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Abstract. Tumor metastasis is the most important biological feature of a malignant tumor. It is also a

complex process involving multi-step, multi-gene, and multi-products. Tumor cell-derived exosomes are
vesicles secreted by tumor cells, containing proteins, lipids, noncoding RNA, and other components.

MicroRNA (miRNA) of tumor cell-derived exosomes affects the tumor cell microenvironment and

participates in tumor metastasis by activating various signaling pathways. Here, we summarize the miRNA
and its related pathways that affect many factors of tumor metastasis and discuss the role of tumor-derived

miRNA in the treatment and prevention of tumor metastasis. We also conclude the targets of tumor-derived
miRNA in recent years. This article can provide new ideas for the development of tumor metastasis

targeting drugs in the future.

1 INTRODUCTION

Tumor metastasis is when malignant tumor cells migrate
from the primary site to other sites and continue to grow
through lymphatic, vascular, or coelomic pathways[1].
Tumor metastasis begins with tumor cells invading
surrounding normal tissues, then infiltrating into blood
vessels and moving to other circulatory system parts.
Subsequently, tumor cells infiltrate into distant organs,

stay in target organs, and form tumor precursor positions.

After a period of dormancy, tumor cells wake up in
distant organs and form metastases[2]. Studies have
shown that cancer metastasis accounts for 90% of deaths
among tumor patients, and about 60% of cancer patients

have occurred tumor metastasis at the initial diagnosis[3].

Therefore, it is of great significance to study the
targeting of tumor metastasis.

The variety and quantity of exosome-derived miRNA
may be closely related to tumor size, malignant degree,
invasion, metastasis, and stage and grade[4, 5]. In recent
years, it found that exosomes secreted by tumor cells
transmit information between tumor cells and normal
cells through their contents, which play a significant role
in tumor cell metastasis[6]. Exosomes are lipid bilayer
vesicles with a diameter of 30-150 nm, secreted into the
extracellular matrix by budding after the fusion of
intracellular multi-vesicular and plasma membrane[5].
Exosomes are commonly used as intercellular transfer
carriers of cytoplasmic proteins, nucleic acids, and lipids
which widely exist in blood, urine, saliva, and other
biological fluids[7]. They can transmit the information
from donor cells to recipient cells and mediate
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intercellular communication[8]. Exosomes contain
proteins, cytokines, transcription factor receptors, RNA,
and other bioactive substances, and protein and RNA are
the main components. According to coding ability, RNA
can be divided into mRNA with the protein-coding
ability and ncRNA without protein-coding capacity.
MicroRNA (miRNA, miR-) is a kind of endogenous
ncRNA with a length of about 20-24 nucleotides[5]. It
can bind to the 3'UTR of multiple target mRNAs,
resulting in aberrant target gene expression, which plays
a role similar to tumor suppressor gene and oncogene,
and has an impact on the process of tumor metastasis[9].

In this review, we focus on the following aspects of
miRNA's influence on tumor metastasis. EMT is induced
by regulating the expression of Snail, PTEN, and B-
Catenin to induce tumor metastasis. Extracellular matrix
remodeling is induced by changing the state of
fibroblasts and vascular endothelial cells in the tumor
microenvironment to induce tumor metastasis. Normal
lymphocytes such as dendritic cells, T lymphocytes,
macrophages are used or changed to provide favorable
conditions for tumor metastasis. We hope to summarize
the related tumor-derived exosome miRNA and its
mechanism of action, which can reference future
research of tumor metastasis targeted drugs.

2 miRNA and epithelial mesenchymal
transition

Generally, epithelial cells have apical-basal polarity and
are connected with desmosomes by adhesion[10].
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However, after epithelial-mesenchymal transition (EMT),
epithelial cells will lose this original characteristic and
show the characteristics of mesenchymal cells under the
action of some factors. Early tumor cells will appear
obvious EMT phenomenon, this process also makes
tumor cells obtain certain motility and invasiveness. As a
result, their adhesion ability decreased and motility
enhanced[11], making it easier for tumor cells to
separate from the tissue[12], then invading the
surrounding normal tissues, and starts the process of
tumor metastasis. Tumor exosomes can mediate this
process associated with normal cells by carrying miRNA,
participating in the EMT process, and affecting the
expression of some EMT indicators, such as E-cadherin
N-cadherin, vimentin, and B-catenin[13]. The miRNAs
involved in this section are summarized in the table 1.

2.1. Snail family protein

Human Snail family proteins are a class of transcription
inhibitors. The zinc finger domain of its carboxyl
terminal binds to the CAGGTG sequence in the
promoter region of E-cadherin to down regulate E-
cadherin expression and start EMT[14].

Sun et al. found that in human non-small cell lung
cancer, miR-346 promotes the process of EMT by
inhibiting XPC, an important DNA damage recognition
factor that has a close relationship with cancer metastasis,
up-regulating Snail expression, and down-regulating E-
cadherin expression[15]. In contrast, miR-30a inhibits
the expression of Snail 1 through the p53 pathway and
up-regulates the expression of E-caking the expression
of Tetl[16]; Meanwhile, miR-153 has also shown to
inhibit snail 1[17].

2.2 PTEN

PTEN gene is a kind of tumor suppressor gene. Its
expression product inhibits the proliferation and invasion
of tumor cells by inhibiting PI3K/Akt pathway. At the
same time, more and more clinical scholars recognize
that PTEN and EMT-related gene expression changes
are related to the occurrence and development of some
tumors. However, the upstream mechanism of regulating
PTEN and EMT-related gene expression has not been
clarified[18].

Yang et al. found that the metastatic ability of
hepatoma cells treated with exosomes of high metastatic
hepatoma cells (Huh7 and SK-Hep-1 cells) in vitro was
significantly higher than those treated with exosomes of
low metastatic hepatoma cells (hep-3b cells).
Furthermore, by sequencing the exosome miRNA of
hepatoma cell, they found that the expression of miR-
92a-3p in exosomes of high metastatic hepatoma cells
was significantly increased. Subsequently, the author's
team predicted and confirmed that PTEN is the target of
tumor-derived exosomal miR-92a-3p through Western
blot and immunofluorescence detection, and using
miRDB, miRWalk, TargetScan, and miRTarBase
databases. By targeting PTEN and regulating its

downstream Akt / snail signaling pathway, miR-92a-3p
can promote EMT in receptor cells[19].

2.3 B-catenin

B-catenin is a form of cytoplasmic plaque protein that
can connect cadherin adhesion receptors to the
cytoskeleton. It can bind to the E-cadherin on the
membrane, which is very important for the positioning
and function of E-cadherin. At the same time, it is also a
key element in the WNT signal pathway[20]. In normal
epithelium and non-invasive cancer cells, B-catenin
exists in the cell membrane. However, after the
occurrence of EMT, B-catenin will be separated from E-
cadherin and translocated into the nucleus, promoting the
induction of gene transcription of EMT-related
proteins[21].

Zhang et al. determined the targeting relationship
between miR-1255b-5p and human telomerase reverse
transcriptase (hTERT) in colorectal cancer by screening
serum samples from patients with colorectal cancer. The
study found that miR-1255b-5p inhibits the expression
of EMT-related genes and B-catenin by silencing the
expression of hTERT, which further inhibits the EMT
process[22]. Yu found in hepatoma cells that hypoxia-
induced exosome miR-1273f could target the down-
regulation of WNT/B-catenin signaling pathway inhibitor
LHX6 expression. In turn, the WNT/B-catenin signaling
pathway is activated, and PB-catenin expression is up-
regulated, eventually leading to EMT[23].

Recently, You et al. used deep RNA sequencing to
find that TGF-B1 stimulated cervical cancer cells to
secrete more exocrine bodies containing miR-663b. Next,
they used online bioinformatics tools and dual-luciferase
report analysis to identify MGAT3 as a new direct target
for miR-663b. It has been shown that MGAT3
(mannoside acetylglucosamine transferase 3) may be a
transfer suppressor gene[24]. Then, exocrine PKH67
labeling test and wound healing and Transwell analysis
confirmed that exocrine miR-663b might be swallowed
by cervical cancer cells and then affected its migration
and invasion function. In the final experiment, the
expression of miR-663b and MGAT3 and the regulation
of the EMT pathway caused by MGAT3 were detected
by quantitative real-time transcription-polymerase chain
reaction (qPCR) and western blot analysis. This
experiment has confirmed that tumor-derived exosomal
miR-663b is endocytosed by cervical cancer cells
adjacent or distant after TGF-f1 exposure and inhibits
the expression of MGAT3, thereby accelerating the EMT
process and ultimately promoting local and distant
metastasis[25].

2.4 TGF-B

Transforming growth factor B(TGF-p) is a cytokine that
regulates cell proliferation, migration, and differentiation
of many different cell types. After binding to its receptor,
TGF-B family proteins promote the phosphorylation of
intracellular signal effector protein SMAD carboxyl-
terminal and make it form a trimer complex, which leads
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to nuclear translocation and regulates the transcription of
target genes. Under the action of TGF-f, the SMAD
complex can activate the expression of EMT
transcription factors and promote the occurrence of
EMTI[26].

Bai et al. found that HCT-116 cells (human
colorectal cancer cell line), which have undergone EMT,
can secrete exosomes containing a large number of miR-
128-3p. Then they found that miR-128-3p could down-
regulate the expression of FOXO4 and induce the
activation of TGF-B/SMAD and JAK/STAT3 signaling
pathways, resulting in EMT. At the same time, this
exosome carrying a mass of miR-128-3p can infect
normal HCT-116 cells, thus promoting the formation of
translocation[27]. Similarly, Qu found that tumor-
derived exosome miR-93 reduces the expression of
NEDD4L by binding to the mRNA's 3-UTR of
NEDDAL, thus preventing NEDDA4L from degrading
activated SMAD2/SMAD?3 (a downstream transcription
factor of TGF-B). The protection of SMAD2/SMAD?3 by
miR-93 maintains the signal transduction of the TGF-§
pathway, which promotes EMT induced by TGF-B[28].

Table 1 miRNA involved in EMT

Exosome comp Cancer Relevant Functi | Referen
onent type targets on ce
miR-346 non-small XPC, t [15]
cell lung Snail EMT
cancer
miR-30a - p53, ' [14,16]
Snail EMT
miR-153 - - | [17]
EMT
miR-92a-3p high PTEN, t [19]
metastatic | Akt/Snail | EMT
liver
cancer
miR-1255b-5p | colorectal | hTERT, ! [22]
cancer B-catenin EMT
miR-1273f liver LHX6 1 [23]
cancer Wnt/B- EMT
catenin
miR-663b cervical TGF- i [24, 25]
carcinoma B1, EMT
MGATS3
miR-128-3p colorectal FOXO0O4 4 [27]
cancer , EMT
TGF-
B/SMAD
JAK/STA
T3
miR-93 lung cancer | NEDDA4L i [28]
, EMT
SMAD2 /
SMAD3
TGF-B

3 MiRNA and Tumor microenvironment
(TME)

Tumor microenvironment (TME) refers to the cellular
environment surrounding the lesion site of the primary
tumor. TME is a complex and heterogencous
environment, including cancer cells, endothelial cells,
immune cells and cancer-related fibroblasts (CAF),

extracellular matrix (ECM), and other substances
secreted in tissue space. Therefore, changes in TME are
closely related to tumor progression[29]. This section
mainly introduces CAF and endothelial cells. The
miRNAs involved in this section are summarized in table
2.

3.1 cancer-related fibroblasts (CAF)

Recent studies have shown that CAF plays a crucial role
in tumorigenesis and metastasis. It is the most abundant
stromal cell in the tumor microenvironment[30]. CAF
promotes tumor cell proliferation by producing ECM
proteins (collagen, fibronectin) and proteases, which
play a significant role in extracellular matrix (ECM)
remodeling [31].

Tumor-derived exosome miRNA plays
an essential role in reprogramming normal fibroblasts
(NF) into CAF. Wang et al. found that gastric cancer
cell-derived exosome miR-27a can bind to the 3'-UTR of
CSRP2 and reduce its protein level. It induces NF
reprogramming to CAF and promotes cancer cells'
proliferation, movement, and metastasis[32]. MiR-9
directly targets E-cadherin (CDHI), resulting in
increased motility and invasiveness of cancer cells.
Meanwhile, Baroni found that in breast cancer, miR-9 is
involved in microenvironment reprogramming by
converting NF to CAF[33]. At the same time, some
experiments have shown that miR-9 delivered to
endothelial cells and effectively reduced SOCS5 levels,
leading to an activated JAK-STAT pathway. This
signaling cascade promoted endothelial cell migration
and tumor angiogenesis[34]. In addition, in Yang's
experiment, exosomes were extracted from normal
breast epithelial cells, breast cancer (BC) cells, and BC
cells with miR-146a overexpression or knockdown using
multi-step differential centrifugation. The morphology
and size of exosomes were observed by TEM and
particle size analysis. Next, Researchers injected BC
mouse models with DIR labeled exosomes. And they
detected the EMT of BC cells by PCR and western blot.
And cell invasion and migration abilities were
determined by scratch test and Transwell assay. It was
finally confirmed that miR-146a in the exosomes of BC
cells could activate the Wnt/B-catenin signaling pathway.
It promotes the transformation of NF into CAF and
changes the tumor microenvironment[35]. Zhou found
that miR-21  decreased PTEN expression in
hepatocellular carcinoma-derived exosomes.
Furthermore, PTEN activated PDKI1/Akt signaling
pathway to transform hepatic stellate cells into CAF[36].
Fang et al. found that miR-1247-3p, an exosomal
miRNA of high metastatic hepatocellular carcinoma, can
target the down-regulation of B4GALT3 (B-1, 4-
galactosyltransferase III). It phosphorylates NF-kB,
which in turn stimulates the B1-integrin-NF-«kB signaling
pathway in NF to activate Pl-integrin, and finally
transforms NF cells into CAF[37]. Fan found that in lung
cancer, miR-210 induces NF reprogramming into pro-
angiogenic CAF by directly targeting TET2 and



E3S Web of Conferences 292, 03089 (2021)
NETID 2021

https://doi.org/10.1051/e3sconf/202129203089

activating the JAK2/STATS3 signaling pathway. Finally,
it promotes lung cancer angiogenesis[38].

3.2 Vascular endothelial cells

Vascular endothelial cells are monolayer flat epithelium
located on the inner surface of the heart, blood vessels,
and lymphatics, constituting the inner wall of blood
vessels. The formation of new blood vessels in tumors is
crucial for tumor progression. In the tumor
microenvironment, the blood vessels supply oxygen and
nutrients necessary for the growth of tumor cells, remove
wastes, and provide a pathway for tumor metastasis.
Studies have found that in breast cancer, lung cancer,
rectal cancer, gastric cancer, chronic myelogenous
leukemia, and other tumors, tumor-derived exosomal
miRNA can change vascular permeability, promote
angiogenesis, and provide a pathway for tumor
metastasis.

In breast cancer cells, Zhou et al. found that
exosomes containing miR-105 reduced the expression of
tight junction protein ZO-1 in endothelial cells.
Furthermore, the tight junction of endothelial cells and
vascular integrity were damaged, and vascular
permeability was enhanced. Finally, tumor cells infiltrate
into the blood vessels and promote the occurrence of
metastasis[39]. In another experiment, Yang found that
exosomes of gastric cancer cells deliver miR-130a to
endothelial cells. They using bioinformatics tools
confirmed that the 3'-UTR of mRNA directly targeted
and down-regulated c-MYB (a transcription factor
involved in various biological behaviors in cells and
closely associated with angiogenesis). Finally,
angiogenesis and tumor metastasis are promoted[40].
Yang et al. found that exosome miR-103 secreted by
HCC cells increased vascular permeability and promoted
tumor metastasis by targeting multiple endothelial
junction proteins[41]. Meanwhile, Zhou found that miR-
155-5p, a melanoma cell-derived exosome, could
activate the pro-angiogenesis of CAF. In turn, the
JAK2/STAT3 signaling pathway was activated to
promote the expression of vascular endothelial growth
factor A (VEGFA), fibroblast growth factor 2 (FGF2),
and matrix metalloproteinase-9 (MMP9). Finally,
angiogenesis is promoted[42]. Hsu et al. found that
hypoxia led to significant upregulation of miR-23a in
exosomes of lung cancer cells. MiR-23a increases
angiogenesis by directly inhibiting its target prolyl
hydroxylases 1 and 2 (pHDI1 and 2), leading to the
accumulation of hypoxia-inducible factor 1a (HIF-1a) in
endothelial cells. At the same time, this study also found
that miR-23a increased vascular permeability by
inhibiting the expression of tight junction protein ZO-1
and provided conditions for transendothelial migration of
cancer cells[43].

Table 2 miRNA related to the tumor microenvironment

Exosome ¢ Cancer Relevant Function Reference
omponent type targets
miR-27a gastric CSRP2 promote [32]
cancer the
formation
of CAF

miR-9 breast CDHI, promote [33, 34]
cancer JAK- the
STAT formation
of CAF,
endothelia
1 cell
migration,
and tumor
angiogene
sis
miR-146a breast Wnt/B- promote [35]
cancer catenin the
formation
of CAF
miR-21 hepatocell PTEN, promote [36]
ular PDK1/AK the
carcinoma T formation
of CAF
miR-1247- highly B4GALT3 promote [37]
3p metastatic s the
hepatocell NF-kB formation
ular of CAF
carcinoma
miR-210 lung JAK2/ST promote [38]
cancer AT3 the
formation
of CAF
miR-105 breast Z01 impaired [39]
cancer vascular
integrity
miR-130a gastric C-MYB promote [40]
cancer angiogene
sis
miR-103 liver A variety enhance [41]
cancer of vascular
endothelia | permeabili
1 ty
connexins
miR-155- melanoma JAK2/ST promote [42]
5p cells AT, angiogene
VEGFA sis
etc.
miR-23a lung PHDI, enhance [43]
cancer PHD2, vascular
70-1 permeabili
ty

4 MiRNA and tumor-associated immune
cells

In the process of tumor metastasis, tumor cells transform
the anti-tumor activity of immune cells through tumor-
derived exosome miRNA, such as affecting the
development and function of dendritic cells, affecting the
differentiation and development of T-lymphocytes, and
regulating the transformation of macrophage subtypes, to
promote their growth and metastasis[44]. The miRNAs
involved in this section are summarized in table 3.

4.1 Dendritic cells (DCs)

Dendritic cells can efficiently deliver antigens. Immature
dendritic cells can capture antigens, recognize and bind
microorganisms, inflammatory factors, viruses, and other
substances through toll-like receptors (TLRs) to activate
and mature[45]. Mature dendritic cells can induce initial
T lymphocytes to differentiate into different subtypes by
secreting specific cytokines and/or costimulatory
molecules [46]. Tumor-derived exosome miRNA can
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affect this process, and then change the monitoring and
clearance function of lymphocytic tumor cells.

Relevant studies have shown that miR-21 and miR-
29a in exosomes of non-small lung cancer cells can
down-regulate the expression of TLRs, thus affecting the
function of T Ilymphocytes and promoting tumor
proliferation and metastasis. The overexpression of miR-
203 in pancreatic cancer can also achieve the same
results[47]. Jin et al. found that in the study of cervical
cancer cells, HMGB1 can promote DC maturation.
Studies have shown that miR-34a can target down-
regulate the expression of HMGBI, thereby inhibiting
DC maturation. Currently, 5-aminolevulinic acid
photodynamic therapy, which is widely used in treating
cervical cancer, achieves the treatment of cervical cancer
by inhibiting miR-34[48].

4.2 T lymphocytes

In the thymic microenvironment, thymocytes recognize
the affinity of T cell receptor (TCR) and peptide MHC
complex (pMHC) on the surface of antigen-presenting
cell (APC) to select the appropriate T cells. Only T cells
with moderate affinity can avoid apoptosis and continue
to mature. According to the phenotype of TCR, mature T
lymphocytes can be divided into CD4" T cells (CD4 +
CDS8 -), CD8" T cell (CD4 - CD8 +)[49].

4.2.1 CD4* T cells

CD4" T cells are important regulators of immune
response and inflammatory diseases[50]. Signals
transmitted by CD4+ T can activate downstream toxic T
cells (CD8" T cells). Thl17 differentiated from initial
CD4" T cells has been proved to have a pro-
inflammatory effect[51]. It has been confirmed that
inflammation plays a significant role in the process of
tumor metastasis[52]. Tumor-derived miRNA can
promote the process of tumor metastasis by influencing
the differentiation of CD4" T cells into pro-inflammatory
phenotype and inducing apoptosis of CD4" T cells.

In the aspect of inflammatory phenotype
transformation: MiR-301a may inhibit the IL-6-induced
STAT3 pathway by downregulating PIAS3 and promote
the formation of Th17[53]. Zhou et al. showed that miR-
29a-3p and miR-21-5p synergistically target STAT3 in
CD4"' T cells. After binding with it, cytokines IL-4, IL-6,
and TNF-a down-regulated expression and up-regulated
expression of anti-inflammatory factor IL-10 lead to the
imbalance of Treg/Thl7, increased phenotypic
differentiation of Th17, and promote the process of
tumor metastasis[54]. In terms of inducing T cell
apoptosis: MiR-690 released from mouse melanoma
cell-derived exosomes to CD4" T cells may
downregulate the expression of anti-apoptotic proteins
Bel-2, Mcl-1, and Bel XL of CD4" T cells, which leads
to CD4' T cell apoptosis[55]. Hsa-miR-20a-5p regulates
JAK/STAT signaling pathway by targeting the JAKI
gene, which leads to the phosphorylation of STAT
protein in CD4" T cells and affects T cell differentiation,
thereby affecting the body's anti-tumor ability[56].

4.2.2 CD8" T cell

CD8" T cells protect the body by eliminating viruses and
cancer cells[57]. The weakening of their functions is not
conducive to the monitoring and clearance of tumors. Ye
et al. found that in NPC-related studies, tumor exosome
miR-24-3p inhibits the regulation of CD4" T cells and
CD8" T cells on tumor pathogenesis by directly targeting
down-regulation of FGF11 expression[58]. Vignard and
his colleagues found that Hsa-miR-498 in melanoma
cell-derived exosomes can reduce the secretion of TNF-a
by CD8" T cells . Thus, the killing effect of CD8" T on
the tumor is reduced; Hsa-miR-3187-3p carried by
melanoma exosomes inhibits the signal transduction in
CD8" T cells and hinders the development of CD8" T
cells by reducing the expression of CD45 and the
dephosphorylation of Src family protein tyrosine
kinases[59].

4.3 Macrophages

In the tumor microenvironment, tumor-associated
macrophages (TAM) exist in M1 and M2 subtypes[60].
M1 is a pro-inflammatory phenotype and has an anti-
cancer function. In contrast, M2 phenotype can promote
tumor cell metastasis by promoting angiogenesis,
mediating cell escape from apoptosis, and inhibiting
adaptive immune response[61, 62]. Macrophages are the
capital immune cells closely related to tumor entry, and
exosomes play a critical role in activating
macrophages[63]. Below, we focus on the association
between exosome miRNA and M2 polarization.
Downregulation of tumor-derived exosome miRNA
on macrophage polarization protein PTEN can lead to
activation of PI3K/Akt and STAT3 signaling pathways
and ultimately enhance the accumulation of tumor-
promoting factors such as IL10, CCL2, and VEGF-A,
and make macrophages transform from tumor inhibition
to tumor promotion. Baig et al. showed that miR-21 was
closely related to the M2 polarization of TAM. Firstly,
miR-21 recruits TAMs through two signaling events: It
promotes the formation of a migration niche. MiR-21
inhibits the expression of tumor suppressors (including
PTEN, PDCD4, IGFBP3, etc.) by directly binding to the
mRNA 3-UTR of macrophages, thus providing
favorable conditions for the formation of pre-migration
niche, and increase the secretion of cancer promoting
factors (such as CCL2, CCL5, and IL-8). The recruited
Tam further recognizes miR-21, leading to the up-
regulation of M2 markers such as Mrcl, CD163, and IL-
10, resulting in M2 polarization, thereby promoting
tumor progression. By regulating the expression of
PTEN, exosome-derived miR-103a in lung cancer
ultimately leads to the accumulation of tumor-promoting
factors such as IL10, CCL2, and VEGF-A, which
reduces the anti-tumor immune response[64]. Liu et al.
found that endoplasmic reticulum stressed hepatoma
cells transfer exosomes miR-23a-3p to macrophages, and
through inhibiting PTEN to activate the PI3K-Akt
pathway, macrophages undergo M2 polarization. That
increases the expression of programmed death receptor 1
(PD-L1) in macrophages, thereby inhibiting T cell
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function and affecting tumor immunity[65]. Zhao et al. Hsa-miR- | melanoma CD45, inhibit [59]
also found a similar regulation mode in the related 3187-3p fSrgl the Sidgnal.
research of colorectal cancer exosomes miR-934: miR- p?g:;gl tragtsl i;llcu
934 induces M2 polarization by downregulating the tyrosine | CD8'T
expression of PTEN and activating PI3K/Akt signaling kinases | cells and
pathway. The research further found that hnRNPA2B1 hl:}’l‘ier
can mediate the packaging of miR-934 into the developm
exosomes of colorectal cancer cells by combining with ent of
the GGAG sequence of miR-934. It also mediates CD8" T
exosomes transfer to macrophages[66]. : cells
On the contrary, tumor-derived exosome miRNA can miR-21 - pI;)ng A mzec‘:rglgga [64]
also transform M2 macrophages into tumor suppressor IGFBP3: ge and
phenotype: In the experimental results on breast cancer Chemoki | promote
cells, Moradi chaleshtori et al. found that overexpression nes efc. M2
of miR-130 and miR-33 in exosomes ingested by breast pOIirIllzatl
cancer cells (MDA-MB-231 cells) can transform M2 miR-103a | lung cancer IL10, promote [64]
polarized TAMs into M1 phenotype, to delay the CCL2, M2
development of tumor[67]. VEGF-A | polarizati
Table 3 immune cell related miRNAs on of
Exosome | Cancertype | Relevant | Function Reference ma(;reosp ha
con;ﬁone targets miR-23a- hepatoma PTEN, promote [65]
miR-21 non-small TLRs affect the [47] 3p PI3K-Akt M2 .
and miR- | lung cancer function P Oéiri)zfa 1
29a of T
lymphoc ma(;reosp ha
tes T
miR-203 pancreatic TLRs afcht.the [47] miR-934 cc)CI:;ce;:;al Pgl;f/]:’kt pr(l)\r/onte (661
cancer fug;t}on ) polarizati
lymphoc hnRNPA on of
yies 2B1 macreospha
miR-34a ca%eclicvrizzllls HMGBI in]l)li(l:)it [48] miR-130 breast - trangsform [67]
. and miR- cancer M2
matt:lratlo 33 polarized
miR-301a = STAT3, | promote [53] ig{gl\fdsl
PIAS3, the . phenotyp
Thl7 formation R
of Th17
miR-29a- - TNF a , promote [54]
Spad A610, o 5 Conclusions
Sp STAT3 of Th17
miR-690 | melanoma Bol-2, lead to [55] Exosome miRNA can regulate the expression of
Mcl-1, CD4" T downstream pathways by blocking target mRNA.
Bel XL cell - MiRNA delivered by tumor exosomes can regulate a
Ty - TAST a:;gz(t’s%s 561 large part of tumor metastasis factors. Also, blocking
20a-5p AT cell related miRNA can inhibit tumor metastasis to a certain
differenti extent. However, due to the complexity of tumor
ation metastasis mechanism and the uncertainty of
miR-24- - FGF11 inhibit (58] experimental conditions in vivo and in vitro, most of the
3 regtuhthi o studies on tumor-derived exosome miRNA are still in the
nof laboratory stage. Most of them are in vitro experiments
CD4" T few can clarify the mechanism.But, it is certain that with
Cé"gsg‘jrf the gradual clarification of the mechanism of miRNA
cells on action, the inhibitors designed for tumor-derived
tumor exosome miRNA will have broad application prospects
pathogen in the future. For example, the combination of multiple
i es1s miRNA inhibitors can achieve the purpose of regulating
HSZ’;I;R' melanoma TNE regluece [59] multiple tumor metastasis pathways. At the same time, it
killing can also solve the problem of tumor drug resistance and
effect of escape caused by the current anti-tumor targeted drugs
Clgng acting on a single target. After clarifying the sorting

pathway of miRNA in exosomes, it can directionally
inhibit miRNA from entering exosomes, thus avoid the
negative effect of miRNA on target cells. Moreover,
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some tumor-derived miRNAs can serve as tumor
markers, which can easily and accurately screen a
specific type of tumor. MiRNA also has a definite
development space in tumor detection.
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