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Abstract. MicroRNAs (miRNAs/miRs) have abnormal 
expression in numerous tumors and are closely related to 
tumor development and resistance to radiotherapy and chemo‑
therapy. However, there are few studies assessing the role and 
mechanism of miRNA in chordoma. The sequencing data 
of three pairs of chordoma and notochord tissues from the 
GSE56183 dataset were analyzed in the present study. Cell 
proliferation was assessed in vitro using Cell Counting Kit‑8. 
Bioinformatics analysis and the dual luciferase reporter assay 
were used to evaluate the regulatory relationship between 
miR‑1224 and chromobox 3 (CBX3) in chordoma. The results 
demonstrated that miR‑1224 had a significantly lower expres‑
sion level in chordoma tissues and cell lines. Overexpression 
of miR‑1224 inhibited proliferation in the chordoma cells, 
while the knockdown of miR‑1224 promoted proliferation 
of the chordoma cells. Bioinformatics analysis and the dual 
luciferase reporter assay confirmed that CBX3 was a direct 
target gene of miR‑1224 and that miR‑1224 induced the prolif‑
eration of chordoma cells through the inhibition of CBX3. In 
summary, miR‑1224 reduced the proliferation of chordoma 
cells through inhibition of CBX3, which provides a theoretical 
basis for selecting a novel therapeutic target for chordoma.

Introduction

Chordoma is a relatively common primary malignant bone 
tumor of the spine; it is mainly derived from notochord tissues 
that are not completely degenerated and frequently occurs 
in elderly individuals (1). In the last decade, the incidence 
rate of chordoma was approximately one to two cases per 
million individuals each year across all countries, with a 
slightly higher frequency in males than in females (2). Due 
to the special and complex anatomical structure of the spinal 
cord, radical tumor resection is difficult in most cases, and 

chordoma is not sensitive to radiotherapy or chemotherapy. 
Therefore, the local recurrence rate of chordoma is as high as 
50‑70% after surgery (3). Chordoma remains a major clinical 
problem in the field of tumor surgery, which is extremely chal‑
lenging. Further research is required to further explore the 
pathogenesis of chordoma to produce more effective interven‑
tions and treatment methods to improve the clinical efficacy. 
With the successful application of molecular targeted therapy 
in tumors, practical ideas have been offered for the targeted 
therapy of chordoma (4).

With the decrease in the cost of whole‑genome sequencing 
techniques, more studies have confirmed that non‑coding 
RNAs, especially microRNAs (miRNAs/miRs) (5‑7), serve 
roles in the treatment of tumors. miRNAs are a group of 
endogenous short non‑coding RNAs that are 21‑25 nucleo‑
tides in length, which regulate the expression of target genes 
by specifically degrading or inhibiting the translation of target 
mRNA, thereby regulating cell growth, proliferation, apop‑
tosis, metastasis, cycle distribution and differentiation (5,8). 
miRNAs have abnormal expression in numerous tumors, and 
are closely related to tumor development and resistance to 
radiotherapy and chemotherapy (9‑13). However, miRNAs are 
rarely studied in chordoma. In the present study, the differ‑
ential expression of miRNAs in three pairs of chordoma and 
notochord tissues from the GSE56183 dataset were studied. 

The functional roles of differential expression of miRNAs 
in regulating the proliferation of chordoma cell lines were 
assessed in the present study, and the underlying molecular 
mechanisms were explored.

Materials and methods

Microarray data. The expression levels of miRNAs in chor‑
doma and notochord tissues were downloaded from the GEO 
database (accession no. GSE56183; http://www.ncbi.nlm.
nih.gov/geo/). The GSE56183 dataset contains three pairs of 
chordoma and notochord tissues (14). The data were processed 
using R (version 3.2.5; R Core Team). The cut‑off level was 
fold change ≥1.5 and P<0.05 was used to indicate significant 
differences.

Cell transfection. Human chordoma JHC7 (CRL‑3267), 
U‑CH1 (CRL‑3217) and U‑CH2 (CRL‑3218) cell lines and 
immortalized nucleus pulposus NP1 (BFN60808675) and 
NP2 (BFN608007213) cell lines were purchased from the 
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American Type Culture Collection by BFB Life Sciences 
[Qingqi (Shanghai) Biotechnology Development Co., Ltd.]. 
The pMSCV‑puro plasmid negative control (NC), chromobox 
3 (CBX3) overexpression plasmid, CBX3 small interfering 
(si)RNA, non‑targeting double‑stranded NC siRNA, miRNA 
NC mimics, miR‑1224 mimics, miRNA NC inhibitors 
and miR‑1224 inhibitors were purchased from Guangzhou 
RiboBio Co., Ltd. The cells were cultured at 37˚C with 5% CO2 
and transfected with Lipofectamine 2000® (Thermo Fisher 
Scientific, Inc.) for 6 h at 37˚C with 5% CO2, and the medium 
was then replaced with fresh culture medium, according to 
the manufacturer's instructions. The transfection efficiency 
was observed under a fluorescence microscope at 24 h after 
transfection and was used to determine whether subsequent 
experiments were to be performed. The sense and antisense 
sequences of siRNA CBX3 were designed with online siRNA 
design tool siRNA selection Program (https://sirna.wi.mit.
edu/siRNA_search.cgi) using the coding sequences of CBX3 
transcript (NM_016587.4). 

The miRNA NC mimic (cat.  no.  HY‑R04602), 
miR‑1224 mimic (cat.  no.  HY‑R00114), miRNA NC 
inhibitor (cat.  no.  HY‑RI04602) and miR‑1224 inhibitor 
(cat.  no.  HY‑RI00114) were originally designed by 
MedChemExpress (purchased by Guangzhou RiboBio Co., 
Ltd.). The sense and antisense sequences of siRNA CBX3, 
miR‑1224 mimics and miR‑1224 inhibitors, including the 
NCs, are shown in Table SI.

Reverse transcription‑quantitative (RT‑q)PCR. Total RNA 
was extracted from JHC7, U‑CH1 and U‑CH2 cell lines, and 
from nucleus pulposus NP1 and NP2 cells using TRIzol® 
(Thermo Fisher Scientific, Inc.) and reverse transcribed into 
cDNA using the Transcriptor First Strand cDNA Synthesis 
Kit (Roche Applied Science) according to the manufacturer's 
instructions. RT‑qPCR was performed using the SYBR Green 
Realmaster Mix Kit (Tiangen Biotech Co., Ltd.) and ABI ViiA 
7 PCR system (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). The following thermocycling conditions were used for 
qPCR: Initial denaturation at 95˚C for 10 min, followed by 
40 cycles of 95˚C for 15 sec, 60˚C for 30 sec and 2˚C for 30 sec. 
Finally, melting curve analysis was performed with temperature 
ramping from 65 to 95˚C at a rate of 0.5˚C/sec with continuous 
fluorescence acquisition. The expression levels of miRNAs 
and mRNAs were quantified using the 2‑ΔΔCq method (15) and 
normalized to the internal reference genes GAPDH and U6 
for mRNA and miRNA, respectively. The primer design for 
miR‑1224 was based on a study by Hu et al (16). All primers 
are shown in Table SII.

Western blotting. At 48 h after transfection, total protein was 
extracted from NP1, NP2, JHC7 and U‑CH1 cells with RIPA 
reagent (Beyotime Institute of Biotechnology) and the protein 
concentration was determined by BCA kit (Beyotime Institute 
of Biotechnology). Next, 30 µg of the protein was loaded per 
lane and separated on 12% gels using SDS‑PAGE. The sepa‑
rated proteins were transferred onto a PVDF membrane at 110 V 
for 2 h. The membrane was blocked with 5% skimmed milk 
powder in TBST for 1 h at 25˚C and incubated with anti‑CBX3 
(1:2,000; cat. no. ab217999; Abcam) and anti‑GAPDH (1:5,000; 
cat. no. ab201822; Abcam) primary antibodies at 4˚C overnight 

on a shaker. After the membrane was washed with TBST (0.1% 
Tween‑20) three times (10 min/wash), the membrane was incu‑
bated with the secondary anti‑rabbit IgG HRP‑linked antibody 
(1:3,000; cat. no. 7076; Cell Signaling Technology, Inc.) at 
room temperature for 1 h on a shaker. After the membrane 
was washed with TBST three times (10 min/wash), the protein 
bands were developed with ECL developing solution (Abcam). 
The expression of the target protein was analyzed with ImageJ 
software (version 1.54i; National Institutes of Health) and 
normalized to GAPDH.

Dual luciferase reporter assay. The target genes of miR‑1224 
were predicted using TargetScan (http://www.targetscan.
org/ver t_72/), microRNAorg (http://www.microrna.
org/microrna/home.do) and RegRNA2.0 (http://regrna2.
mbc.nctu, respectively.edu.tw/detection.html) databases. The 
wild‑type (WT) and mutant (MUT) fluorescence plasmids, 
psiCheck2‑CBX3 3'‑untranslated region (3'UTR)‑WT and 
psiCheck2‑CBX3 3'UTR‑MUT (Generbiol), were constructed. 
The miRNA NC mimic, miR‑1224 mimic and psiCheck2‑CBX3 
3'UTR‑WT or psiCheck2‑CBX3 3'UTR‑MUT vector were 
transfected into the JHC7 cells along with a Renilla luciferase 
control vector using Lipofectamine 3000 (Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. The 
transfected cells were incubated for 24 h to allow for protein 
expression and promoter activity. The luciferase activity was 
measured using the Dual‑Luciferase Reporter Assay System 
(Promega Corporation). The ratio of firefly luciferase activity 
to Renilla luciferase activity was calculated to normalize for 
transfection efficiency and variations in cell number. The 
firefly luciferase activity was normalize to the internal control 
(Renilla luciferase) activity for each sample. The normalized 
firefly luciferase activity was expressed as relative luciferase 
units or fold‑change compared with control samples. 

Cell Count Kit‑8 (CCK‑8) cell proliferation activity assay. 
Cell proliferation was measured using a CCK‑8 kit (Dojindo 
Laboratories, Inc.). The cells were seeded at 1x104 cells/well 
into a 96‑well plate and incubated for 24 h with 5% CO2 at 
37˚C. Next, 20 µl CCK‑8 solution was added and the cells were 
incubated at 37˚C for 4 h. The absorbance value of the two 
groups at 490 nm was measured using a microplate reader at 
0, 24, 48 and 72 h. The experiment was repeated three times.

Statistical methods. SPSS 22.0 (IBM Corp.) and GraphPad 
Prism 6.0 software (Dotmatics) were used for data analysis. 
Data are expressed as the mean ± standard deviation. The 
differences between two groups were tested using an unpaired 
Student's t‑test, and one‑way analysis of variance with Tukey's 
Honestly Significant Difference post hoc test was used for the 
analysis of >2 groups. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Differential expression of miRNA in chordoma. To assess 
the differential expression of miRNAs in chordoma, the 
sequencing data of three pairs of chordoma and notochord 
tissues from the GSE56183 dataset were analyzed. A total of 
1,109 human miRNAs were detected in GSE56183. Using cut 
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off values of fold‑change (FC)≥1.5 and P<0.05, 19 miRNAs 
were demonstrated to be differentially expressed in chordoma. 
miR‑1224, miR‑1229, miR‑885, miR‑3159, miR‑934, miR‑335, 
miR‑518e, miR‑516a, miR‑9.3, miR‑581, miR4285, miR‑3173 
and miR‑1275 were expressed at low levels in chordoma 
compared with notochord tissues, while miR‑3176, miR‑181c, 
miR‑1205, let‑7b, miR‑330 and miR‑548m were highly 
expressed in chordoma (Fig. 1A). The differential expression 
of miR‑1224 in chordoma was the most apparent. From this, 
the expression of miR‑1224 in chordoma JHC7, U‑CH1 and 
U‑CH2 cell lines, and normal NP1 and NP2 cell lines, was 
detected. These results demonstrated that miR‑1224 also had 
significantly lower expression in chordoma cells compared 
with nucleus pulposus cells (Fig. 1B).

Effects of miR‑1224 on the proliferation ability of chordoma 
cells. miR‑1224 expression was lower in JHC7 and U‑CH1 
cells compared with U‑CH2 cells. Therefore, JHC7 and 
U‑CH1 were selected for subsequent experiments (Fig. 1B). 
The chordoma JHC7 and U‑CH1 cell lines were transfected 
with the miR‑1224 mimic and miRNA NC mimic, and the 
expression of miR‑1224 in these cells was detected using 
RT‑qPCR. The RT‑qPCR results demonstrated that the expres‑
sion levels of miR‑1224 in the miR‑1224 mimic groups in both 
cell lines were significantly higher compared with those in 
the respective miR‑NC group (Fig. 2A). Likewise, the CCK‑8 
proliferation assay demonstrated that the proliferation levels of 
the JHC7 (Fig. 2B) and U‑CH1 (Fig. 2C) cells with miR‑1224 
mimic were significantly lower compared with the levels of 
the respective controls. Furthermore, the miR‑1224 inhibitor 
and miR‑1224 inhibitor NC were transfected into the JHC7 
and U‑CH1 chordoma cell lines. At 48 h after transfection, 
the expression of miR‑1224 was detected using RT‑qPCR. The 
expression levels of miR‑1224 in the miR‑1224 inhibitor groups 
were significantly lower compared with those in the respective 
controls (Fig. 2D). Likewise, the CCK‑8 proliferation assay 

demonstrated that after miR‑1224 expression was down‑
regulated, the cell proliferation levels of JHC7 (Fig. 2E) and 
U‑CH1 (Fig. 2F) were significantly higher compared with 
those of the respective controls. Overall, this suggested that 
miR‑1224 could inhibit the proliferation of chordoma and 
serve as a tumor suppressor. 

Screening and validation of miR‑1224 target genes. The target 
genes of miR‑1224 were predicted using TargetScan, microR‑
NAorg and RegRNA2.0 databases, and TMEM221, TUBB2A, 
LBP, CBX3 and MED20 were selected. The chordoma JHC7 
and U‑CH1 cells were transfected with the miR‑1224 mimic 
and miR‑1224 mimic NC, and RT‑qPCR was used to detect the 
mRNA expression of candidate target genes. From these target 
genes, only the mRNA expression of CBX3 was significantly 
decreased compared with the control (Fig. 3A and B). 

Furthermore, western blotting demonstrated that the protein 
expression of CBX3 also decreased in both cell lines trans‑
fected with the mimic compared with the miRNA NC mimic 
(Fig. 3C). Moreover, the miR‑1224 inhibitor and miR‑1224 
inhibitor NC were transfected into JHC7 (Fig. 3D) and U‑CH1 
(Fig. 3E) chordoma cell lines, and RT‑qPCR demonstrated 
that from the target genes, only the mRNA expression of 
CBX3 was significantly increased compared with that of the 
control. Likewise, western blotting demonstrated that the 
protein expression of CBX3 also decreased in both cell lines 
compared with the miRNA NC inhibitor (Fig. 3F). 

Based on the aforementioned results, it was suggested 
that CBX3 could be a target of miR‑1224. To further 
confirm whether CBX3 is a direct target of miR‑1224, CBX3 
3'UTR‑WT and 3'UTR‑MUT luciferase expression vectors 
were constructed (Fig. 3G). Luciferase expression vectors 
with WT or MUT 3'‑UTRs were co‑transfected with either 
the miR‑1224 mimic or the miR‑1224 mimic NC in JHC7 
cells. The results of the dual luciferase reporter assay demon‑
strated that co‑transfection of miR‑1224 with WT 3'‑UTR 

Figure 1. (A) Analysis of differentially expressed miRNAs based on three pairs of chordoma (GSM1359268, GSM1359267 and GSM1359269) and notochord 
tissues (GSM1359272, GSM1359271 and GSM1359270) from the GSE56183 dataset. Fold‑change ≥1.5 and P<0.05 were cutoff values for differential expres‑
sion. Data are expressed as fragments per kilobase of exon model per million mapped fragments. (B) Expression of miR‑1224 in chordoma JHC7, U‑CH1 and 
U‑CH2 cell lines, and nucleus pulposus NP1 and NP2 cell lines. **P<0.01 and ***P<0.001. miR, microRNA.
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significantly decreased the luciferase signal compared with 
the control. However, no significant decrease was seen with 
the MUT 3'‑UTR (Fig. 3H). Thus, CBX3 is a direct target of 
miR‑1224.

Effect of CBX3 on the proliferation ability of chordoma cells. 
CBX3 is highly expressed in numerous tumors and can promote 
tumor cell proliferation (17‑20). Therefore, the expression of 
CBX3 was detected in chordoma cell lines and normal nucleus 
pulposus NP1 and NP2 cell lines. RT‑qPCR demonstrated that 
the CBX3 mRNA was significantly increased in the JHC7 and 
U‑CH1 cell lines compared with that in the nucleus pulposus 
cells (Fig. 4A). Western blotting showed that CBX3 protein 
was significantly increased in the JHC7 and U‑CH1 cell lines 
compared with that in the nucleus pulposus cells (Fig. 4B). 

Furthermore, the levels of CBX3 mRNA expression in 
JHC7 and U‑CH1 cells were assessed following the transfec‑
tion of CBX3 overexpression vector or CBX3 siRNA. The 
mRNA levels of CBX3 was significantly reduced in the chor‑
doma JHC7 and U‑CH1 cell lines transfected with the CBX3 
siRNA compared with the control (Fig. 4C); this significantly 
reduced the proliferation ability of JHC7 (Fig. 4E) and U‑CH1 
(Fig. 4F) compared with the controls. Likewise, the mRNA 
level of CBX3 was significantly increased in the chordoma 
JHC7 and U‑CH1 cell lines transfected with the CBX3 over‑
expression vector compared with the controls (Fig. 4D); this 

significantly increased the proliferation of JHC7 (Fig. 4G) 
and U‑CH1 (Fig. 4H) chordoma cell lines compared with the 
controls. 

miR‑1224 targets CBX3 and inhibit the proliferation of chor‑
doma cells. To determine the functional relationship between 
miR‑1224 and its potential target CBX3, and whether it is a 
functional target gene of miR‑1224, a functional recovery 
experiment was further designed. The miR‑1224 mimic and 
CBX3 overexpression plasmid were transfected into chordoma 
JHC7 and U‑CH1 cells and divided into the following four 
groups: miRNA NC mimic + pMSCV‑puro NC, miR‑1224 
mimic + pMSCV‑puro NC, miRNA NC mimic + CBX3 over‑
expression (CBX3‑OE) and miR‑1224 mimic + CBX3‑OE. 
RT‑qPCR showed that the expression levels of miR‑1224 was 
significantly increased in miR‑1224 mimic + control group 
and miR‑1224 mimic + CBX3 overexpression group compared 
with that in the other groups in the JHC7 and U‑CH1 cells 
(Fig. 5A). RT‑qPCR also showed that the expression of CBX3 
mRNA was significantly increased in miRNA NC mimic + 
CBX3 overexpression group and the miR‑1224 mimic + CBX3 
overexpression group compared with that in the other groups 
in the JHC7 and U‑CH1 cells, and that the expression of CBX3 
mRNA was significantly decreased in the miR‑1224 mimic + 
control group compared with that in the other groups (Fig. 5B). 
Western blotting demonstrated that the expression of CBX3 

Figure 2. Verification efficiency of (A) miR‑1224 mimic and (D) miR‑1224 inhibitor in JHC7 and U‑CH1 cell lines by reverse transcription‑quantitative PCR. 
After the overexpression of miR‑1224 in (B) JHC7 and (C) U‑CH1 cells, the cell proliferation was detected by CCK‑8. After knockdown of miR‑1224 in 
(E) JHC7 and (F) U‑CH1 cells, the cell proliferation was detected by CCK‑8. **P<0.01 and ***P<0.001. miR, microRNA. 
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protein was significantly increased in the miRNA NC mimic + 
CBX3 overexpression group and the miR‑1224 mimic + CBX3 
overexpression group compared with that in the other groups 
in the JHC7 and U‑CH1 cells, and the expression of CBX3 
protein was significantly decreased in the miR‑1224 mimic + 
control group compared with that in the other groups (Fig. 5C).

Furthermore, the CCK‑8 proliferation assay demonstrated 
that the cell proliferation was significantly increased in the 
miR‑1224 mimic + CBX3 overexpression group compared 
with that in the miRNA NC mimic + control group, and 
that the cell proliferation was significantly decreased in the 
miR‑1224 mimic + control group compared with that in the 
miRNA NC mimic + control group in the JHC7 (Fig. 5D) 
and U‑CH1 (Fig. 5E) cells. Although the mRNA and protein 
levels of CBX3 detected in the miR‑1224 mimic + CBX3 cell 
group were lower compared with the miRNA NC mimic + 
CBX3 group, there was no statistically significant difference 
(Fig. 5B). Likewise, there was no significant difference in the 
proliferation ability between the two groups (Fig. 5D and E). 
It was demonstrated that CBX3 overexpression can reverse the 
decrease in the proliferation caused by miR‑1224. 

Discussion

Chordoma originates from the residual chordoma tissues of 
the embryo and is a moderate‑ to low‑grade malignant bone 
tumor, accounting for 1‑4% of primary malignant bone 
tumors (1). Chordoma has no obvious clinical symptoms in 
the early stages of onset, grows slowly and has a long course 

of disease. The tumor is often large and often accompanied 
by bone destruction or invasion of adjacent soft‑tissue struc‑
tures when detected (21). However, chordoma has a complex 
local anatomy near important neural vasculature, so surgical 
removal is difficult. Therefore, chordoma has a poor prognosis, 
with a postoperative recurrence rate as high as 30‑85% (22). It 
is estimated that ~20% of chordomas will relapse within 1 year 
after surgery and 40‑60% of patients will have distant metas‑
tasis. The 5‑year survival rate of patients is 47‑80% (3,23). The 
molecular mechanisms of proliferation and invasion in chor‑
doma remain unclear. The biological role of miRNAs in tumors 
has gradually become a popular research topic. miRNAs can 
inhibit mRNA translation, directly degrade mRNA, inhibit 
target gene expression at the post‑transcriptional level and 
serve a role in the proliferation, invasion and metastasis of 
malignant tumors. miRNAs can simultaneously regulate 
multiple target genes and serve key roles in the signal regula‑
tion network of tumorigenesis and tumor development, making 
them promising novel targets for molecular targeted therapy 
of malignant tumors (9,24‑27). Previous studies have reported 
that numerous miRNAs, including miR‑31, miR‑185‑5p, 
miR‑125b‑5p, miR‑1260a, miR‑1290 and miR‑637 (28‑30), 
are abnormally expressed in chordoma. In the present study, 
miR‑1224 had the largest differential expression in chordoma 
tissues compared with notochord tissues, and its expression 
was significantly downregulated in chordoma tissues (GEO 
database) and cell lines. Knockdown of miR‑1224 increased 
the proliferation of chordoma cells, while the overexpression 
of miR‑1224 reduced the proliferation of chordoma cells. The 

Figure 3. mRNA expression level of candidate target genes analyzed by RT‑qPCR after the upregulation of miR‑1224 expression in (A) JHC7 and (B) U‑CH1 
cell lines. The protein expression of CBX3 was analyzed by western blotting after the (C) upregulation and (F) knockdown of miR‑1224 in JHC7 and U‑CH1 
cell lines compared with the miRNA NC mimic or miRNA NC inhibitor. The mRNA expression level of each candidate target genes was analyzed by 
RT‑qPCR after the knockdown of miR‑1224 in JHC7 (D) and U‑CH1 (E) cell lines. (G) Sequences used in the dual luciferase reporter assay, showing the 
miR‑1224, CBX3 3'UTR WT and CBX3 3'UTR MUT sequences. (H) A luciferase reporter assay was used to verify the direct binding between miR‑1224 and 
CBX3. *P<0.05, **P<0.01 and ***P<0.001. WT, wild‑type; MUT, mutant; UTR, untranslated region; RT‑qPCR, reverse transcription‑quantitative PCR; miR, 
microRNA; Rluc, Renilla luciferase; Fluc, Firefly luciferase. 
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aforementioned findings suggest that miR‑1224 serves a role 
as a tumor suppressor gene in chordoma. Several previous 
studies have reported that miR‑1224 also serves a role as a 
tumor suppressor gene in a variety of tumors. For example, 
Mosakhani et al (31) studied the differential miRNA expres‑
sion in 99  patients with metastatic colorectal cancer and 
reported that the downregulation of miR‑1224 was correlated 
with poor patient survival. Scarpati et al  (32) performed a 
microarray analysis of 38 patients with rectal cancer who 
underwent surgery and reported 14 abnormally expressed 
miRNAs, of which miR‑1224 was significantly upregulated. 
Qian et al (33) studied 198 glioma samples and the Chinese 
Genome Map, and reported that miR‑1224 has a lower expres‑
sion level compared with other miRNAs in low‑grade gliomas, 
and that miR‑1224 can reduce the proliferative capacity of 
malignant gliomas by targeting CREB1 (33). Furthermore, 
in gastric cancer, miR‑1224 inhibits the metastasis of gastric 
cancer cells by inhibiting the FAK‑mediated STAT3 and 
NF‑κB signaling pathways (34).

In the present study, bioinformatics and dual reporter 
luciferase assays confirmed that miR‑1224 directly targeted 
CBX3 mRNA, and miR‑1224 inhibited CBX3 to inhibit the 

proliferation of chordoma cells. CBX3 is a member of the 
heterochromatin protein 1 family and its chromatin binding 
domain can recognize the methylated histone H3K9 with the 
assistance of the histone methyltransferase uv339H1, thereby 
regulating gene expression (35‑37). The combination of CBX3 
and methylated H3K9 can recruit various cofactors to participate 
in a variety of biological processes of cells, including telomere 
metabolism, DNA damage repair, RNA splicing, transcription 
extension, transcription inhibition and activation (38). Previous 
studies reported that CBX3 is closely related to numerous human 
cancer types, including lung cancer, colon cancer, osteosarcoma 
and prostate cancer  (17‑20). For example, Alam  et  al  (17) 
reported that CBX3 is the most commonly overexpressed and 
amplified histone reader protein in human lung adenocarci‑
noma, and that high CBX3 mRNA levels are associated with a 
poor prognosis in patients with lung adenocarcinoma. The study 
also reported that CBX3 binding to methylated histone H3K9 
is necessary for the proliferation and migration of lung adeno‑
carcinoma cells. Liu et al (18) reported that CBX3 expression 
is significantly upregulated in human colorectal cancer and can 
promote colorectal cancer cell proliferation in vitro and in vivo. 
Likewise, Ma et al (19) reported that CBX3 is highly expressed 

Figure 4. Detection of differences in CBX3 (A) mRNA and (B) protein expression in chordoma JHC7 and U‑CH1 cell lines, and normal NP1 and NP2 cell 
lines. Verification efficiency of (C) knockdown and (D) overexpressed CBX3 in JHC7 and U‑CH1 cell lines by reverse transcription‑quantitative PCR. After 
knockdown of CBX3 in (E) JHC7 and (F) U‑CH1, the cell proliferation was detected by CCK‑8. After overexpression of CBX3 in (G) JHC7 and (H) U‑CH1, 
the cell proliferation was detected by CCK‑8. **P<0.01 and ***P<0.001. siRNA, small interfering RNA.
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in human osteosarcoma tissues. Furthermore, high CBX3 
mRNA expression is a predictor of a poor prognosis in patients 
with osteosarcoma (19). Moreover, downregulating the expres‑
sion of CBX can significantly reduce the proliferation capacity 
of osteosarcoma cells and lead to increased apoptosis and cell 

cycle arrest in the G0 and G1 phases in osteosarcoma cells (19). 
Chang et al (20) reported that CBX3 is upregulated in prostate 
cancer, and the elevated CBX3 level in prostate cancer indicates 
a poor patient prognosis, while downregulating the expression 
of CBX3 in prostate cancer cells can significantly inhibit their 

Figure 5. Reverse transcription‑quantitative PCR of (A) miR‑1224 and (B) CBX3 mRNA expression, (C) western blotting of CBX3 protein expression, and cell 
proliferation detected by Cell Counting Kit‑8 in (D) JHC7 and (E) U‑CH1 cell lines transfected with the following groups: miRNA NC mimic + pMSCV‑puro 
NC, miR‑1224 mimic + pMSCV‑puro NC, miRNA NC mimic + CBX3‑OE or miR‑1224 mimic + CBX3‑OE. **P<0.01 and ***P<0.001. NC, negative control; 
miR, microRNA.
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proliferation and induce apoptosis. The aforementioned results, 
and the results of the present study, indicate that CBX3 is an 
oncogene in tumors. 

Due to the difficulty in constructing a chordoma animal 
model, no animal experiments were performed. This is 
a limitation of the present study. To the best of our knowl‑
edge, the present study was the first to have verified the role 
of miR‑1224 in chordoma and confirmed the mechanism of 
miR‑1224‑suppressed chordoma cell proliferation by inhib‑
iting the target gene CBX3. The results of the present study 
provide a novel therapeutic target and theoretical basis for the 
treatment of chordoma.
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