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Exosomal miRNAs as New Players of Cancers: A Mini-Review Study
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Abstract

Context: Exosomes are nano-extracellular vesicles that carry biological molecules, including DNA, RNAs, and proteins, throughout
the body. They can modulate intercellular communications and play key roles in signaling pathways and physiological responses.
In the current review, we focused on exosomal miRNAs’ roles in cancer development.

Evidence Acquisition: This research was garnered from a large number of reports published in PubMed, ScienceDirect, Springer,
Islamic Science Citation, and Magiran databases from 2000 to 2021. The keywords used were exosome, cancer, and microRNA.
Results: The roles of exosomes in disease development and cancer have been investigated in several studies. It is revealed that
exosome components such as microRNAs contribute to cancer-related processes, including cancer cell proliferation, metastasis,
and angiogenesis.

Conclusions: The findings showed that we could propose exosomes as cancer therapeutic targets and diagnostic biomarkers.
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. Context to 2021. The keywords used included “exosome”, “cancer”,

and “microRNA”. Figure 1 displays the number of refer-
In 1987, the term exosome was used for the first time  epces used in each section.

as small nanovesicles (about 30 - 100 nm) containing un-
wanted proteins in the time of converting reticulocytes
to mature erythrocytes (1-3). It has been proved that exo-
somes play significant roles and could originate from var-
ious kinds of cells such as dendritic cells, stem cells, and
endothelial cells (2, 3). These small vesicles can carry DNA,
RNAs, proteins, and lipids throughout body fluids and are
involved in physiological and pathological conditions (4,
5) through their contents, such as microRNAs (MiRNAs).

MiRNAs are non-coding RNAs that can control approx-
imately 30-60% of all protein-coding genes through post-
transcriptional mechanisms. MiRNAs usually bind to the
3'UTR of their target mRNAs and lead to the suppression of
translation or RNA degradation (2, 3, 6).

In this study, we reviewed recent reports on the promi-
nence of exosomal-miRNAs (exomiRs)in the diagnosis and

[

3. Results

3.1. ExomiRs in Cancer

ExomiRs are miRNAs are selectively packaged, se-
creted, and transferred within exosomes. Exosomes and
their contents can modulate the connection between can-
cer cells and their neighboring cells that results in can-
cer progression, metastasis, angiogenesis, and chemore-
sistance (Figure 2) (7-11). Fabbri et al. reported that exo-
miR-21and exo-miR-29 can upturn cancer cell proliferation
and metastasis through binding to immune cell toll-like
receptors (TRLs) and activate the TRL-mediated NF-KB sig-
naling pathway (12). Moreover, it was revealed that exo-
miR-21 can target PDCD4 and activate its downstream c-
Jun N-terminal kinase (JNK) signaling pathway, which en-

treatment of cancers. hance the invasion and migration of cancerous esophageal

cells (13). Exo-miR-21 can also promote vascular endothelial

2. Evidence Acquisition growth factor (VEGF) through a STAT3-dependent mecha-
nism (14).

This research was conducted using a large number of Furthermore, it is revealed that exo-miR-122 can boost

reports published in PubMed, ScienceDirect, Springer, Is- metastasis by reprogramming the metabolism pathway of

lamic Science Citation, and Magiran databases from 2000 glucose in the pre-metastatic niche. On the other hand,
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Figure 1. The evidence acquisition data diagram: In each box the number of related references are mentioned.
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Figure 2. Schematic figure for presenting the cellular/ biological roles of ExomiRNAs
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it is indicated that the inhibition of miR-122 leads to the
restoration of glucose uptake and repressing metastasis

(15).

3.2. ExomiRs and Tumor Proliferation

Alteration in the expression and/or activity of proteins
involved in the cell cycle and apoptosis cause tumor pro-
liferation. Exosome contents could create these alterna-
tions. For instance, gastric cancer mesenchymal stem cells
(GCMSC) derived exosomes deliver miR-221, which could
develop cancer. Exo-miR-21 originates from macrophages,
sticks to BGC-823, and reduces apoptosis (16). Exo-miR-
584, derived from hepatocellular carcinoma cells (HCC),
can downregulate TGF-B activated kinase-1 (TAK1), a criti-
cal hepatocarcinogenesis inhibitor via the suppression of
the telomerase reverse transcriptase gene. Therefore, miR-
584 can indirectly promote tumor proliferation (17). Exo-
miR-1246 from 2-Gy-irradiated BEP2D cells can also dam-
age DNA by suppressing DNA ligase 4 (LIG4) and inhibit
non-irradiated cell proliferation (18). Some of the other ex-
omiRs correlating with tumor proliferation are presented
in Table 1.

3.3. ExomiRs and Tumor Angiogenesis

Tumor angiogenesis consists of multiple steps: the
first step commences when the vessel’s basement mem-
brane is degraded. Next, endothelial cells are prolifer-
ated, migrated, sprouted, branched, and formatted tubes
(23). MiR-210 and miR-21 are two types of exomiRs that
induce angiogenesis. MiR-210 activates EphrinA3 in stro-
mal cells and promotes angiogenesis. Exo-miR-21is also se-
creted from bronchial epithelial cells and activates STAT3
(24). STAT3 regulates the expression of basic fibroblast
growth factor (bFGF) and several matrix metalloproteinase
family members such as MMP-2 and MMP-9, which are in-
volved in angiogenesis (25, 26). The up-regulation of ac-
tive STAT3 in transgenic mice can enhance the expression
of VE-cadherin, which is critical for VEGF function. In con-
clusion, STAT3 can up-regulate VE-cadherin during angio-
genesis and conserve the stability of the vessel wall (27, 28).

3.4. ExomiRs and Tumor Metastasis

Metastasis is the manipulation of the cellular microen-
vironment for optimizing conditions for the local and dis-
tant deposition and growth of tumor cells (29). Exosomes
can affect endothelial proliferation, permeabilization, an-
giogenesis, and different steps of the metastatic cascade
(30). For instance, miR-21 activates PDCD4 in BGC-823 cells
and promotes migration in gastric cancer (31). PDCD4 as a
tumor suppressor gene inhibits tumor cell growth, apop-
tosis, invasion, and metastasis. PDCD4 protein attaches to
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the translation initiation factor elF4A and modulates the
function of the binding partners (32). Zhou et al. reported
that miR-105 can target Zo-1 protein in endothelial cells,
destroys tight junction and leads to metastasis in breast
cancer (33). Another study indicated that following hep-
atoma cell damage treated by apoptotic agent, the expres-
sion level of exo-miR-122-5P and cell mobility are promoted
through SDC1 downregulation (33). Some of these exomiRs
are presented in Table 2.

3.5. Application of Exosomes in Cancer Research

3.5.1. Diagnosis Biomarkers

There are various kinds of biomarkers for cancer di-
agnosis. Since tissue biomarkers need invasive proce-
dures, researchers have tried to find novel alternative fluid
biomarkers. Some of these biomarkers, such as proteins
and nucleic acids, have low stability in the body fluids (31).
Therefore, they are not as effective as diagnostic biomark-
ers. Exosomes as novel biomarkers have high stability, and
due to carrying a wide range of macromolecules, provide
lots of information about the tumor. Furthermore, exo-
somes can protect their content from nuclease and pro-
tease activity (11, 38).

Various studies have investigated the application of ex-
omiRs in cancer diagnosis. For example, miR 19b 3p and
miR106a 5 are considered biomarkers for the diagnosis of
gastric cancer (16,39). Moreover, high levels of exo-miR18a,
miR 221, miR 222, and miR 224 in HCC patients can be used
for diagnosis (10). Huang et al. also demonstrated that
miR-375 and miR-1290 upregulation was associated with
poor overall survival in patients with castration-resistant
prostate cancer and can be used as prognostic biomark-
ers. Moreover, a significant association was reported be-
tween exo-miR-21 and overall survival in ovarian cancer.
Hence, this exomiR can be used as a prognostic biomarker
among ovarian cancer patients (40). In 2015, Pfeffer et
al. demonstrated that miR-17, miR-19a, miR-21, miR-126,
and miR-149 are up-regulated in the plasma-derived exo-
somes of metastatic melanoma patients (41). In addition,
it was reported that exo-miR-181b-5p, miR-361b-5p, miR-
10b-5p, and miR-320b could be used to distinguish NSCLC
patients from non-NSCLC individuals (42). Also, the ex-
pression levels of exosomal miR-21 and miR-1246 were in-
creased in patients with esophageal squamous cell carci-
noma (ESCC) compared with healthy individuals (43). An
interesting study indicated that exosomal miR-21 level in
the cerebrospinal fluid (CSF) of glioma patients was signif-
icantly higher than healthy controls, and it could serve as
a distinguishing parameter (23).
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Table 1. Exosomal miRNAs and Their Roles in Tumor Proliferation

Exo-miR Target Gene(s) Function References

MiR-30a WNT2/FZD2 MiR-30a-3p/5p down-regulation can active Wnt signaling pathway in (19)
esophageal squamous cell carcinoma (ESCC)

MiR-122-5p and MiR-193b-3p Closely related to pancreatic cancer via p53 and TGF-beta signaling pathways 1)

MiR-124/-145 SCP-1/Sox2 Decreasing self-renewal of glioma stem cells (20)

MiR-127-3p Bcl-associated athanogene 5(BAG5) Suppression of BAG5 and BAG5 upregulation improve the tumor-suppressive (21)
effects of miR-127-3P

MiR-202-3p c-FosATM Enhancing the proliferation of tumor cells (22)

Table 2. Exo-miRs and Their Roles in Tumor Metastasis

Exo-miRs Target Gene(s) Function References

MiR-92a Integrin a5 Enhancing endothelial cell migration and tube formation (34)

MiR-124/145 SCP-1/Sox2 Decreasing the migration and self-renewal of glioma cells (35)

MiR-222 P27kip1 Activating the PI3K/AKT (36)

MiR-24-3p, 891a and 106a-5p MARK1 Alternation of T-cell proliferation and differentiation (37)

3.5.2. Therapeutic Agents

In recent decades, exosomes have been used for the de-
velopment of new therapeutic techniques such as trans-
ferring anticancer drugs or RNAs (siRNA and miRNA). Bio-
compatibility, non-cytotoxicity, low immunogenicity, sim-
ple manipulating, easy storage, and long life span are
listed as the advantages of exosomes. They are also nano-
scale vesicles that can escape from lung clearance and pass
through the blood-brain barrier. The roles of exosomes
as therapeutic agents have been investigated by numer-
ous researchers (44-48). For example, Akao et al. used an
exosome-mediated RNA molecule delivery system to de-
liver miR-143BDs in xenografted nude mice (49). Alvarez-
Erviti et al. showed that Lamp2b, an exosomal membrane
protein, binds to a neuron-penetrating RVG peptide in den-
dritic cells isolated from mice. These exosomes were load-
ing with exogenous siRNA to GAPDH by electroporation
(50).

On the other hand, exosomes are involved in im-
munomodulation and cancer cell resistance to chemother-
apy agents (45). For instance, the enrichment of exoso-
mal miR-1246 in colon cancer cells induced the reprogram-
ming of macrophages into a tumor microenvironment
(51). Moreover, exosomal miR-34a elevated the docetaxel
sensitivity of prostate cancer cells by regulating Bcl-2 (52).
Also, the expression of exosomal miR-146a-5p was reduced
in NSCLC cells during the process of cisplatin drug resis-
tance (53).

4. Conclusions

Exosomes play critical roles in signal transduction be-
tween tumor cells and their environment. Exosomal miR-
NAs are nominated as a novel class of cancer mediators.
Emerging evidence has proved that these non-coding RNAs
can affect tumor progression and metastasis. Hence, the
availability of exomiRs in different biofluids may candi-
date them as promising cancer biomarkers. On the other
hand, based on the roles of miRNAs in cancer-related pro-
cesses, there are different approaches to using miRNAs as
therapeutic agents.

Footnotes

Authors’ Contribution: All authors have contributed
equally and agreed on the content of the manuscript.

Conflict of Interests: The authors declare that there are
no conflicts of interest.

Funding/Support: There is no funding support.

References

1. Friedman RC, Farh KK, Burge CB, Bartel DP. Most mammalian mR-
NAs are conserved targets of microRNAs. Genome Res. 2009;19(1):92-
105. doi: 10.1101/gr.082701.108. [PubMed: 18955434]. [PubMed Central:
PMC2612969)].

2. Friel AM, Corcoran C, Crown ], O'Driscoll L. Relevance of circulating
tumor cells, extracellular nucleic acids, and exosomes in breast can-
cer. Breast Cancer Res Treat. 2010;123(3):613-25. doi: 10.1007/s10549-010-
0980-2. [PubMed: 20549336].

3. Keller S, Sanderson MP, Stoeck A, Altevogt P. Exosomes: From
biogenesis and secretion to biological function. Immunol Lett.
2006;107(2):102-8. doi:  10.1016/j.imlet.2006.09.005. [PubMed:
17067686].

Gene Cell Tissue. 2022; 9(3):e115619.


http://dx.doi.org/10.1101/gr.082701.108
http://www.ncbi.nlm.nih.gov/pubmed/18955434
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2612969
http://dx.doi.org/10.1007/s10549-010-0980-2
http://dx.doi.org/10.1007/s10549-010-0980-2
http://www.ncbi.nlm.nih.gov/pubmed/20549336
http://dx.doi.org/10.1016/j.imlet.2006.09.005
http://www.ncbi.nlm.nih.gov/pubmed/17067686

Ashoory R and Mollaei H

10.

1.

13.

14.

16.

17.

18.

. Alvarez ML, Khosroheidari M, Kanchi Ravi R, DiStefano JK. Compar-

ison of protein, microRNA, and mRNA yields using different meth-
ods of urinary exosome isolation for the discovery of kidney disease
biomarkers. Kidney Int. 2012;82(9):1024-32. doi: 10.1038/ki.2012.256.
[PubMed: 22785172].

. Dechow TN, Pedranzini L, Leitch A, Leslie K, Gerald WL, Linkov I, et

al. Requirement of matrix metalloproteinase-9 for the transforma-
tion of human mammary epithelial cells by Stat3-C. Proc Natl Acad Sci
U S A. 2004;101(29):10602-7. doi: 10.1073/pnas.0404100101. [PubMed:
15249664]. [PubMed Central: PMC489981].

. KobayashiM, Salomon C, Tapia ], Illanes SE, Mitchell MD, Rice GE. Ovar-

ian cancer cell invasiveness is associated with discordant exosomal
sequestration of Let-7 miRNA and miR-200. ] Trans! Med. 2014;12:4.
doi: 10.1186[1479-5876-12-4. [PubMed: 24393345]. [PubMed Central:
PM(C3896684].

. De Toro ], Herschlik L, Waldner C, Mongini C. Emerging roles of exo-

somes in normal and pathological conditions: new insights for di-
agnosis and therapeutic applications. Front Immunol. 2015;6:203. doi:
10.3389/fimmu.2015.00203. [PubMed: 25999947|. [PubMed Central:
PMC4418172].

. Hannafon BN, Trigoso YD, Calloway CL, Zhao YD, Lum DH, Welm

AL, et al. Plasma exosome microRNAs are indicative of breast can-
cer. Breast Cancer Res. 2016;18(1):90. doi: 10.1186/513058-016-0753-X.
[PubMed: 27608715]. [PubMed Central: PMC5016889].

. Richards KE, Zeleniak AE, Fishel ML, Wu ], Littlepage LE, Hill R.

Cancer-associated fibroblast exosomes regulate survival and pro-
liferation of pancreatic cancer cells. Oncogene. 2017;36(13):1770-8.
doi: 10.1038/0onc.2016.353. [PubMed: 27669441]. [PubMed Central:
PMC5366272].

Sohn W, Kim ], Kang SH, Yang SR, Cho JY, Cho HC, et al. Serum
exosomal microRNAs as novel biomarkers for hepatocellular carci-
noma. Exp Mol Med. 2015;47. e184. doi: 10.1038/emm.2015.68. [PubMed:
26380927|. [PubMed Central: PMC4650928].

Mollaei H, Safaralizadeh R, Pouladi N. A brief review of exo-
somes and their roles in cancer. Meta Gene. 2017;11:70-4. doi:
10.1016/j.mgene.2016.11.010.

. Fabbri M, Paone A, Calore F, Galli R, Gaudio E, Santhanam R, et al.

MicroRNAs bind to Toll-like receptors to induce prometastatic in-
flammatory response. Proc Natl Acad Sci U S A. 2012;109(31):E2110-6.
doi: 10.1073/pnas.1209414109. [PubMed: 22753494]. [PubMed Central:
PMC3412003].

Liao], Liu R, Shi Y], Yin LH, Pu YP. Exosome-shuttling microRNA-21 pro-
motes cell migration and invasion-targeting PDCD4 in esophageal
cancer. Int | Oncol. 2016;48(6):2567-79. doi: 10.3892/ij0.2016.3453.
[PubMed: 27035745].

Liu Y, Luo F, Wang B, Li H, Xu Y, Liu X, et al. STAT3-regulated ex-
osomal miR-21 promotes angiogenesis and is involved in neoplas-
tic processes of transformed human bronchial epithelial cells. Can-
cer Lett. 2016;370(1):125-35. doi: 10.1016/j.canlet.2015.10.011. [PubMed:
26525579].

. Fong MY, Zhou W, Liu L, Alontaga AY, Chandra M, Ashby J, et al.

Breast-cancer-secreted miR-122 reprograms glucose metabolism
in premetastatic niche to promote metastasis. Nat Cell Biol.
2015;17(2):183-94. doi:  10.1038/ncb3094. [PubMed: 25621950].
[PubMed Central: PMC4380143].

Wang N, Wang L, Yang Y, Gong L, Xiao B, Liu X. A serum ex-
osomal microRNA panel as a potential biomarker test for gas-
tric cancer. Biochem Biophys Res Commun. 2017;493(3):1322-8. doi:
10.1016/j.bbrc.2017.10.003. [PubMed: 28986250].

Kogure T, Lin WL, Yan IK, Braconi C, Patel T. Intercellular nanovesicle-
mediated microRNA transfer: a mechanism of environmental
modulation of hepatocellular cancer cell growth. Hepatology.
2011;54(4):1237-48. doi: 10.1002/hep.24504. [PubMed: 21721029].
[PubMed Central: PMC3310362].

Mo L], Song M, Huang QH, Guan H, Liu XD, Xie DF, et al. Exosome-
packaged miR-1246 contributes to bystander DNA damage by target-

Gene Cell Tissue. 2022; 9(3):e115619.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

ing LIG4. Br] Cancer. 2018;119(4):492-502. doi: 10.1038/541416-018-0192-
9. [PubMed: 30038324]. [PubMed Central: PMC6134031].

. Chiam K, Wang T, Watson DI, Mayne GC, Irvine TS, Bright T, et al.

Circulating serum exosomal miRNAs as potential biomarkers for
esophageal adenocarcinoma. | Gastrointest Surg. 2015;19(7):1208-15.
doi: 10.1007/s11605-015-2829-9. [PubMed: 25943911].

Lewis BP, Burge CB, Bartel DP. Conserved seed pairing, often flanked
by adenosines, indicates that thousands of human genes are mi-
croRNA targets. Cell. 2005;120(1):15-20. doi: 10.1016/j.cell.2004.12.035.
[PubMed: 15652477].

Bi L, Yang Q, Yuan ], Miao Q, Duan L, Li F, et al. MicroRNA-127-3p acts
as a tumor suppressor in epithelial ovarian cancer by regulating the
BAGS5 gene. Oncol Rep. 2016;36(5):2563-70. doi: 10.3892/01.2016.5055.
[PubMed: 27571744].

Farahani M, Rubbi C, Liu L, Slupsky JR, Kalakonda N. CLL exosomes
modulate the transcriptome and behaviour of recipient stromal cells
and are selectively enriched in miR-202-3p. PLoS One. 2015;10(10).
€0141429. doi: 10.1371/journal.pone.0141429. [PubMed: 26509439].
[PubMed Central: PMC4625016].

Shi R, Wang PY, Li XY, Chen JX, Li Y, Zhang XZ, et al. Exoso-
mal levels of miRNA-21 from cerebrospinal fluids associated with
poor prognosis and tumor recurrence of glioma patients. Onco-
target. 2015;6(29):26971-81. doi: 10.18632/oncotarget.4699. [PubMed:
26284486]. [PubMed Central: PMC4694967].

Cui H, Seubert B, Stahl E, Dietz H, Reuning U, Moreno-Leon L, et al. Tis-
sue inhibitor of metalloproteinases-1induces a pro-tumourigenic in-
crease of miR-210 in lung adenocarcinoma cells and their exosomes.
Oncogene. 2015;34(28):3640-50. doi: 10.1038/onc.2014.300. [PubMed:
25263437].

Xie TX, Huang FJ, Aldape KD, Kang SH, Liu M, Gershenwald JE, et al.
Activation of stat3 in human melanoma promotes brain metastasis.
Cancer Res. 2006;66(6):3188-96. doi: 10.1158/0008-5472.CAN-05-2674.
[PubMed: 16540670].

Xie TX, Wei D, Liu M, Gao AC, Ali-Osman F, Sawaya R, et al. Stat3 ac-
tivation regulates the expression of matrix metalloproteinase-2 and
tumor invasion and metastasis. Oncogene. 2004;23(20):3550-60. doi:
10.1038/sj.onc.1207383. [PubMed: 15116091].

Dejana E, Spagnuolo R, Bazzoni G. Interendothelial junctions and
their role in the control of angiogenesis, vascular permeability
and leukocyte transmigration. Thromb Haemost. 2001;86(1):308-15.
[PubMed: 11487019].

Osugi T, Oshima Y, Fujio Y, Funamoto M, Yamashita A, Negoro S,
et al. Cardiac-specific activation of signal transducer and activator
of transcription 3 promotes vascular formation in the heart. J Biol
Chem. 2002;277(8):6676-81. doi: 10.1074/jbc.M108246200. [PubMed:
11744720].

Hood JL, San RS, Wickline SA. Exosomes released by melanoma cells
prepare sentinel lymph nodes for tumor metastasis. Cancer Res.
2011;71(11):3792-801. doi: 10.1158/0008-5472.CAN-10-4455‘ [PubMed:
21478294].

Gomes FG, Nedel F, Alves AM, Nor JE, Tarquinio SB. Tumor an-
giogenesis and lymphangiogenesis: tumor/endothelial crosstalk
and cellular/microenvironmental signaling mechanisms. Life Sci.
2013;92(2):101-7. doi: 10.1016/j.1fs.2012.10.008. [PubMed: 23178150].
[PubMed Central: PMC3740377].

Yu S, Cao H, Shen B, Feng ]. Tumor-derived exosomes in cancer
progression and treatment failure. Oncotarget. 2015;6(35):37151-68.
doi: 10.18632/oncotarget.6022. [PubMed: 26452221]. [PubMed Central:
PMC4741921].

Aravind L, Koonin EV. Eukaryote-specific domains in translation
initiation factors: implications for translation regulation and
evolution of the translation system. Genome Res. 2000;10(8):1172-
84. doi: 10.1101/gr.10.8.1172. [PubMed: 10958635]. [PubMed Central:
PMC310937].

Zhou X, LuZ,Wang T, Huang Z, Zhu W, Miao Y. Plasma miRNAs in diag-


http://dx.doi.org/10.1038/ki.2012.256
http://www.ncbi.nlm.nih.gov/pubmed/22785172
http://dx.doi.org/10.1073/pnas.0404100101
http://www.ncbi.nlm.nih.gov/pubmed/15249664
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC489981
http://dx.doi.org/10.1186/1479-5876-12-4
http://www.ncbi.nlm.nih.gov/pubmed/24393345
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3896684
http://dx.doi.org/10.3389/fimmu.2015.00203
http://www.ncbi.nlm.nih.gov/pubmed/25999947
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4418172
http://dx.doi.org/10.1186/s13058-016-0753-x
http://www.ncbi.nlm.nih.gov/pubmed/27608715
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5016889
http://dx.doi.org/10.1038/onc.2016.353
http://www.ncbi.nlm.nih.gov/pubmed/27669441
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5366272
http://dx.doi.org/10.1038/emm.2015.68
http://www.ncbi.nlm.nih.gov/pubmed/26380927
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4650928
http://dx.doi.org/10.1016/j.mgene.2016.11.010
http://dx.doi.org/10.1073/pnas.1209414109
http://www.ncbi.nlm.nih.gov/pubmed/22753494
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3412003
http://dx.doi.org/10.3892/ijo.2016.3453
http://www.ncbi.nlm.nih.gov/pubmed/27035745
http://dx.doi.org/10.1016/j.canlet.2015.10.011
http://www.ncbi.nlm.nih.gov/pubmed/26525579
http://dx.doi.org/10.1038/ncb3094
http://www.ncbi.nlm.nih.gov/pubmed/25621950
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4380143
http://dx.doi.org/10.1016/j.bbrc.2017.10.003
http://www.ncbi.nlm.nih.gov/pubmed/28986250
http://dx.doi.org/10.1002/hep.24504
http://www.ncbi.nlm.nih.gov/pubmed/21721029
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3310362
http://dx.doi.org/10.1038/s41416-018-0192-9
http://dx.doi.org/10.1038/s41416-018-0192-9
http://www.ncbi.nlm.nih.gov/pubmed/30038324
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6134031
http://dx.doi.org/10.1007/s11605-015-2829-9
http://www.ncbi.nlm.nih.gov/pubmed/25943911
http://dx.doi.org/10.1016/j.cell.2004.12.035
http://www.ncbi.nlm.nih.gov/pubmed/15652477
http://dx.doi.org/10.3892/or.2016.5055
http://www.ncbi.nlm.nih.gov/pubmed/27571744
http://dx.doi.org/10.1371/journal.pone.0141429
http://www.ncbi.nlm.nih.gov/pubmed/26509439
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4625016
http://dx.doi.org/10.18632/oncotarget.4699
http://www.ncbi.nlm.nih.gov/pubmed/26284486
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4694967
http://dx.doi.org/10.1038/onc.2014.300
http://www.ncbi.nlm.nih.gov/pubmed/25263437
http://dx.doi.org/10.1158/0008-5472.CAN-05-2674
http://www.ncbi.nlm.nih.gov/pubmed/16540670
http://dx.doi.org/10.1038/sj.onc.1207383
http://www.ncbi.nlm.nih.gov/pubmed/15116091
http://www.ncbi.nlm.nih.gov/pubmed/11487019
http://dx.doi.org/10.1074/jbc.M108246200
http://www.ncbi.nlm.nih.gov/pubmed/11744720
http://dx.doi.org/10.1158/0008-5472.CAN-10-4455
http://www.ncbi.nlm.nih.gov/pubmed/21478294
http://dx.doi.org/10.1016/j.lfs.2012.10.008
http://www.ncbi.nlm.nih.gov/pubmed/23178150
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3740377
http://dx.doi.org/10.18632/oncotarget.6022
http://www.ncbi.nlm.nih.gov/pubmed/26452221
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4741921
http://dx.doi.org/10.1101/gr.10.8.1172
http://www.ncbi.nlm.nih.gov/pubmed/10958635
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC310937

Ashoory R and Mollaei H

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

nosis and prognosis of pancreatic cancer: A miRNA expression anal-
ysis. Gene. 2018;673:181-93. doi: 10.1016/j.gene.2018.06.037. [PubMed:
29913239].

Umezu T, Ohyashiki K, Kuroda M, Ohyashiki JH. Leukemia cell to
endothelial cell communication via exosomal miRNAs. Oncogene.
2013;32(22):2747-55. doi: 10.1038/onc.2012.295. [PubMed: 22797057].
Lee HK, Finniss S, Cazacu S, Bucris E, Ziv-Av A, Xiang C, et al. Mesenchy-
mal stem cells deliver synthetic microRNA mimics to glioma cellsand
glioma stem cells and inhibit their cell migration and self-renewal.
Oncotarget. 2013;4(2):346-61. doi: 10.18632/oncotarget.868. [PubMed:
23548312]. [PubMed Central: PMC3712579].

Felicetti F, De Feo A, Coscia C, Puglisi R, Pedini F, Pasquini L, et al.
Exosome-mediated transfer of miR-222 is sufficient to increase tumor
malignancy in melanoma.  Trans! Med. 2016;14:56. doi: 10.1186/s12967-
016-0811-2. [PubMed: 26912358]. [PubMed Central: PMC4765208].

Ye SB, Li ZL, Luo DH, Huang BJ, Chen YS, Zhang XS, et al. Tumor-
derived exosomes promote tumor progression and T-cell dysfunc-
tion through the regulation of enriched exosomal microRNAs in
human nasopharyngeal carcinoma. Oncotarget. 2014;5(14):5439-52.
doi: 10.18632/oncotarget.2118. [PubMed: 24978137]. [PubMed Central:
PMC4170615].

Liang B, Peng P, Chen S, Li L, Zhang M, Cao D, et al. Characteriza-
tion and proteomic analysis of ovarian cancer-derived exosomes. |
Proteomics. 2013;80:171-82. doi: 10.1016/j.jprot.2012.12.029. [PubMed:
23333927].

Tokuhisa M, Ichikawa Y, Kosaka N, Ochiya T, Yashiro M, Hirakawa K, et
al. Exosomal miRNAs from peritoneum lavage fluid as potential prog-
nostic biomarkers of peritoneal metastasis in gastric cancer. PLoS
One.2015;10(7). e0130472. doi: 10.1371/journal.pone.0130472. [PubMed:
26208314]. [PubMed Central: PMC4514651].

Huang X, Yuan T, Liang M, Du M, Xia S, Dittmar R, et al.
Exosomal miR1290 and miR375 as prognostic markers in
castration-resistant prostate cancer. Eur Urol. 2015;67(1):33-41. doi:
10.1016/j.eururo.2014.07.035. [PubMed: 25129854]. [PubMed Central:
PMC4252606].

Pfeffer SR, Grossmann KF, Cassidy PB, Yang CH, Fan M, Kopelovich
L, et al. Detection of exosomal miRNAs in the plasma of melanoma
patients. | Clin Med. 2015;4(12):2012-27. doi: 10.3390[jcm4121957.
[PubMed: 26694476]. [PubMed Central: PMC4693157].

Jin X, Chen Y, Chen H, Fei S, Chen D, Cai X, et al. Evaluation of
tumor-derived exosomal miRNA as potential diagnostic biomark-
ers for early-stage non-small cell lung cancer using next-generation
sequencing. Clin Cancer Res. 2017;23(17):5311-9. doi: 10.1158/1078-
0432.CCR-17-0577. [PubMed: 28606918].

Tanaka Y, Kamohara H, Kinoshita K, Kurashige J, Ishimoto T, Iwatsuki

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

M, et al. Clinical impact of serum exosomal microRNA-21 as a clinical
biomarker in human esophageal squamous cell carcinoma. Cancer.
2013;119(6):1159-67. doi: 10.1002/cncr.27895. [PubMed: 23224754].

Ge Q,Zhou Y, Lu ], Bai Y, Xie X, Lu Z. miRNA in plasma exosome is sta-
ble under different storage conditions. Molecules. 2014;19(2):1568-75.
doi: 10.3390/molecules19021568. [PubMed: 24473213]. [PubMed Cen-
tral: PMC6271968].

Wang M, Yu F, Ding H, Wang Y, Li P, Wang K. Emerging function
and clinical values of exosomal microRNAs in cancer. Mol Ther Nu-
cleic Acids. 2019;16:791-804. doi: 10.1016/j.0mtn.2019.04.027. [PubMed:
31163321]. [PubMed Central: PMC6545365].

Tang LB, Ma SX, Chen ZH, Huang QY, Wu LY, Wang Y, et al. Exoso-
mal microRNAs: Pleiotropic impacts on breast cancer metastasis and
their clinical perspectives. Biology (Basel). 2021;10(4). doi: 10.3390/bi-
ology10040307. [PubMed: 33917233]. [PubMed Central: PMC8067993].
Sempere LF, Keto ], Fabbri M. Exosomal microRNAs in breast
cancer towards diagnostic and therapeutic applications. Cancers
(Basel). 2017;9(7). doi: 10.3390/cancers9070071. [PubMed: 28672799].
[PubMed Central: PMC5532607].

Hu C, Meiners S, Lukas C, Stathopoulos GT, Chen ]. Role of exosomal
microRNAs in lung cancer biology and clinical applications. Cell Pro-

liferation. 2020;53(6). doi: 10.1111/cpr.12828.

Akao Y, lio A, Itoh T, Noguchi S, Itoh Y, Ohtsuki Y, et al
Microvesicle-mediated RNA molecule delivery system us-
ing monocytes/macrophages. Mol Ther. 2011;19(2):395-9. doi:
10.1038/mt.2010.254. [PubMed:  21102562]. [PubMed Central:
PMC3034851].

Alvarez-Erviti L, Seow Y, Yin H, Betts C, Lakhal S, Wood M]. De-
livery of siRNA to the mouse brain by systemic injection of tar-
geted exosomes. Nat Biotechnol.2011;29(4):341-5. doi: 10.1038/nbt.1807.
[PubMed: 21423189

Cooks T, Pateras IS, Jenkins LM, Patel KM, Robles Al, Morris ], et al.
Mutant p53 cancers reprogram macrophages to tumor supporting
macrophages via exosomal miR-1246. Nat Commun. 2018;9(1):771. doi:
10.1038/s41467-018-03224-w. [PubMed: 29472616]. [PubMed Central:
PMC5823939].

Corcoran C, Rani S, O’'Driscoll L. miR-34a is an intracellular and exoso-
mal predictive biomarker for response to docetaxel with clinical rel-
evance to prostate cancer progression. Prostate. 2014;74(13):1320-34.
doi: 10.1002/pros.22848. [PubMed: 25053345].

Yuwen DL, Sheng BB, Liu ], Wenyu W, Shu YQ. MiR-146a-5p level
in serum exosomes predicts therapeutic effect of cisplatin in non-
small cell lung cancer. Eur Rev Med Pharmacol Sci. 2017;21(11):2650-8.
[PubMed: 28678319].

Gene Cell Tissue. 2022; 9(3):e115619.


http://dx.doi.org/10.1016/j.gene.2018.06.037
http://www.ncbi.nlm.nih.gov/pubmed/29913239
http://dx.doi.org/10.1038/onc.2012.295
http://www.ncbi.nlm.nih.gov/pubmed/22797057
http://dx.doi.org/10.18632/oncotarget.868
http://www.ncbi.nlm.nih.gov/pubmed/23548312
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3712579
http://dx.doi.org/10.1186/s12967-016-0811-2
http://dx.doi.org/10.1186/s12967-016-0811-2
http://www.ncbi.nlm.nih.gov/pubmed/26912358
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4765208
http://dx.doi.org/10.18632/oncotarget.2118
http://www.ncbi.nlm.nih.gov/pubmed/24978137
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4170615
http://dx.doi.org/10.1016/j.jprot.2012.12.029
http://www.ncbi.nlm.nih.gov/pubmed/23333927
http://dx.doi.org/10.1371/journal.pone.0130472
http://www.ncbi.nlm.nih.gov/pubmed/26208314
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4514651
http://dx.doi.org/10.1016/j.eururo.2014.07.035
http://www.ncbi.nlm.nih.gov/pubmed/25129854
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4252606
http://dx.doi.org/10.3390/jcm4121957
http://www.ncbi.nlm.nih.gov/pubmed/26694476
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4693157
http://dx.doi.org/10.1158/1078-0432.CCR-17-0577
http://dx.doi.org/10.1158/1078-0432.CCR-17-0577
http://www.ncbi.nlm.nih.gov/pubmed/28606918
http://dx.doi.org/10.1002/cncr.27895
http://www.ncbi.nlm.nih.gov/pubmed/23224754
http://dx.doi.org/10.3390/molecules19021568
http://www.ncbi.nlm.nih.gov/pubmed/24473213
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6271968
http://dx.doi.org/10.1016/j.omtn.2019.04.027
http://www.ncbi.nlm.nih.gov/pubmed/31163321
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6545365
http://dx.doi.org/10.3390/biology10040307
http://dx.doi.org/10.3390/biology10040307
http://www.ncbi.nlm.nih.gov/pubmed/33917233
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8067993
http://dx.doi.org/10.3390/cancers9070071
http://www.ncbi.nlm.nih.gov/pubmed/28672799
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5532607
http://dx.doi.org/10.1111/cpr.12828
http://dx.doi.org/10.1038/mt.2010.254
http://www.ncbi.nlm.nih.gov/pubmed/21102562
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3034851
http://dx.doi.org/10.1038/nbt.1807
http://www.ncbi.nlm.nih.gov/pubmed/21423189
http://dx.doi.org/10.1038/s41467-018-03224-w
http://www.ncbi.nlm.nih.gov/pubmed/29472616
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5823939
http://dx.doi.org/10.1002/pros.22848
http://www.ncbi.nlm.nih.gov/pubmed/25053345
http://www.ncbi.nlm.nih.gov/pubmed/28678319

	Abstract
	1. Context
	2. Evidence Acquisition
	Figure 1

	3. Results
	3.1. ExomiRs in Cancer
	Figure 2

	3.2. ExomiRs and Tumor Proliferation
	Table 1

	3.3. ExomiRs and Tumor Angiogenesis
	3.4. ExomiRs and Tumor Metastasis
	Table 2

	3.5. Application of Exosomes in Cancer Research
	3.5.1. Diagnosis Biomarkers
	3.5.2. Therapeutic Agents


	4. Conclusions
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Funding/Support: 

	References

