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Abstract: Osteosarcoma is a highly invasive kind of malignant bone tumor. Exosomes are 
a type of extracellular vesicles that play an important role in intercellular communication in 
the microenvironment. Tumor cell progression is promoted through the interaction between 
exosomes and cells in the microenvironment (including immune cells, mesenchymal cells, 
and endothelial cells) during tumor development. Neoplastic exosomes can carry a variety of 
biological information molecules, such as proteins, lipids, and nucleic acids. These mole
cules play an important clinical role, not only being able domesticate the recipient cells but 
also being recognized as tumor specific markers. At the same time, exosomes secreted by 
osteosarcoma can also cooperate with antigen-presenting cells to activate the body’s immune 
response and then to exert anti-tumor effects. Studies on exosomes may be a breakthrough in 
the search for a new osteosarcoma treatment. In this study, we review the role of neoplastic 
exosomes in the osteosarcoma microenvironment, summarize their potential as tumor mar
kers, and investigate their clinical application prospects. 
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Introduction
Osteosarcoma is a kind of malignant bone tumor that occurs in children and adoles
cents. Due to the treatment using neoadjuvant chemotherapy, the prognosis and 
survival rate of patients have been significantly improved. However, osteosarcoma 
is prone to metastasis, and its 5-year survival rate is still lower than 60%.1 In recent 
years, significant research achievements have been obtained on the pathogenesis of 
tumors regulated by exosomes.2 Studies have shown that osteosarcoma cells can 
secrete exosomes, promote tumor growth, metastasis, angiogenesis, and evade 
immune surveillance by regulating the tumor microenvironment.3,4 Exosomes can 
transport various proteins, signaling pathway factors, mRNA, DNA, microRNAs 
(miRNAs), adenosine triphosphatase (ATPase) and phosphoglycerate kinase 
(PGKL) enzymes, transcription factors, adhesion factors, heat shock proteins, cytos
keleton proteins, lipid rafts, membrane transporters, among others, and they play 
important roles in exchanging intercellular information and in changing the function 
of recipient cells.4 Studies have shown that osteosarcoma cells can spontaneously 
release exosomes into the surrounding microenvironment, and these exosomes can 
perform multiple functions, such as inducing or promoting an immune escape of 
osteosarcoma cells, promoting angiogenesis and the growth of osteosarcoma, as well 
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as invasion and metastasis of osteosarcoma.5,6 At the same 
time, tumor cells can secrete exosomes in the form of 
encapsulation and excretion of anti-tumor drugs, resulting 
in drug resistance.7,8 Therefore, studies on the role of exo
somes in the early metastasis and drug resistance mechan
isms of osteosarcoma have become the focus of current 
osteosarcoma research. The detection and analysis of exo
somes can not only assist in tumor diagnosis, treatment, and 
prognosis, but these can also be used as effective carriers of 
gene preparations or drugs for targeted therapies (Figure 1). 
After the exosomes have been isolated from the body fluids 
of tumor patients, high-throughput detection methods, such 
as genomics and proteomics, were used to select the differ
entially expressed exosomes between the tumor patients and 
the normal population, which have a good clinical value for 
the diagnosis and prognosis assessment of the disease.9–11 

Since exosomes can be transferred to a target organ, they can 
be designed as the carriers for precise drug delivery. This 
way, the loaded drugs can be transported to the target organ, 
to play a specific therapeutic role.12

Biological Functions of Exosomes
Exosomes are derived from the intracellular body of the cell, 
which is an organelle formed by intracellular depression. 
Some intracellular cave-ins give rise to polyvesicles, whose 
parts are transported to lysosomes, and other parts are trans
ported to the cell surface to fuse with the cell membrane 

through the regulation of p53.13 With the advances in 
research, it is now believed that exosomes can be secreted 
by a variety of cells in the physiological and pathological 
environment, and exist in the supernatant of cultured cells 
and various body fluids, such as the blood, saliva, urine, 
breast milk, cerebrospinal fluid, and amniotic fluid.2

Exosomes with diameters ranging from 40 to 100 nm can 
freely travel between the vascular wall and the stroma. They 
have membrane transport-associated proteins, integrins, lec
tins, and immunoglobulin superfamily proteins, among 
others. MiRNAs, messenger ribonucleic acids (mRNAs), 
and proteins that are well encapsulated by exosomes have 
potential as gene therapy vectors. These encapsulated bio
macromolecules can play a series of roles in their target 
cells, for example, exosome-coated mRNA can be expressed 
in the target cells, while exosome-coated miRNA can inhibit 
the expression of certain genes.2–4,14,15

Exosomes can fuse with the cell membrane of the reci
pient cells to enter them, and the signal molecules released 
by exosomes can also be carried into recipient cells to exert 
specific biological effects.16 In addition, proteins or lipid 
ligands on the surface of exosomes are recognized by and 
activated by target cell surface receptors, and thus partici
pate in information exchange and signal molecular trans
duction between local and distant cells. As such, they can 
regulate cell proliferation, cell differentiation, inflammatory 
immune response, angiogenesis, tumor metastasis, and drug 

Figure 1 Exosomes are micro-vesicles with cell-like membrane structures, containing proteins and nucleic acids that participate in intercellular information exchange and 
regulate cell state and function. Tumor-derived exosomes are closely related to the occurrence, invasion, metastasis, and drug resistance of osteosarcoma. Exosomes have 
tremendous potential in immunotherapy, liquid biopsy, and multi-drug resistance and may serve as drug carriers for osteosarcoma.
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resistance.17 Previous studies have found that exosomes 
released by tumor cells in the serum of tumor patients 
carry single-stranded or double-stranded deoxyribonucleic 
acid (DNA), whose characteristics are highly consistent 
with those of the DNA found in the primary tumor tissues. 
Accumulating evidence has shown that the source of exo
somes carries a series of bioactive functional molecules 
with tumor-promoting biological effects. These reactive 
molecules, including nucleic acids, such as DNA frag
ments, mRNA, and miRNA; proteins, such as interleukin 
and integrin cytokines; and lipids. It is estimated that about 
19,000, 2838, 27,000, and 1100 kinds of mRNA, miRNAs, 
proteins, and lipid molecules, respectively, exist in the 
various types of exosomes.4,5 In addition, the encapsulation 
of exosomes enables nucleic acid molecules and other sub
stances to stably exist in the extracellular fluid. Therefore, 
liquid biopsy based on exosomes will open a new chapter of 

personalized therapies for tumor precision medicine, with 
great clinical application prospects and research value.

Methods of Exosome Extraction
There are many methods to extract exosomes, but the most 
commonly used are overspeed centrifugation, sucrose gradi
ent centrifugation, and immune bead separation (Table 1), 
with each of them having its own advantages and 
disadvantages.18 At present, there is still no method that 
takes into consideration the exosome content, purity, or bio
logical activity. Projection electron microscopy, Western 
blot, and flow cytometry are commonly used to study the 
biological characteristics of the isolated exosomes, and quan
titative reverse transcription-polymerase chain reaction, 
nucleic acid sequencing, Western blot, or enzyme linked 
immunosorbent assay are commonly used to determine 
their function.

Table 1 Comparison of Exosome Separation Techniques

Separation 
Methods

Extracting Principle Advantages Disadvantages

Centrifugal 
method
Differential 

ultracentrifugation

Continuous separation based on 

density, volume, and 

morphology of different 
substances

Vesicles are concentrated in the 

precipitate, with a high yield, and 

a large number of samples can be 
handled

The equipment is expensive and time- 

consuming, the supernatant exosomes are 

lost, and the operation is complicated

Ultrafiltration 

centrifugation

Based on the size difference 

between exosomes and other 
particles

Low cost, fast extraction speed, no 

need for special equipment to 
operate

Exosome purity is acceptable, may lead to 

exosome loss

Sucrose density 

gradient 
centrifugation

Stratification of low to high 

density sediments

Exosomes are of high purity The preparatory work is complicated and 

time-consuming

Immunobead 
method

The ligand and receptor 
connections are performed on 

the exosome surface

Exosomes are of high purity and can 
be classified

Expensive specific antibodies are required and 
the yield is low, suitable for cell-free samples. 

Tumor heterogeneity may hamper immune 

recognition

PEG-based 
method

Exosomes with different 

solubility and permeability are 
separated using a hydrophobic 

polymer material

With simple operations, exosomes 

can be isolated on a large scale 
without special equipment

Exosomes have low purity and the process is 

time consuming

Chromatography 
method

The solute is separated by the 

pore size of the gel and the 

molecular size of the sample

Exosomes can be extracted quickly, 

with low cost, good portability, and 

high automation

Special equipment is needed

Extraction kit 
method

Design based on filtration or 

chromatography

Exosomes can be isolated and 

extracted without special equipment. 
The operation is simple and the 

separation is fast

The extraction efficiency is inconsistent with 

the purification effect
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Centrifugal Method
Centrifugal method is a commonly used method for exo
some extraction, and the exosomes obtained are large in 
size but low in purity.19 Moreover, the centrifugal force 
induced by the high speed of the centrifugation can cause 
changes in the exosome structure and size. The centrifuga
tion methods can be summarized as follows: differential 
centrifugation, density gradient centrifugation, and ultra
filtration centrifugation.

Differential ultracentrifugation is one of the most clas
sic exosome extraction methods. In the process of centri
fugation, low and high-speed alternating centrifugation are 
used to obtain vesicles with a similar diameter and size. 
The operation of this method is relatively simple, but the it 
takes a long time. Repeated centrifugation also destroys 
the exosomes, which results in low exosome purity and 
poor treatment.20

Ultrafiltration centrifugation is a relatively new extrac
tion method, which uses an ultrafiltration membrane with 
a different molecular weight cutoff (MWCO) to selectively 
separate the sample, so that exosomes can be obtained at 
the end of the process.21 This method is simple and effi
cient and has little effect on the biological activity of 
exosomes, but the purity of the exosomes obtained is low.

The sucrose density gradient centrifugation method 
uses a sucrose solution that forms a density layer from 
low to high after a centrifugation at 100 000 × g, so that 
the exosomes in the sample can be aggregated in the 
density range of 1.13 ~ 1.19 g/mL. This enables the 
obtention of sediments rich in exosomes with high purity; 
however, the preparation work is complicated and the 
method is time consuming.22

Immunomagnetic Bead Method
The principle behind this method is that exosomes have 
specific markers on their surface (such as CD63 and CD9). 
The globular magnetic particles coated with the monoclo
nal antibody of one of these markers are used to specifi
cally bind to the exosomes, and exosomes are isolated by 
the action of a magnetic force. This method ensures the 
integrity of exosome morphology, high specificity, simpli
city, and no expensive equipment required. However, the 
reactive solution or the magnetic beads wrapped in anti
bodies may affect the biological activity of the exosomes. 
Therefore, the choice to opt for this method needs to be in 
accordance with the design and arrangement of the 
experiment.23

PEG-Based Method
Polyethylene glycol (PEG) may be competitively bound to 
free water molecules and can be co-precipitated with hydro
phobic proteins and lipids. The extraction of exosomes using 
the PEG-based method has the following problems: low 
purity, a low recovery rate, an unequal particle size, more 
false-positive heteroproteins. Furthermore, the production of 
difficult-to-remove polymers or added chemicals can destroy 
the exosomes.24,25 All these shortcomings limit the applica
tion of the PEG-based method.

Chromatography Method
The chromatographic method uses the relative relation 
between the size of the gel pore and the size of the sample 
to separate the solute, and can also be used to separate 
exosomes. Observations using an electron microscope show 
that the exosomes obtained using this method are uniform in 
size and high in purity. However, this extraction method 
requires special equipment and is not widely used.26

Extraction Kit Method
Extraction kit is a new exosome extraction method that was 
developed in recent years. At present, a variety of commer
cial exosome extraction kits have been designed according to 
different principles. Some filter out the exosomes using spe
cially designed filters, some isolate and purify the exosomes 
using space exclusion chromatography, and some precipitate 
the exosomes using compound precipitation.27,28 The extrac
tion kit method does not require special equipment. With the 
continuous upgrading of products, its extraction efficiency 
and purification are gradually gaining improvements; thus, it 
is gradually replacing the overspeed centrifugation method 
and is currently widely used.

Association Between Exosomes and 
the Osteosarcoma 
Microenvironment
Until now, great research progress has been gradually 
made in signal transduction pathways related to osteosar
coma, including the role of classical signaling proteins, 
such as Wnt. Increasing attention has been paid to the 
potential value of signal transduction in osteosarcoma.

Studies have shown that tumor cells can secrete exo
somes and promote tumor growth, metastasis, and angiogen
esis by regulating the tumor microenvironment, and even 
escape from the immune surveillance of tumor cells of the 
host.2 In a previous study, a mouse model of biofluorescent 
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osteosarcoma orthotopic transplantation was constructed, 
and the presence of exosomes in the osteosarcoma micro
environment was detected using transmission electron micro
scopy. Studies have reported that the vesicles isolated from 
143B human osteosarcoma cells contain a variety of mole
cules with potential effects on the tumor microenvironment, 
such as matrix metalloproteinases (MMPs), among which 
MMP-1 and MMP-13 play an important role in extracellular 
matrix remodeling.29 In another study, the researchers have 
found that the nuclear factor kappa-B (NF-κB) receptor 
activator ligand (RANKL) in the exosomes of osteosarcoma 
cells plays an important role in the activation of MMPs and in 
the stimulation of osteoclast formation.28 Transmembrane 
4-superfamily protein CD9 was detected in the tumor micro
environment of 143B human osteosarcoma cells, and CD9 
was used as an exosome-specific marker in the ExoCarta 
database. CD9 is also a membrane fusion protein of precursor 
osteoclasts, which is involved in the regulation of osteoclast 
differentiation and maturation.30,31 The overexpression of 
CD9 not only promotes the homing of cancer cells, but also 
induces osteoclast bone resorption.32

The exosomes of osteosarcoma not only regulate the 
expression and secretion of some cytokines, but also regulate 
signaling pathways. Wnt ligands or receptors have been 
shown to be expressed in osteosarcoma cell lines, and the 
differentiation potential of osteosarcoma cells may be highly 
correlated with the autocrine expression of Wnt signaling 
pathway.33 Kansara et al found that after targeted inhibition 
of the expression of Wnt inhibitor 1 (Wif 1), the incidence of 
osteosarcoma in experimental mice significantly increased, 
suggesting that the activation of Wnt signaling pathway may 
promote the occurrence of osteosarcoma.34 Studies have 
found that the overexpression of CD82 and CD9 can induce 
cells to secrete exosomes and excrete cell-catenin, thus sig
nificantly inhibiting the signaling activity of Wnt.35 It can be 
seen that exosomes extensively participate in the regulation 
of various components of the Wnt signaling pathway, 
directly or indirectly affecting cell function. In addition, it 
has also been found that transforming growth factor-β (TGF- 
β1) in tumor exosomes can significantly down-regulate the 
expression of Natural killer group 2 member D (NKG2D) on 
the surface of CD8 (+) T cells and natural killer (NK) cells, 
thereby reducing the activation of lymphocytes and the 
immune recognition of tumor cells. Therefore, it is proposed 
that NKG2D can be used as a physiological indicator for 
exosomes to regulate tumor immune evasion.36

With the research advances on the signaling pathways, 
targeted drugs with lower dose and less toxicity have been 

developed, as they are able to act more effectively on key 
targets of the corresponding signaling pathway. However, 
the occurrence and development of osteosarcoma involves 
the interaction of multiple signaling pathways, and only 
a thorough study of this correlation can more effectively 
improve the treatment of osteosarcoma.

The Role of Exosomes in Distant 
Metastasis of Osteosarcoma
Osteosarcomas are often accompanied by distant metas
tases, and it has been found that exosomes, as extracellular 
vesicles, play an important role in the spread of tumors. 
Exosomes have been proven to be important in metastasis 
organotropism, induction of angiogenesis, and vascular 
permeability, as well as in the education of cells towards 
a pro-metastatic phenotype or in the interaction between 
stromal and tumor cells. Tumor-derived exosomes regulate 
the metastasis of tumor cells in the following three 
aspects:37,38 tumor cells directly induce tumor metastasis 
by secreting exosomes; tumor-derived exosomes mediated 
by miRNAs regulate the microenvironment of tumor cell 
growth; tumor-derived exosomes indirectly promote tumor 
metastasis by transforming distant mesenchymal cells.

MiRNA can be transported from tissue to tissue, as 
genetic material, via exosome inclusion. In a recent study, 
gene chip technology has been used to detect the miRNAs 
isolated from osteosarcomas and osteoblasts with a different 
metastatic potential, and they found that the most prominent 
miRNAs were miR-21-5p, miR-143-3p, miR-148a-3p, and 
181a-5p, whose expression levels were higher in metastatic 
SAOS2 cells, compared to non-metastatic MG63 cells. 
Further bioinformatics studies have shown that miRNAs 
may regulate metastasis potential through mitogen- 
activated protein kinase 1 (MAPK1), neuroblastoma Ras 
(NRAS), fibroblast growth factor receptor substrate 2 
(FRS2), B-cell lymphoma 2 (BCL2), and Quaking (QKI).39 

Another study also showed that miR-675 in serum exosomes 
is associated with osteosarcoma, and its high expression may 
be a new biomarker for osteosarcoma metastasis.40 MiR-143 
has a negative regulatory effect on human osteosarcoma 
cells. Studies have found that miR-143 can inhibit the lung 
metastasis of osteosarcoma after implantation in a mouse 
tumor model, and that the up-regulation of miR-143 can 
significantly reduce cell activity, promote apoptosis, and 
inhibit tumor cell growth.41,42 A study on osteosarcoma 
specimens showed that TGF-β1 could enhance the expres
sion of the proteoglycan by inhibiting miR-143, thus 
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enhancing the invasion and metastasis of osteosarcoma.43 

Derived from cancer cells, miR-21 contained within exo
somes in the tumor microenvironment may act on both 
cancer cells and the surrounding tumor microenvironment 
(TME), including immune cells, endothelial cells, and fibro
blasts. In human serum and plasm, the level of exosomal 
miR-21 between osteosarcoma patients and healthy controls 
differs, supporting the role of miR-21 as an osteosarcoma 
biomarker. The involvement of a number of miR-21 target 
genes in tumor progression suggests that miR-21 may sig
nificantly affect the plasticity of cancer cells, leading to 
tumor progression, metastasis, angiogenesis, and immune 
escape in osteosarcoma.44

Hooper et al found that Wnt signaling can induce 
exosome secretion, and that the components of the Wnt 
signaling pathway can act on distant cells.45 Another study 
found that high concentrations on the edge of osteosar
coma cells expressing Dkk-1 (Wnt signal inhibitor) and its 
excretion may be associated with tumor invasiveness 
through the Dkk-l antibody blocking effect. This effect 
can significantly inhibit osteogenesis and sarcoma cell 
proliferation of MG63 cells. It is speculated that bones 
are necessary for the normal development of the inactiva
tion of the Wnt signaling pathway, which may be asso
ciated with osteosarcoma occurrence.46 These studies on 
the exosomes that are secreted by osteosarcoma cells and 
the Wnt signaling pathway provide a theoretical basis for 
targeted osteosarcoma therapy.

TGF-β plays an important role in tumor invasion and 
metastasis, cell proliferation and differentiation, extracel
lular matrix production, angiogenesis, cell apoptosis, and 
regulation of the immune function. TGF-β expression has 
been detected in osteosarcoma cell exosomes, which can 
directly or indirectly regulate the secretion of chemokine 
ligand 16 (CXCL16) via osteoclasts, in order to regulate 
the metastasis of osteoblastic precursor cells and osteosar
coma cells.30 At the same time, TGF-β induces the differ
entiation of monocytes and the accumulation of immature 
myeloid suppressor cells (MDSCs),47 and MDSCs have 
been shown to promote osteoclast bone resorption in the 
tumor microenvironment.48

The Role of Exosomes in 
Chemotherapy Resistance of 
Osteosarcoma
At present, the main treatment for osteosarcoma is neoad
juvant chemotherapy combined with surgery. Although 

most osteosarcoma patients are sensitive to the initial 
chemotherapy, some patients still present resistance to 
chemotherapy. In recent years, many studies have shown 
that exosomes also play an important regulatory role in 
chemotherapy resistance of osteosarcoma.49

Studies have confirmed a positive correlation between 
tumor cell resistance to docetaxel and exosome 
secretion.50 Exosome encapsulation and excretion of 
a variety of different anti-tumor drugs have been captured 
using fluorescence microscopy, in a variety of tumors and 
may be related to the sensitivity of anti-tumor drugs.51 

Chemotherapy drugs are excreted through exosomes, 
which are secreted by tumor cells, and thus, antibody- 
based targeting drugs can be neutralized.

In a study, the potential role of exosomes to transfer their 
multidrug resistance (MDR) phenotype in human osteosar
coma cells was investigated. They suggested that multidrug 
resistant osteosarcoma cells can spread the ability to resist to 
doxorubicin onto sensitive cells by transferring exosomes 
carrying MDR-1 mRNA and P-glycoprotein.6 Another 
study analyzed the microRNA and mRNA whose expression 
in exosomes in an osteosarcoma context can predict the 
response to chemotherapy. They found that exosomal RNA 
can be considered as a reliable biomarker to predict the 
sensitivity and response to chemotherapy in osteosarcoma. 
It was shown that, using osteosarcoma cell-derived exo
somes, miR-135b and other RNAs that could render osteo
sarcoma resistant to chemotherapy drugs could be isolated.52 

At the same time, exosomes can also play the role of deliver
ing glycoproteins, making osteosarcoma resistant to che
motherapy drugs. For example, during the delivery of 
glycoproteins by exosomes, osteosarcoma cells can obtain 
anti-tumor drug substances from other tumor cells to achieve 
resistance to paclitaxel.53

Chemotherapy is an important part of the treatment of 
osteosarcoma. To improve the chemotherapy effects on 
osteosarcoma patients, it is particularly important to explore 
the specific mechanisms of inclusion, transportation, and 
excretion of chemotherapeutic drugs and drug metabolites 
in exosomes. Further studies on exosomes may lead to the 
finding of new targets to block chemotherapy resistance.

The Role of Exosomes in Diagnosis 
and Prognostic Evaluation of 
Osteosarcoma
For mesenchymal tissue-derived osteosarcoma, due to the 
apparent tumor heterogeneity and lack of classical tumor 
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markers, the cell marker detection role of circulating 
tumor cells in the prognostic monitoring of mesenchymal 
tissue-derived malignancies— such as osteosarcoma— is 
significantly restricted. As a new way of liquid biopsy, 
exosomes of tumor cells in body fluids have attracted 
much attention because they carry some functional pro
teins and genes of tumor cells. An early diagnosis and 
early standardized treatment of osteosarcoma have always 
been the ideal clinical goals. Recent exosome studies have 
proved that miRNAs may be useful in the early diagnosis 
of osteosarcoma. However, RNAs in the blood are highly 
unstable and are easily degraded, which makes it difficult 
to detect the relevant miRNA levels in circulation. 
However, the membrane of exosomes can play 
a protective role, rendering miRNAs in exosomes rela
tively stable, and thus increasing the potential effective
ness of the clinical application of miRNA.54–56

It was reported that MMPs can be used as tumor markers 
to evaluate the prognosis of osteosarcoma.29 A study con
firmed that the Wnt-related receptor lipoprotein receptor- 
related protein 5 (LRP5) can be used as a marker for the 
disease progression of osteosarcoma, and emphasized the 
important role of LRP5 and Wnt signaling pathways in 
the pathology and disease development of osteosarcoma.57 

In a recent study, researchers have found that the preopera
tive and postoperative serum levels of basic fibroblast 
growth factor (bFGF) in osteosarcoma patients were sig
nificantly higher than those in normal controls, and that the 
bFGF level could effectively evaluate the disease progres
sion and prognosis of osteosarcoma. In vitro experiments 
have shown that the exosome delivery of TGF-β1 inhibits 
interleukin 2 (IL-2) induced lymphocyte proliferation, 
thereby promoting the immune escape of tumor cells, and 
that its inhibitory efficiency is 1400 times higher than that of 
soluble TGF-β1.58

The characteristic molecules of the exosome membrane 
structure can reflect the phenotype of the tumor of origin, 
and the exosomes in preoperative and postoperative per
ipheral blood can be used as an important indicator of 
early diagnosis and prognosis. Exosome detection is an 
important part of fluid biopsy and should be paid more 
attention by scholars. Compared with malignant tumor 
specimens, tumor-derived exosomes are more easily 
obtained from body fluids (including serum, plasma, and 
urine), so they may be of important significance in the 
diagnosis and prognosis of osteosarcoma.59 A study invol
ving 48 osteosarcoma patients indicated that miRNAs in 
exosomes have the ability to assess a patient’s response to 

chemotherapy. Eight miRNAs, including miR-148a, miR- 
133, and miR-27a are expected to be biomarkers for 
osteosarcoma patients with a poor chemotherapy response. 
These miRNAs are also present in the exosomes of the 
blood of patients, and their content is comparable to that of 
tumor cells. In addition, these miRNAs can also be iso
lated and extracted from other body fluids, which indicates 
that exosomes can be used as markers to diagnose cancer, 
as well as important indicators of changes in the condition 
and prognosis of cancer patients.52

The Role of Exosomes in the 
Treatment of Osteosarcoma
Different tumor-derived exosomes carry different surface 
proteins, and high-throughput detection techniques are 
used to search for characteristic proteins between tumor 
patients and normal controls, which is helpful for the 
diagnosis of diseases and the assessment of prognosis. At 
the same time, specific proteins, screened based on pro
teomics, can identify whether exosomes come from nor
mal or tumor cells. Since exosomes can be transferred to 
target organs, they can be used as carriers for an accurate 
drug delivery to a target organ to play an anti-tumor effect. 
It can be seen that exosomes display great application 
potential as drug targeting vectors.

It was found that after an artificial miR-143 was intro
duced into bone mesenchymal stem cells (BMSCs), it 
acted on osteosarcoma cells in the form of exosome encap
sulation to reduce the metastasis ability of tumor cells, and 
it was confirmed that exosome miRNA transport was more 
effective than other transfection methods in intercellular 
transport, related gene expression, and cell function.60 

Therefore, the use of exosomes to package miRNAs on 
tumor cells has shown advantages in the treatment of 
osteosarcoma. The membranous structure of tumor- 
derived exosomes is rich in tumor-related antigens, major 
histocompatibility complex molecules, and co-stimulators, 
which can induce a toxic T-cell immune response of anti- 
tumor cells.61 A recent study has found that the combina
tion of dendritic cells and anti-TGF-β antibody not only 
inhibits the proliferation of osteosarcoma cells, but also 
activates the systemic immune system to improve the 
therapeutic effect of osteosarcoma.62 In an anti-tumor 
drugs study, a nano-drug consisting of doxorubicin and 
exosomes derived from MSCs (Exo-Dox) has been devel
oped, and its efficiency as a chemotherapeutic drug for the 
treatment of osteosarcoma in vitro has been explored. 
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Considering the tumor-homing feature of BM-MSCs, the 
Exo-Dox can be an impressive choice for targeted osteo
sarcoma treatment in the future.63

Conclusion
Exosomes, which are ubiquitous nanoscale membrane 
structures in the body, are widely involved in intercellular 
communication. Exosomes have been the focus of research 
in regard to the physiological and pathological processes 
of the organism. With the increasing attention, and the 
increasingly mature analytical methods of high sensitivity, 
high throughput, and high connotation, increasing amounts 
of information have been obtained on the transfer function 
of exosomes. Exosome related research has entered a new 
stage, and its clinical application has become a research 
hotspot in recent years. Several studies have shown that 
exosomes can not only regulate the proliferation and apop
tosis of malignant tumor cells, but also affect the micro
environment of tumor cell growth, thus affecting the 
occurrence, development, metastasis, immune escape, 
and chemotherapy resistance of malignant tumors.

In the field of osteosarcoma, due to the characteristics 
of tumor tissues and the number of samples and other 
factors, exosome-related studies are lagging behind, and 
clinical studies on the application of exosomes need to be 
carried out in the future. Exosomes can promote the angio
genesis of osteosarcoma by regulating the Wnt, TGF-β, 
and characterization of human calneuron 1 (CALN1) sig
naling pathways. In addition, osteosarcoma-derived exo
somes that are rich in MMPs and a disintegrin and 
metalloproteinases (ADAMs) can promote the invasion 
and metastasis of osteosarcoma. In addition, some exo
some-delivered miRNAs and ATP-binding box transpor
ters (ABCs) may also be regulatory factors of increased 
tumor drug resistance. In conclusion, exosomes can pro
mote the occurrence, invasion, metastasis, immune escape, 
and drug resistance of osteosarcoma, and play an impor
tant role in the diagnosis and treatment of osteosarcoma.

The characteristic molecules of the exosome membrane 
structure can reflect the phenotype of the tumor, and the 
detection of exosomes in the peripheral blood of osteosar
coma patients before and after surgery can be used as an 
important indicator for early diagnosis and prognosis of 
osteosarcoma. At present, chemotherapy for osteosarcoma 
has entered a plateau, and the mechanism of exosome 
packaging and excretion of anti-tumor cells is being 
further studied. This mode of intercellular transport can 
effectively avoid host immune response; thus, exosomes 

can be used as carriers to transport drugs, which can be 
biological or gene therapy agents to targeted sites. In the 
future, according to the characteristics of exosomes that 
can be modified and processed, a new way of thinking will 
be provided for the early diagnosis, treatment, and devel
opment of new anti-tumor drugs for osteosarcoma.
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