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Abstract
Osteosarcoma (OS) is a malignant tumor prevalent in adolescents; however, a clinically effective treatment for this malignancy is
lacking. The lack of effective treatment methods and factors, such as recurrence and drug resistance, further dampen the prospect
of clinically treating OS. In recent years, small molecule microRNAs (miRNAs) with a length of approximately 20-24 nucleotides
have gradually attracted the attention of the medical community. Studies have found that miRNAs can regulate the cell cycle,
apoptosis, cell proliferation, and cell proliferation. The metabolic response of cancer cells, invasion and metastasis of cancer cells,
and angiogenesis play an important role in the process of tumorigenesis. miRNAs regulate gene expression by regulating mRNA
expression after transcription. A large amount of data from many studies indicate that they have diagnostic and prognostic
biomarker effects in OS and are involved in regulating the metabolism of cancer cells and resistance or sensitivity to che-
motherapy drugs. Chemotherapy resistance is one of the most critical problems in clinically treating OS. A large number of basic
studies and systematic summaries are required to provide a theoretical basis for elucidating the mechanism and drug development
of chemotherapeutic agents. Therefore, this article discusses the role of miRNAs in OS resistance. Herein, the related research
progress of the studies is reviewed to provide more useful information for the development of effective therapy.
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Introduction

Osteosarcoma (OS) is a malignant bone tumor that originates

from osteoblast mesenchymal cells. The most common site of

OS is the metaphysis of the long bone, such as the distal femur

and proximal tibia. OS has a high degree of malignancy and

poor prognosis; therefore, its current treatment is mainly sur-

gery combined with chemotherapy.1 In addition, OS has a

strong ability to invade and metastasize, such that 30% of

patients still undergo lung and other organ metastases after

undergoing surgical treatment, which is also one of the factors

that lead to poor prognosis and the low survival rate of OS

patients.2 The onset of most OSs is hidden and difficult to

detect in the early stage. Currently, neoadjuvant chemotherapy

and adjuvant chemotherapy are very popular in the clinical
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treatment of OS. Therefore, at present, drug resistance in OS is

a notable roadblock for the successful prognosis of OS. Cur-

rently, the main clinical chemotherapeutic drugs are platinum,

doxorubicin, and methotrexate. Drug resistance is a common

phenomenon in the process of chemotherapy and can be

divided into intrinsic drug resistance and acquired drug resis-

tance. However, the emergence and development of drug resis-

tance seriously limit the therapeutic effect. As a result, the

long-term improvement in the 5-year survival rate of OS

patients is not obvious. Therefore, solving the problem of drug

resistance is important for the treatment of OS.

MicroRNAs (miRNAs) are small molecule RNAs encoded

by genes that can regulate the expression of target genes at the

post-transcriptional or translational level. Studies have shown

that there are a large number of differentially expressed miR-

NAs in OS tissues and cell lines. Some of these miRNAs with

different expression levels are related to the occurrence and

development of OS, and some can regulate the resistance of

OS. Therefore, exploring the role and mechanism of miRNAs

can provide new targets and ideas for the improvement and

solution of drug resistance in OS.

Search Strategy

Related articles were searched in the Medline database with the

English search term “MicroRNA, Chemotherapy Resistance,

Osteosarcoma,” and a total of 120 related articles were

retrieved.

Inclusion criteria: articles directly related to the study of

miRNA in osteosarcoma resistance and corresponding previous

basic research; similar research ideas selected the latest articles

published in authoritative journals. Exclusion criteria: repeated

or retrospective research. By reading the title and abstract,

articles that are not related to the subject of the review and

highly similar research are excluded. Finally, the reference list

contains 46 articles.

Regulatory Effect of miRNA on Cisplatin Resistance in OS

Cisplatin (CDDP) is a widely used antineoplastic drug in clin-

ical settings. OS is often treated using CDDP combined with

other drugs. In this process, the decrease in tumor histochem-

ical sensitivity is an important reason for the failure of CDDP

chemotherapy. Some miRNAs play an important regulatory

role in the process of OS drug resistance. Therefore, it is of

great clinical value to clarify the regulatory mechanism of

miRNAs in OS CDDP drug resistance, which is expected to

provide new ideas for solving the problem of OS CDDP drug

resistance.

A large number of studies have shown that miRNAs can

directly or indirectly target the mRNA of the target gene and

regulate the drug resistance of CDDP. Liang et al3 found that

Apurinic and pyrimidine endonuclease (APEI) is usually

highly expressed in OS, and is positively correlated with angio-

genesis in OS. MiRNA-765 can target and inhibit the expres-

sion of APEI, weaken the damage repairability of DNA, and

improve the sensitivity to OS. At the same time, the combina-

tion of CDDP and miRNA-765 can inhibit the expression of

related angiogenic factors, such as FGF2, TGF-b, and MVD,

and improve the sensitivity of the treatment. In a mouse model,

positive miR-765 significantly inhibited tumor growth. Song

et al4 found that the expression of miR-340-5p was low in

anti-CDDP MG-63 and Saos-2 cell lines, while the forced

expression of miRNA-340-5p decreased the expression of the

target gene, LPAAT b. It not only reduced the half-lethal dose

(IC50) of CDDP but also reduced the chemical resistance to

CDDP. Zhou et al5 found that compared to normal osteoblasts,

miRNA-22 expression was lower and S100 calcium-binding

protein A11 (S100A11) was negatively regulated in the OS

tissues and MG-63 cells. Overexpression of miRNA-22 inhib-

ited the proliferation and migration of MG-63 cells and

increased the sensitivity of CDDP therapy. MiRNA-377 often

enhances the sensitivity of OS during chemotherapy.6 After

reversing the low expression of miRNA-377 in OS, the

chemically-resistant OS and CDDP-resistant cell lines were

re-sensitized to CDDP and restored Caspase-3-dependent

apoptosis induced by CDDP. MiRNA-377 can also directly

bind to the 3’ UTR of XIAP to inhibit its expression, which

indicates that the miRNA-377/XIAP axis plays an important

role in regulating drug resistance.

Studies by Yu et al7 showed that the expression of

miRNA-221 was upregulated in the OS cell lines, MG-63 and

U2OS, while the transfection of miRNA-221 mimics resulted

in higher resistance to CDDP in OS cell lines. At the same time,

it could target and inhibit PPP2R2A. In contrast, restoring

PP2R2AR in miRNA-221 cells can reverse the CDDP drug

resistance.

MiRNA-138 is a tumor suppressor that is expressed at low

levels in OS cell lines.8 It can directly bind to the 3` UTR of

EZH2. When the OS cell line was transfected with the

mi-RNA138 mimic, the expression of EZH2 was inhibited, and

the sensitivity of CDDP was enhanced.

Chen et al9 found that the expression of miRNA-504 was

increased in OS and MG-63 cells, which led to the inhibition of

CDDP-induced apoptosis and cell cycle arrest, mainly due to

the direct targeting and inhibition of p53 by miRNA-504. In

contrast, inhibiting the expression of miRNA-504 could alle-

viate the drug resistance of CDDP. Jacques et al10 found that a

high expression of miRNA-193a-5p can induce high drug resis-

tance in CDDP, and the target of its negative regulation is

Tap73 b. After inhibiting the expression of miRNA-193a-5p,

it can restore the level of Tap73 b in cells, thereby promoting

the expression of Caspase-3/7, promoting the apoptosis of

drug-resistant cells, and enhancing the sensitivity of OS cells

to CDDP. Zhou et al11 found that miRNA-33a is upregulated

and negatively regulates the target gene, TWIST, in

drug-resistant MG-63 and Saos-2 cells. When the expression

of miRNA-33a was inhibited, the expression of TWIST was

upregulated, which led to an increase in apoptosis induced by

CDDP and reversal of drug resistance. Wang et al12 followed

up some patients with OS and found that the expression of

miRNA-491 in their serum was downregulated. At the same
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time, in vitro and in vivo studies revealed that the overexpres-

sion of miRNA-491 inhibited lung metastasis of OS cells and

enhanced tumor growth inhibition and apoptosis induced by

CDDP. The molecular mechanism of this biological effect is

achieved by directly targeting aB-crystallin (CRYAB).

NEAT1 is a non-coding RNA (lncRNA) that acts as an onco-

gene. NEAT1 is overexpressed in OS tissues and MG-63 and

HOS cell lines, which can negatively regulate the expression of

miRNA-34c. When the level of miRNA-34c was decreased, the

expression of Bcl-2 and CCND1 increased, which reduced the

sensitivity of OS to CDDP and inhibited apoptosis and cell

cycle arrest. In contrast, inhibiting the expression of NEAT

could reverse this phenomenon.13

MiRNA-133b is another miRNA that has potential as a bio-

marker in the treatment of OS.14 Its expression in

CDDP-resistant cells was higher than that in MG-63 cells.

When its expression is inhibited, miRNA-133b can inhibit the

invasion and metastasis of OS cells, weaken drug resistance,

and enhance the chemotherapeutic effect of CDDP. Similarly,

miRNA-21 has been shown to play a regulatory role in drug

resistance.15 When the miRNA-21 simulator was applied, the

content of Bcl-2 increased almost synchronously, which wea-

kened the cytotoxicity of CDDP but significantly improved

after the inhibition of miRNA-21. In addition, the study found

that quercetin, the active component of traditional Chinese

medicine, can regulate the sensitivity of miR-217/KARS by

adjusting the CDDP axis.16

Similarly, the regulatory effect of miRNAs on some signal-

ing pathways is one of the mechanisms of drug resistance of

CDDP in OS (Table 1). Zhou et al11 found that the negative

regulation of miRNA-33a can directly target TWIST, while

TWIST can downregulate ET-1/ETAR signaling by inhibiting

the PI3K/Akt pathway, thereby making OS cells sensitive to

CDDP. At the same time, miRNA-221 has also been proven to

possess this function.17 MiRNA-221 was highly expressed in

OS and paratumoral tissues, while expression of PTEN, the

target of negative regulation, was low. PTEN can regulate the

drug resistance of OS cells to CDDP by regulating the PI3K/

Akt pathway. Therefore, the miRNA-221/PTEN/PI3K/Akt sig-

naling pathway may be an important part of the OS drug resis-

tance regulation signal network. Liu et al18 found that the

expression of miRNA-100 is low in OS cell lines, but when

miRNA-100 mimics are applied, it can directly inhibit the

expression of the target gene, IGFIR, inhibit the PI3K/AKT

and MAPK/ERK signaling pathways, promote apoptosis, and

weaken the drug resistance of OS. Similarly, miRNA-34a has

been shown to regulate signaling pathways.19 When

miRNA-34a is overexpressed and combined with CDDP, the

c-Myc/Bim pathway can be activated to make OS cells sensi-

tive to CDDP and induce apoptosis. Tang et al20 found that

miRNA-223 is a type of miRNA with low expression in OS,

which can directly target and negatively regulate the expression

of Hsp70; when miRNA-223 is overexpressed, it can inhibit the

expression of Hsp70, thereby regulating the increase of JNK/

JUN expression, which makes cells sensitive to CDDP. JUN

can also bind to the promoter region of miRNA-223 to form a

feedback loop and induce an increase in its expression. In

addition, autophagy regulated by miRNAs can affect the resis-

tance of OS cells to CDDP (Table 2). Li et al21 found that after

MG-63 cells were treated with CDDP to form an OS-resistant

cell model, the expression of miRNA-199a-5p decreased, the

negative regulatory target gene, Beclin1, expression and the

ratio of LC3-II to LC3-I increased, indicating that autophagy

was activated; forced overexpression of miRNA-199a-5p

Table 1. The Role of miRNA With Signal Pathway Regulation in the CDDP Resistance of OS.

miRNA Expression level in OS Gene target Signal pathway Effect after intervention References

miRNA-33a " TWIST PI3K/Akt, ET-1/ETAR Increased chemotherapy sensitivity of CDDP 11

miRNA-221 " PTEN PI3K/Akt Reduced CDDP resistance 17

miRNA-100 # IGFIR PI3K/Akt, MAPK/Erk Reduced CDDP resistance 18

miRNA-34a # – c-Myc/Bim Increased chemotherapy sensitivity of CDDP 19

miRNA-223 # Hsp70 JNK/JUN Increased chemotherapy sensitivity of CDDP 20

miRNA-22 # MTDH LC3/ATG5/Beclin1 Increased chemotherapy sensitivity of CDDP 22

Table 2. MiRNAs That Regulate Cell Autophagy in the Resistance of Osteosarcoma.

miRNA Target gene OS cell types Chemotherapy drugs References

miRNA-199a-5p Beclin1, LC3-II, LC3-I MG63 CDDP 21

miRNA-22 MTDH, LC3, ATG5, beclin1 MG63 22

miRNA-101 AVOS, A2g4 U-2 OS Dox 28

miRNA-30a Beclin-1, LC3-I, LC3-II MG63 29

miRNA-590 WIP1, p65 Saos2, HOS, U-2 OS, MG63 30

miRNA-24 Bim, Smac, DIABLO, XIAP, Caspase-3/7/9 MG-63, HOS 25

miRNA-140-5p HMGN5 MG-63, U-2 OS MTX 31

miRNA-199a-3p AK4, NF-kB G-292, U-2 OS, HOS CDDP, carb, dox 32

miRNA-140-5p IP3K2 Saos-2, MG-63 Dox, CDDP 33
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resulted in the opposite result, which not only inhibited

autophagy but also enhanced the cytotoxicity of CDDP, and

reversed the CDDP resistance of OS cells. MiRNA-22 also

has similar functions.22 The expression of miRNA-22 is low

in OS cells. When miRNA-22 mimics are added to MG-63,

targeting inhibits MTDH and reduces the expression of LC3,

ATG5, and Beclin1, which inhibits autophagy and promotes

chemosensitivity.

Different miRNAs exhibit different expression changes in

the osteosarcoma tissues. It is believed that after interfering

with their expression levels to reverse these expression

changes, different miRNAs can enhance the chemotherapeutic

sensitivity of OS cells to CDDP or inhibit the resistance of OS

cells to CDDP by targeting different molecular targets and

regulating the activation of downstream signaling pathways.

The Role of miRNA in Adriamycin Resistance

Another common clinical chemotherapeutic drug, doxorubicin

(Dox), is associated with the emergence and development of

drug resistance. A large number of studies have shown that

miRNAs play an important role in regulating Dox resistance

in the treatment of OS. Lin et al23 found that OS cell lines

treated with a certain dose of Dox had time-dependent changes

in miRNA-184, which peaked at 12 h and then decreased.

MiRNA-184 can directly target Bcl2L1 and has a positive cor-

relation with it. The use of miRNA-184 antagonists can pro-

mote the apoptosis of OS cells, while overexpression can

inhibit apoptosis and promote the chemical resistance of OS

to Dox. Sun et al24 showed that miRNA-137-3p can regulate

drug resistance in OS cells by inhibiting the expression of

multiple growth factors. In OS-resistant cells, the expression

of miRNA-137-3p was lower than that in normal OS cells, but

overexpression of miRNA-137-3p downregulated the level of

target gene, PTN, inhibited the proliferation of OS cells, and

reversed drug resistance. In contrast, overexpression of PTN

also weakened the inhibitory effect of miRNA-137-3p on the

proliferation of drug-resistant OS cells. MiRNA-149 is a

cancer-promoting factor,25 and its expression is significantly

increased in the OS tissues. It is negatively correlated with the

target gene bone morphogenetic protein 9 (BMP9) and affects

the expression of Caspase3 and PARP. When miRNA-149 was

overexpressed in MG-63 cells, the sensitivity of Dox was wea-

kened by the decrease in BMP9 expression. Zhou et al26 found

that miRNA-320 could regulate the drug resistance of OS. It

can directly target SNHG12 and MCL-1 and downregulate

their expression to reduce the half-lethal dose of Dox in the

MG-63 cell line. Zhang et al27 found that miRNA-301a directly

negatively regulates AMPKa1. The experimental results

showed that the drug-resistant OS cells treated with Dox

induced the expression of miRNA-301a in a time-dependent

manner and increased the expression of HMGCR. Upregulation

of miRNA-301a can inhibit the expression of AMPKa1, which

enhances the chemical resistance of OS cells to Dox.

Autophagy is an important factor affecting the drug resis-

tance of OS (Table 2). Chang et al28 found that miRNA-101

can block autophagy in OS and improve the chemosensitivity

of Dox in vitro. The results also revealed that autophagy could

be induced by a certain dose of Dox in U2-OS cells, while the

expression of AVOS and another autophagy-related protein,

A2g4, could be decreased after transfection of miRNA-101,

which could block autophagy; this block could increase the

sensitivity of OS cells to Dox. MiRNA-30a is another regula-

tory factor that affects drug resistance by affecting autop-

hagy.29 After treatment, the content of miRNA-30a decreased

significantly, the expression of the target gene, Beclin1,

increased, and the transformation of microtubule-related pro-

tein LC3-I to LC3-II also increased, suggesting that autophagy

activity increased. Overexpression of miRNA-30a inhibits

autophagy and promotes chemotherapy-induced apoptosis. In

terms of signaling pathways, miRNA-590 plays a regulatory

role.30 Overexpression of miRNA-590 in OS cell lines can

negatively regulate WIP1 to enhance the cytotoxicity of Dox

and promote apoptosis. The main reason for this is that p65 can

bind to the miRNA-590 promoter, thereby inhibiting the

expression of miRNA-590. Sun et al24 and other researchers

have shown that miRNA-24 is highly expressed in OS cell

lines. Inhibition of miRNA-24 and treatment with Dox signif-

icantly promoted apoptosis and alleviated drug resistance. The

main mechanism is that the inhibition of miRNA-24 can upre-

gulate the expression of its target gene, Bim, which can lead to

the release of Smac/DIABLO from the mitochondria and bind

to XIAP. This not only induces mitochondrial dysfunction but

also triggers the activation of Caspase-3/7/9 and promotes

apoptosis. To solve the problem of Dox drug resistance, sum-

maries and further explorations can be carried out according to

the above mechanisms or rules, to provide new targets and new

ideas for clinical treatment.

Autophagy is one of the most important biological activities

of tumor cells and activating the autophagy of tumor cells is

one of the most important treatment strategies for malignant

tumors. Some miRNAs regulate cytotoxic activity; therefore,

these miRNAs can improve the chemotherapy sensitivity in OS

drug-resistant cell lines.

Effect of miRNA on Methotrexate Resistance

Methotrexate (MTX) is an anti-metabolic drug that is used as

an anti-tumor therapy. MTX is often used in combination with

cisplatin and other drugs for the treatment of OS. However,

there is a certain phenomenon of drug resistance to MTX,

whether used alone or in combination. Many studies have

shown that miRNAs also affect the chemosensitivity of MTX

to some extent. The MiRNA-29 family is a type of tumor

suppressor.34 In drug-resistant cell lines treated with MTX and

OS tissues with poor effects on chemotherapy, miRNA-29a/b/c

was downregulated to varying degrees. By detection, the

miRNA-29 family negatively regulates the expression of

COL3A1 and MCL1. Overexpression of miRNA-29a/b/c can

inhibit the expression of target genes, making MTX-resistant

cells sensitive to chemotherapy and significantly promoting

apoptosis.
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Xu et al35 found that miRNA-146-5p upregulates OS before

and after chemotherapy and negatively regulates zinc finger

protein 3 (ZNRF3) to promote the chemical resistance of OS

cells to MTX, and this increased resistance is mediated by the

Wnt/b-catenin signaling pathway. MiRNA-38236 is another

tumor suppressor factor downregulated in OS, which directly

targets and negatively regulates KLF12 and HIPK3. Overex-

pression of miRNA-382 enhanced the sensitivity of OS cells to

MTX-induced apoptosis. In fact, Meng et al31 found that the

expression of miRNA-140-5p in OS decreased, while overex-

pression of miRNA-140-5p reversed drug resistance. The main

reason is that miRNA-140-5p targets HMGN5 and reduces its

expression, thereby blocking autophagy and achieving chemi-

cal sensitization (Table 2).

The expression of miRNA-34c37 is lower in OS, which is

not sensitive to chemotherapy; however, when miRNA-34c is

overexpressed, it can increase the level of Caspase-3 and pro-

mote apoptosis by targeting the inhibition of Notch1 and LEF1,

thereby alleviating the resistance of OS to MTX.

The Role of miRNA in Multi-Drug Resistance in OS

In intrinsic drug resistance at the beginning of chemotherapy

and acquired drug resistance in the later stages, tumor cells may

produce resistance to a variety of drugs. As a result, the effect

of chemotherapy is limited and negatively affects the prognosis

of the disease. Therefore, exploring and understanding the

mechanism and principle of miRNA in multidrug resistance

in OS can provide a new target for solving the phenomenon

of drug resistance (Figure 1).

Because the clinical treatment of OS often uses a combina-

tion of multiple chemotherapeutic drugs, the occurrence of

multidrug resistance in OS seriously affects the chemothera-

peutic effect on OS. Therefore, the discovery of miRNAs

related to multidrug resistance in OS can provide a solution

to this problem. Therefore, we used Figure 1 to describe the

correspondence between chemotherapeutic drugs and lncRNAs

to provide systematic theoretical evidence for the solution of

the problem of multidrug resistance in OS.

Pu et al38 showed that miRNA-34a-5p can promote multi-

drug resistance in OS cells. In this study, AGTR1 is a direct

target of mir-34a-5p and negatively regulates the multidrug

resistance of OS [DOX, CDDP, etoposide (Etop), and carbo-

platin (Carb)]. MiRNA-34a-5p can also promote poly chemical

resistance of OS by directly downregulating the DLL1 gene, in

which the ATF2/ATF3/ATF4 signaling pathway may be

involved in this promoting effect. Osaki et al39 found that the

upregulation of miRNA-29 in OS can inhibit the expression of

the anti-apoptosis factor, MCL1, thereby increasing the sensi-

tivity of OS to CDDP and Dox. In the aspect of OS stem cells,

Fiore et al40,41 found that let-7d was downregulated in the

3AB-OS cancer stem cell (CSC) cell line derived from

MG63. Overexpression of let-7d leads to the chemical resis-

tance of cell lines to a variety of chemotherapeutic drugs,

accompanied by the inhibition of Caspase-3 and an increase

in Bcl-2 expression. In contrast, overexpression of

miRNA-29b-1 in this cell line can reverse drug resistance and

increase the apoptotic rate induced by many chemotherapeutic

drugs. MiRNA-20a-5p is another adjustable multidrug resis-

tance miRNA.42 Compared with the drug-resistant (SJSA) cell

line, the expression of miRNA-20a-5p was significantly higher

in OS-sensitive (GMEC 292) cell lines, while the forced

expression of miRNA-20a-5p in SJSA cells counteracted the

drug resistance of OS. The main mechanism is to inhibit the

expression of the target gene, SDC2, and promote apoptosis

induced by chemotherapeutic drugs, such as Dox, Etop, and

Carb. In the aspect of autophagy, miRNA-199a-3p can promote

multidrug resistance by inhibiting the expression of the target

gene, AK4.43 In this process, reducing miRNA-199a-3p can

upregulate the activated NF-kB pathway. Concerning autop-

hagy, Wei et al32 found that miRNA-140-5p was upregulated in

OS cells treated with CDDP and Dox, which inhibited the

IP3K2 gene and upregulated autophagy, resulting in drug resis-

tance of OS. In addition, miRNA-140-5p can upregulate

Figure 1. MiRNAs related to multidrug resistance in OS.
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autophagy by inhibiting the IP3K2 gene and producing chem-

ical resistance to CDDP and Dox (Table 2).33

Summary and Prospect

Since miRNA was discovered by Lee33 in the study of devel-

opmental defects in Caenorhabditis elegans in 1993, related

research on miRNA has developed rapidly and has results in

remarkable amounts of research data, including the regulatory

role of miRNAs in drug resistance in OS. It involves the reg-

ulation of miRNA in the cell cycle, cell proliferation, apoptosis,

and autophagy in OS and its cell lines. However, most of these

studies focused only on a single target and were scattered.

Therefore, we believe that future research on miRNAs in OS

resistance should focus more on the regulation of specific

upstream and downstream molecules of miRNAs and their

signaling pathways. The interaction mechanism between dif-

ferent miRNAs is also a key and difficult problem. If we can

clarify the above 2 questions and build a complete miRNA

regulatory network on this basis, we will be able to compre-

hensively and thoroughly clarify the regulatory mechanism of

miRNAs in the drug resistance of osteosarcoma and provide a

theoretical basis for the development of gene therapy targets.

Once this regulatory network is established, researchers can

find one or more important “central targets” through the net-

work to optimize the inhibition of OS resistance by blocking or

activating one or more molecules.

Currently, the use of miRNA drugs in the treatment of hepa-

titis C has been carried out in phase II clinical trials,44 which

play a significant role in encouraging miRNA-related drugs to

improve chemotherapy resistance. In a large number of experi-

ments, various miRNA mimics, inhibitors, and agonists have

been widely used, and some drugs such as quercetin and

lncRNA have been shown to regulate miRNA. Therefore,

future research should focus on the exploration of various

microRNA-related drugs and the development of a combina-

tion of different drugs in the treatment of OS to provide a

reliable and effective solution for the clinical treatment of OS.
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