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Abstract. – OBJECTIVE: As a new LncRNA, 
anti-differentiated non-coding RNA (DANCR) 
plays an important role in tumorigenesis and 
development, and its molecular mechanism in 
osteosarcoma is unclear. In this study, by inves-
tigating osteosarcoma tissue and cells, we ex-
plored the molecular mechanism by which ln-
cRNA DANCR regulates the occurrence and de-
velopment of osteosarcoma by targeting the 
miR-149 / MSI2 axis.

PATIENTS AND METHODS: In this study, os-
teosarcoma tissues and adjacent tissues in 109 
patients were collected, and the relative expres-
sion of DANCR was detected by qPCR. The cor-
relation between DANCR expression and clini-
cal classification was statistically analyzed. In 
order to explore the potential molecular mecha-
nism of DANCR related to tumor migration and 
invasion, an overexpression and silencing test 
was performed on the osteosarcoma cell line 
Saos-2, and then qPCR method was used to test 
the expression of miR149, and cell scratch test 
was used to detect invasion after DANCR silenc-
ing and miR149 overexpression. Transwell as-
say was used to detect the invasion after DAN-
CR silencing and miR149 overexpression. Final-
ly, Western blot was used to verify the expres-
sion of MSI2 protein after overexpression and 
silencing of miR-149.

RESULTS: DANCR was significantly up-reg-
ulated in both osteosarcoma tissue and cells. 
The high expression of DANCR was significant-
ly positively correlated with tissue typing and 
advanced TNM stage. DANCR can significantly 
reduce the migration and invasion of osteosar-
coma cells. miRNA overexpression significant-
ly reduced osteosarcoma cell migration and in-
vasion. When miR-149 was overexpressed, MSI2 
protein expression was significantly down-regu-
lated. When miR-149 was silenced, MSI2 protein 
was significantly up-regulated. 

CONCLUSIONS: LncRNA DANCR plays an im-
portant regulatory role in the occurrence and 
development of osteosarcoma. It may be used 
as a potential target in the treatment of osteo-
sarcoma in the future, by targeting the miR-149/
MSI2 axis to regulate the occurrence and devel-
opment of osteosarcoma.
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Introduction

Osteosarcoma is the most common primary 
bone tumor with a high mortality rate in children 
and adolescents, and ranks second in cancer-relat-
ed deaths1,2. Due to advanced medical treatments, 
the prognosis of osteosarcoma has been greatly 
improved in the past few decades. However, the 
five-year survival rate of osteosarcoma is still low 
due to higher recurrence or metastasis rates3. At 
present, the mechanism of osteosarcoma occur-
rence and development is still unclear. Therefore, 
it is urgent to explore the potential mechanism of 
tumor occurrence and development, the molec-
ular targets of osteosarcoma, and clear evidence 
for targeted therapy3,4, in order to improve surviv-
al rate and quality of life.

Long non-coding RNA (lncRNA) plays an 
important role in the proliferation and migration 
of cancer cells5,6. LncRNA generally refers to reg-
ulatory non-coding RNA7 with a length of more 
than 200nt. Due to the relatively long nucleic acid 
chain, lncRNA regulates the expression of mR-
NA encoding proteins by combining miRNAs 
with specific sequences. LncRNA is one of the 
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competitive endogenous RNAs (ceRNAs) regu-
lating the proliferation, invasion, and metastasis 
of cancer.

Some lncRNAs have been identified recently 
as oncogenes in a variety of cancers8,9. LncRNA 
anti-differentiating non-coding RNA (DANCR) 
has been newly identified as an oncogene in 
a variety of cancer species (ovarian cancer10, 
pancreatic cancer11, prostate cancer12, esophageal 
cancer13, etc.) and has been investigated as a 
biomarker. Although DANCR is an oncogene, 
its molecular mechanism in the occurrence and 
development of cancer remains to be elucidated14.

Studies on colorectal cancer have shown 
that DANCR is highly correlated with poor tu-
mor progression and poor prognosis. In gastric 
cancer, DANCR silencing can inhibit cell mi-
gration and invasion, while the overexpression 
could inhibit cell migration and invasion15. In 
osteosarcoma tissue and cells, Linc00460 can 
promote the occurrence and development of 
cells through the miR-1224-5p/FADS1 axis16. 
Zhan et al17 showed that knocking down DAN-
CR can inhibit the malignant characteristics of 
bladder cancer cells. DANCR positively reg-
ulates the expression of MSI2 by suppressing 
the expression of miR-149, thereby promoting 
the invasion and migration of bladder cancer 
cells and promoting the occurrence and devel-
opment of cancer. DANCR, as a competitive 
endogenous RNA in bladder cancer, regulates 
the occurrence and development of bladder 
cancer by regulating the miR-149/MSI2 axis. 
At present, it is still not clear how DANCR is 
involved in the development of osteosarcoma in 
molecular level.

LncRNA DANCR, as a competitive endog-
enous RNA, could promote the migration and 
invasion of osteosarcoma cells by regulating 
the miR-149/MSI2 axis in osteosarcoma cells 
and tissues. Therefore, in this study, the dif-
ferential expression of miRNA, lncRNA, and 
mRNA in osteosarcoma tissues was detect-
ed. Bioinformatics methods were used to con-
struct a lncRNA-miRNA-mRNA endogenous 
competitive RNA network18. The key genes 
in the process of osteosarcoma development 
were analyzed, and the effect on osteosarcoma 
cell proliferation and migration were explored. 
This study intends to treat osteosarcoma cells 
through overexpression and silencing experi-
ments to reveal how DANCR regulates tumori-
genesis and development through targeting the 
miR-149 / MSI2 axis in molecular level.

Patients and Methods

Clinical Sample Collection
A total of 109 pairs of cancerous tissues and 

adjacent tissues (distance ≤3 cm to cancerous 
tissues) were collected from 109 osteosarcoma 
patients. Those patients underwent surgery in 
Third Affiliated Hospital of Qiqihar Medical Col-
lege from January 2017 to January 2019. The 
average age of the patients was 19 years old. All 
samples were taken from the tissues of patients 
with osteosarcoma after surgery, and were stored 
at -80°C after surgery. This investigation was 
approved by the Ethics Committee. 

Inclusion criteria: (1) tissues with tumor cells 
were well-preserved in wax blocks; (2) patients 
without other tumor treatments before surgery, 
such as chemoradiotherapy, gamma knife; (3) 
patients with complete case information for later 
follow-up. Exclusion criteria: (1) patients with 
incomplete clinical data; patient had undergone 
chemo or radiotherapy at the time of data col-
lection; (2) patient with paraosteal osteosarcoma 
detected by pathological diagnosis. 

Cell Culture and Cell Grouping
Human normal osteoblast hFOB1.19 was used 

as a control group, and osteosarcoma cell line 
Saos-2 was used as the experimental group. The 
cells were all from the Cell Bank of the Typical 
Culture Collection Committee of the Chinese 
Academy of Sciences (Shanghai, China). Cells 
were seeded in 6-well plates at a density of 1 × 
106 cells, Dulbecco’s Modified Eagle’s Medium 
(DMEM) and 10% fetal calf serum (FCS) were 
added, and cultured in a 37°C incubator with 5% 
CO2. Cell transfection was then used to overex-
press and silence cells according to experimental 
requirements.

Cell Transfection
The plasmids PLKO.1-puro and pLVX-EF1α 

were purchased from the BioVector NTCC Inc., 
Beijing, China. DANCR-siRNA and its control 
were synthesized by the company. The synthetic 
sequence was inserted into the PLKO.1-puro plas-
mid. The MSI2 and negative control sequences 
were designed and synthesized and inserted into 
the pLVX-EF1α plasmid. Cells were seeded at a 
density of 1 × 106 cells on six-well plates. Cells 
were cultured for 24 h before transfection. Then, 
transfection was performed using the Effectene 
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Transfection Reagent (Qiagen, Beijing, China) 
transfection kit. Cells were harvested 48 h later 
for further experiments.

RNA Extraction and Real-Time PCR
The total RNA of tissues and cells was extracted 

using TRIzol (Invitrogen, California, CA, USA) 
according to the corresponding SOP (Standard 
Operating Procedure), and the real-time quantita-
tive PCR was quantified using ABI PRISM 7500 
fluorescence quantitative PCR instrument (ABI, 
Foster City, CA, USA). The primer sequences 
used are shown in Table I. 

The PCR reaction conditions were as follows: 
pre-denaturation at 95°C for 30 s, denaturation at 
95°C for 5 s, annealing at 60°C for 35 s, 40 cycles. 
The experimental results used the 2-∆∆Ct method 
to calculate the relative expression of DANCR, 
miR-149 and MSI2.

Western Blot Analysis
The cells were collected by centrifugation at 

1000 rpm for 2 min, and the cells were lysed 
using lysate plasma. Then, the total cell lysate 
was dissolved in 1XSDS buffer using the bi-
cinchoninic acid (BCA) protein concentration 
detection kit (QuantiPro™ BCA detection kit, 
Sigma-Aldrich, St. Louis, MO, USA, P0914) 
to detect protein concentration. Total proteins 
were separated using sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred to a nitrocellulose membrane. 
5% skimmed milk powder was blocked and 
incubated with MSI2 antibody (Santa Cruz Bio-
technology, Santa Cruz, CA, USA, SC-517562, 
diluted 1: 500) overnight at 4°C, and then incu-
bated with goat anti-mouse secondary antibody 
(Solarbio, China, SE131, 1:1000 dilution), and 
finally the chemiluminescence chromogenic kit 
(Solarbio, China, SW2010) was used for color 

development, and the iBright CL750 intelligent 
imaging system was used for imaging (Thermo-
fei, MA, USA, A44241).

Cell Scratch Test
24 hours after cell transfection, on a single lay-

er of adherent cells cultured in vitro or in a plate, 
a sterile 200 ul pipette was used to streak the 
central area of cell growth and remove the central 
cells. Then the cells were cultured for another 
48 h (serum-free or low serum (<2%) was used 
to exclude the effect of cell proliferation). The 
culture plate was collected. The cell’s growth and 
migration ability were determined by whether the 
surrounding cells have grown (repaired) to the 
central scratched area. The distance (mm) of cell 
migration was calculated using the HMIAS-2000 
system.

Transwell Assay
Osteosarcoma cell invasion can be calculated 

using transwell migration experiments. 24 h after 
transfection, 5 * 104 cells were starved for 12 h 
in serum-free medium, and then placed in small 
dishes. The bottom chamber was covered with 
500 ml of complete medium. The cells were incu-
bated at 37°C for 48 h, and then the cells were mi-
grated to a 0.5% crystal violet solution and were 
photographed. The microplate reader (Multiskan 
Go 1510, Thermo Fisher Scientific, Waltham, 
MA, USA) was adjusted to 570 nm wavelength to 
detect its absorbance value.

Dual-Luciferase Reporting Test
The constructed MSI2-WT/MUT (Gene-

Pharm, Athens, Greece) vector was transfected 
into osteosarcoma cells (cells were seeded on a 
six-well plate at a density of 1 × 106 cells/well), 
and accompanied by miR-149 overexpression 
vector transfection or control vector transfection. 

Table I. Primers for real-time PCR.

 Genes  Primer sequences (5’-3’)

DANCR Forward GCGCCACTATGTAGCGGGTT
 Reverse TCAATGGCTTGTGCCTGTAGTT
MSI2 Forward ACCTCACCAGATAGCCTTAGAG
 Reverse AGCGTTTCGTAGTGGGATCTC
MiR-149-3P Forward AGGGAGGGACGGGGGCT
β-actin Forward GCGGACTATGACTTAGTTGCGTTACA
 Reverse TGCTGTCACCTTCACCGTTCCA
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Another test was accompanied by shRNA DAN-
CR or shRNA NC transfection. The Luciferase 
activity was detected 48 hours after transfection 
using a Dual-luciferase Reporter Assay System 
(Promega, Madison, WI, USA) kit, and the detec-
tion steps were performed in accordance with the 
normal operating procedures of the kit.

Bioinformatics Analysis
Online biology software starBase (http://star-

base.sysu.edu.cn/index.php) and TargetScan 
(http://www.targetscan.org/vert_71/) was used to 
perform correlation analysis between DANCR, 
miR-149, and MSI2.

Statistical Analysis
The measurement data in this study were ex-

pressed by mean ± SD. All experimental data 
were the results of three repeated experiments. 
All the fluorescence quantitative results were 
analyzed by the Student’s t-test to determine 
whether the differences were significant. SPSS 
19.0 (IBM, Armonk, BY, USA) software package 
was used for statistical processing. p<0.05 was 
considered statistically significant.

Results

DANCR Expression Was Up-Regulated 
In Osteosarcoma Tissues and Cells and 
Was Related With MiR-149/MSI

First, the clinical situation of the patients was 
statistically analyzed. The clinical pathologi-
cal conditions and personal information of the 
patients are shown in Table II. To evaluate the 
relative expression of DANCR gene in osteosar-
coma patients and cells, qRT-PCR experiments 
were used to analyze cancer and adjacent tis-

sues and cells in 109 patients. The results are 
shown in Figure 1 A, B, and C. Compared with 
paracancerous tissue, DANCR was significantly 
up-regulated in 69% (75/109) of patients with 
osteosarcoma tumors. In addition, the up-reg-
ulation of DANCR expression was positively 
correlated with lymph node metastasis (Figure 
1D) and distant metastasis (Figure 1E). Figure 
1F shows that DANCR expression was signifi-
cantly up-regulated in osteosarcoma cell lines 
compared with normal cell lines. In addition, 
we also tested the relative expression of miR-149 
and found a negative correlation with DANCR 
(Figure 1B, 1F). Finally, we tested the relative 
expression of MSI2 in tumor tissues and cells 
and found a positive correlation with DANCR 
(Figure 1B, 1F).

DANCR Silencing Inhibits the Migration 
and Invasion of Osteosarcoma Cells

To further determine whether the expression of 
DANCR can regulate the proliferation of osteo-
sarcoma cells, we knocked down DANCR in the 
osteosarcoma cell line Saos-2 and used qRT-PCR 
to identify whether DANCR has been knocked 
down successfully. Cell scratch test and tran-
swell experiments confirmed that knockdown of 
DANCR affected the migration and invasion of 
osteosarcoma cells. In addition, we tested the ex-
pression of miR-149 using qRT-PCR experiments 
and found that miR-149 was significantly up-reg-
ulated after DANCR was silenced, suggesting 
that DANCR may be negatively correlated with 
miR-149 (Figure 2).

Overexpression of MiR-149 Can Inhibit 
the Proliferation and Migration of 
Osteosarcoma Cells

To further explore the effects of miR-149 on 
the proliferation, migration, and invasion of os-

Table II. Relationship between clinicopathological classification and DANCR expression in patients with osteosarcoma.

   No. of DANCR high expression DANCR low expression 
 Classification Feature samples (n = 75) (n = 75) p-value

Gender Male 65 42 23 0.65
 Female 44 33 14 
Age (year) < 20 57 37 20 0.32
 ≥ 20 52 38 14 
Lymph node metastasis  No 49 35 24 < 0.01**
 Yes 60 40 20 
Distant metastasis No 46 33 13 < 0.01**
 Yes 63 42 11 
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teosarcoma cells, miR-149 was over-expressed 
and cell scratch experiments and transwell in-
vasion experiments were performed. The results 
showed that miR-149 overexpression significantly 
slowed down the migration and invasion of osteo-
sarcoma cells, suggesting that miR-149 inhibited 
the migration and invasion of osteosarcoma cells 
(Figure 3).

Impact of MiR-149 on MSI2
We performed a bioinformatics analysis of 

the binding sites of DANCR and miR-149 and 

found that the two have strong binding power 
(Figure 1A). Therefore, DANCR may reduce its 
expression by binding to miR-149. In addition, 
bioinformatics analysis showed that the 3’ end 
of MSI2 and miR-149 could be complementary 
(Figure 4F). The Dual-Luciferase reporter gene 
showed that the overexpression of MSI2-WT 
and miR-149 overexpression vector significantly 
inhibited Luciferase activity, while co-trans-
fection of the MSI-MUT and miR-149 over-
expression vector did not significantly inhibit 
the Luciferase reporter gene activity (Figure 

Figure 1. Relative expression of DANCR and miR-149 in osteosarcoma. A, The relative expression of DANCR in the cancer 
tissue/adjacent tissue of 109 patients (each bar represents a log 2-fold change). B, The relative expression of DANCR and 
miR-149 in tumor tissues was negatively correlated, while DANCR was positively correlated with MSI. C, Compared with 
adjacent tissues, the expression of DANCR in cancer tissues was significantly higher. D, E, DANCR expression was positively 
correlated with lymph node metastasis and distant metastasis. F, The expression of DANCR and miR-149 in tumor cells was 
negatively correlated, and DANCR was positively correlated with MSI2. Data are expressed as mean ± standard deviation, 
*indicates p<0.05.

Figure 2. Effect of DANCR silencing on migration and invasion of osteosarcoma cells. After DANCR was silenced in 
osteosarcoma cells, the effects on migration and invasion of osteosarcoma cells were examined. A, Detection of successful 
knockdown in osteosarcoma cells. B, Detection of osteosarcoma cell migration after knockdown in osteosarcoma cell saos-2 
(100×). C, After detection of osteosarcoma cells saos-2 knockdown was successful, cell invasion was delayed (100×). Data are 
expressed as mean ± standard deviation, *indicates p<0.05.

A CB
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4F). In addition, knockdown of DANCR and 
co-transfection with MSI2-WT also significantly 
inhibited the activity of the luciferase reporter 
gene. The above results indicate that DANCR, 
miR-149, and MSI2 have strong binding activi-
ties. We studied the effects of over-expression of 
miR-149 and knockdown of miR-149 on MSI2. 
The results of Western blot showed that af-
ter miR-149 overexpression, MSI2 protein was 
significantly down-regulated, and after miR-
149 knockdown, MSI2 protein was significantly 
up-regulated.

Discussion

Osteosarcoma cells are mainly mesenchymal 
cells derived from long bones and are the most 
common bone malignancies in the world19. De-
spite some advances in its treatment options in-
cluding surgery and chemotherapy, most patients 
with osteosarcoma still experience recurrences 
with a shorter overall survival time20. Metastasis 
is the main cause of clinical dissatisfaction. The 
molecular mechanism of osteosarcoma develop-
ment needs to be elucidated, and some studies 

Figure 3. Effect of overexpression of miR-149 on osteosarcoma cell migration and invasion. A, qRT-PCR test showed 
successful overexpression in osteosarcoma cells. B, The migration of osteosarcoma cells was significantly slowed after miR-
149 overexpression; C, The invasiveness of osteosarcoma cells was significantly reduced after miR-149 overexpression. Data 
are expressed as mean ± standard deviation, *indicates p<0.05.

A CB

Figure 4. Expression of MSI2 in osteosarcoma tissues and cells and the effect of miR-149 on MSI2. A, Bioinformatics 
analysis showed that miR-149 was the DANCR binding site. B, Bioinformatics analysis showed that the 3 ‘end of MSI2 is 
complementary to the miR-149 sequence, and the double luciferase assay showed MSI2-WT and miR-149 overexpression 
vector co-transfection significantly inhibited luciferase activity (100×). C, DANCR knocked down and transfected MSI-
wt into osteosarcoma cells, reduced luciferase activity (100×). D, miR-149 was verified to be successfully overexpressed 
in osteosarcoma cells saos-2. E, After miR-149 overexpression, the expression of MSI2 protein was down-regulated. F, 
After miR-149 was knocked down, MSI2 protein was significantly down-regulated. Data are expressed as mean ± standard 
deviation, *indicates p<0.05.
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have shown that the imbalance of lncRNA ex-
pression is related to the progress of osteosarco-
ma cells21.

LncRNAs are important members of the 
non-coding RNA family, generally longer than 
200 nt22,23. LncRNAs regulate gene expression in 
different processes, such as chromosome mod-
ification, transcription, and post-transcriptional 
regulation24,25. DANCR is a newly identified ln-
cRNA located on human chromosome 4q12.526. 
DANCR plays an important role in the regulation 
of targeted genes. In some cancer somatic cells, 
the expression disorder of DANCR has been 
increasing27-32. Yuan et al33 demonstrated that 
DANCR can interact with the binding site of 
miR-199a/320a/214 at the 3’UTR of CTNNB1, 
resulting in CTNNB1 inhibited by miRNAs and 
increased stem cell characteristics of hepatocellu-
lar carcinoma. In addition, DANCR can regulate 
the expression of mTOR by suppressing miR-149, 
leading to the progression of lung adenocarcino-
ma27. Li et al34 found that DANCR interacted with 
EZH2 and then regulated the stability of EZH2. 
Jia et al35 showed that DANCR recruited the 
PRC2 complex to inhibit TIMP2/3 expression. 
This study explored the molecular mechanism of 
DANCR in osteosarcoma.

LncRNA has been newly identified as an on-
cogene in a variety of cancers. LncRNA anti-dif-
ferentiating non-coding RNA (DANCR) has been 
newly identified as an oncogene in a variety of 
cancer species (ovarian cancer10, pancreatic can-
cer11, prostate cancer12, esophageal cancer13, etc.). 
Studies in gastric cancer have shown that DAN-
CR silencing can inhibit cell migration and inva-
sion, while overexpression inhibits cell migration 
and invasion15. Zhan et al17 showed that DANCR 
as a competitive endogenous RNA in bladder 
cancer regulates the occurrence and development 
of bladder cancer by regulating the miR-149/
MSI2 axis. At present, the molecular mechanism 
of DANCR involved in the occurrence and devel-
opment of osteosarcoma is unclear. Based on this, 
we infer that DANCR may regulate the process of 
osteosarcoma cell occurrence and development 
by the similar mechanisms in bladder cancer, that 
is, by regulating the miR-149/MSI2 axis.

MiRNAs are endogenous non-coding RNAs 
that interact with the 3’UTR of the target mR-
NA to induce mRNA cleavage, which enables 
miRNAs to regulate protein expression at the 
transcriptional level36. MiRNAs have been re-
ported to alter the expression of tumor suppres-
sor genes and oncogenes, so as to reveal their 

role in the regulation of tumor development and 
progression. Therefore, identifying cancer-related 
miRNAs and their targets is essential for under-
standing their role in tumorigenesis and may be 
important for diagnostic and targeted therapeutic 
treatment.

In this study, real-time quantitative PCR was 
used to detect RNA extracted from osteosarcoma 
tissues. We found that compared with control 
tissues, the expression of DANCR in tumor tis-
sues was significantly up-regulated. Then, we 
extracted RNA from osteosarcoma cells, and 
found that the expression of DANCR was sig-
nificantly correlated with lymph node metastasis 
and distant metastasis. In addition, the results 
showed that the expression of DANCR in osteo-
sarcoma cell lines was significantly up-regulated 
in comparison with normal osteoblast cell lines. 
Next, to study the effect of DANCR expression 
on osteosarcoma cells, we performed a DANCR 
knockdown experiment (Figure 2). First, we veri-
fied the knockdown results using real-time quan-
titative PCR. The experimental results showed 
that DANCR has been knocked down success-
fully (Figure 2A). Subsequently, we performed 
cell scratch experiments and transwell assay on 
osteosarcoma cells after DANCR knockdown, 
and found that osteosarcoma cell migration and 
invasion characteristics were significantly inhib-
ited (Figure 2B, C).

Next, the expression of miR-149 in osteosar-
coma tissues and cells was measured using re-
al-time quantitative PCR, and the results showed 
that miR-149 was significantly down-regulated 
in both osteosarcoma tissues and cells (Figure 
1B, F). Then, to further explore the effects of 
miR-149 on the proliferation, migration and in-
vasion of osteosarcoma cells, we over-expressed 
miR-149 in osteosarcoma cells, and studied the 
effect of miR-149 on osteosarcoma cell invasion 
and migration using cell scratch experiments 
and transwell invasion experiments. The results 
showed that when miR-149 was overexpressed 
in osteosarcoma cells, the migration and inva-
sion rate of osteosarcoma cells was significantly 
reduced, suggesting that miR-149 could inhibit 
the migration and invasion of osteosarcoma cells 
(Figure 3B, C).

Zhan et al17 in bladder cancer showed that DAN-
CR can regulate the occurrence and development 
of cancer by affecting the miR-149/MSI2 axis. 
Based on the conclusions of this study, we also 
speculated that the relative expression of MSI2 
in osteosarcoma cells was significantly increased 
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compared with that of the control. In addition, in 
extrahepatic cholangiocarcinoma MSI is signifi-
cantly up-regulated in cancer cells, and knocking 
it down significantly inhibits the migration and in-
vasion of extrahepatic cholangiocarcinoma cells37. 
Therefore, we used real-time quantitative PCR to 
detect the relative expression of MSI2 in osteosar-
coma tissues and cells, respectively. The results 
showed that MSI2 was significantly up-regulated 
in both osteosarcoma tissue and cells (Figure 1B, 
F), confirming our speculation.

Finally, to verify whether miR-149 has an ef-
fect on MSI2 expression, we overexpressed miR-
149 and knocked down miR-149 in osteosarcoma 
cells, respectively, and then used Western blot to 
detect the expression of MSI2 protein. The results 
of Western blot showed that after overexpression 
of miR-149 in osteosarcoma cells, MSI2 protein 
was significantly down-regulated (Figure 4B). 
After miR-149 was knocked down in osteosarco-
ma cells, it was found that MSI2 protein was sig-
nificantly up-regulated (Figure 4C), confirming 
that miR-149 can inhibit the expression of MSI2 
protein, thereby inhibiting the occurrence and 
development of tumors.

According to the above research results, we 
indicated that DANCR can inhibit the expression 
of miR-149, thereby promoting the occurrence 
and development of osteosarcoma. MiR-149 can 
inhibit the expression of MSI2 protein, thereby 
inhibiting the occurrence and development of 
tumors. Therefore, in osteosarcoma cells, DAN-
CR acts as an RNA sponge by inhibiting the 
expression of miR-149, thereby promoting the 
up-regulation of MSI2 protein, which in turn 
can promote the occurrence and development of 
osteosarcoma cells.

This study first revealed that DANCR regu-
lates the migration and invasion of osteosarcoma 
cells by regulating miR-149/MSI2 in osteosar-
coma cells. At present, there is no report about 
the regulation of migration and invasion in os-
teosarcoma cells by DANCR, and the specific 
mechanism has not been studied. It is a potential 
research direction in the future.

Conclusions

Our research shows that DANCR as an RNA 
sponge suppresses miR-149 to positively regu-
late the expression of MSI2, therefore promotes 
the progression of osteosarcoma cells to deteri-
oration, which also reveals that DANCR acts as 

an oncogene in osteosarcoma cells. This study 
also reveals the intrinsic mechanism of osteo-
sarcoma cell occurrence and development. Our 
results reveal that DANCR may serve as a drug 
target for future diagnosis and treatment, and 
may provide a basis for future clinical appli-
cations. In addition, MSI2 may also be used 
as a drug target, which can directly inhibit the 
occurrence and development of osteosarcoma 
cells through MSI2 inhibitors. Next, we may 
conduct in vivo experiments in mice to further 
verify the molecular mechanism we studied, 
that is, DANCR promotes the up-regulation of 
MSI2 by suppressing miR-149, thereby regu-
lating the deterioration of osteosarcoma cells.
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