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miR-133b targets SOX4 to inhibit the proliferation and 
invasion of chondrosarcoma cells and induce apoptosis
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Abstract: Objective: To observe the clinical value and probable molecular mechanisms of miR-133b and SOX4 
in chondrosarcoma. Methods: 40 cases of clinical chondrosarcoma tissues and their corresponding, non-tumor, 
normal tissues were collected. qRT-PCR was used to measure the miR-133b and SOX4 expressions in the cells 
and tissues. A cell experiment in vitro and a cell counting kit-8 (CCK-8) were constructed. Transwell invasion and 
flow cytometry were used to determine the cell proliferation, invasion, and apoptosis respectively. Western blot was 
used to determine the expressions of SOX4 and the apoptosis-related proteins Caspase3, Bax and Bcl-2. Results: 
Compared with the normal tissues, the miR-133b expression was low and SOX4 was high in the chondrosarcoma 
tissues. They were correlated with the histological grading and metastasis of the chondrosarcoma patients. The 
up-regulation of miR-133b or the inhibition of SOX4 expression can reduce the proliferation and invasion abilities 
of chondrosarcoma cells and induce apoptosis. The expressions of Caspase3 and the Bax protein increased, but 
the Bcl-2 protein expression decreased significantly. A luciferase assay verified that miR-133b immediately targeted 
SOX4, and the expression of SOX4 was significantly inhibited after the up-regulation of miR-133b. The up-regulation 
of miR-133b and SOX4 co-transfection can offset these biological behaviors of chondrosarcoma cells. Conclusion: 
miR-133b regulates the proliferation, invasion and apoptosis of chondrosarcoma cells by targeting SOX4.
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Introduction

Chondrosarcoma is a heterogeneous malig-
nant tumor derived from chondrocytes. Its  
main characteristics are slow growth and hya-
line cartilage. Its incidence rate is approxima- 
tely 20-25% of that of osteosarcoma, and it 
mainly occurs in the femur and pelvis [1]. Ch- 
ondrosarcoma is resistant to chemotherapy 
and radiotherapy, and the clinical effect of ad- 
juvant therapy is limited [2]. Surgical resection 
is the main treatment for this disease, but the 
surgery usually closely approaches the organs 
and the neurovasculature, with high disability 
and postoperative recurrence rates. Surgeries 
on patients with metastatic lesions are usually 
difficult [3]. The prognosis of chondrosarcoma 
patients is poor due to the limited surgical 
effect of the adjuvant therapy [4]. Therefore, it 
is very important to actively explore appropri- 
ate treatment methods for chondrosarcoma  
to improve patient prognosis.

With the development of molecular biology, 
molecular targeted therapy has become a ch- 
ondrosarcoma research hotspot and is expect-
ed to lead to a new approach for chondrosar-
coma treatment [5]. MicroRNA (miRNA) is a 
kind of small molecule non-coding RNA. Its bio-
logical function is to reduce or increase the 
activity of mRNA and translate it into protein 
[6]. Over the years, studies have shown that 
miRNA plays a role in inhibiting cancer or carci-
nogenesis in human beings and plays a variety 
of biological behaviors in the progression of 
tumors [7, 8]. miR-133b is a muscle-specific 
biomarker involved in the process of muscle-
related diseases [9]. Some studies have found 
that miR-133b is involved in the progression  
of malignant tumors [10]. In Wang et al.’s re- 
search, miR-133b was found to be expressed  
in breast cancer tissues in an inhibitory man- 
ner and can inhibit clone formation and me- 
tastasis in vitro and canceration and non-me- 
tastasis in vivo. Sox9 is a target mediated by 
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miR-133b [11]. However, Li et al. reported that 
the expression of miR-133b is reduced in glio-
ma tissue, which can inhibit the invasion and 
proliferation of glioma by targeting Sirt1 [12]. 
miR-133b plays the role of a tumor suppressor 
gene in tumors [13, 14], but its role in chondro-
sarcoma has not been studied. The mechanism 
of chondrosarcoma cells in vitro is still unclear. 
Therefore, using online biological prediction 
software, we predicted that SOX4 may be a 
potential biological target of miR-133b.

SOX4 has been shown to be over-expressed in 
chondrosarcoma tissue in previous studies and 
can be used as a prognostic indicator for chon-
drosarcoma patients [15]. Based on the poten-
tial significance of miR-133b and SOX4 in vari-
ous tumor molecular mechanisms, we observed 
the action mechanism of miR-133b and SOX4 
in chondrosarcoma in this study, with a view to 
providing new targets for the treatment of the 
disease.

Materials and methods

Clinical samples

From April 2013 to August 2016, 40 patients 
with chondrosarcoma admitted to the Binzhou 
Hospital of Chinese Medicine were recruited for 
this study. 40 cases of chondrosarcoma tissue 
and 40 cases of the corresponding non-tumor 
normal tissues were taken. Inclusion criteria: 
before chemotherapy or radiotherapy, the tis-
sue samples were collected and confirmed by 
pathology during the operation. This study was 
approved by the ethics committee of Binzhou 
Hospital of Chinese Medicine. All the patients 
signed an informed consent.

Experiment cells

Chondrosarcoma cells (CH2879, JJ012, SW- 
1353) were purchased from Zishi Biotech- 
nology Co., Ltd., Shanghai, China (ws100874, 
ws101298, As100029). Normal chondrocyte 
TC28a2 was purchased from Xiyuan Biote- 
chnology Co., Ltd., Shanghai, China (XY-SC- 
C041). The cell lines were cultured in a RPMI-
1640 medium (Wuhan Chundu Biotechnology 
Co., Ltd., China, CD-100043GM) including 10% 
fetal bovine serum and 100 U/mL penicillin/
streptomycin in a humid environment of 37°C 
and 5% CO2.

qRT-PCR

Total RNA was extracted from the tissues and 
cells by a Trizol kit (Wuhan Chundu Biotech- 
nology Co., Ltd., China, CD-13433-ML) accor- 
ding to the manufacturer’s instructions. The 
purity and concentration of the total RNA we- 
re verified using a UV1000 ultraviolet visible 
spectrophotometer (Shanghai Zhuohao Labo- 
ratory Equipment Co., Ltd., China). The total 
RNA was reverse transcribed using a reverse 
transcription kit (Wuhan Chundu Biotechnology 
Co., Ltd., China, CDLG-4295). The SYBR Premix 
Ex Taq kit (Wuhan Khayal BioTechnology Co., 
Ltd., China, DRR041A) was used for the quanti-
tative PCR on an ABI7500 real-time fluorescent 
quantitative PCR (Applied Biosystems, Foster 
City, USA). GAPDH or U6 were used as the  
internal parameters. The PCR reaction condi-
tions were 95°C for 5 min, 95°C for 15 s, and 
60°C for 30 s, with a total of 40 cycles in  
triplicate. The relative expressions were ana-
lyzed using 2-ΔΔCt. miR-133b upstream was 
5’-GCGCTTTGGTCCCCTTC-3’ and downstream 
was 5’-CAGTGCAGGGTCCGAGGT-3’. SOX4 up- 
stream was 5’-CCGAGCT GGTGCAAGACC-3’  
and downstream was 5’-CCACACCATGAAGG- 
CGTTC-3’. U6 upstream was 5’-CTCGCTTCGG- 
CAGCACA-3’ and downstream was 5’-AACGC- 
TTCACGAATTTGCGT-3’. GAPDH upstream was 
5’-GGGAGCCAAAAGGGTCAT-3’ and downstre- 
am was 5’-GAGTCCTTCCACGATACCAA-3’.

Cell transfection

MiR-NC (negative control sequence), miR-133b 
mimics, and SOX4-si and SOX4 empty vector 
controls (si-NC) were purchased from the 
Ribobio Biotechnology Co., Ltd., Guangzhou, 
China. According to the producer’s plan, the 
JJ012 and SW1353 cells were transfected 
using a Lipofectamine 2000 kit (Shanghai 
Qiming Biotechnology Co., Ltd., China, RF11- 
800).

Assay of cell proliferation

The cell proliferation experiments were con-
ducted using a CCK-8 (YDM5803, Shanghai 
Yuduo Biotechnology Co., Ltd., China). When 
the cell fusion degree reached 80%, the cells 
with a concentration of 100 μL/well were inoc-
ulated into 96-well plates and incubated for 0 
h, 12 h, 24 h, 48 h, and 72 h, respectively, and 
then 10 μL of CCK-8 solution was added to 
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each well for incubation for 4 hours. The ab- 
sorbance value (OD value) was measured at 
450 nm using a Varioskan LUX multi-function 
enzyme-labelling measuring instrument (Ther- 
mo Fisher Scientific Co., Ltd., China).

Invasion and migration of cells

A Transwell kit (Shanghai Fanke Biotechnology 
Co., Ltd., China, FK-lK019) was used to deter-
mine the cell invasion capability. The cells 
(1×105) were inoculated into the Transwell 
chamber. 200 μL of RPMI-1640 culture solu-
tion was added to the upper chamber. 500 μL 
of RPMI-1640 culture medium was added to 
the lower chamber and cultured at 37°C. After 
24 h, the culture medium was discarded in the 
chamber. Anhydrous ethanol was used for the 
fixation and 0.5% crystal violet staining was 
performed. Cotton swabs were used to careful-
ly wipe the cells that did not penetrate the 
membrane surface of the chamber. The ch- 
amber was placed in a 24-well plate. The num-
ber of transmembrane cells was observed 
under an MI-11 biological inverted microscope 
(Guangzhou Mingmei Photoelectric Technology 
Co., Ltd., China).

Assay of apoptosis

An Annexin V-FITC kit (Invitrogen, Grand Island, 
NY, USA, V13242) was used to carry out the 
apoptosis experiment. After digestion with tryp-
sin, the cells were washed twice with PBS. Cells 
with a density of 5×105 were collected. 500  
μL of binding buffer was added. Propidium 
iodinate and Annexin-V-FITC labeling solution 
were added, 5 μL each, and incubated for 10 
min. Then, a Coulter ASTRIOS EQ flow cytome-
ter (Beckman Coulter Commercial Enterprise 
(China) Co., Ltd.) was used for the quantifica-
tion within 1 hour.

Luciferase reporter

According to the binding sites of miR-133b and 
SOX4, SOX4 wild-type (WT) and mutant (MUT) 
3’UTR were synthesized. Then, they were in- 
serted into vector pmir-GLO to construct the 
plasmids WT-SOX4 and MUT-SOX4. The cells 
were transfected with WT-SOX4 and MUT-SOX4, 
and miR-133b mimics or miR-NC were added. 
After 24 hours of transfection, the luciferase 
activity was detected according to the produc-
er’s instructions using a luciferase reporting 

assay system (Nanjing Cobioer Biosciences 
Co., Ltd., China).

Western blot

A RIPA buffer was used to lyse the cells and 
extract the total protein. 40 μL protein was sep-
arated using 10% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis and transferred 
to a PVDF membrane. TBST liquid with 5% skim 
milk powder was used to seal. After we washed 
the membranes, Caspase3 (1:1000, AF1213), 
Bax (1:1000, AB026), Bcl-2 (1:1000, AB112), 
SOX4 (1:1000, bs-11208R-1) primary antibody 
and β-actin antibody (1:1000, A0192) were 
added, and kept at 4°C overnight. After incu- 
bation with a horseradish peroxidase (HRP)-
labeled secondary antibody for 2 h, the color 
was developed using chemiluminescence. The 
protein bands were scanned using a LI-COR-
Odyssey scanner (LICOR, Inc. Lincoln, NE, USA). 
Caspase3, Bax, Bcl-2, β-actin, and HRP kits 
were purchased from the Shanghai Biyun 
Biotechnology Co., Ltd., China. An SOX4 kit  
was purchased from the Shanghai Hengfei 
Biotechnology Co., Ltd.

Statistical methods

Data conforming to a normal distribution were 
expressed as the means ± SD. Differences 
between the mean values were analyzed using 
T-tests. Multiple time points were expressed 
using repetitive measurement and analysis of 
variance. Then Bonferroni method was used  
for back testing. One-way ANOVA was used for 
the data comparison among multiple groups, 
and LSD-t tests were used for the compari- 
sons. A Pearson test was used for the corre- 
lations. A difference was considered statisti-
cally significant when P<0.05. The statistical 
data analysis was carried out by using SPSS 
20.0 or GraphPad Prism 6.0 (IBM Corp., Arm- 
onk, NY, USA).

Results

The expressions of miR-133b and SOX4 in 
chondrosarcoma

The expressions of chondrosarcoma and its 
adjacent tissues were determined in 40 ca- 
ses. Compared with the adjacent tissues, the 
expressions of miR-133b in the 40 chondro- 
sarcoma tissues was significantly reduced, but 
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SOX4 was highly expressed. In addition, a 
Pearson test showed that the expressions of 
miR-133b in the chondrosarcoma tissues were 
negatively correlated with SOX4. We analyzed 
the connections between miR-133b, SOX4, and 
the clinicopathological features of chondrosar-
coma patients and found that miR-133b and 
SOX4 were associated with the histological 
grading and metastasis of the chondrosarco- 
ma patients. More details are shown in Figure 
1 and Table 1.

The up-regulation of miR-133b inhibits the ma-
lignant biological behavior of chondrosarcoma 
cells

Chondrosarcoma cell lines were selected to 
determine miR-133b expression. Compared 
with the TC28a2 cells, miR-133b was signifi-
cantly down-regulated in CH2879, JJ012, and 
SW1353 cells. We selected JJ012 and SW1353 
cells with lower expressions of miR-133b for 
the subsequent experiments. Compared with 

Figure 1. The expressions of miR-133b and SOX4 in chondrosarcoma. A: qRT-PCR showed that miR-133b has a 
low expression in chondrosarcoma tissue. B: qRT-PCR showed that SOX4 was highly expressed in chondrosarcoma 
tissue. C: A Pearson coefficient showed that the expression of miR-133b in chondrosarcoma tissue was negatively 
correlated with SOX4. Note: *P<0.05.

Table 1. The relationship between miR-133b, SOX4 and the clinicopathological features
Clinicopathological features n miR-133b t/F P SOX4 t/F P
Gender 0.658 0.510 0.876 0.386
    Male 18 1.17±0.16 4.37±0.53
    Female 22 1.13±0.18 4.54±0.67
Age/years old 1.336 0.190 1.465 0.151
    ≤55 25 1.17±0.17 4.35±0.63
    >55 15 1.09±0.17 4.67±0.56
Site of pathological changes 1.976 0.153 0.259 0.773
    Axial bone 23 1.12±0.18 4.50±0.67
    Limb bone 12 1.15±0.15 4.46±0.54
    Others 5 1.28±0.17 4.28±0.52
Histological grade 13.110 <0.001 10.980 <0.001
    Grade I 22 1.34±0.10 4.18±0.58
    Grade II 12 1.22±0.14* 4.60±0.40*

    Grade III 6 1.06±0.14*,# 5.22±0.24*,#

Metastasis 4.776 <0.001 3.749 <0.001
    No 31 1.34±0.13 4.29±0.56
    Yes 9 1.09±0.14 5.04±0.39
Tumor size (cm) 0.548 0.583 0.032 0.969
    ≤5 4 1.13±0.23 4.39±0.81
    >5 6 1.07±0.19 4.50±0.49
Missing values 30 1.17±0.16 4.46±0.62
Note: comparisons between groups, *P<0.05, #P<0.05.
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miR-NC, the over-expression of miR-133b sig-
nificantly up-regulated the expression of miR-
133b in the cells. The CCK-8 test results indi-
cated that the proliferation of cells was reduced 
significantly after the up-regulation of miR-
133b. The Transwell assay indicated that the 
cell invasion was reduced significantly after the 
up-regulation of miR-133b. The flow cytometry 
counting indicated that the up-regulation of 
miR-133b could induce apoptosis. Western blot 
indicated that the expressions of the Caspase3 
and Bax proteins in cells increased significant-
ly, but the Bcl-2 protein decreased significantly 
after the up-regulation of miR-133b. These re- 
sults showed that miR-133b is related to chon-

drosarcoma growth, indicating that miR-133b 
may become a potential function of a chondro-
sarcoma inhibitor. More details are shown in 
Figure 2.

Down-regulation of SOX4 inhibits the malignant 
biological behavior of chondrosarcoma cells

The expression of SOX4 in chondrosarcoma cell 
line was determined. The results showed that 
the expressions of SOX4 in the CH2879, JJ012, 
and SW1353 cells was significantly higher than 
it was in the TC28a2 cells. After transfecting si-
SOX4, the expression of SOX4 in the cells was 
significantly reduced. The proliferation and in- 

Figure 2. The up-regulation of miR-133b inhibits the malignant biological behavior of chondrosarcoma cells. A: 
qRT-PCR was used to quantify the expressions of miR-133b in CH2879, JJ012, SW1353, and TC28a2 cells. B: qRT-
PCR was used to determine the expression of miR-133b in cells transfected with miR-NC and miR-133b mimics. C: 
CCK-8 was used to determine the cell proliferation after the transfection of the miR-NC and miR-133b mimics. D: A 
Transwell experiment was used to determine the cell invasion after the transfection of the miR-NC and miR-133b 
mimics. E: A flow cytometry counting experiment was conducted to observe the apoptosis and apoptosis map after 
the transfection of the miR-NC and miR-133b mimics. F: Western blot was used to detect the expressions of the 
Caspase3, Bax and Bcl-2 proteins and their protein maps in cells transfected with miR-NC and miR-133b mimics. 
*P<0.05.
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vasion of the cells were inhibited, but the ap- 
optosis rate was significantly increased. After 
inhibiting SOX4, the expression of the Caspa- 
se3 and Bax proteins in the JJ012 and SW13- 
53 cells increased significantly, but the Bcl-2 
protein decreased significantly. More details 
are shown in Figure 3.

SOX4 is the target gene of miR-133b

We predicted the potential binding ability be- 
tween SOX4 3’-UTR and miR-133b using the 
TargetScan Human 7.1 database. We co-tra- 
nsfected WT-SOX4 and MUT-SOX4 with miR-
133b mimics or miR-NC into JJ012 cells. The 
dual luciferase report experiment demonstr- 

ated that the luciferase activity was reduced 
significantly after the co-transfection of the 
miR-133b mimics and WT-SOX4. The QRT-PCR 
and Western blot results demonstrated that 
the SOX4 gene or the protein in the cells trans-
fected with the miR-133b mimics was reduced 
significantly. More details are shown in Figure 
4.

The up-regulation of miR-133b and the SOX4 
co-transfection can offset the biological behav-
ior of chondrosarcoma cells

The above showed that the up-regulation of 
miR-133b can inhibit the expression of SOX4. 
JJ012 and SW1353 cells were further trans-

Figure 3. The down-regulation of SOX4 inhibits the malignant biological behavior of chondrosarcoma cells. A: qRT-
PCR was used to quantify the expressions of miR-133b in CH2879, JJ012, SW1353, and TC28a2 cells. B: qRT-PCR 
was used to determine the expression of miR-133b in cells transfected with si-NC and si-SOX4. C: CCK-8 was used 
to determine the cell proliferation after the transfection of si-NC and si-SOX4. D: A Transwell experiment was used 
to determine the cell invasion after the transfection of si-NC and si-SOX4. E: A flow cytometry counting experiment 
was conducted to observe the apoptosis and apoptosis map after the transfection of si-NC and si-SOX4. F: Western 
blot was used to detect the expression of the Caspase3, Bax, and Bcl-2 proteins and their protein maps in the cells 
transfected with si-NC and si-SOX4. *P<0.05.
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fected with the miR-133b mimics+SOX4 and 
the miR-133b mimics. The results demonstrat-
ed that the proliferation and invasion of cells 
were significantly increased after transfecting 
the miR-133b mimics+SOX4, but the apoptosis 
rate was significantly reduced. Western blot 
showed that after transfecting the miR-133b 
mimics+SOX4, the expression of the Caspase3 
and Bax proteins in the cells was significantly 
reduced, but the Bcl-2 protein was significantly 
increased. More details are shown in Figure 5.

Discussion

Chondrosarcoma is a kind of fatal disease. 
When it develops into high-grade chondrosar-
coma, conventional chemotherapy methods 
are often ineffective [16]. In this experiment, 
we studied the clinical value and probable 
molecular mechanism of miR-133b in chondro-
sarcoma. The results demonstrated that miR-
133b is low expressed in chondrosarcoma. The 

up-regulation of miR-133b can inhibit prolifera-
tion and invasion and induce the apoptosis of 
chondrosarcoma cells. The up-regulation and 
co-transfection of miR-133b and SOX4 can off-
set these biological behaviors of chondrosar-
coma cells, revealing that miR-133b and SOX4 
are involved in the progress of chondrosarcoma 
and can provide potential prognostic and thera-
peutic targets for chondrosarcoma.

In this research, miR-133b expression in chon-
drosarcoma was reduced, indicating that miR-
133b may be an inhibitory marker for chondro-
sarcoma. Previous studies demonstrated that 
miR-133b has inhibitory gene effects in vari- 
ous malignant tumors [17, 18]. For example, 
Sugiyama et al. found that miR-133b was low 
expressed in gastric cancer clinical samples 
and cells and acts as a tumor suppressor in 
gastric cancer [19]. Zhang et al. revealed that 
miR-133b acts as an inhibitory gene in glioma 
and can affect cell survival and apoptosis th- 

Figure 4. SOX4 is the target gene of miR-133b. A: A dual luciferase report experiment showed that the luciferase 
activity was significantly reduced after the co-transfection of the miR-133b mimics and pmirGLO-WT-SOX4. B: The 
qRT-PCR results showed that the SOX4 gene expression in the cells transfected with the miR-133b mimics was sig-
nificantly reduced. C: Western blot showed that the expression of the SOX4 protein in the cells transfected with the 
miR-133b mimics was significantly reduced and its protein map is also shown above. *P<0.05, NSP>0.05.
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rough the targeted regulation of EMP2 expres-
sion [20]. Our research results also showed 
that miR-133b can act as an inhibitory factor in 
chondrosarcoma and is associated with the 
histological grading and metastasis of chondro-
sarcoma patients. miR-133b likely participates 
in the progress of chondrosarcoma. The molec-
ular mechanism of miR-133b in chondrosarco-
ma was further observed. The results showed 
that the up-regulation of miR-133b can inhibit 

the proliferation and invasion of chondrosarco-
ma cells and induce apoptosis, and the ex- 
pressions of the Caspase3 and Bax proteins 
are significantly reduced, but the expression of 
the Bcl-2 protein is reduced. This indicated that 
the up-regulation of the miR-133b expression 
inhibited the progression of chondrosarcoma. 
MiR-133b may become a potential function  
of chondrosarcoma inhibitor. Previous studies 
have shown that miR-133a acts as a tumor sup-

Figure 5. The up-regulation of the miR-133b and SOX4 co-transfection can offset the biological behavior of chon-
drosarcoma cells. A: CCK-8 was used to determine the cell proliferation after the transfection of the miR-133b mim-
ics and the miR-133b mimics+SOX4. B: A Transwell experiment was used to determine the cell invasion after the 
transfection of the miR-133b mimics and the miR-133b mimics+SOX4. C: A flow cytometry counting experiment was 
conducted to observe the apoptosis and the apoptosis map after the transfection of miR-133b mimics and the miR-
133b mimics+SOX4. D: Western blot was used to detect the expressions of the Caspase3, Bax, and Bcl-2 proteins 
and their protein maps in the cells transfected with the miR-133b mimics and miR-133b mimics+SOX4. *P<0.05.



The mechanism of miR-133b in chondrosarcoma

2746 Int J Clin Exp Med 2020;13(4):2738-2747

pressor in esophageal squamous cell carcino-
ma. After the over-expression of miR-133a, the 
malignant behavior of esophageal squamous 
cell carcinoma was inhibited and the biological 
behavior of esophageal squamous cell carci-
noma cells could be regulated by targeting 
SOX4 [21]. In the above studies, the up-regula-
tion of the miR-133b expression can inhibit the 
malignant behavior of chondrosarcoma cells, 
but the molecular mechanism is still unclear. 
We predicted that SOX4 may be a potential tar-
get of miR-133b using the TargetScan Human 
7.1 database. The detection of the luciferase 
reporter gene verified that SOX4 is the target of 
miR-133b.

SOX4 can endow tumor cells with the abilities 
of invasion, migration and viability, and pro-
mote tumor progression [22, 23]. In Zhang et 
al.’s research, SOX4 was highly expressed in 
chondrosarcoma. miR-129-5p can regulate the 
migration and proliferation of chondrosarcoma 
by targeting SOX4 [24]. Our study also revealed 
that the expression of SOX4 in chondrosarco-
ma tissues and cells is up-regulated, and it cor-
relates with patient histological grading and 
metastasis. In addition, we also studied the 
biological function of SOX4, which is similar to 
miR-133b overexpression. Knock-out SOX4 ex- 
pression can inhibit the proliferation and inva-
sion of chondrosarcoma cells and induce cell 
apoptosis, and the expressions of the Caspase3 
and Bax proteins are significantly enhanced, 
but the expression of the Bcl-2 protein is re- 
duced. Our further research showed that up-
regulating miR-133b and SOX4 co-transfection 
can offset these biological behaviors of chon-
drosarcoma cells. In Lei et al.’s research, long 
non-coding RNA ABHD11-AS1 was found to 
play a biological role in colorectal cancer by 
regulating the miR-133a/SOX4 axis [25]. Com- 
bined with the research in this paper, the bio-
logical function of miR-133b on chondrosarco-
ma cells may be realized through a cascade 
reaction. We verified the relationship between 
the miR-133b and SOX4 regulatory factors in 
chondrosarcoma, and revealed that miR-133b 
can directly target SOX4. However, there are 
still some deficiencies in this study. We only 
conducted cell experiments in vitro, but we did 
not conduct experiments in vivo to verify the 
effect of miR-133b on tumors. In addition, we 
have not observed the potential downstream 
signal pathway of miR-133b/SOX4, and the 

specific molecular mechanism is still unclear. 
Therefore, these deficiencies need to be add- 
ressed in the future.

To sum up, miR-133b regulates the prolifera-
tion, invasion, and apoptosis of chondrosarco-
ma cells by targeting SOX4.
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