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Abstract. Osteosarcoma (OS) is a rare type of tumor and 
mostly occurs in children and adolescents. Approximately 
10‑25% of patients with OS have lung metastases, and lung 
damage caused by lung metastasis is the main cause of 
mortality. Therefore, studying the growth and metastasis 
of OS is key in reducing OS mortality and improving prog‑
nosis. The expression of long non‑coding RNA (lncRNA) 
cancer susceptibility 15 (CASC15) in OS patients or OS cell 
lines were quantified by reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). The expression of 
vimentin, E‑cadherin, N‑cadherin, and cyclin D were detected 
by RT‑qPCR and western blotting. Mice were injected with OS 
cell lines via the tail vein to observe tumor formation in the lung. 
CCK‑8 and EdU assays were utilized to evaluate cell prolifera‑
tion. Both Ttranswell assay and cell scratch test detected cell 
migration. The results revealed that lncRNA‑CASC15 was 
highly expressed in clinical samples and OS cells. In vitro 
verification experiments revealed that CASC15 promoted the 
growth of OS cells. Rescue experiments demonstrated that 
CASC15 affected the cell cycle by activating the Wnt/β‑catenin 
pathway, thereby promoting cell proliferation. Furthermore, 
the transfection dose test indicated that lentiviruses expressing 
various doses of CASC15‑overexpression (oe‑CASC15) 
altered the proliferation and migration status of OS cells. 
CASC15 promoted OS cell metastasis both in vivo and in vitro. 
The overexpression of CASC15 revealed that the occurrence 
of metastasis was also related to the Wnt/β‑catenin pathway. 
The western blotting results revealed that CASC15 could 
lead to β‑catenin entering the nucleus via the Wnt pathway to 
promote the epithelial‑mesenchymal transition (EMT) of OS 

cells. To sum up, CASC15 promoted the proliferation of OS 
cells in vitro and the growth of OS xenograft tumors in vivo. 
Moreover, CASC15 promoted the entry of β‑catenin into the 
nucleus, thus activating the Wnt pathway and subsequently 
promoting the EMT of OS cells.

Introduction

Osteosarcoma (OS) is a rare tumor type, which mostly occurs 
in children and adolescents (1). OS usually occurs at the fixed 
end of long bones. Several studies have found that OS occurs 
mostly in fast‑growing bones  (2,3). Chemical substances 
such as methylcholanthrene or SV40 virus may promote the 
generation of OS (4,5). Approximately 10‑25% of patients 
with OS have lung metastases, and lung injury caused by lung 
metastasis is the main cause of mortality (6). Osteosarcoma 
treatment typically involves chemotherapy and surgery. Some 
common drug treatments include doxorubicin, methotrexate, 
and vincristine. However, prolonged use of these drugs 
adversely affects liver function in patients, and their survival 
cannot be guaranteed. Surgical treatment affects the body 
of patients (7,8‑11). Therefore, it is urgent to understand and 
explore the pathogenesis of OS and develop effective drugs for 
the treatment of OS.

Normal cell proliferation depends on a complete and 
effective cell cycle. The regulation of cell proliferation mainly 
occurs in the G1 phase cell cycle (12,13). In malignant cells, cell 
cycle imbalance is an early step in tumor development (14). A 
large number of signaling pathways and growth factors affect 
whether the cells enter the S phase for DNA replication (15,16). 
Of these pathways, cyclin D transfers extracellular mitogenic 
signals to activate the G1/S phase transition. A variety of 
signaling pathways can affect the expression of cyclin D, such 
as the classic Ras/Raf/MEK/ERK (MAPK), Rac, NF‑κB, 
Wnt, and Notch signaling pathways (15). The Wnt/β‑catenin 
signaling pathway involves the stabilization and translocation 
of β‑catenin induced by extracellular Wnt. When β‑catenin in 
the cytoplasm accumulates to a certain level, it transfers to the 
nucleus and forms β‑catenin‑TCF/LEF transcription complex, 
which initiates the transcriptional regulation of cyclin D and 
c‑Myc during the G1‑S period of the cell cycle, causing the cells 
to enter the S phase for DNA replication (17). Previous studies 
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have reported that β‑catenin can increase OS cell prolifera‑
tion and the number of OS cells in the S phase, and promote 
the invasion and migration of OS cells (18‑21). Therefore, the 
Wnt/β‑catenin signaling pathway is a critical pathway in OS.

Most components of the transcriptome that do not encode 
proteins have traditionally been considered as ‘transcription 
junk’. However, with the development of high‑throughput 
technologies such as next‑generation sequencing in the past 
decade, researchers have an unprecedented understanding of 
non‑coding genomes. An lncRNA is a type of non‑coding 
RNA over 200 bp (22). In recent years, studies have revealed 
that there are numerous lncRNAs aberrantly expressed in 
OS, such as TUG1, UCAI, BCAR4, and HULC, which can 
be regarded as prognostic indicators of OS (23‑26). Other 
lncRNAs, such as DANCR (27) and FOXC2‑AS1 (28), also play 
important roles in the progression and metastasis of OS. Long 
non‑coding RNA (lncRNA) cancer susceptibility candidate 15 
(CASC15) is a long intergenic non‑coding RNA (lincRNA) 
located at chromosome 6p22.3 (29). It has been reported that 
lncRNA CASC15 regulated the expression of SOX4 in acute 
leukemia to promote its occurrence (30) and regulated the 
Wnt/β‑catenin signaling pathway through miR‑4310 in colon 
cancer to promote cancer cell proliferation and metastasis (31). 
The latest research has reported that lncRNA CASC15 is 
upregulated in OS plasma exosomes. Knockout of lncRNA 
CASC15 inhibited the proliferation of OS cells and the 
growth of osteosarcoma in xenograft models (32). In addition, 
lncRNA CASC15 downregulated the expression of E‑cadherin 
and upregulated the expression of N‑cadherin, indicating that 
lncRNA CASC15 can affect the metastasis of OS cells (32). 
However, it remains unknown whether lncRNA CASC15 
affects the proliferation and metastasis of osteosarcoma by 
regulating the Wnt/β‑catenin signaling pathway.

Materials and methods

Clinical samples. A total of 30 patients with OS treated at the 
First People's Hospital of Shangqiu (Shangqiu, China) were 
selected as the observation group, and their OS tissues were 
obtained as biological samples, and the paired adjacent normal 
tissues were used as controls. The basic information of OS 
patients is presented in Table I. The present study was approved 
by the Ethics Committee of the First People's Hospital of 
Shangqiu, and the patients provided signed informed consent.

Cell culture and transfection. The hFOB1.19 cell line, 
purchased from American type culture collection (ATCC), 
was cultured in a 37˚C incubator with 5% CO2. Then, the 
cells were cultured in high‑glucose DMEM/F12 (1:1) (Cytiva) 
supplemented with 10% fetal bovine serum (FBS; Thermo 
Fisher Scientific, Inc.) and 0.3% G418 (Sigma‑Aldrich; 
Merck KGaA). UMR‑106 cells were purchased from ATCC 
and cultured in complete α‑minimum essential medium 
(α‑MEM) containing 15% FBS. The cells were placed in an 
incubator at 37˚C and 5% CO2. Human OS cell line U‑2OS 
(Shanghai Chinese Academy of Sciences Cell Bank) was 
cultured in RPMI‑1640 medium containing 10% FBS at 37˚C 
and 5% CO2. Human osteogenic sarcoma cells Saos‑2 were 
purchased from China Infrastructure of Cell Line Resources. 
The cells were cultured with a DMEM containing 10% FBS, 

100 U/l penicillin, and 100 mg/l streptomycin in a culture flask 
at 5% CO2 and 37˚C.

Lentiviruses were produced using a second‑generation 
lentiviral system in 293T cells. The recombinant lentiviruses 
expressing overexpressed (oe)‑CASCS15, short hairpin 
(sh)‑CASCS15, and their negative controls (oe‑NC and sh‑NC) 
were constructed and packaged by Shanghai GenePharma Co., 
Ltd. The ratio of lentiviral plasmid: psPAX2: pMD2.G was 
2:2:1. U‑2OS cells were infected with a total of 5 µg lentiviruses 
expressing oe‑CASCS15, sh‑CASCS15, and their negative 
controls (oe‑NC and sh‑NC) for 48 h using RNAi‑Mate trans‑
fection reagent (MDBio, Inc.). The multiplicity of infection 
was 80. Cells were incubated in 5% CO2 at 37˚C for 4 days.

Establishment of xenograft model. A total of 15 (female, 
4‑6  weeks old; weight between 15‑20  g; BALb/c; Harlan 
Sprague Dawley, Inc.) nude mice (n=5 for each group) were 
used to establish a xenograft model. All mice were housed at 
a 12‑h light/dark cycle with a temperature of 25±2˚C and a 
humidity of 55±5˚C. Food and drinking water were provided 
ad  libitum. All animal experiments were approved by the 
Animal Experimentation Ethics Committee of First People's 
Hospital of Shangqiu. U‑2OS, UMR‑106, or Saos‑2 cells were 
inoculated under the skin of the back of nude mice for 4 weeks. 
Each mouse was inoculated with ~2x106 cells. After 16 days, 
the mice were euthanized by cervical dislocation following 
anesthesia with ketamine (50 mg/kg)/xylazine (5 mg/kg), and 
tumors were harvested. Tumor size was measured by calipers 
and calculated using the following formula: Volume (mm3) = 
L (length) x W (width)2/2.

Metastasis assays. A mouse model of pulmonary metastasis 
was established using tail vein injection (33). When the cells 
reached 80‑90% confluency, U‑2OS, Saos‑2, UMR‑106, 
and hFOB1.19 cells were separated with 0.2  mmol/l 
EDTA in Hanks' Balanced Salt Solution (HBSS) without 
Mg+2‑Ca+2‑NaHC03. After counting, the cells (2.5x106/ml) were 
resuspended in ice‑cold HBSS. Female athymic mice (4 weeks 
old; weight ~15 g; BALb/c; Harlan Sprague Dawley, Inc.) were 
injected with 0.2 ml of the cell suspension through the tail 
vein. A total of 20 mice was divided into 4 groups (n=5 per 
group). At 10 weeks after inoculation, mice were euthanized 
by cervical dislocation following anesthesia with ketamine 
(50 mg/kg)/xylazine (5 mg/kg). All organs were examined 
for metastasis formation macroscopically. Lung tissues were 
harvested and fixed in a mixture of Bouin's fixative and neutral 
buffered formalin (1:5, v/v). Metastatic nodules in the lungs 
were counted using an MZ16F dissecting microscope (Leica). 
Mice were housed at a 12‑h light/dark cycle with a tempera‑
ture of 25±2˚C and humidity of 55±5˚C. Food and drinking 
water were provided ad libitum. All animal experiments were 
approved by the Animal Experimentation Ethics Committee 
of First People's Hospital of Shangqiu.

Cell Counting Kit‑8 (CCK‑8) assay. U‑2OS cells 
(4x103 cells/well) were inoculated into a 96‑well plate and 8 
multiple wells were set up in each group. Cells were cultured 
in a cell incubator. After lentiviral transfection, the cells were 
cultured for 48 h. The freshly prepared CCK‑8 detection solu‑
tion (10 µl) was added to each well and then cultured in the 
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incubator for 4 h at 37˚C. Then, the OD value was detected at 
450 nm with a microplate reader. The experiment was repeated 
3 times, and the average value of the experimental results was 
considered as the final experimental results. The growth inhi‑
bition rate was calculated according to the following formula: 
Cell growth inhibition rate=[(OD control group-OD experi‑
mental group)/OD control group] x 100%.

5‑Ethynyl‑2'‑deoxyuridine (EdU) assay. The Cell‑Light EdU 
DNA Cell Proliferation Kit (Guangzhou RiboBio Co., Ltd.) 
was used to detect cell proliferation by EdU assay. The cells 
in the logarithmic growth period were seeded into a 96‑well 
plate with ~4x103‑1x105 cells/well, and cells were cultured 
to the normal growth stage. EdU medium was added and 
incubated with cells for 2 h at 37˚C. Cells were washed and 
incubated with 100 µl of cell immobilization solution (PBS 
containing 4% paraformaldehyde) in each well for 30 min at 
room temperature. Glycine (2 mg/ml) was added and incubated 
on a decolorizing shaking bed for 5 min. Then, the glycine 
solution was discarded, and cells were washed with PBS for 
5 min. Then, 1X Apollo® dyeing reaction solution (100 µl) was 
added, and the reaction continued for 30 min. Subsequently, 
the cells were washed with 0.5% Triton X‑100 in PBS. After 
adding 100 µl 1X Hoechst 33342 reaction solution, the reac‑
tion solution was discarded, and cells were washed with PBS 
after incubating on a light‑free, room temperature, decolor‑
izing shaking bed for 30 min. Images were obtained using an 
FSX100 fluorescence microscope (Olympus Corporation) at 
an x200 magnification. The cell proliferation rate was evalu‑
ated according to the manufacturer's instructions.

Transwell assay. The cells (1x105 cells/well) were suspended in 
serum‑free medium and inoculated into the upper chamber of 
an 8‑µΜ pore Transwell chamber (EMD Millipore). A medium 
containing 20% FBS was added to the lower chamber, following 
incubation at 37˚C for 24 h. The cells were carefully wiped away 

in the upper chamber with a cotton swab. Cells that migrated to 
the lower chamber were fixed with 4% formaldehyde solution 
and stained with 0.1% crystal violet (Solarbio Life Sciences) 
for 15 min at 37˚C. Finally, an inverted microscope (magnifica‑
tion, x100; Olympus IX 70; Olympus Corporation) was used to 
count the number of migrating cells. The migration activity was 
quantified by counting the migrated cells.

Cell scratch assay. A scratch wound assay was also used to 
evaluate the cell migration of OS cells. In short, 1x105 U‑2OS 
cells were seeded in 12‑well plates. When the cell density 
reached 80% confluence, the cell monolayer was scraped with a 
sterile pipette tip. After washing away cell debris with PBS, cells 
were maintained in serum‑free medium. Images were obtained 
at 0 and 24 h after the scratch. Wound width was measured using 
ImageJ software version 1.8.0 (National Institutes of Health), and 
migration was expressed as wound closure fraction.

Cell cycle assay using flow cytometry. Approximately 
2x105 cells were collected and washed with PBS, fixed in 70% 
cold ethanol at 4˚C for 2 h, and then filtered through a 70‑µm 
cell strainer (BD Biosciences) to obtain a single‑cell suspen‑
sion. Subsequently, the cells were incubated with RNase 
A at 37˚C for 30 min and stained with PI for 30 min at 4˚C 
(Cell Cycle Detection Kit; BD Biosciences). Flow cytometric 
analysis was performed on a FACSCalibur flow cytometer 
(BD Biosciences), and data were analyzed using CellQuest 
software (version 5.1; BD Biosciences).

Subcellular fractionation. U‑2OS Cells were processed using 
Cytoplasmic Extraction and NE‑PER Nuclear kit (Thermo 
Fisher Scientific, Inc.) according to the manufacturer's protocol. 
For quantification of β‑catenin in indicated fractions, lamin 
A+C (dilution, 1:200; product code ab40567; Abcam) and actin 
(dilution, 1:1,000; cat. no. sc‑8432; Santa Cruz Biotechnology, 
Inc.) were employed as the fractionation indicators.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). The RT‑qPCR was performed for gene expression 
analysis in hFOB1.19, U‑2OS, Saos‑2, UMR‑106 cells, and OS 
tissues. TRIzol reagent (Thermo Fisher Scientific, Inc.) was used 
to extract total RNA from these cell lines and grated tissues. 
Nanodrop technology (Thermo Fisher Scientific, Inc.) was used 
to detect the concentration of RNA, and the ratio of A260/280 
was between 1.9 and 2.1. Total RNA was reverse‑transcribed 
using Prime Script™  RT reagent Kit with gDNA Eraser 
(Takara Biotechnology Co., Ltd.) to reverse RNA to cDNA 
on a PCR instrument (ABI; Thermo Fisher Scientific, Inc.). 
The obtained cDNA was mixed with TB Green™ Premix Ex 
Taq™ II (Takara Biotechnology Co., Ltd.) for RT‑qPCR detec‑
tion, with a Real‑time PCR instrument (Roche LightCycler® 
480; Roche Diagnostics). The PCR thermal cycling conditions 
were 95˚C for 5 min, and then 45 cycles at 95˚C for 5 sec and 
60˚C for 30 sec. Primers were designed and synthesized by 
TSINGKE Biological Technology Co., Ltd, as presented in 
Table SI. β‑actin was used as the internal control. The relative 
expression was calculated using the 2‑∆∆Cq method (34).

Western blotting. RIPA lysis buffer (Bio‑Rad Laboratories, 
Inc.) was used to lyse the cells and extract soluble proteins. 

Table I. Basic information of OS patients.

	 OS (n=30)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 No. of patients 	 %

Sex
  Male	 17	 56.7
  Female	 13	 43.3
Tumor size
  ≤9 cm	 14	 46.7
  ≥9 cm	 16	 53.3
Age at diagnosis
  Mean	 ‑	 22.2
  SD	 ‑	   9.2
  Minimum	 ‑	   8
  Maximum	 ‑	 40

None of the patients had received any anticancer therapy prior to tumor 
resection or had been diagnosed with any additional malignancies. 
Patients were recruited between January 2017 and December 2019.
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U‑2OS cells were lysed with RIPA lysis buffer. This process 
lasted 30 min on ice. The obtained system was centrifuged at 
12,000 x g for 10 min at 4˚C. The supernatant was collected in 
an EP tube, and the protein concentration was measured with a 
BCA protein detection kit (Thermo Fisher Scientific, Inc.). The 
extracted protein (20 µg) was subjected to 7.5% SDS‑PAGE 
electrophoresis to separate the protein. Furthermore, 5% BSA 
or skimmed milk was prepared in advance, and the membrane 
was then placed in 5% BSA or skimmed milk, and it was 
blockedfor 2 h on the shaker at room temperature. The incu‑
bated primary antibody was dissolved in 5% BSA or skimmed 
milk, and the blots were probed overnight at 4˚C with anti‑
bodies against Wnt1 (dilution 1:1,000; product code ab15251; 
Abcam), β‑catenin (dilution 1:1,000; product code ab68183; 
Abcam), cyclin D1 (dilution 1:1,000; product  no.  55506S; 
Cell Signaling Technology, Inc.), E‑cadherin (dilution 
1:50; product code  ab1416; Abcam), N‑cadherin (dilution 
1:10,000; product code  ab76011; Abcam), vimentin (dilu‑
tion 1:5,000; product code ab92547; Abcam), actin (dilution 
1:1,000; cat. no. sc‑8432; Santa Cruz Biotechnology, Inc.), 
and lamin A  +  C (dilution 1:200; product code  ab40567; 
Abcam) followed by incubation for 1 h at room temperature 
with a horseradish peroxidase‑conjugated secondary antibody 
(cat. no. sc‑2357; Santa Cruz Biotechnology, Inc.; or product 
code  ab205719; Abcam). Enhanced chemiluminescence 
(ECL) substrate (Pierce; Thermo Fisher Scientific, Inc.) was 
used as the visualization reagent. The film was soaked in the 
luminescent liquid for 5 min. Then, the film was removed and 
placed in the luminescence imager, and the luminescent liquid 
was added dropwise again to collect the images.

Statistical analysis. All data were analyzed with SPSS 
(version 22.0; IBM Corp.), and the quantitative data were 
expressed as the mean ± standard deviation (SD). The differ‑
ences between two groups were compared using unpaired 
Student's t‑test, and one‑way analysis of variance (ANOVA) 
followed by post hoc test Tukey‑Kramer was carried out to 
compare the differences between multiple groups. P<0.05 was 
considered to indicate a statistically significant difference.

Results

CASC15 is highly expressed in OS cell lines and clinical 
samples. RT‑qPCR was used to detect the expression of 
CASC15 in clinical samples of OS from 30 patients and 
tissues samples with negative OS biopsy (n=30). The results 
revealed that the expression of CASC15 in OS biopsy samples 
was significantly higher than that in biopsy samples without 
cancer (Fig. 1A). To further explore the expression of CASC15 
in OS, different OS cell lines were selected, namely, U‑2OS, 
Saos‑2, and UMR‑106 as well as normal cell line hFOB1.19, 
to detect the expression of CASC15. The RT‑qPCR results 
demonstrated that the expression of CASC15 in U‑2OS, 
UMR‑106, and Saos‑2 was significantly higher than that in 
hFOB1.19, and the expression of CASC15 in U‑2OS was 
significantly lower than that in Saos‑2 and UMR‑106 cells 
(Fig. 1B). U‑2OS, Saos‑2, and UMR‑106 cells in the loga‑
rithmic growth phase were inoculated subcutaneously into 
the back of nude mice (n=5) for 4 weeks at 2x106 cells for each 
mouse, and tumor formation was observed after 4 weeks. The 

results revealed that compared with U‑2OS nude mice, the 
tumors of Saos‑2 and UMR‑106 nude mice were significantly 
enlarged (Fig. 1C and D). The tail vein injection of U‑2OS, 
Saos‑2, UMR‑106, and hFOB1.19 in nude mice (n=5) was 
used to observe tumor formation in the lungs of mice. The 
results indicated that the nude mice injected with U‑2OS had 
fewer metastatic tumors than the mice injected with Saos‑2 
and UMR‑106 (Fig. 1E).

CASC15 regulates the cell cycle and promotes the prolifera‑
tion of OS cells in vitro. Since CASC15 could promote cancer 
progression and cancer cell proliferation in leukemia and 
bowel cancer (30,31,35), and higher expression of CASC15 
had been revealed in OS cell lines, transplanted tumors, 
and clinical samples, whether CASC15 could promote cell 
proliferation was further studied. Therefore, the U‑2OS cell 
line with low expression of CASC15 was used for the next 
experiments. The results of CCK‑8 and Edu assays demon‑
strated that compared with the respective control (oe‑NC or 
sh‑NC) group, the cell proliferation of the oe‑CASC15 group 
was increased, while the cell proliferation of the sh‑CASC15 
group was decreased (Fig. 2A and B). Flow cytometry was 
used to detect the number of cells in the G0/G1, S, and G2/M 
phases of the cell cycle. The results indicated that compared 
with the control group, S‑phase cells were increased in the 
oe‑CASC15 group, whereas S‑phase cells were decreased in 
the sh‑CASC15 group (Fig. 2C and D).

CASC15 impacts the proliferation and cell cycle of OS 
cells by regulating the Wnt/β‑catenin pathway. Due to the 
changes in proliferation and cycle distribution revealed in 
the present study, RT‑qPCR and western blotting were then 
used to detect the expression of Wnt, β‑catenin, and cyclin D, 
respectively. The transfected U‑2OS cells were grouped into 
oe‑CASC15, sh‑CASC15, oe‑NC and sh‑NC. The RT‑qPCR 
results revealed that compared with the respective control 
(oe‑NC or sh‑NC) group, the expression of Wnt, β‑catenin, 
and cyclin D was increased in the oe‑CASC15 group, while 
it was decreased in the sh‑CASC15 group (Fig.  3A). The 
western blot results revealed that compared with the control 
group, the expression of Wnt, β‑catenin, and cyclin D was 
increased in the oe‑CASC15 group, whereas it was decreased 
in the sh‑CASC15 group (Fig. 3B). In the rescue experiment, 
oe‑CASC15, oe‑CASC15/Wnt inhibitor, or control were 
transfected into U‑2OS cells, and then RT‑qPCR and western 
blotting were used to detect the expression of Wnt, β‑catenin, 
and cyclin D, respectively. The RT‑qPCR and western blot 
results indicated that compared with the control group, the 
expression of Wnt, β‑catenin, and cyclin D was increased 
in the oe‑CASC15 group, whereas it was decreased in the 
oe‑CASC15/Wnt inhibitor group (Fig. 3C and D). The flow 
cytometric results indicated that compared with the control 
group, S‑phase cells were increased in the oe‑CASC15 group, 
whereas they were decreased in the oe‑CASC15/Wnt inhibitor 
group (Fig. 3E and F). Furthermore, the results of CCK‑8 cell 
proliferation demonstrated that the oe‑CASC15 group had 
increased cell proliferation compared with the control group. 
The oe‑CASC15 + Wnt inhibitor group inhibited cell prolif‑
eration, and the proliferation was slightly lower than that of the 
control group (Fig. 3G).
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High CASC15 expression promotes the metastasis of OS cells. 
In previous studies, it was revealed that cells with high CASC15 
expression were more prone to metastasis, and that CASC15 
expression in metastatic tissues was higher (Fig.  1), while 
promoting cell proliferation via the Wnt/β‑catenin signaling 
pathway (Fig. 3). Considering that the Wnt/β‑catenin signaling 
pathway also promoted the EMT process (36), it was further 
explored whether the expression level of CASC15 could affect 

cell proliferation and metastasis. U‑2OS cells were transfected 
with lentiviruses expressing various doses [0.2, 0.4, 0.6, 0.8, 1.0, 
and 1.2 ng/well (24 wells)] of oe‑CASC15. The RT‑qPCR results 
revealed that with the increasing transfection dose, the expres‑
sion of CASC15 was gradually increased (Fig. 4A). Furthermore, 
the results of the CCK‑8 assay revealed that with the increase in 
the expression of CASC15, cell proliferation quickly increased, 
however, when the transfection dose exceeded 0.6 ng/well, the 

Figure 1. Expression of CASC15 in OS cell lines and clinical samples. The OS cell lines used in the present study were hFOB1.19, U‑2OS, Saos‑2, UMR‑106. 
(A) qPCR was used to detect the expression of CASC15 in clinical samples from 30 patients. (B) qPCR was used to detect the expression of CASC15 in 
different OS cell lines and a normal cell line. (C and D) Comparison of xenograft tumor formation in nude mice with different cell lines. (E) Nude mice were 
respectively injected with hFOB1.19, U‑2OS, Saos‑2, UMR‑106 into the tail vein to observe lung tumor formation. **P<0.01 and ***P<0.001 vs. OS, hFOB1.19 
or U‑2OS. CASC15, cancer susceptibility 15; OS, osteosarcoma; qPCR, quantitative polymerase chain reaction.

https://www.spandidos-publications.com/10.3892/or.2021.8027
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increase of proliferation was insignificant and slightly decreased 
(Fig. 4B). The results of the cell scratch experiments also indicated 
that with the increase of CASC15 expression, low‑dose transfec‑
tion did not improve the healing rate, whereas with high‑dose 
transfection it was significantly improved (Fig. 4C). Moreover, 
the results of the Transwell cell migration experiments revealed 
that with the increase of CASC15 expression, low‑dose trans‑
fection did not affect cell migration ability, whereas high‑dose 
transfection significantly increased cell migration (Fig. 4D). 
Next, the influence of various CASC15 expression levels on the 
cellular location of β‑catenin was also assessed. The western blot 
results revealed that with the increased expression of CASC15, 
low‑dose transfection increased the expression of β‑catenin in 
the cytoplasm, whereas high‑dose transfection increased the 
expression of β‑catenin in the nucleus and decreased its expres‑
sion in the cytoplasm (Fig. 4E).

CASC15 promotes metastasis by inducing EMT of OS cells 
through activation of the Wnt/β‑catenin pathway. Since 

in Fig. 4, the cell proliferation was not obvious whereas cell 
migration was after the transfection amount was >0.6 ng/well, 
a dose of 1 ng/well was used as the high‑expression dose, and 
0.6 ng/well was used as the low‑expression dose. Grouping of 
U‑2OS‑transfected cells was as follows: high expression of the 
CASC15 group, low expression of the CASC15 group, high 
expression of CASC15 + Wnt inhibitor group, low expression 
of CASC15 + Wnt inhibitor group, and the control group. 
Western blotting and RT‑qPCR were used to detect the expres‑
sion levels of vimentin, E‑cadherin, N‑cadherin, and cyclin D. 
The results revealed that compared with the low‑expression 
CASC15 group, the expression of E‑caherin in OS cells was 
downregulated in the high‑expression CASC15 group, while 
the expression levels of N‑cadherin, vimentin and cyclin D 
were upregulated. After transfection of the Wnt inhibitor, the 
expression of E‑caherin was upregulated in OS cells, whereas 
the expression levels of N‑cadherin, vimentin and cyclin D 
were downregulated (Fig. 5A and B). After nuclear and cyto‑
plasmic separation, western blotting was used to detect the 

Figure 2. CASC15 regulates the cell cycle, promotes the proliferation of OS cells in vitro, and promotes the growth of OS. U‑2OS cells were transfected 
with oe‑CASC15, sh‑CASC15, and their negative controls (oe‑NC and sh‑NC). (A) Cell Counting Kit‑8 assay was used to detect cell proliferation. 
(B) 5‑Ethynyl‑2'‑deoxyuridine assay was used to detect cell proliferation. (C and D) Flow cytometry was used to detect the cell cycle. ***P<0.001 vs. oe‑NC; 
##P<0.01 and ###P<0.001 vs. sh‑NC. CASC15, cancer susceptibility 15; OS, osteosarcoma; oe, overexpressed; NC, negative control; sh, short hairpin.
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expression changes of β‑catenin among the aforementioned 
groups. Western blot analysis indicated that when CASC15 
was in low concentration, the expression of β‑catenin was 
higher in the cytoplasm than that in the nucleus, indicating 
that β‑catenin was primarily expressed in the cytoplasm; when 

the concentration of CASC15 was 1 ng/well (high expression), 
β‑catenin was predominantly expressed in the nucleus, indi‑
cating that high expression levels of CAS15 could promote 
the entry of β‑catenin into the nucleus, thereby causing the 
occurrence of EMT in the nucleus (Fig. 5C).

Figure 3. CASC15 can activate the Wnt/β‑catenin signaling pathway to regulate the cell cycle and interfere with the proliferation of osteosarcoma cells. 
(A and B) U‑2OS cells were transfected with oe‑CASC15, sh‑CASC15, and their respective negative controls (oe‑NC and sh‑NC), and RT‑qPCR and 
western blotting were used to detect the expression of Wnt, β‑catenin, and cyclin D, respectively. (C and D) U‑2OS cells were transfected with oe‑CASC15, 
oe‑CASC15 + Wnt inhibitor, and control, and RT‑qPCR and western blotting were used to detect the expression of Wnt, β‑catenin, and cyclin D, respec‑
tively. (E and F) The cell cycle was detected in U‑2OS cells which were transfected with oe‑CASC15, oe‑CASC15 + Wnt inhibitor, and control. (G) A Cell 
Counting Kit‑8 assay was performed in U‑2OS cells which were transfected with oe‑CASC15, oe‑CASC15 + Wnt inhibitor, and control. *P<0.05, **P<0.01 and 
***P<0.001 vs. oe‑NC, control or oe‑CASC15; #P<0.05 and ###P<0.001 vs. sh‑NC or control. CASC15, cancer susceptibility 15; oe, overexpressed; NC, negative 
control; sh, short hairpin; ns, nonstatistically significant difference.
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Discussion

EMT was first proposed by Elizabeth Hay. In 1980, she 
observed that epithelial cells could downregulate epithelial 
tissue characteristics to obtain mesenchymal tissue charac‑
teristics (37). EMT reveals that epithelial cells have a certain 
degree of plasticity. In the process of EMT, epithelial cells 
lose their apical‑basal polarity and the connection mode 
between cells, the trefoil factor 3 (TFF3) signaling pathway 
is involved and altered, and the shape of epithelial cells 
presents with slender morphology (38). This increases the 
ability of individual cells to develop their ability to infiltrate 
into tissues during the period of transformation  (39,40). 
The EMT process is an important step in the formation of 
gastrulation and neural crest  (41). However, EMT occurs 
again in wound healing, fibrosis, and cancer progression (42). 
Cancer invasion and metastasis are similar to normal embry‑
onic development  (43). Recent studies have revealed that 
the process of cancer invasion is a recurrence of the EMT 
process of embryonic development (44,45). During EMT, the 
expression of E‑cadherin and cytokeratin that are specifically 

expressed in epithelial tissues decrease, whereas the expres‑
sion of mesenchymal cytoskeleton proteins such as vimentin 
increase. When epithelial cells undergo the EMT process, they 
usually secrete fibronectin produced by mesenchymal cells, 
such as fibroblasts, and concurrently express fibroblast marker 
proteins such as N‑cadherin to replace the marker protein E in 
epithelial tissues. Cancer cells expressing N‑cadherin undergo 
the EMT process to enhance their affinity with supporting 
cells, thereby causing cell infiltration and metastasis in normal 
tissues (46). In the present study, it was revealed that when the 
expression of CASC15 increased, it could promote the prolif‑
eration of OS cells. However, after it increased to a certain 
level, it did not further promote cell proliferation but appeared 
to induce cell migration. Therefore, it was considered whether 
CASC15 activates the Wnt signaling pathway in order for a 
large amount of β‑catenin to enter the nucleus to promote 
EMT. To this aim, it was first explored whether different 
doses would affect the EMT process, and it was revealed that 
different doses of lncRNA CASC15 could alter the expression 
of β‑catenin in the nucleus and cytoplasm. It was revealed that 
CASC15 activated the Wnt signaling pathway. It was surmised 

Figure 4. Effect of lncRNA CASC15 on osteosarcoma cells is dose‑dependent, and the increase in lncRNA expression gradually exhibits metastatic charac‑
teristics. Lentiviruses expressing different doses of overexpressed‑CASC15 [0.2, 0.4, 0.6, 0.8, 1.0, 1.2 ng/well (24 wells)] were transfected into U‑2OS cells. 
(A) The expression of CASC15 was detected by reverse transcription‑quantitative polymerase chain reaction. (B) Cell proliferation was detected by Cell 
Counting Kit‑8 experiment. **P<0.01: 0.2 vs. 0 ng/well; +P<0.01, ++P<0.01 and +++P<0.001: 0.4 vs. 0 ng/well; #P<0.05 and ###P<0.001: 0.6 vs. 0 ng/well; $P<0.05: 
0.8 vs. 0 ng/well; %P<0.05 and %%P<0.01: 1 vs. 0 ng/well; YP<0.05 and YYP<0.01: 1.2 vs. 0 ng/well. (C) The cell scratch test was detected as the speed of healing. 
**P<0.01 and ***P<0.001 vs. 0 ng/well. (D) The Transwell cell migration assay detected cell migration. (E) The influence of various CASC15 expression levels 
on the cellular location of β‑catenin. lncRNA, long non‑coding RNA; CASC15, cancer susceptibility 15.
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that the formation of the possible migration ability was related 
to the EMT process caused by β‑catenin entering the nucleus. 
Therefore, the effect of various doses of CASC15 on the content 
of β‑catenin inside and outside the nucleus was detected, and 
it was revealed that CASC15 could lead to β‑catenin entering 
the nucleus in large quantities via the Wnt pathway to promote 
the EMT of OS cells.

The Wnt signaling pathway was first discovered in the study 
of Drosophila wingless genes (47). Later, more Wnt family 
genes were discovered during embryonic development (48). The 
discovery of the Wnt1 gene linked the Wnt signaling pathway 
to cancer. Nusse and Varmus revealed that overexpression of 
the Wnt1 gene could cause mouse mammary tumors (49). The 
Wnt signaling pathway is mainly divided into the classic Wnt 
signaling pathway, namely the Wnt/β‑catenin signaling pathway 
and the non‑canonical Wnt signaling pathway (50). The classic 
Wnt signaling pathway is mainly composed of a Wnt‑secreted 
protein, a transmembrane receptor frizzled protein, a loose 
protein, β‑catenin, glycogen synthesis kinase 3β, and T cell 

factor/lymph enhancer factor  (51). This pathway mainly 
regulates cell behavior through the transcription properties 
of DNA‑binding proteins of the TCF/LEF family. The key is 
the stable β‑catenin in the cytoplasm (52). In Wnt signaling, 
β‑catenin is mostly bound by E‑cadherin, which extends 
from the cell membrane into the cell. When the Wnt signaling 
pathway is activated, the Wnt protein secreted by the cell binds 
to the Frz and LRP5/6 receptor complex on the cell surface to 
activate the Dsh protein in the cytoplasm. The activated Dsh 
can inhibit GSK3‑β and stimulate β‑catenin activity in the 
cytoplasm. When β‑catenin accumulates to a certain level, it 
transfers to the nucleus and competitively binds to the tran‑
scription factor TCF/LEF such as P300 in the nucleus to form 
a β‑catenin‑TCF/LEF transcription complex to regulate target 
gene expression (53). The present study revealed that lncRNA 
CASC15 triggered the Wnt signaling pathway and led to the 
downstream β‑catenin in the nucleus. β‑catenin plays a role in 
the nucleus. When β‑catenin begins to appear in the nucleus, 
it first regulates the expression of downstream cyclin D and 

Figure 5. CASC15 promotes the epithelial‑mesenchymal transition of osteosarcoma cells by Wnt/β‑catenin pathway. U‑2OS cells were transfected with 
1 ng/well of oe‑CASC15 as the high expression dose, and 0.6 ng/well as the low expression dose. The transfection groups were as follows: high expression, 
low expression, high expression + Wnt inhibitor, and low expression + Wnt inhibitor. (A and B) Reverse transcription‑quantitative polymerase chain reaction 
and western blotting were used to detect the expression of E‑cadherin, N‑cadherin, vimentin, and cyclin D, respectively. (C) After nuclear and cytoplasmic 
separation, western blotting was used to detect the expression changes of β‑catenin among the aforementioned groups. ***P<0.01 vs. low expression or control. 
CASC15, cancer susceptibility 15.
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triggers cell proliferation. When there is excessive β‑catenin in 
the nucleus, part of it regulates downstream EMT (54,55). In 
the present study a competitive binding mechanism of β‑catenin 
with the lncRNA likely occurred, and this mechanism should 
be further explored in future studies. In addition, in‑depth 
research should be conducted as to how CASC15 regulates the 
Wnt/β‑catenin signaling pathway and even regulates the expres‑
sion of β‑catenin inside and outside the nucleus. It is theorized 
that CASC15 is likely to inhibit the phosphorylation β‑catenin 
by binding to the β‑catenin protein in OS cells (56,57), leading 
to the accumulation of β‑catenin and its entering the nucleus to 
bind to the LEF/TCF transcription factor family and activate 
transcription of downstream target genes (such as cyclin D1).

In conclusion, the present study explored the function and 
effect of lncRNA CASC15 on the proliferation, invasion, and 
metastasis of OS cells and revealed the preliminary mechanism 
of the expression level of lncRNA CASC15 on the progression 
and metastasis of OS, thus providing a new treatment for OS.
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