T 
cell function by releasing TGF-beta, and sup-
pressed effector T cell activity by Fas/FasL 
binding [70]. In CRC cells, myeloid-derived sup-
pressor cells (MDSC) aggregated close to 
tumors, as differentiated into tumor-related 
macrophages, and then induced T-lymphocyte 
apoptosis [71]. Tumor-associated macrophages 
are macrophages infiltrating into tumor tissues, 
which suppress immunity and potentiate tu- 
mor proliferation, metastasis and angiogene-
sis. Takano et al. found that miR-203 potenti-
ated monocyte differentiation into M2 macro-
phages and established pre-metastasis niche 
in CRC cells, presumably associated with 
Suppressor of Cytokine Signaling 3 (SOCS3), 
but the specific mechanism was unclear [56]. 
But not all TEXs suppressed immune response, 
and exosomes can also transfer tumor cell anti-
gens to dendritic cells through MHC-I molecule 
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to induce cytotoxic T cell immune response and 
suppressed the growth of tumors in vivo. 
HSP70 transformed Tregs into highly effective 
Th17 cells through IL-6 to exerted a powerful 
anti-tumor effect [72].

Tumor resistance to chemotherapy

At present, CRC patients preferred 5 fluoroura-
cil and oxaliplatin chemotherapy. Because of 
the lack of targeting to tumors, the emergence 
of a large number of drug-resistant tumors, the 
low concentration of drugs in tumors and seri-
ous systemic side effects, the quality of life of 
patients in the course of treatment is signifi-
cantly reduced. In recent years, with the appli-
cation of targeted drugs (e.g., bevacizumab, 
cetuximab and regorafenib), though the median 
survival time of metastatic CRC has increased 
to over 30 months, the overall effect of meta-
static CRC is still very poor, especially the drug 
resistance of malignant tumors is increasing 
[73]. Given the current situation, a large num-
ber of recent studies have reported that exo-
somes play a critical role in chemotherapeutic 
resistance, drug resistance and targeted treat-
ment of tumors.

Cancer stem cell (CSC) refers to the source of 
life of cancer, which has been in constant 
renewal and infinite proliferation. CSC can be 
constantly in a “dormant” state, and it contains 
various drug-resistant molecules, which are 
insensitive to chemotherapeutic drugs. Wnt 
activity can reflect the characteristics of CSC. 
Cancer-associated fibroblasts (CAFs) release 
Wnt protein, bind to Wnt target gene in CRC 
cells, aggregate β-catenin and activate Wnt sig-
nal. Exosome-mediated Wnt secreted by fibro-
blasts is capable of inducing CRC repro- 
gramming, as dedifferentiated into CSC, and 
potentiating CRC resistance to chemotherapy. 
It has also been reported that fibroblast-der- 
ived Wnt also potentiates cell metastasis and 
migration in lymphoma and breast cancer. In 
vivo and in vitro experiments showed that sup-
pressing Wnt release could potentiate the drug 
sensitivity of CRC cells and reduce cell prolifer-
ation [74]. Besides, CAFs release of exosome-
mediated H19 also potentiated the stemness 
and resistance of CSC to oxaliplatin. LncRNA 
H19 was highly expressed in CAFs and up-regu-
lated in exosomes. H19 activated Wnt/β-catenin 
signaling pathway and potentiated the prolifer-

ation and drug resistance of CSC cells. microR-
NA-141, as a competitive inhibitor of H19, tar-
gets β-catenin and significantly prevented CRC 
from transforming into CSC [75] (see Figure 4 
for details).

Urothelial carcinoma associated 1 (UCA1) gene 
has been demonstrated to be associated with 
bladder cancer, breast cancer, gastric cancer, 
lung cancer, CRC and other types of cancer 
invasion. UCA1 was up-regulated in the exo-
somes of CRC tissues and down-regulated in 
the serum of patients. It was found that UCA1 
was associated with cetuximab and 5-fluoro-
uracil resistance in CRC tissues [76-78]. 
According to Bian et al., UCA1 could up-regulate 
the target genes BCL2, RAB22A and CRB1 of 
microRNA-204-5p by directly binding to microR-
NA-204-5p and suppressing the expression of 
microRNA-204-5p, thus potentiating the prolif-
eration of CRC cells and inducing drug resis-
tance [76]. However, it was also found that 
microRNA-204 potentiated the sensitivity of 
CRC cells to 5-fluorouracil by targeting down-
regulation of high mobility group protein A2 
(HMGA2) [79]. HSP70 was a critical component 
of exosome membrane. A chaperone protein A8 
can specifically bind HSP70 and prevent the 
exosome from activating MDSC. MDSC is  
often concentrated in spleen, blood, lymph 
nodes and tumor tissues. It inhibited immune 
response by suppressing the activity of NK 
cells. A8 can also combine with 5-fluorouracil to 
slow down the growth of tumors and potentiate 
the anti-tumor immune response [80]. In brief, 
exosomes are vital to resist chemotherapy. By 
suppressing the release of exosomes, they can 
suppress the progress of tumors and reduce 
drug resistance, revealing the direction for find-
ing new targeted drugs.

Biotherapeutic vector

In the process of drug transportation in vivo, it 
has been a difficult problem for us to ensure 
that drugs are not degraded, combine safely 
and effectively with targets, and reduce side 
effects. In recent years, the idea of exosome-
mimics as delivery vehicles for transporting bio-
logical products has been proposed. Exosome 
has a lipid bilayer structure formed by plasma-
lemma invagination, exhibiting low toxicity and 
immunogenicity. When combined with drugs, it 
can cross the biofilm barrier and avoid drug 
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degradation by enzymes, in particular small 
interfering RNA. Exosome pertains to nano-
structure, and it can also evade rapid clearance 
of mononuclear phagocytes [81]. Alvarez-Erviti 
et al. initially demonstrated that exosomes are 
successful in transporting siRNA by artificially 
assembling key parts of exosome lipid molecu-
lar layer in vitro and constructing exosome-
mimics [82]. A A33-azithromycin complex was 
constructed by combining exosomes originat-
ing from A33-positive LIM1215 cells with 
azithromycin. It was employed to treat A33-
positive mice with colon cancer. The results 
revealed that the complex had higher uptake 
rate, stronger targeting ability, significantly sup-
pressed the growth of tumors, prolonged sur-
vival time, and exerted less cardiac side effects 
[83]. Besides acting as delivery vehicles, TEXs 
was also a new type of cancer vaccine. Heat 
stress can induce cells to produce MHC-I and 
HSP. Isolation of exosomes from heat stress 
CEA-positive tumor cells is immunogenic and 

can produce anti-tumor effects [84]. Phase I 
clinical trials of exosomes have shown that the 
combination of exosomes originating from asci-
tes and granulocyte-macrophage colony stimu-
lating factor was safe, feasible and effective in 
the treatment of advanced colon cancer. As a 
cancer vaccine, it was non-toxic, safe and toler-
able [85]. In brief, exosomes are a double-
edged sword, capable of inducing tumors, 
potentiating the proliferation and migration of 
tumors, resisting chemotherapeutic drugs, and 
acting as drug carriers to deliver biological 
products. In the meantime, TEXs can be pre-
pared into tumor vaccines for cancer 
immunotherapy.

Tumor diagnostic and prognostic markers

Fiberoptic colonoscopy is the gold standard for 
CRC diagnosis. Because of the need for intesti-
nal preparation before operation, long opera-
tion time and pain during operation, it cannot 

Figure 4. CAFs induce CRC differentiation into CSC. a. CAFs release the Wnt protein exosome, then interact with 
LRP5/6 and Frizzled (Frz) on the surface of CRC cells, activate the intracellular signal Frz family transmembrane 
receptor protein Dishevelled (Dsh), lead to the accumulation of beta-catenin in the cell nucleus, induce target gene 
transcription via T-cell factor (TCF), reprogramming CRC and dedifferentiate into CSC. b. CAFs carry LncRNA H19 
exosome into CRC cells. H19 competes with microRNA-141 to potentiate the transcription of beta-catenin, and 
beta-catenin aggregates and locates in the nucleus. Gene expression is induced by TCF. Potentiate the stemness 
of CRC cells.
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act as an early screening method in routine 
physical examination. At present, CEA is com-
monly adopted as a non-invasive method to 
predict the prognosis and recurrence risk of 
CRC, but its specificity is low, and it often 
increases in other malignant tumors. CA199 is 
highly specific in CRC, but its sensitivity is low. 
It is primarily found in pancreatic tumors [86]. 
TEXs are released from tumors and are often 
detected in blood, ascites, saliva and feces. A 
study found that in the serum of CRC patients, 
some exosome microRNAs were significantly 
higher than those in the control group, and the 
level of microRNAs decreased after surgery 
[87]. This study suggests that exosome-mediat-
ed microRNA may be a marker for CRC diagno-
sis and prognosis.

MicroRNA-125a-3p expression independent of 
CEA increased significantly in CRC exosome, 
and the increase in left colon cancer was more 
obvious than that in right colon cancer, associ-
ated with the infiltration of CRC nerve. Analysis 
of serum microRNAs in 50 cases of early CRC 
showed that microRNAs-125a-3p were highly 
up-regulated in exosomes, and the area under 
ROC curve was 85.5% combined with CEA [32]. 
The recurrence group had a higher level of 
microRNAs, and the low level group had a bet-
ter prognosis, according to a comparative study 
of serum exosome microRNAs in patients with 
recurrent and non-recurrent CRC. MicroRNAs-
19a could act as a biomarker for predicting 
recurrence [44]. Circulating exosome microR-
NA-17-5p and microRNA-92a-3p were closely 
associated with the pathological grading and 
clinical staging of CRC and may act as prognos-
tic markers for non-invasive assessment [54]. 
In brief, the formation and release of TEXs is a 
complex biological process. Exosome microR-
NAs are important for early diagnosis and prog-
nosis assessment of CRC. There are consider-
able relevant microRNAs (Table 1). However, 
there has been no consensus on the diagnosis 
and prognosis of exosome microRNAs in the 
world.

Conclusion

Exosomes, a communication medium between 
cells, are capable of carrying proteins, RNA and 
lipids to transmit information between cells, 
regulating the microenvironment of CRC, poten-
tiating the progress of cancer and affecting the 
prognosis of patients. TEXs are capable of 

establishing pre-metastasis niche by EMT, 
inducing angiogenesis and potentiating tumor 
migration. Exosome-mediated proteins and 
microRNAs potentiate the movement, metasta-
sis and migration of cancer cells by activating 
receptor cell target genes and regulating down-
stream signaling pathways. Besides, TEXs sup-
press immune response, potentiate immune 
evasion and increase drug resistance, leading 
to chemotherapy resistance. Given this, the 
growth and metastasis of tumors can be inhib-
ited by suppressing the release of exosomes. 
We can also use the biological characteristics 
of exosomes to construct exosome mimics that 
can be transported to target cells after carrying 
drugs. The exosomes isolated from TEXs can 
be used to prepare cancer vaccines, and they 
are safe and effective. Lastly, exosome microR-
NAs make up for the deficiencies of CEA and 
CA199, which is of great significance in assist-
ing CRC in early diagnosis and prognosis 
assessment. It is noteworthy that the study of 
exosomes remains in the experimental stage, 
and there are numerous unknown mecha-
nisms. There is still a long way ahead to guide 
the diagnosis and treatment of CRC.
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