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Abstract. – OBJECTIVE: To investigate the 
clinical value and mechanism of action of ln-
cRNA CCAT1 in OS. 

PATIENTS AND METHODS: Serum, tumor tis-
sue and corresponding adjacent tissue of 84 
cases of patients receiving treatment in our hos-
pital from February 2014 to June 2015 were ob-
tained. Healthy volunteers were recruited during 
the same period for serum collection. CCAT1 ex-
pression in serum and tissue samples, were de-
tected, and the value of its expression in osteo-
sarcoma (OS) diagnosis and prognosis was ana-
lyzed. Stable and transient over-expression and 
inhibition vectors were established and trans-
fected into OS cells. CCK-8, transwell, and flow 
cytometry were applied to determine the prolif-
eration, invasion, and apoptosis of transfected 
cells, and the Dual-Luciferase reporter was uti-
lized to determine the correlation of CCAT1 with 
miR-454-3p, miR-454-3p, and ZEB2 (zinc-finger 
E-box-binding homeobox-2).

RESULTS: In OS, CCAT1 was upregulated,
and serum CCAT1 could be used as a marker 
for OS diagnosis, with an AUC value of 0.930. 
High CCAT1 expression predicted poor survival 
rate in patients. Inhibition of CCAT1 could sup-
press the proliferation and invasion of OS cells, 
and increase the apoptosis rate. Over-expres-
sion of miR-454-3p and inhibition of ZEB2 could 
also achieve the above effects. Dual-Luciferase 
reporter indicated that CCAT1 could target miR-
454-3p, and miR-454-3p could target ZEB2. The
rescue experiment proved that CCAT1 could
regulate OS progression through the miR-454-
3p/ZEB2 axis.

CONCLUSIONS: CCAT1 can be used as a di-
agnostic and prognostic marker for OS, promote 
OS cell proliferation and invasion, and inhib-
it apoptosis through the miR-454-3p/ZEB2 axis, 
which can be a therapeutic target for OS.
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Introduction

Osteosarcoma (OS) is a primary bone tumor 
that tends to occur in adolescents and children, 
the cause of which has not been elucidated1. Ac-
cording to statistics, surgery and chemotherapy 
were the standard treatment for OS in 2014. In 
China alone, the 5-year survival rate of patients 
without metastasis was 70%, but the 5-year sur-
vival rate of patients with metastasis was only 
15% to 30%2. Since the application of chemother-
apy in the 1970s, there has been little change in 
the drug treatment received by OS patients and 
no significant improvement in patient outcomes3. 
Therefore, the exploration of OS pathogenesis 
and potential therapeutic targets is extremely im-
portant to improve the diagnosis, treatment and 
prognosis of the disease.

Although lncRNA cannot directly encode 
proteins, it can participate in various biological 
processes such as cell growth, embryonic devel-
opment and tumorigenesis by regulating chroma-
tin, transcription and post-transcriptional gene 
expression4,5. CCAT1, as a member of lncRNA, 
is highly expressed in a variety of cancers and 
can be used as a potential tumor promoter6. Mi-
croRNA (miR) is considered a key regulator of 
gene expression, and its disorder is related to the 
occurrence and progression of various cancers7. 
CCAT1 can act as a tumor promoter in a vari-
ety of tumors through miRNAs. Notably, in the 
study of Li et al8, CCAT1 expression increased 
in gastric cancer, and knockdown CCAT1 could 
inhibit the growth of gastric cancer and promote 
the progression of gastric cancer by negatively 
regulating miR-219-1. Cui et al9 also reported that 
up-regulation of CCAT1 in glioma can promote 
tumor formation and growth by sponging miR-
181b. Besides, CCAT1 could promote OS migra-
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tion and proliferation by regulating the miR-148a/
PIK3IP1 axis10. However, there are relatively few 
studies on the clinical value and possible molecu-
lar mechanisms of CCAT1 in OS. Thus, potential 
targeting sites of CCAT1 and miR-454-3p were 
found through online bioinformatics analysis, but 
the relationship between the two is still unknown.

In this research, the expression of CCAT1 in 
OS tissues, serum and cells was first observed. 
Secondly, the correlation of CCAT1 with patho-
logical features and survival rate of patients was 
analyzed. Finally, the role and molecular mecha-
nism of CCAT1 in OS were investigated through 
in vitro experiments.

Patients and Methods

Source of Serum and Tissue Samples
This investigation was approved by the Insti-

tute of Medical Ethics of our Institute and fol-
lowed the Declaration of Helsinki. The subjects 
involved in this study were 84 cases of OS pa-
tients (patient group) undergoing surgery in our 
hospital from February 2014 to June 2015. Inclu-
sion criteria: patients were diagnosed as OS histo-
logically. Patients and their family had signed the 
informed consent. Patients had complete clinical 
data. Patients did not treatment of chemother-
apy or radiotherapy before. Exclusion criteria: 
patients were complicated with other malignant 
tumors. Patients had liver and heart disease. Pa-
tients were infected before enrollment. Patients 
whose expected survival was less than 3 months.  
During the surgery, blood, cancer tissues and cor-
responding adjacent normal tissues of the patients 
were collected. The tissues were frozen in liquid 
nitrogen, and the serum was centrifuged from the 
blood. Then, all samples were stored in the refrig-
erator at -80°C for future use. Meanwhile, healthy 
subjects (normal group) were recruited and their 
serum was obtained. The patient group was fol-
lowed up for 3 years, and the overall survival rate 
was recorded by telephone and outpatient review. 
Follow-up was conducted every one month.

Cell Processing
OS cell lines (SOSP-9607, KHOS, U2OS, 

MG63) and normal osteoblast cell lines 
(hFOB1.19) were bought from Xin Yu Biotech 
Co., Ltd., Shanghai, China. Cells were placed in 
Dulbecco’s Modified Eagle’s Medium (DMEM) 
comprising 10% fetal bovine serum (FBS, Gib-
co, Grand Island, NY, USA), 100 UI/ml peni-

cillin/100 mg/ml streptomycin (100X, Thermo 
Fisher Scientific, Waltham, MA, USA), and then 
placed in an incubator at 37°C and 5% CO2. 
Cell transfection: CCAT1 inhibitory plasmid (si-
CCAT1), miR-454-3p over-expression plasmid 
(miR-454-3p-mimics), zinc-finger E-box-binding 
homeobox-2 (ZEB2) inhibitory plasmid and cor-
responding negative controls (CCAT1-NC, miR-
NC, ZEB2-NC) were established using pcDNA 
3.1 as plasmid. Then, they were transfected by 
the aid of Lipofectamine™ 2000 kit (Invitrogen, 
Carlsbad, CA, USA). Six hours later, the trans-
fected cells were transferred to medium compris-
ing 10% phosphate-buffered saline (PBS).

qRT-PCR
qRT-PCR was used to detect CCAT1 and miR-

454-3p expression. The total RNA was extracted 
from the samples in the light of the manufactur-
er’s instructions of Trizol kit (Invitrogen, Carls-
bad, CA, USA). Ultraviolet spectrophotometer 
and agarose gel electrophoresis were used for 
determination of purity, concentration and integ-
rity of the extracted RNA. 2 μg total RNA was 
taken and reverse-transcribed into cDNA using 
a reverse transcription kit (Invitrogen, Carlsbad, 
CA, USA). SYBR_Premix ExTaq II (TaKaRa, 
Dalian, China) was used for amplification, and 
qRT-PCR quantitative analysis was carried out 
on ABI 7500 PCR (Applied Biosystems, Foster 
City, CA, USA). Amplification system: 10 μL of 
SYBR Premix Ex Taq II (2X), 2 μL of cDNA, 0.8 
μL of upstream primers, 0.8 μL of downstream 
primers, sterile purified water was supplemented 
to 20 μL. Amplification conditions: pre-denatur-
ation at 95°C for 30 s, denaturation at 95 °C for 
5 s, and annealing and extension at 60 °C for 30 
s. A total of 40 cycles were performed. CCAT1 
and miR-454-3p expression was calculated using 
2-∆∆ct11, which was normalized to GADPH and U6. 
Primer sequence was shown in Table I.

Western Blot
Western blot was applied to detect ZEB2 pro-

tein expression. Total protein was extracted by the 
aid of radio immunoprecipitation assay (RIPA, 
Thermo Fisher Scientific, Waltham, MA, USA), 
and protein concentration was measured with 
the help of bicinchoninic acid assay (BCA) kit 
(Thermo Fisher Scientific, Waltham, MA, USA). 
The protein concentration was adjusted to 4 μg/
μL and separated by 12% polyacrylamide gel 
electrophoresis. After that, it was transferred to 
polyvinylidene difluoride membrane, soaked with RE
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phosphate-buffered saline and tween (PBST) for 
5 min and washed, blocked with 5% skimmed 
milk powder for 2 h. Then, ZEB2 (1:1000), β-cat-
enin (1:1000) (Abcam, Cambridge, MA, USA) 
primary antibody was added to seal overnight 
at 4°C. The primary antibody was removed by 
washing membrane, and horseradish peroxidase 
(HRP)-labeled goat anti-rabbit (Abcam, Cam-
bridge, MA, USA) secondary antibody (1:2000) 
was added, incubated at 37°C for 1 h, then rinsed 
with phosphate-buffered saline (PBS) for 3 times, 
with 5 min each time. Excess liquid was absorbed 
from the membrane with filter paper. Enhanced 
chemiluminescence (ECL) was used to illumi-
nate and develop in a dark room. The protein 
bands were scanned to calculate the relative ex-
pression level of the target protein.

CCK-8 Proliferation Detection
Cell proliferation was determined by CCK-8 

(Beyotime Biotechnology Co., Ltd., Shanghai, 
China). After 24 h of transfection, the target cells 
were cultured in a 96-well plate at a cell density 
of 2.5×103 per well. 10 μl of CCK-8 was dropped 
into the wells at 24 h, 48 h, 72 h, and 96 h, and 
the plate was incubated at room temperature for 
2 h. Multimode reader (Thermo Fisher Scientific, 
Waltham, MA, USA) was adopted for assessment 
of the absorbance of each well at 490 nm.

Cell Invasion Detection
Target cells after 24 h of transfection were 

collected and adjusted to 5*104, inoculated to a 
6-well plate. It was rinsed twice with PBS and 
inoculated in the upper compartment. The upper 
compartment was added with 200 μL DMEM 
nutrient solution, and the lower compartment 
was added with 500 mL DMEM (containing 
20% FBS), cultured at 37°C for 48 h. Cells that 
failed to penetrate the upper compartment were 
removed, rinsed for 3 times with PBS, fixed with 
paraformaldehyde for 10 min, and rinsed with 
double distilled water for 3 times. After drying, 
cells were stained with 0.5% crystal violet and its 
invasion was observed with microscope.

Cell Apoptosis Detection
Target cells after 24 h of transfection were 

collected and digested with 0.25% trypsin. After 
digestion, they were rinsed twice with PBS and 
added with 100 μL binding buffer. They were 
configured into 1*106 /mL suspension. Annex-
inv-FITC (10 μL) and propidium iodide (PI, 5 
μL) were successively added, incubating at room 
temperature in the dark for 5 min. Determination 
of cell apoptosis was conducted with the help 
of flow cytometry (Thermo Fisher Scientific, 
Waltham, MA, USA) and the apoptosis rate was 
calculated.

Dual-Luciferase Reporter
The lncRNA and miR target genes were pre-

dicted using starBase 3.0 and Targetscan 7.2. 
CCAT1 or ZEB2 was cloned into the pmirGLO 
Dual-Luciferase target expression vector using 
Lipofectamine™ 2000 kit. CCAT1-3’UTR wild-
type (Wt), CCAT1-3’UTR mutant (Mut), ZEB2-
3’UTR Wt and ZEB2-3’UTR Wt were transferred 
to the downstream of the Luciferase reporter gene 
for sequencing and identification of the construct-
ed plasmids. The correctly sequenced plasmids 
were co-transfected with miR-424-3p-mimics or 
miR-NC into target cells, respectively. Dual-Lu-
ciferase reporter assay kit (Thermo Fisher Sci-
entific, Waltham, MA, USA) was utilized when 
determining Luciferase activity.

Statistical Analysis
Statistical analysis of the data collected in this 

study was conducted using SPSS 20.0 (IBM, Ar-
monk, NY, USA) software package, and Graph-
Pad 7 software package was used to draw the re-
quired images. Comparison of enumeration data 
between the two groups adopted chi-square test. 
Measurement data comparison between the two 
groups adopted independent sample t-test. One-
way analysis of variance was utilized for com-
parison among groups, represented with F. LSD-t 
test was used for afterwards pairwise compari-
son. Comparison of expression among multiple 
time points was analyzed using repeated mea-

Table I. Primer sequences.

 Groups Forward Reverse

CCAT1 5’-TTTATGCTTGAGCCTTGA-3’ 5’-CTTGCCTGAAATACTTGC-3’
GADPH 5’-CATGAGAAGTATGACAACAGCCT-3’ 5’-AGTCCTTCCACGATACCAAAGT-3’
miR-454-3p 5’-ACCCTATCAATATTGTCTCTGC-3’ 5’-GCGAGCACAGAATTAATACGAC-3’
U6 5’-CTCGCTTCGGCAGCACA-3’ 5’-AACGCTTCACGAATTTGCGT-3’

RE
TR

A
CT

ED



LncRNA CCAT1 regulates the biological behavior of OS cells through the miR-454-3p/ZEB2 axis

11019

sures, denoted by F. Bonferroni was used for back 
testing. ROC was used to draw the diagnostic 
curve of serum CCAT1 for OS. The overall sur-
vival of patients was plotted using K-M survival 
curve, and Log-rank test was used for analysis. 
When p<0.05, there were statistical differences.

Results

Clinical Value of CCAT1 in OS
According to qRT-PCR, CCATI expression 

was up-regulated in OS tissue, serum and cells. 
ROC curve exhibited that serum could be used 
as a marker for OS diagnosis, with an AUC of 
0.930, a sensitivity of 88.10%, and a specificity 
of 85.71%. Patients were divided into low-expres-
sion group and high-expression group according 
to the median value of CCAT1 expression, and 
the correlation of CCAT1 with patients’ clinico-
pathological data and survival rate was analyzed. 
The results revealed that high CCAT1 expression 
was associated with patients’ high TNM staging 
(stage III+IV), lymph node metastasis, low dif-
ferentiation and poor survival rate (Table II and 
Figure 1).

CCAT1 can Promote OS Development
This study had revealed that CCAT1 was up-

regulated in OS and was related to high TNM 
staging, lymph node metastasis, differentiation, 

and survival of patients, suggesting that CCAT1 
plays an important role in OS development. 
Therefore, we inhibited CCAT1 in SOSP-9607 
(CCAT1 expression in this cell showed the 
greatest difference). After that, CCK-8, tran-
swell and flow cytometry were applied to ob-
serve the proliferation, invasion and apoptosis of 
SOSP-9607 after CCAT1 inhibition. The results 
revealed that after SOSP-9607 was inhibited by 
CCAT1, CCAT1 expression was down-regulat-
ed, the proliferation and invasion ability were 
inhibited, and apoptosis rate was increased. This 
indicated that CCAT1 had anti-cancer effect on 
OS (Figure 2).

MiR-454-3p can Be Targeting Regulated 
by CCAT1

According to the second paragraph of the 
Results section, it could be known that CCAT1 
could inhibit the progression of OS, but the spe-
cific mechanism is not clear. To further explore 
the mechanism of CCAT1 in OS, targeted bind-
ing sites between CCAT1 and miR-454-3p were 
found according to online software starBase 
3.0. The relationship between them was proved 
by Dual-Luciferase activity, and it was found 
that transfection of miR-454-3p-mimics could 
inhibit the activity of CCAT1-3’UTR Wt Lucif-
erase in SOSP-9607 without affecting CCAT1-
3’UTR Mut Luciferase activity. Furthermore, 
we found through qRT-PCR that miR-454-3p 

Table II. CCAT1 and clinicopathological data.

                                CCAT1 expression
  
   High expression Low expression
 Factors   (n = 42) (n = 42) χ2 p-value

Gender    0.223 0.640
 Male (n=58) 28 (66.67) 30 (71.43)  
 Female (n=26) 14 (33.33) 12 (28.57)  
Age (years)    0.192 0.661
 < 18 years old (n=46) 24 (57.14) 22 (52.38)  
 ≥ 18 years old (n=38) 18 (42.86) 20 (47.62)  
Tumor size    0.441 0.664
 ≥ 5 cm (n=49) 23 (58.97) 26 (71.79)  
 < 5 cm (n=35) 19 (41.03) 16 (28.21)  
TNM staging    5.845 0.016
 Grade I+II (n=47) 18 (42.86) 29 (69.05)  
 Grade III+VI (n=37) 23 (57.14) 14 (30.95)  
Lymph node metastasis    4.773 0.029
 Metastasis (n=40) 25 (59.52) 15 (35.71)  
 Without metastasis (n=44) 17 (40.48) 27 (64.29)  
Differentiation    4.762 0.029
 Low differentiation (n=42) 26 (61.90) 16 (38.10)  
 Middle+high differentiation (n=42) 16 (38.10) 26 (61.90)  RE
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was increased when si-CCAT1 was transfected 
with SOSP-9607. This suggested that miR-454-
3p could be targeting regulated by CCAT1 (Fig-
ure 3).

CCAT1 can Promote OS Development 
Through MiR-454-3p

MiR-454-3p was proved to be the downstream 
target gene of CCAT1 in the third paragraph of the 

Figure 1. A, CCAT1 expression in the cancer tissues of OS patients was higher than that in the adjacent normal tissues. B, 
CCAT1 expression in serum of the patient group was higher than that of the normal group. C, CCAT1 expression increased 
in OS cells. D, ROC curve of serum CCAT1 in diagnosing OS, the AUC value was 0.930, the sensitivity was 88.10%, and the 
specificity was 85.71%. E, Patients with high expression had a lower 3-year overall survival rate than those with low expression 
(Log-rank: p=0.012). Note: * denotes p<0.05.

Figure 2. Effects of CCAT1 on cell biological function of OS. A, CCAT1 expression was down-regulated when SOSP-9607 
was transfected with si-CCAT1. B, The proliferation ability was decreased when SOSP-9607 was transfected with si-CCAT-1. 
C, The invasion ability was decreased when SOSP-9607 was transfected with si-CCAT1. D, The apoptosis rate was increased 
when SOSP-9607 was transfected with si-CCAT1. E, Flow cytometry image. Note: * denotes p<0.05.RE
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Results section, while whether CCAT1 could pro-
mote the development of OS through miR-454-3p 
remained unknown. To determine whether CCAT1 
could inhibit OS progression through miR-454-3p, 
we over-expressed miR-454-3p in SOSP-9607 and 
observed the effects of such treatment on prolifera-
tion, invasion and apoptosis of SOSP-9607. The re-
sults showed that after transfection of SOSP-9607 
with miR-454-3p-mimics, miR-454-3p expression 
was increased, the proliferation and invasion abil-
ity of SOSP-9607 was inhibited, and the apoptosis 
rate was increased. Subsequently, CCAT1 and 
miR-454-3p in SOSP-9607 were over-expressed at 
the same time. By observing the biological func-
tions of the cells after treatment, it was found that 
there was no difference in the proliferation and 
apoptosis after transfection with sh-CCAT1+miR-
454-3p-mimics or miR-NC. Compared with trans-
fection of miR-454-3p-mimics, however, the pro-
liferation and invasion ability increased, and the 
apoptosis rate decreased. It suggested that at least 
part of CCAT1 could play a carcinogenic role in 
OS through miR-454-3p (Figure 4).

MiR-454-3p can Inhibit OS Progression 
Through ZEB2

In the above results, the CCAT1/miR-454-3p 
axis has been found to produce a marked ef-

fect on OS progression. To further improve the 
mechanism of this axis, Targetscan 7.2 online 
software was applied for miR-454-3p target gene 
prediction, and binding sites between ZEB2 
and miR-454-3p were found. The activity of 
Dual-Luciferase was detected, and it was found 
that transfection of miR-454-3p-mimics could 
inhibit the activity of ZEB2-3’ UTR Wt without 
affecting the Luciferase activity of ZEB-3’ UTR 
Mut. Through qRT- PCR, ZEB2 was found to be 
down-regulated after SOSP-9607 was transfect-
ed with ZEB2. Subsequently, we investigated 
the role of ZEB2 in OS, and inhibited ZEB2 
in SOSP-9607. The results showed that after 
transfection of SOSP-9607 with si-ZEB2, ZEB2 
was down-regulated, proliferation and invasion 
of SOSP-9607 were inhibited, and the apoptosis 
rate was increased. This indicated that miR-
454-3p could play a role through ZEB2. Sub-
sequently, SOSP-9607 was treated with ZEB2 
and miR-454-3p inhibition simultaneously. Af-
ter observing the biological functions of the 
cells after treatment, it was found that there was 
no difference in the proliferation and apoptosis 
after transfection with sh-CCAT1+miR-454-3p-
mimics or miR-NC. Compared with transfec-
tion of si-ZEB2, however, the proliferation and 
invasion ability increased, and the apoptosis 

Figure 3. Search of downstream target genes of CCAT1. A, Targeting binding sites existed between CCAT1 and miR-454-3p. 
B, Transfection of miR-454-3p-mimics could inhibit Luciferase activity of CCAT1-3’ UTR Wt in SOSP-9607 without affecting 
Luciferase activity of SIRT1-3’ UTR Mut. C, miR-454-3p was increased after SOSP-9607 was transfected with si-CCAT1. 
Note: * denotes p<0.05.
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rate decreased, suggesting that at least part of 
miR-454-3p could play a carcinogenic role in OS 
through ZEB2 (Figure 5).

Discussion

According to this study, CCAT1 was upregu-
lated in OS tissues, serum and cells, and serum 
CCAT1 could be used as a marker for OS diag-
nosis, with an AUC value of 0.930. High CCAT1 
expression was related to high TNM staging 
(stage III+IV), lymph node metastasis, low differ-
entiation and poor survival rate. In addition, cell 
experiments revealed that CCAT1 could promote 
OS cell proliferation and invasion and inhibit 
apoptosis through miR-454-3p/ZEB2 axis.

In recent years, with the further understanding 
of lncRNA, its dysregulation has been considered 

as one of the important factors in the develop-
ment of multiple tumors including OS12-14. CCAT1 
is a member of lncRNA, which is generally 
highly expressed in tumors and associated with 
poor prognosis. In cholangiocarcinoma, CCAT1 
is up-regulated and predicts a poor prognosis15. 
In oral squamous cell carcinoma, CCAT1 is also 
up-regulated and associated with poor therapeu-
tic outcomes16. CCAT1 is elevated in ovarian can-
cer and is related to poor prognosis of patients. In 
addition, CCAT1 can promote cancer cell migra-
tion, invasion and epithelial mesenchymal trans-
formation (EMT)17. However, the mechanism of 
CCAT1 in OS is still largely unknown. Here, we 
measured the expression of CCAT1 in OS and 
explored its clinical value. CCAT1 increased in 
OS tissues, serum and cells. By drawing the ROC 
curve, it was found that serum CCAT1 could be 
used as the marker for OS diagnosis, with an 

Figure 4. CCAT1 can promote OS development through miR-454-3p. A, After SOSP-9607 was transfected with miR-454-3p-
mimics, miR-454-3p increased. After SOSP-9607 was transfected with sh-CCAT1+miR-454-3p-mimics, miR-454-3p showed 
no significant change. B, After SOSP-9607 was transfected with miR-454-3p-mimics, the proliferation ability decreased. After 
SOSP-9607 was transfected with sh-CCAT1+miR-454-3p-mimics, the proliferation ability showed no significant change. C, 
After SOSP-9607 was transfected with miR-454-3p-mimics, the invasion ability decreased. After SOSP-9607 was transfected 
with sh-CCAT1+miR-454-3p-mimics, the invasion ability showed no significant change. D, After SOSP-9607 was transfected 
with miR-454-3p-mimics, the apoptosis ability increased. After SOSP-9607 was transfected with sh-CCAT1+miR-454-3p-
mimics, the apoptosis showed no significant change. E, Flow cytometry image. Note: * denotes p<0.05.
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AUC value of 0.930, sensitivity of 88.10%, and 
specificity of 85.71%. Moreover, high CCAT1 
expression was related to high TNM staging 
(stage III+IV), lymph node metastasis, low dif-
ferentiation and poor survival rate, indicating 
that CCAT1 could be used as a marker for OS 
diagnosis and prognosis, and may be involved in 
the pathogenesis of the disease. Then, in vitro ex-
periments revealed that knocking down CCAT1 
could suppress OS cell proliferation and invasion, 
and promote apoptosis, which was similar to pre-
vious studies10, suggesting that CCAT1 plays a 
carcinogenic role in OS.

With the purpose of further understanding the 
function of CCAT1 in promoting OS progres-
sion, the online starBase 3.0 software was used 
to analyze the presence of targeted binding sites 
between CCAT1 and miR-454-3p, and Dual-Lu-
ciferase activity test showed that miR-454-3p 
could be regulated by CCAT1 in a targeted man-

ner. miR-454-3p has been previously reported 
to be a tumor suppressor, which can block the 
progression of glioblastoma18, gastric cancer19 and 
cervical cancer20. MiR-454-3p also acts as a tu-
mor suppressor in OS. According to Niu et al21, 
miR-454-3p is reduced in OS and inhibits the 
growth and invasion of cancer cells by regulating 
c-Met. Through cell experiments, it could be seen 
that miR-454-3p over-expression could inhibit 
the proliferation and invasion of OS cells and 
promote apoptosis, suggesting that miR-454-3p 
could suppress OS progression. 

CCAT1 contributes to the progression of a 
variety of tumors through miR. In laryngeal 
squamous cell carcinoma, CCAT1 can promote 
cancer through miR-218/ZFX axis22. In intra-
hepatic cholangiocarcinoma, CCAT1 can pro-
mote the migration, invasion and EMT of cancer 
cells via inhibiting miR-15223. Subsequently, this 
study found that the proliferation and apoptosis 

Figure 5. MiR-454-3p can inhibit OS progression through ZEB2. A, Targeted binding sites existed between miR-454-3p and 
ZEB2, and transfection of miR-454-3p-mimics could inhibit Luciferase activity of ZEB2-3’UTR Wt in SOSP-9607 without 
affecting Luciferase activity of SIRT1-3’ UTR Mut. B, ZEB2 was inhibited after transfection of SOSP-9607 with miR-454-
3p-mimics. C, After transfection of SOSP-9607 with si-ZEB2, ZEB2 decreased. After transfection of SOSP-9607 with si-
ZEB2+miR-454-3p-inhibitor, ZEB2 showed no significant change. D, After transfection of SOSP-9607 with si-ZEB2, the 
proliferation ability was decreased. After transfection of SOSP-9607 with si-ZEB2+miR-454-3p-inhibitor, the proliferation 
ability showed no significant change. E, After transfection of SOSP-9607 with si-ZEB2, the invasion ability was decreased. 
After transfection of SOSP-9607 with si-ZEB2+miR-454-3p-inhibitor, the invasion ability showed no significant change. F, 
After transfection of SOSP-9607 with si-ZEB2, the apoptosis rate was increased. After transfection of SOSP-9607 with si-
ZEB2+miR-454-3p-inhibitor, the apoptosis rate showed no significant change. G, WB image. H, Flow cytometry image. Note: 
* denotes p<0.05.
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after transfection with sh-CCAT1+miR-454-3p-
mimics showed no statistical difference when 
compared with those transfected with miR-NC, 
while the proliferation and invasion capacity in-
creased and the apoptosis rate decreased com-
pared with those transfected with miR-454-3p-
mimics. These results demonstrated that at least 
part of CCAT1 could play a carcinogenic role in 
OS through miR-454-3p.

To further improve the mechanism of CCAT1/
miR-454-3p in OS, Targetscan 7.2 online software 
was utilized miR-454-3p target gene prediction, 
and it was found that there were binding sites 
between ZEB2 and miR-454-3p. After Dual-Lu-
ciferase activity detection, it was observed that 
ZEB2 could be targeted by miR-454-3p. As a 
member of the ZEB family, ZEB2 is considered to 
be a transcription factor involved in proliferation, 
apoptosis, invasion and other cellular functions24. 
It is thought to be a carcinogenic gene in tumor25. 
ZEB2 is up-regulated in OS and promotes the 
development of the disease; in addition, it can be 
regulated by miR-187 to play a role in cancer in-
hibition26. In this paper, ZEB2 in OS cells was in-
hibited, and it was found that this treatment could 
suppress the proliferation and invasion of cancer 
cells and increase the apoptosis rate. Subsequently, 
both ZEB2 and miR-454-3p in OS cells were in-
hibited at the same time. By observing the biolog-
ical functions of the cells, it was found that there 
was no difference in proliferation and apoptosis 
after transfection with si-ZEB2+miR-454-3p-in-
hibitor or with si-NC. Compared with transfection 
with si-ZEB2, the proliferation and invasion abil-
ity increased, and the apoptosis rate decreased. 
Combined with the above results, it could be 
known that CCAT1 can promote OS cell prolifer-
ation and invasion and inhibit apoptosis through 
the miR-454-3p/ZEB2 axis.

We showed that CCAT1 could be used as a 
diagnostic and prognostic marker for OS, and 
found for the first time that CCAT1 could promote 
OS cell proliferation and invasion and inhibit 
apoptosis through miR-454-3p/ZEB2 axis. It is 
well known that the resistance of tumor cells to 
chemotherapy drugs can cause chemotherapy to 
fail. Furthermore, CCAT1 affects the chemical 
sensitivity of paclitaxel in nasopharyngeal carci-
noma through the miR-181a/CPEB2 axis27. There-
fore, this paper indicates that CCAT1 may exert a 
certain influence on chemotherapy resistance of 
OS cells through miR-454-3p/ZEB2 axis, which 
can be explored in future studies. There are also 
some shortcomings in this study. For example, the 

relationship between CCAT1 and other targets has 
not been explored. Moreover, tumor formation in 
nude mice experiments have not been conducted 
to prove the effect of CCAT1 on tumors in vivo. 
We hope that more research can be added in future 
researches to supplement and improve our results.

Conclusions

To sum up, CCAT1 can be used as a diagnostic 
and prognostic marker for OS and can promote 
OS cell proliferation and invasion and inhibit 
apoptosis through the miR-454-3p/ZEB2 axis, 
which can be a therapeutic target for OS. The 
result indicates that CCAT1 is an important reg-
ulator in the development of OS and a potential 
target for OS therapy.
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