
World Journal of
Stem Cells

ISSN 1948-0210 (online)

World J Stem Cells  2020 November 26; 12(11): 1237-1438

Published by Baishideng Publishing Group Inc



WJSC https://www.wjgnet.com I November 26, 2020 Volume 12 Issue 11

World Journal of 

Stem CellsW J S C
Contents Monthly Volume 12 Number 11 November 26, 2020

REVIEW

Role of platelets and breast cancer stem cells in metastasis1237

Mendoza-Almanza G, Burciaga-Hernández L, Maldonado V, Melendez-Zajgla J, Olmos J

Understanding cellular and molecular mechanisms of pathogenesis of diabetic tendinopathy1255

Lu PP, Chen MH, Dai GC, Li YJ, Shi L, Rui YF

Multifunctional role of microRNAs in mesenchymal stem cell-derived exosomes in treatment of diseases1276

Xu HK, Chen LJ, Zhou SN, Li YF, Xiang C

Advance in metabolism and target therapy in breast cancer stem cells1295

Gao X, Dong QZ

Stem cell quiescence and its clinical relevance1307

Luo M, Li JF, Yang Q, Zhang K, Wang ZW, Zheng S, Zhou JJ

New insight into dental epithelial stem cells: Identification, regulation, and function in tooth homeostasis 
and repair

1327

Gan L, Liu Y, Cui DX, Pan Y, Wan M

MINIREVIEWS

Isolation and characterization of mesenchymal stem cells in orthopaedics and the emergence of compact 
bone mesenchymal stem cells as a promising surgical adjunct

1341

Anastasio A, Gergues M, Lebhar MS, Rameshwar P, Fernandez-Moure J

ORIGINAL ARTICLE

Basic Study

AlCl3 exposure regulates neuronal development by modulating DNA modification1354

Cheng XJ, Guan FL, Li Q, Dai G, Li HF, Li XK

Application of cattle placental stem cells for treating ovarian follicular cyst1366

Peng SY, Wu TH, Lin TY, Hii LY, Chan KS, Fu TY, Chang SC, Shen PC, Liu KY, Shaw SW.

Immunophenotypic characteristics of multipotent mesenchymal stromal cells that affect the efficacy of 
their use in the prevention of acute graft vs host disease

1377

Petinati N, Kapranov N, Davydova Y, Bigildeev A, Pshenichnikova O, Karpenko D, Drize N, Kuzmina L, Parovichnikova E, 
Savchenko V

Effect of conditioned medium from neural stem cells on glioma progression and its protein expression 
profile analysis

1396

Zhang GL, Qian C, Zhang SZ, Tuo YH, Zeng BY, Ji YX, Wang YZ



WJSC https://www.wjgnet.com II November 26, 2020 Volume 12 Issue 11

World Journal of Stem Cells
Contents

Monthly Volume 12 Number 11 November 26, 2020

Glutathione metabolism is essential for self-renewal and chemoresistance of pancreatic cancer stem cells1410

Jagust P, Alcalá S, Sainz Jr B, Heeschen C, Sancho P

LETTER TO THE EDITOR

Acquired aplastic anemia: Is bystander insult to autologous hematopoiesis driven by immune surveillance 
against malignant cells?

1429

Zhao XC, Sun XY, Ju B, Meng FJ, Zhao HG



WJSC https://www.wjgnet.com III November 26, 2020 Volume 12 Issue 11

World Journal of Stem Cells
Contents

Monthly Volume 12 Number 11 November 26, 2020

ABOUT COVER

Editorial Board Member of World Journal of Stem Cells, Dr. Alessandra Pelagalli is a Senior Researcher of veterinary 
physiology in the Department of Advanced Biomedical Sciences at the University of Naples. Having completed her 
Pharmacy Degree from the University of Naples in 1991, Dr. Pelagalli continued her postgraduate training and 
received her PhD in 1996. She became a Young Researcher at the University of Naples in 1999, working in animal 
platelet physiology and biochemistry. Her current research interests and publications focus on the roles and 
behavior of bone marrow mesenchymal stem cells in the differentiation processes after stimulation, water channel 
proteins in cell migration, and aquaporins in various tissues, such as gut and the male reproductive tract. (L-Editor: 
Filipodia)

AIMS AND SCOPE

The primary aim of World Journal of Stem Cells (WJSC, World J Stem Cells) is to provide scholars and readers from 
various fields of stem cells with a platform to publish high-quality basic and clinical research articles and 
communicate their research findings online. WJSC publishes articles reporting research results obtained in the field 
of stem cell biology and regenerative medicine, related to the wide range of stem cells including embryonic stem 
cells, germline stem cells, tissue-specific stem cells, adult stem cells, mesenchymal stromal cells, induced 
pluripotent stem cells, embryonal carcinoma stem cells, hemangioblasts, lymphoid progenitor cells, etc. 

INDEXING/ABSTRACTING

The WJSC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation 
Reports/Science Edition, Biological Abstracts, BIOSIS Previews, PubMed, and PubMed Central. The 2020 Edition 
of Journal Citation Reports® cites the 2019 impact factor (IF) for WJSC as 3.231; IF without journal self cites: 3.128; 
Ranking: 18 among 29 journals in cell and tissue engineering; Quartile category: Q3; Ranking: 113 among 195 
journals in cell biology; and Quartile category: Q3.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yan-Xia Xing; Production Department Director: Yun-Xiaojian Wu; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Stem Cells https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-0210 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

December 31, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Shengwen Calvin Li, PhD, MPhil., FRSM, Tong Cao, Carlo Ventura https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-0210/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

November 26, 2020 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-0210/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJSC https://www.wjgnet.com 1276 November 26, 2020 Volume 12 Issue 11

World Journal of 

Stem CellsW J S C
Submit a Manuscript: https://www.f6publishing.com World J Stem Cells 2020 November 26; 12(11): 1276-1294

DOI: 10.4252/wjsc.v12.i11.1276 ISSN 1948-0210 (online)

REVIEW

Multifunctional role of microRNAs in mesenchymal stem cell-derived 
exosomes in treatment of diseases

Hui-Kang Xu, Li-Jun Chen, Si-Ning Zhou, Yi-Fei Li, Charlie Xiang

ORCID number: Hui-Kang Xu 0000-
0001-8370-6444; Li-Jun Chen 0000-
0001-9374-6466; Si-Ning Zhou 0000-
0003-3680-2307; Yi-Fei Li 0000-
0003-3261-8182; Charlie Xiang 0000-
0002-8194-2483.

Author contributions: Xiang C 
designed the manuscript and 
approved the final manuscript for 
publication; Xu HK performed and 
wrote the manuscript; Chen LJ, 
Zhou SN, and Li YF collected the 
references and revised the 
manuscript.

Supported by The Zhejiang Key 
Research and Development 
Program, No. 2019C03015; the 
National Major Scientific and 
Technological Special Project for 
"Significant New Drugs 
Development" of China, No. 
2018ZX09201002-005; and the 
National Natural Science 
Foundation of China, No. 
81900563.

Conflict-of-interest statement: The 
authors declare no competing 
financial interests.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 

Hui-Kang Xu, Li-Jun Chen, Si-Ning Zhou, Yi-Fei Li, Charlie Xiang, State Key Laboratory for 
Diagnosis and Treatment of Infectious Diseases, National Clinical Research Center for 
Infectious Diseases, Collaborative Innovation Center for Diagnosis and Treatment of Infectious 
Diseases, The First Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou 
310003, Zhejiang Province, China

Corresponding author: Charlie Xiang, PhD, Director, Professor, State Key Laboratory for 
Diagnosis and Treatment of Infectious Diseases, National Clinical Research Center for 
Infectious Diseases, Collaborative Innovation Center for Diagnosis and Treatment of Infectious 
Diseases, The First Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou 
310003, Zhejiang Province, China. cxiang@zju.edu.cn

Abstract
Mesenchymal stem cells can be replaced by exosomes for the treatment of 
inflammatory diseases, injury repair, degenerative diseases, and tumors. 
Exosomes are small vesicles rich in a variety of nucleic acids [including messenger 
RNA, Long non-coding RNA, microRNA (miRNA), and circular RNA], proteins, 
and lipids. Exosomes can be secreted by most cells in the human body and are 
known to play a key role in the communication of information and material 
transport between cells. Like exosomes, miRNAs were neglected before their role 
in various activities of organisms was discovered. Several studies have confirmed 
that miRNAs play a vital role within exosomes. This review focuses on the 
specific role of miRNAs in MSC-derived exosomes (MSC-exosomes) and the 
methods commonly used by researchers to study miRNAs in exosomes. Taken 
together, miRNAs from MSC-exosomes display immense potential and practical 
value, both in basic medicine and future clinical applications, in treating several 
diseases.

Key Words: MicroRNA; Mesenchymal stem cells; Exosomes; Modulation of mesenchymal 
stem cells; Inflammatory diseases; Injury repair
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Core Tip: Mesenchymal stem cell (MSC)-derived exosomes (MSC-exosomes) have 
obvious therapeutic effects on inflammation, organ damage, and tumors. Exosomes are 
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membranes containing many substances, such as nucleic acids, proteins, and lipids. In 
many studies, microRNAs (miRNAs) have been found to be the core substance of 
therapeutic effect after exosomes are engulfed by cells. MiRNAs in exosomes secreted 
by different stem cells are diverse. In turn, different miRNAs target different genes to 
treat matched diseases. This point of view proves that miRNAs in MSC-exosomes have 
a broad research space.

Citation: Xu HK, Chen LJ, Zhou SN, Li YF, Xiang C. Multifunctional role of microRNAs in 
mesenchymal stem cell-derived exosomes in treatment of diseases. World J Stem Cells 2020; 
12(11): 1276-1294
URL: https://www.wjgnet.com/1948-0210/full/v12/i11/1276.htm
DOI: https://dx.doi.org/10.4252/wjsc.v12.i11.1276

INTRODUCTION
Mesenchymal stem cells (MSCs) are adult stem cells that exist in a variety of tissues 
(such as bone marrow, cord blood and cord tissue, placental tissue, adipose tissue, and 
menstrual blood) and have the potential for multidirectional differentiation[1-3]. MSCs 
have the potential to differentiate into multiple tissues and escape immunity, making 
it a good candidate for cell therapy[4]. Although MSCs have been shown to be effective 
in treating many refractory diseases, the ethical and safety problems of stem cells, as 
well as the inevitable aspect of promoting tumor growth, still pose great threats to 
their development[5,6].

Exosomes are small vesicles that carry a variety of substances and are important for 
information transmission and material communication between cells. Recent studies 
have shown that exosomes exert significant improvements in various diseases, such as 
tissue injury[7,8], neurodegenerative diseases[9,10], tissue fibrosis[11-13], diabetes[14,15], and 
even tumors[16,17], suggesting that exosomes have great therapeutic potential. 
Researchers have found that MSCs do not function through cell transplantation and 
inflammatory response, but through the secretion of small extracellular vesicles, the 
exosomes[6]. Subsequent research has further confirmed that diseases, which can be 
treated with MSCs, can also be treated with MSC-derived exosomes (MSC-exosomes), 
such as myocardial infarction[18], liver fibrosis[19], and tumors[20]. Previous studies have 
demonstrated that MSC-exosomes exert similar effects on myocardial repair as do 
MSCs, and in some cases perform better than MSCs[21].

Material transfer in stem cells mediated by exosomes has several advantages, 
including flexibility of use, easy preservation, stability of materials in vesicles, and 
substantial enrichment from culture medium. MSC-exosomes play a very important 
role in the treatment of diseases. There are many substances in exosomes, and exactly 
what substances are playing a key role is still being explored. In numerous studies, 
microRNA (miRNA) frequency is very high, suggesting that miRNAs in exosomes 
may play an important role in treatment. Therefore, this review will introduce MSC-
exosomes, miRNAs, miRNA in exosomes, and how miRNA plays a crucial role in 
MSC-exosomes in specific diseases.

EXOSOMES
History of exosomes
Exosomes are membranous vesicles with a diameter of 30-150 nm, which are released 
extracellularly by the fusion of intracellular vesicles and cell membranes. Exosomes 
are specific extracellular vesicles, which include apoptotic bodies, micro-vesicles, and 
exosomes. The first exosome was discovered by Peter Wolf in 1967, who called it 
"platelet dust" at that time[22]. In 1987, Johnstone named it "exosome", which originated 
from the endosome formed by the endocytosis process and was eventually released 
from the inside to the outside of the cell[23]. Exosomes were initially thought of as a way 
for cells to excrete waste, and were ignored for about a decade. It was until 1996, when 
G. Raposo discovered that immune cells similar to B lymphocytes also secrete antigen-
presenting exosomes, that people began to notice[24]. In 2007, Valadi et al[25] discovered 
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that cells can exchange genetic material with each other via RNA in exosomes. In 2010, 
exosomes secreted by MSCs were shown to be significant in the treatment of 
myocardial infarction, and since then, there has been increasing research on exosomes 
derived from MSCs[7]. In 2013, it was found that miRNAs in exosomes in the plasma of 
tumor patients could be used as non-invasive biological markers of tumors, and the 
role of miRNAs in exosomes began to receive attention[26]. Subsequently, miRNAs in 
astrocyte-derived exosomes were found to promote brain tumor metastasis by 
targeting the gene phosphatase and tensin homolog deleted on chromosome ten (
PTEN)[27]. Moreover, miRNAs in adipose-derived exosomes have also been shown to 
regulate gene expression in other tissues[28]. These are important discoveries proving 
that cells can exchange information and substances through exosomes, laying a 
foundation for further studies on exosomes.

Biogenesis of exosomes
Exosomes are formed by the invagination of the cell membrane into the endosome, 
and then into multivesicle bodies (MVB), which are finally secreted to the extracellular 
fluid. Late endosomal membrane invagination leads to the formation of intraluminal 
vesicles (ILVs) in large MVBs[29]. At present, among the biosynthesis mechanisms of 
exosomes, the endosomal sorting complex required for transport (ESCRT) pathway 
has received the most attention. It is a complex system composed of four proteins. 
They are ESCRT-0, ESCRT-I, ESCRT-II, and ESCRT-III. The cooperation between these 
results in MVB synthesis. MVB then fuses with the cytoplasmic membrane, releasing 
ILVs outside the cell to form exosomes[30]. Not only ESCRT proteins but also other 
proteins, including Flotillin, TSG101, CD6, and CD63, are involved in this process. In 
the mechanism of exosome formation, some researchers believe that RAL-1 is not only 
involved in the formation of MVBs, but also in the fusion of MVBs and cell 
membranes, which is of great significance for further study of exosomes[31]. Although 
the endosomal dependent pathway is considered to be the main synthesis pathway of 
exosomes, some studies have shown that direct budding of the plasma membrane also 
plays an important role in exosome biogenesis[32]. Moreover, the transmembrane 
protein syndecans 1 to 4 directly regulate ILVs during exosome formation by co-
accumulation with syntenin and ALG-2 interacting protein X in exosomes[33]. 
Additionally, neutral sphingomyelinase can also promote ILV formation by promoting 
the budding of MVBs[34]. Due to the small diameter of exosomes and the complexity of 
the synthesis process, the synthesis process of exosomes is still being discussed further.

Isolation methods of exosomes
At present, ultracentrifugation is still the gold standard for exosome isolation[35], as 
well as the most common method. However, the biggest challenge that 
ultracentrifugation faces is time consumption. If researchers want to conduct 
numerous experiments on exosomes, it is bound to take much time to extract. There 
are many ways to extract exosomes, and there will be more in future. These methods 
of isolating exosomes have their own advantages and disadvantages[158-161] (Table 1). 
The biggest problem at present is that we cannot unite these advantages, that is, easy 
to obtain, high purity, and less exosome damage. Among the many methods, the most 
advanced is microfluidic technology, which is also one of the most studied and 
attention-grabbing at present. It includes immunoaffinity-based microfluidics[36], size-
based microfluidic technologies[37], and contact-free microfluidics-versatile tools[38]. 
Immunoaffinity-based microfluidics is one of the most widely used microfluidic 
technologies and has shown a commercialization trend. However, due to its high cost, 
difficulty in maintaining the integrity of exosome structure, and applicability only to 
specific subgroups, its development prospects are not promising[38]. The first size-
dependent microfluidic system is the Exosome Total Isolation Chip[39]. The advantage 
of this method is that exosomes can be extracted with only a few samples, which is 
convenient for clinical detection. Besides, the process of this method is relatively 
simple. The brilliance of contact-free microfluidics-versatile tools lies in the fact that 
they do not require sophisticated instruments and external electric field forces, and can 
achieve exosome recovery up to 80% and purity up to 90% without contact[38]. This 
device achieves size-dependent, continuous exosome separation by applying 
viscoelastic forces on exosomes through a sheath-like solution consisting of a low 
concentration (0.1%) of biocompatible polyoxyethylene.

Identification of exosomes
The most commonly used identification method for exosomes is electron microscopy, 
which display a saucer-like structure with a clear membrane[40]. The electron 
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Table 1 Exosome isolation methods

Isolation method Principle Advantages Limitations

Ultracentrifugation Exosomes are purified by physical centrifugation 
according to their size and specific gravity

(1) The most common 
method; (2) Bulk 
extractability; and (3) Low 
cost

(1) The operation is complex and time-
consuming; (2) Increased impurities; (3) Loss 
due to adsorption on the tube wall; and (4) 
Expensive equipment is needed[158]

Ultrafiltration According to the size of exosomes, exosomes are 
separated by filter membrane

(1) Simple operation; (2) 
Rapid process; and (3) High 
yield

(1) Low-purity; and (2) Stress and shear forces 
can cause exosome damage

Size exclusion 
chromatography

The biofluid dissolves in the mobile phase and 
passes through the stationary phase, in which the 
various components of the mixture move at 
different speeds and are separated[159]

(1) High recovery rate; and 
(2) The structural integrity 
of exosomes is maintained

(1) Time-consuming; and (2) Low-purity

Precipitation[160,161] By chemical extraction, the exosome liquid is 
combined with the liquid in the kit, and eventually 
the exosomes are deposited.

(1) Simple operation; (2) 
Rapid process; (3) No need 
for special equipment

Increased impurities

Immune affinity 
capture

Immune isolation is performed by magnetic bead-
specific adsorption of exosome surface antigens

(1) Easy operation; (2) Rapid 
process; (3) High purity; 
and (4) High yield

(1) Does not apply to large-volume cell 
supernatant; and (2) High cost

Microfluidic 
technologies 
(ExoChip)

A microfluidic platform based on nano-acoustic 
filters, viscoelastic fluid separation, lateral 
displacement, and immune affinity separates 
exosomes from biological fluids

(1) Rapid separation; (2) 
High purity; and (3) Saving 
the sample

The research is not sufficient and is not 
widely used at present

microscope also includes transmission electron microscope[41], scanning electron 
microscope[42], cryo-electron microscope[43], and atomic force microscope[44], and the fine 
morphology of exosomes can be observed. Exosomes can also be identified by 
nanoparticle tracking analysis and dynamic light particles[45]. This method can help 
determine the distribution range of particle size of the detected substance and further 
determine whether the substance is an exosome. In addition to particle size and 
morphology, surface biomarkers of exosomes also need to be detected. Western blot, 
flow spectrometry, mass spectrometry, and enzyme-linked immunosorbent assay are 
also the methods used. Exosome extraction methods are developing day by day, and 
new exosome identification methods are also emerging. In 2019, Jeppesen et al[46] used 
RNA-seq techniques to analyze exosome components, and structural illumination 
microscope imaging techniques to observe exosome biomarkers, and defined the 
respective components of exosomes and non-vesicle compartments, providing a 
deeper insight into the heterogeneity of exosomes. In addition, the flow field-flow 
fractionation was also used to analyze different subpopulations of exosomes, and it 
was further found that proteins in exosomes were significantly correlated with 
enzyme metabolism and hypoxia, microtubules, and coagulation proteins, as well as 
specific pathways, such as glycolysis and mammalian target of rapamycin (mTOR) 
signaling[47]. The rapid development of exosome identification methods has enabled us 
to deepen our understanding of the fine structure of exosomes and the mechanism of 
disease treatment, thus enabling us to apply exosomes to more diseases.

Components of exosomes
Exosomes are known to be small extracellular vesicles containing proteins, nucleic 
acids (DNA, miRNA, lncRNA, mRNA, tRNA, and circRNA), and cholesterol. 
Exosomes have a diameter of about 30-150 nm, and the surface markers are mainly 
CD63, CD81, CD9, tumor susceptibility gene 101 protein (TSG101), heat shock 70 kDa 
protein (HSP70), and heat shock 90 kDa protein (HSP90) (Figure 1). Proteomic analysis 
of exosomes from different sources has been performed many times by 
researchers[48-51]. About 1600 proteins were found in biofluid-derived exosomes, of 
which 300 were common in at least two groups, and only two were shared by more 
than four[52]. After proteomics detection of MSC-exosomes and enrichment analysis of 
the pathways involved, it was found that proteins in exosomes were mostly related to 
heparin binding, phospholipid binding, integrin, immune response, and cell adhesion 
functions[53]. In addition, deep sequencing of miRNAs was also performed to further 
understand the profiles and expression of miRNAs in human MSC-exosomes. The let-
7 family of human embryonic-derived MSCs was found to be widespread, and is 
associated with the self-renewal characteristics of stem cells[54]. New targets and 
approaches for the treatment of acute leukemia have also been explored by comparing 
miRNA differences in exosomes derived from bone marrow MSCs (BM-MSCs) in 
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Figure 1  Exosomes are small vesicles that are secreted by cells and wrapped in membranes made up of lipid bilayer molecules. 
Exosomes contain proteins, nucleic acids, and other substances. Their proteins include heat shock proteins, MVB biogenesis proteins, cytoskeleton proteins, 
apoptosis, ligand, embrane transport proteins and so on. Their nucleic acids include mRNA, miRNA, lncRNA, DNA, and so on. ALIX: ALG-2 interacting protein X; 
CXCR4: CXC-chemokine receptor 4; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; HSP70: Heat shock 70 kDa protein; TSG101: Tumor susceptibility gene 
101 protein.

patients with acute leukemia and exosomes derived from BM-MSCs in normal people. 
In addition to sequencing miRNAs, the researchers further understood the genes and 
pathways targeted by miRNAs through network analysis. It was found that genes 
targeted by miRNAs are mainly related to cardiac regeneration, repair, and 
angiogenesis, and the pathways involved mainly include Wnt signaling, pro-fibrotic 
signaling via transforming growth factor-β (TGF-β) stimulation, platelet derived 
growth factor (PDGF), proliferation, and apoptosis[55].

The research on whether there are other substances in exosomes is still in progress. 
In the past, research was limited due to the very small size of exosomes, but this 
gradually improved as science and technology developed further. As mentioned 
above, Jeppesen et al[46] re-evaluated exosomes by advanced methods and re-
determined exosome composition. Exosomes were previously considered to be carriers 
of extracellular DNA secretion. Studies have shown that extracellular double-stranded 
DNA does not exist in exosomes and cannot be the target of liquid biopsies in cancer 
patients. In addition, Annexin A1 was identified as a marker protein for the formation 
of vesicles in the classic plasma membrane of exosomes[56]. The discovery of new 
substances in exosomes may provide new ideas for using them as mediators for 
diagnosis and treatment.

Functions of MSC-exosomes
Exosomes can be secreted by almost any type of cell in the body, and the function of 
exosomes depends on the cell type from which they originate. For example, exosomes 
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derived from tumor cells can accelerate tumor progression and even influence the 
function of normal cells at the distal location, promoting the formation of a pre-
metastasis microenvironment[57]. Besides, exosomes released by neurons can repair 
damaged brain cells and play an important role in the development of neurons and 
neural circuits[58]. The difference is that MSC-exosomes mainly play a therapeutic role, 
such as regulating immunity[59-61] and promoting repair of tissue damage[62-64], which is 
basically consistent with the effect of stem cells on human tissues. MSCs have 
previously been used as a treatment for severe infectious diseases, mainly to neutralize 
destructive inflammation and promote the repair of damaged organs[65,66]. MSC-
exosomes were not used to treat severe infectious diseases before 2020. Significantly, 
doctors treated severe coronavirus disease 2019 patients with exosomes derived from 
BM-MSCs during the outbreak. They observed an 83% survival rate, with three of the 
24 patients remaining in critical condition and four experiencing non-treatment-related 
deaths[67]. This indicates that MSC-exosomes also have a good effect on the severe 
multi-organ damage caused by infectious diseases, suggesting a new application of 
MSC-exosomes. The effect of MSC-exosomes on tumors has always been controversial, 
and most literature shows that MSC-exosomes have a tumor promoting effect, namely, 
promoting tumor angiogenesis, proliferation, and migration[68,69]. In order for MSC-
exosomes to inhibit and kill tumors, many scientists have modified exosomes in 
various ways, including loading overexpression of certain miRNAs[70,71], carrying anti-
cancer drugs or suicide genes[72,73], engineering stem cells[74,75], or in combination with 
other anti-cancer approaches[76,77]. The extensive use of exosomes provides a promising 
avenue for disease treatment, especially the exosomes derived from MSCs, which are 
of high safety and can perform functions in place of stem cells. In general, the use of 
MSC-exosomes in cell-free therapy is helpful for the treatment of many diseases[78]. It 
regulates inflammation in inflammatory diseases, promotes tissue repair in tissue 
damage diseases, and kills tumors as an adjuvant tumor therapy.

Thus far, the study of exosomes derived from stem cells has reached the clinical 
stage[162] (Table 2). However, miRNAs have rarely been involved in these clinical trials, 
although many studies have been done on miRNAs in MSC-exosomes in animal 
models. The clinical application of miRNAs in the treatment of exosomes derived from 
stem cells is a very important research direction in the future. Therefore, in the table, 
we proposed a miRNA hypothesis that may be associated with MSC-exosome 
treatment of diseases combined with studies in animal experiments[79-83]. Clinical trials 
of MSC-exosomes have focused on diseases, such as multi-organ failure, coronavirus 
pneumonia, and type 1 diabetes. Some clinical studies are not specific to specific 
diseases, but only to explore the safety of exosome aerosol administration through the 
airway, which will provide possibilities for diverse exosome administration methods. 
A clinical study was conducted at Cairo University in Egypt to explore the important 
role of miR-136, miR-494, and miR-495 in the diagnosis of eclampsia with exosomes 
derived from umbilical cord mesenchymal stem cells. This study demonstrated the 
clinically important role of miRNAs in MSC-exosomes, not just in mouse models[84].

MICRORNAS
MicroRNA was discovered in 1993 by Victor Ambros and Gary Ruvkun. The first 
miRNA is lin-4[85,86], which is known as small molecule timing RNA. Although these 
two articles were published in Cell, they were not taken seriously at that time. Further, 
miRNAs did not receive much attention over the next 20 years. The launch of the 
human genome project in 1990 was helpful in the discovery of miRNAs. Finally, in 
October 2001, Tuschi, Bartel, and Ambro published three papers in Science that named 
this RNA microRNA (miRNA)[87-89]. MiRNAs are a class of non-coding RNAs with 20-
22 base sequences, which can regulate gene expression through post-transcriptional 
regulation of target mRNA. The seed regions (nucleotide sites 2-8) of miRNA can bind 
to the mRNA, and then the miRNA can guide the RNA-induced silencing complex 
(RISC) to reach the binding site, prompting the mRNA to degrade or inhibiting its 
translation[90]. MiRNAs have been identified by researchers to be involved in many 
important life processes, including cell proliferation, apoptosis[91], cell death, fat 
metabolism[92], and cell differentiation[93,94].

Recent advances in miRNAs have greatly promoted both clinical diagnosis and 
basic research. Wang et al constructed an in vivo miRNA imaging system, consisting of 
cellular MnO2 nanoscale sponges and autocatalytic DNA enzymes. Since some 
miRNAs are closely related to tumor formation in vivo, this method is convenient for 
the diagnosis of tumor etiology and is of great significance for the evaluation of tumor 



Xu HK et al. MicroRNAs in disease treatment

WJSC https://www.wjgnet.com 1282 November 26, 2020 Volume 12 Issue 11

Table 2 Representative clinical trials of mesenchymal stem cell-derived exosomes

Exosome origin Diseases Administration method Status miRNAs that may be associated with 
MSC therapy for this disease

Allogenic mesenchymal 
stromal cells

Cerebrovascular 
disorders

Intravenous injection Completed MiRNA-184, miRNA-210, miR-133b, miR-17-
92[81,82,162]

Allogenic adipose 
mesenchymal stem cells

COVID-19 Aerosol inhalation PhaseI Has not been reported

Allogenic mesenchymal 
stromal cells

Multiple organ 
failure

Intravenous injection Not yet 
Recruiting

Has not been reported

Human UC-MSCs Macular holes Intravitreal injection PhaseI Has not been reported

Human UC-MSCs Dry eyes Eye drops Phase II Has not been reported

Adipose mesenchymal stem 
cell

Alzheimer’s disease Nasal drip Phase II MiR-146a-5p[79]

Human UC-MSCs Diabetes mellitus 
type 1

Intravenous infusion Phase III MiR-1908, miR-203a[80]

MSCs COVID-19 Inhalation Phase II Has not been reported

Human UC-MSCs Chronic ulcer Applying and closed by 
transparent dressing

Completed Has not been reported

UC-MSCs: Umbilical cord mesenchymal stem cells; MSCs: Mesenchymal stem cells; COVID-19: Corona virus disease 2019.

treatment[95,96]. Iwasaki et al[97] found that urine contained miR-6807-5p and miR-6856-
5p, which could be used to detect gastric cancer. In addition to the detection of 
Helicobacter pylori, this method is the second one that can realize the early and non-
invasive detection of gastric cancer, which means that this method can be mutually 
verified with the detection of Helicobacter pylori and improve the accuracy of non-
invasive detection. At present, the most common function of miRNAs is to target and 
negatively regulate mRNA levels of genes and mediate their degradation. However, in 
2018, Mihnea Paul Dragomir et al[98] published a snapshot in Cell, which introduced 
seven other non-classical molecular mechanisms of miRNAs and summarized new 
ideas for miRNA research for researchers, including: (1) The precursor of miRNA, pri-
miRNA, can be translated into peptides; (2) miRNA can bind to other functional 
proteins and change their functions; (3) miRNA can activate Toll-like receptors; (4) 
miRNA can upregulate protein expression; (5) miRNA can target and regulate 
mitochondrial related mRNA to change mitochondrial function; (6) miRNA can 
activate the gene transcription process; and (7) miRNA can negatively regulate other 
non-coding RNAs. These can broaden the thinking for researchers studying miRNAs 
and no longer restrict miRNAs to only regulating 3′-untranslated region (UTR) 
fragments of target genes.

MiRNAs differ in MSC-exosomes from different sources. Through sequencing, it 
was found that the miRNAs mainly contained in adipose-derived MSC-exosomes are 
miR-486-5p, miR-10a-5p, miR-10b-5p, miR-191-5p, and miR-222-3p, while the miRNAs 
mainly contained in bone marrow-derived MSC-exosomes are miR-143-3p, miR-10b-
5p, miR-486-5p, miR-22-3p, and miR-21-5p[99]. MiR-21, miR-23a, miR-125b, and miR-
145 are the main miRNAs contained in MSC-exosomes from the umbilical cord[100]. 
This means that MSC-exosomes may affect different target genes due to different 
sources when acting through miRNAs, thus treating different diseases.

MSC-EXOSOMES INFLUENCE DISEASES THROUGH MIRNAS
Exosomes secreted by stem cells to the outside of the cell are absorbed together with 
substances inside the vesicle, including nucleic acids and proteins, and finally play a 
role in other cells. MiRNA is currently the most studied RNA in exosomes[101]. As for 
the effect of miRNA on genes, there are usually two aspects: One is that miRNA 
directly acts on the 3'-UTR of target mRNA to degrade it; the other is that miRNA acts 
on the translation process of mRNA to repress its translation. Several studies have 
found that miRNAs can enter the nucleus and act on gene enhancers to activate genes 
and promote their expression[102,103]. This suggests that we may discover a new 
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mechanism of action for miRNAs in MSC-exosomes to treat diseases in the future. 
Different types of miRNA target different genes and can affect multiple diseases. 
Previous studies have found that although both MSCs and extracellular vesicles 
contain miRNAs, the miRNAs contained by both are not completely equivalent, and 
only 44 miRNAs are co-expressed. Gene ontology analysis of miRNAs that were 
highly expressed in MSC-exosomes showed that these miRNAs were mainly related to 
the growth and development of multiple organs, cell survival, and immune 
regulation[104]. However, studies regarding the functional aspects of MSC-exosomes are 
not limited to this, but also include injury repair, treatment of degenerative diseases, 
and tumor intervention. In the following sections, the role of miRNAs in MSC-
exosomes in these types of diseases and the genes or pathways they target will be 
introduced (Figure 2).

Inflammatory regulation
MSC-exosomes can regulate inflammation through miRNAs and reduce inflammation 
and anti-fibrosis[164-165] (Table 3). Stem cells come from different sources and have 
different miRNAs that play a regulatory role in different diseases. It has been found 
that stem cell-derived exosomes can use miRNAs to correct immune disorders in 
organ tissues, such as allergic airway, Duchenne muscular dystrophy, and myocardial 
ischemia-reperfusion injury[105-107]. That article shows that allergic airway miR-146a-5p 
downregulates the expression of interleukin-9 (IL-9) and interleukin-13 (IL-13) in 
Group 2 innate lymphoid cells, subsequently regulating allergic diseases[105]. This 
suggests that miR-146a-5p in MSC-exosomes is associated with allergic diseases, and 
the role of this miRNA has also been reported in previous studies[108]. In myocardial 
ischemia-reperfusion injury, the process of ischemia-reperfusion causes a cascade of 
heart inflammation. Here, the researchers showed that miRNAs in exosomes can 
influence macrophage transformation from M1 to M2 anti-inflammatory phenotype, 
thereby regulating immunity. Dil fluorescence staining showed that exosomes could 
be endoscopically absorbed into the cytoplasm of macrophages, thereby transforming 
pro-inflammatory M1 into anti-inflammatory M2, accompanied by the reduction of 
pro-inflammatory cytokines, such as interleukin-1β (IL-1β), interleukin-6 (IL-6), and 
tumor necrosis factor alpha (TNF-α)[107]. In addition, miR-233 in MSC-exosomes 
protects the heart from inflammatory cytokines and reduces stimulation and damage 
to the heart during sepsis[109].

Through a review and comparison of these articles regarding miRNAs in MSC-
exosomes, we found that miRNAs in exosomes regulate inflammation mainly by 
regulating macrophages and T cells[107,110,111]. MiRNAs derived from MSC can reduce 
Toll-like receptor 4 on the surface of macrophages, promote the transformation from 
M1 to M2, and then secrete various anti-inflammatory factors. In the study of 
myocardial ischemia-reperfusion injury, miRNA-181a acts on the target gene c-fos, 
downregulates its expression, and promotes the polarization of Treg cells (regulatory 
T cells) for immune regulation[110]. Some studies have shown that miRNAs from MSC-
exosomes act on diseased tissues to downregulate pro-fibrotic factors (TGF-β) and pro-
inflammatory factors (TNF-α, IL-6, and IL-8). However, the exact regulatory 
mechanisms and target genes have not been fully elucidated, and thus deserve further 
research.

Injury repair
MiRNAs in MSC-exosomes also play an important role in injury repair (such as heart 
injury, spinal cord injury, and liver injury)[112-115]. In these diseases, miRNAs achieve 
injury repair by promoting cell proliferation and differentiation, and reducing necrosis 
and apoptosis. MiRNAs in exosomes (such as miR-144, miR-21-5p, and miR-19a) play 
a role in preventing apoptosis after reaching the damaged tissues. The commonly 
described pathway indicates that miRNA downregulates PTEN, which activates the 
Akt signaling pathway, then decreases the expression of apoptotic proteins (caspase 3, 
caspase 8, caspase 9, etc.) and the number of apoptotic cells[113,116,117]. Similarly, studies 
involving vaginal epithelial cells (VK2) have found that miRNAs in MSC-exosomes 
can promote VK2 cell proliferation and inhibit apoptosis by promoting cell cycle 
progression. Interestingly, some researchers have also found that miR-100-5p in MSC-
exosomes can enhance autophagy in osteoarthritis by inhibiting the target gene 
mTOR, thus promoting bone growth and bone reconstruction. Collectively, these 
studies suggest that miRNAs in exosomes may exert a protective effect on cells in vital 
organs, such as the brain, heart, and lungs, after severe stress in the human body.

Recent studies on miRNAs in MSC-exosomes have found that an miRNA called 
miR-200a-3p can protect mitochondria through the KEAP1-Nrf2 signaling pathway in 
renal ischemia-reperfusion injury to promote the recovery of renal function[118]. The 
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Table 3 Representative articles on inflammatory regulation

Exosome origin Diseases MicroRNA Downstream 
molecular/pathways MicroRNA methodology

Placenta-derived 
mesenchymal stromal cells

Duchenne muscular dystrophy MiR-29c TGF-β Reporter gene assays[106]

Induced pluripotent stem 
cells

Group 2 innate lymphoid cell-
dominant allergic airway

MiR-146a-5p T helper 2 (Th2) cytokines Anion-exchange chromatography; 
RNA sequencing[105]

Mouse BM-MSCs Peripheral neuropathy in 
diabetes

MiR-17, miR-23a, 
and miR-125b

TLR4/NF-κB signaling 
pathway.

MiRNA array; 
ultracentrifugation[164]

MSCs Myocardial ischemia-reperfusion 
injury

MiR-182 TLR4 pathway Differential centrifugation; miRNA 
sequencing[107]

Human UC-MSCs Burn-induced excessive 
inflammation

MiR-181c TLR4 pathway PureExo Column; miRNA array 
analysis[164]

LPS-preconditioned MSCs Wound healing Let-7b TLR4 pathway Gradient centrifugation; miRNA 
microarray[111]

Human UC-MSCs Hyperglycemia-induced retinal 
inflammation

MiR-126 HMGB1 signaling pathway Ultracentrifugation[165]

BM-MSCs: Bone marrow MSCs; UC-MSCs: Umbilical cord mesenchymal stem cells; MSCs: Mesenchymal stem cells; TGF-β: Transforming growth factor-β; 
TLR4: Toll-like receptor 4; HMGB1: High-mobility group box-1.

Figure 2  Exosomes were first isolated from the cultured supernatant of stem cells and injected intravenously into the model. The 
exosomes then reach the damaged site, are absorbed by the cells, and enter the cell: (1) Exosome-derived microRNA binds to enhancers in the nucleus to promote 
gene expression; (2) miRNA in exosomes bind to the 3’-UTR of the mRNA for mRNA degradation; and (3) exosomes inhibit mRNA translation. The second and third 
ways have been studied, and the first way is based on the assumption of existing studies. RISC: RNA-induced silencing complex.

localization of miRNAs in MSC-exosomes in intracellular specific organelles will 
promote the understanding of the role of miRNAs and accelerate the practical 
promotion of the application of stem cell-derived exosomes. Currently known 
miRNAs function in the cytoplasm, mitochondria, and nucleus, and whether miRNAs 
in MSC-exosomes play a role in other organelles deserves further exploration.

Tumor progression
Tumor treatment with MSC-exosomes is controversial, with some studies reporting 
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that MSC-exosomes can promote tumor development, while others believe that they 
can inhibit tumors[166] (Table 4). A study regarding osteosarcoma indicated that miR-
208a in MSC-exosomes promoted tumor progression by downregulating programmed 
cell death 4 (PDCD4) and activating the ERK1/2 pathway[119]. In addition, miR-142-3p 
and miR-146a from MSC-exosomes have been proved to promote tumor growth 
through various pathways[120,121]. In the osteosarcoma study, it is worth noting that 
MSCs are derived from bone marrow, and the role of stem cells in tumor promotion 
may be due to similar origins. Similarly, BM-MSCs can also promote the progression 
of multiple myeloma through miR-146a, further confirming this hypothesis[121]. In these 
tumor-promoting processes, these miRNAs without exception promote the 
proliferation, migration, and invasion of tumors, but in other studies of MSC-
exosomes, it also promotes angiogenesis. However, the role of miRNAs in promoting 
angiogenesis in tumors has not been well verified[122].

Currently, miRNAs in MSC-exosomes have been mainly studied for tumor 
inhibition in tumor studies. In MSC-exosomes, an miRNA called miR-146a is a widely 
published tumor suppressor, which plays a significant role in tumor inhibition in 
multiple myeloma[123-127]. MiR-23b in MSC-exosomes can inhibit tumor proliferation, 
maintain a dormant tumor state, improve life quality, and prolong the life of 
patients[128]. In a study of hepatocellular carcinoma, MSC-exosomes did not directly 
contain anti-tumor miRNAs, but transfected miR-122, which can enhance drug 
sensitivity, into stem cells through plasmids, and secreted into tumor cells through 
exosomes to enhance the sensitivity of anti-tumor drug sorafenib[129]. In addition to 
improving chemical sensitivity, studies have shown that miR-34c in MSC can improve 
tumor sensitivity to radiotherapy[77]. This suggests that MSC-exosomes can be 
combined with other therapies, such as chemotherapy drugs and radiotherapy, when 
treating tumors. Since stem-cell derived exosomes have been reported to promote 
tumors, it should be safer to overexpress certain known anticancer miRNAs with stem 
cells or to secrete anticancer drugs with exosomes. Previous studies, for example, have 
shown that paclitaxel is added to MSCs, then the cells target tumor tissue and release 
paclitaxel[130].

Other diseases
MSC-exosomes have been shown to play the same role as MSCs in many diseases. This 
indicates that the diseases that can be treated with MSCs can be further studied with 
exosomes from their sources, because exosomes themselves have advantages that stem 
cells do not, such as easy storage and higher safety. In some studies, researchers have 
found that Alzheimer's disease can be improved through stem cell therapy, and miR-
146a has been proved to play an important role in this. It is also worth further 
exploring whether exosomes from this stem cell source contain this miRNA and 
whether exosomes can replace stem cells to affect brain degenerative diseases[131]. One 
of the first diseases treated with stem cells is graft-versus-host disease (GVHD)[132]. In 
recent years, studies have found that GVHD can be improved with the extracellular 
vesicles derived from BM-MSCs through miRNAs, which is related to the preservation 
of naive T cells[133]. Exosomes are the most famous subgroup of extracellular vesicles. 
Extracellular vesicles display functions of exosomes, which have been studied further 
due to their extensive functions[134]. In addition to degenerative diseases, MSCs 
reportedly play an important role in organ fibrosis, including liver fibrosis[135], 
pulmonary fibrosis, and myocardial fibrosis. MSCs are involved in fibrosis, and can 
reverse fibrosis and restore the original functions of damaged organs and tissues[136-138]. 
Regarding MSC-exosomes, which play a role in disease, the miRNAs that they contain 
function in a therapeutic capacity in various diseases. More critically, MSC-exosome 
transplantation into the body and prolonging the efficacy of this treatment require 
further research, as well as investigating specificity with regard to disease sites.

METHODS TO STUDY ASSOCIATION BETWEEN EXOSOMES AND 
MIRNAS
When exploring the distribution and function of miRNAs in exosomes, different 
researchers often choose different research methods according to their own conditions. 
The following will introduce the common methods used to study specific miRNAs in 
exosomes, so that researchers could choose the best methods for future work. Methods 
to study the association between exosomes and miRNAs mainly include small RNA 
sequence, RNA microarray, nanostring miRNA assay, and database bioinformatics 
analysis to find appropriate miRNAs in exosomes. The first and most common method 
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Table 4 Representative studies in which MSC-derived exosomes affect tumors through miRNAs

Exosome origin Disease MiRNA Downstream molecular/pathway(s) Outcome

BM-MSCs Osteosarcoma MiR-208a Downregulation of PDCD4 and activation of the 
ERK1/2 pathway

Promoting tumor 
progression[119]

BM-MSCs Multiple myeloma MiR-146a The Notch pathway Promoting tumor 
progression[121]

BM-MSCs Colon cancer MiR-142-3p Downregulation of Numb Promoting tumor 
progression

BM-MSCs Breast cancer MiR-23b Decreased MARCKS expression Inhibiting tumor 
progression[128]

MiR-122-transfected 
AMSCs

HCC MiR-122 without research Inhibiting tumor 
progression[129]

BM-MSCs Prostate cancer MiR-143 TFF3 Inhibiting tumor 
progression[70]

MSCs Breast cancer MiR-100 VEGF Inhibiting tumor 
progression[166]

BM-MSCs: Bone marrow-derived mesenchymal stem cells; AMSCs: Adipose-derived mesenchymal stem cells; MSCs: Mesenchymal stem cells; HCC: 
Hepatocellular carcinoma; TFF3: Trefoil factor 3; VEGF: Vascular endothelial growth factor.

is high-throughput sequencing, or next generation sequencing. The process of small 
RNA sequencing is to extract exosomes from the cell supernatant or the plasma and 
then isolate miRNAs for next generation sequencing. Thereafter, target genes and 
related functions of miRNAs can be determined by combining with bioinformatics 
analysis. Perhaps a new and undiscovered miRNA can even be obtained for further 
functional analysis[54,55,99,139]. Microarray is also a good high-throughput method to 
understand the miRNAs contained within exosomes[133,140,141]. The disadvantage of 
microarray is that the sequence must be known, and probes are primarily designed for 
miRNA transcripts, hybridizing the probes with reverse-transcribed cDNA. After 
obtaining data using these two methods, qPCR, Northern blot, and miRNA-FISH 
techniques must be used for verification. Moreover, the nanostring miRNA assay 
could be used to analyze the content and species of miRNAs in exosomes, with 
accurate experimental results, but it is not widely used and the study cost is high[142-144]. 
In addition, some researchers studied MSC-exosome biology not through high-
throughput  de tec t ion ,  but  through  databases ,  inc luding  miRBase  
(http://www.mirbase.org/), TargetScan (http://www.targetscan.org/vert_71/), and 
MiRDB (http://www.mirdb.org/miRDB/policy.html), to find a suitable miRNA, then 
apply qPCR, Western blot, or luciferase reporter gene assays for validations. These 
methods combined with KEGG analysis or GO analysis can also reveal the 
downstream pathway corresponding to miRNAs, which can further expand the 
research.

CONCLUSION AND PROSPECTION
The discovery that MSC-exosomes can perform a similar function to that of stem cells 
has led to a growing interest in the use of cell-free therapies for stem cells[78,145]. 
Exosomes are less tumorigenic and immunogenic than stem cells, because they are 
very small and do not self-replicate. Exosomes have the unique advantages of being 
safer, more direct, and more effective than stem cells. This means that exosomes have a 
wide range of applications and can be mass-produced into drugs with excellent 
therapeutic effects for many diseases[146]. As more and more studies have been 
conducted on MSC-exosomes, it has been found that in many cases, miRNAs play a 
crucial role in the therapeutic effect of MSC-exosomes on diseases. MiRNAs in MSC-
exosomes have been reported to have significant effects on inflammatory diseases, 
trauma, degenerative diseases, and tumors. However, the miRNAs and their 
downstream pathway/target genes differ amongst different diseases. Some 
researchers sequenced miRNAs in MSC-exosomes, performed network analysis, and 
found that these were associated with Wnt signaling, TGF-β and PDGF stimulation, 
proliferation, and apoptosis, and function to oppose fibrosis and apoptosis, while 
promoting regeneration[55]. This also provides scope and ideas for subsequent research 

http://www.mirbase.org/
http://www.targetscan.org/vert_71/
http://www.mirdb.org/miRDB/policy.html
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into miRNAs in MSC-exosomes. It is well known that MSC-exosomes can treat 
diseases, but if we want to further understand the mechanism behind disease 
treatment, we also need to know which components in exosomes play a crucial role. 
Therefore, researchers highlight specific miRNAs in their studies that regulate 
inflammation, promote repair, and target tumors[147]. Of course, once we understand 
which miRNA is at work, researchers can overexpress specific miRNA in cell culture 
and exosome collection to achieve targeted therapy of refractory diseases.

The use of MSC and MSC-exosomes for tumor treatment has always been 
controversial. Due to the strong proliferation and regeneration capacity of stem cells 
and the presence of tumor stem cells, it has always been a controversial topic whether 
stem cells can promote tumors or not. However, loading anticancer drugs or suicide 
genes from exosomes or overexpression of anticancer miRNAs is a safer approach[72]. 
The combination of MSC-exosomes with other anticancer methods presents great 
potential for cancer treatment[148].

Currently, the common source of exosomes is BM-MSCs, but BM-MSCs faces 
problems of invasive injury to volunteers (patients) and rapid aging after in vitro 
amplification, making itself an imperfect source for mass production of exosomes[105]. 
Although MSC-exosomes from the umbilical cord are abundant and have proven 
therapeutic effects on multiple liver fibrosis, brain injury and other diseases, they are 
difficult to obtain due to low availability of sources[19,149]. In contrast, human menstrual 
blood-derived stem cells have the advantages of easy access, strong proliferation 
capacity, and no ethical controversy, and can be used as a good source of 
exosomes[150-154].

In the future, the research trend of miRNAs lies in competing endogenous 
RNAs[149], which are a new regulation model of gene expression. Currently, it is known 
that miRNAs can cause gene silencing by binding mRNA, while ceRNAs (lncRNAs 
and circRNAs) can regulate gene expression through competitive binding of miRNAd, 
thereby affecting cell function[155-157]. Not only miRNAs, but lncRNAs and circRNAs are 
found in MSC-exosomes. If the relationship among miRNAs, mRNAs, lncRNAs, and 
circRNAs in exosomes derived from MSCs can be explored, the mechanism of MSC-
exosomes in the treatment of diseases will be more thoroughly explored and exosomes 
can be rapidly applied to the human body.
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