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Abstract. Differentiated embryonic chondrocyte‑expressed 
gene 1 (DEC1) is associated with various types of human 
cancer; however, there is limited data regarding the functions 
of DEC1 in osteosarcoma. The present study aimed to examine 
the expression of DEC1 in human osteosarcoma tissues and 
cell lines. Furthermore, the effects of DEC1 on the prolifera-
tion, adhesion, invasion and epithelial‑mesenchymal transition 
(EMT) of osteosarcoma cells were investigated. Using reverse 
transcription‑quantitative PCR and western blot analysis, it 
was found that the expression levels of DEC1 were higher in 
human osteosarcoma tissues and osteosarcoma cell lines than 
in the controls. Both gain‑ and loss‑of‑function experiments 
suggested that DEC1 promotes the proliferation, adhesion 
and invasion of osteosarcoma cells in vitro, as determined 
by MTT, cell adhesion and cell invasion assays, respectively. 
Additionally, DEC1 was found to upregulate the mesenchymal 
markers N‑cadherin and vimentin, whilst downregulating the 
epithelial marker E‑cadherin. In conclusion, this present study 
showed increased expression levels of DEC1 in human osteo-
sarcoma tissues and cell lines, and identified that DEC1 may 
exert its effect on osteosarcoma progression by promoting cell 
proliferation, adhesion and invasion. Furthermore, DEC1 was 
shown to have an inducible effect on EMT in osteosarcoma 
cell lines, thus contributing to the aggressiveness of osteosar-
coma cells. This initial study indicated that DEC1 may serve 
as a novel molecular target for the treatment of osteosarcoma.

Introduction

Osteosarcoma is the most common primary malignancy 
of bone tissue, typically presenting in teenagers and young 

adults (1). This tumor has a highly invasive and distant meta-
static potential (2,3), and the 5‑year survival rate in patients 
with metastatic osteosarcoma is 5‑20% (4,5). Therefore, it 
is important to clarify the molecular mechanisms of action 
behind osteosarcoma metastasis and to explore effective 
therapeutic approaches to treat patients with osteosarcoma.

Aberrant expression and activation of transcription factors 
occurs frequently in various cancer types. Differentiated 
embryonic chondrocyte‑expressed gene 1 (DEC1) is a basic 
helix‑loop‑helix transcription factor that has been detected 
in a variety of developing and adult tissues (6‑8). DEC1 plays 
an important role in numerous biological events, including 
cell survival, differentiation, circadian rhythms and hypoxia 
response  (9‑12). Additionally, DEC1 has been reported to 
promote tumor progression, invasion and metastasis (13‑16). 
Previous studies have shown that DEC1 is associated with 
various types of human cancers, such as lung, gastric, liver 
and breast cancer (17‑20). Recently, Zhou et al (21) found that 
knockdown of cryptochrome circadian regulator 1 enhanced 
the proliferation and migration of osteosarcoma cells 
presenting downregulation of DEC1. However, there is limited 
data regarding the function of DEC1 in osteosarcoma.

The present study aimed to examine the expression level 
of DEC1 in human osteosarcoma tissues and cell lines. 
Furthermore, the effects of DEC1 on the proliferation, adhe-
sion, invasion and epithelial‑mesenchymal transition (EMT) 
of osteosarcoma cells were investigated.

Materials and methods

Tissue collection. A total of 21 osteosarcoma patients were 
recruited for this study from January 2014 to May 2018 
(12‑25 years old; 11 males and 10 females). All patients provided 
written informed consent in compliance with the code of ethics 
of the World Medical Association (Declaration of Helsinki). 
The present study was approved by the Ethics Committee 
of The Second Xiangya Hospital of Central South University. 
The human osteosarcoma samples and adjacent normal tissues 
(located >3 cm away from the tumor) were collected from 
the patients who underwent surgery at The Second Xiangya 
Hospital of Central South University. The tissue samples were 
frozen in liquid nitrogen prior to experimentation.

Cell culture and transfection. hFOB, MG63, Saos‑2 and U2OS 
cells were purchased from the American Type Culture Collection 
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and maintained in DMEM (Gibco; Thermo Fisher Scientific, 
Inc.), supplemented with 10% FBS (Gibco; Thermo Fisher 
Scientific, Inc.). All cells were incubated at 37˚C in a humidi-
fied atmosphere of 5% CO2. Prior to transfection, the cells were 
washed with PBS, and the medium was replaced with serum‑free 
DMEM. A total of 200 ng small interfering (si)RNA control 
(siControl; forwards, 5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3' 
and reverse, 5'‑ACG​UGA​CAC​GUU​CGG​AGA​ATT‑3'; Shanghai 
GenePharma Co., Ltd.), DEC1 siRNA (forwards, 5'‑GAA​CAU​
CUC​AAA​CUU​ACA​ACU​TT‑3' and reverse, 5'‑AGU​UGU​AAG​
UUU​GAG​AUG​UUC​TT‑3'; Shanghai GenePharma Co., Ltd.), 
empty plasmid (pcDNA3.1; Shanghai GenePharma Co., Ltd.) 
or DEC1 overexpression plasmid (Shanghai GenePharma Co., 
Ltd.) was transfected into the cells using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. After 6 h, the medium was replaced 
with fresh medium and the cells were maintained in the culture 
flasks for at least 24 h prior to subsequent analysis.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from the tissues and cells using Trizol® 
(Invitrogen; Thermo Fisher Scientific, Inc.) following the 
manufacturer's instructions. cDNA was reverse transcribed 
using a First Strand cDNA Synthesis kit (Fermentas; Thermo 
Fisher Scientific, Inc.) at 42˚C. qPCR was performed on an 
ABI 7300 real‑time PCR system using a SYBR Green PCR kit 
(Applied Biosystems). The primers used for amplification were 
as follows: DEC1 forward, 5'‑GAA​AGG​ATC​GGC​GCA​ATT​
AA‑3', and reverse, 5'‑CAT​CAT​CCG​AAA​GCT​GCA​TC‑3'; 
GAPDH forward, 5'‑CGA​CCA​CTT​TGT​CAA​GCT​CA‑3', and 
reverse, 5'‑AGG​GGT​CTA​CAT​GGC​AAC​TG‑3'. GAPDH was 
used as a control. Primers were used at a final concentration 
of 250 nM. The reaction was followed by 40 cycles at 95˚C for 
30 sec, 58˚C for 30 sec and 72˚C for 30 sec. mRNA levels were 
quantified using the 2‑ΔΔCq relative quantification method (22).

Western blot analysis. Total protein was extracted from the 
tissues and cells using RIPA buffer (Elabscience Biotechnology 
Co., Ltd.). Protein concentration was determined using a 
Bicinchoninic Acid protein assay. Equal amounts of total 
protein (50 µg) were separated on a 12% sodium dodecyl 
sulfate polyacrylamide gel using electrophoresis, and then 
transferred onto a nitrocellulose membrane (EMD Millipore). 
The membranes were blocked with 3% bovine serum albumin 
(Sigma‑Aldrich; Merck KGaA) at 4˚C overnight and were 
subsequently subjected to 3 washes with Tris‑buffered 
saline and Tween‑20 (0.05%) (TBST). The membranes were 
incubated with the primary antibodies, including DEC1 
mouse monoclonal antibody (sc‑101023; 1:500; Santa Cruz 
Biotechnology, Inc.), E‑cadherin mouse monoclonal antibody 
(sc‑71007; 1:400; Santa Cruz Biotechnology, Inc.), N‑cadherin 
mouse monoclonal antibody (sc‑8424; 1:400; Santa Cruz 
Biotechnology, Inc.), vimentin mouse monoclonal antibody 
(sc‑66002; 1:800; Santa Cruz Biotechnology, Inc.) and GAPDH 
mouse monoclonal antibody (sc‑47724; 1:1,000; Santa Cruz 
Biotechnology, Inc.) at 37˚C for 1 h. The membranes were 
washed with TBST and incubated with horseradish perox-
idase‑labeled goat anti‑mouse secondary antibody (sc‑2005; 
dilution, 1:2,000; Santa Cruz Biotechnology, Inc.) at 37˚C 
for 1 h. The chemiluminescent signal was detected using an 

enhanced chemiluminescence detection kit (Pierce; Thermo 
Fisher Scientific, Inc.). Image‑Pro Plus software (version 6.0; 
Media Cybernetics, Inc.) was used for densitometry analysis.

MTT assay. Cell proliferation was determined using MTT 
assays. The cells were seeded into 96‑well plates, allowed to 
grow for 24, 48, 72 and 96 h, and then incubated with 10 µl 
MTT (Sigma‑Aldrich; Merck KGaA) at 37˚C for 4 h. A total 
of 200 µl DMSO (Sigma‑Aldrich; Merck KGaA) was added 
to solubilize the formazan crystals. The absorbance at 570 nm 
was then measured using a microplate reader (SpectraMax 
190; Molecular Devices, LLC).

Cell adhesion assay. For the cell adhesion assays, 96‑well 
plates were pre‑coated with fibronectin (Sigma‑Aldrich; Merck 
KGaA) and blocked with 1% BSA at 37˚C for 2 h. Cells in 
serum‑free medium were seeded into the 96‑well plates at the 
density of 2x105 cells/ml (0.2 ml) and incubated at 37˚C for 2 h. 
The adhesive cells were then fixed in 4% paraformaldehyde at 
room temperature for 30 min and stained with 0.5% crystal 
violet (Sangon Biotech, Co. Ltd.) at room temperature for 2 h. 
SDS (Amresco LLC) was used to dissolve the crystals. The 
absorbance at 570 nm was measured using a microplate reader.

Cell invasion assay. Transwell inserts (Corning, Inc.) were 
coated with Matrigel matrix (BD Biosciences) at 37˚C for 
30 min. Cell suspensions were prepared in serum‑free medium 
at a final concentration of 5x104 cells/ml and added to the 
upper chambers. Subsequently, 1 ml of 10% FBS‑containing 
medium was added to the lower chambers. Following incu-
bation at 37˚C overnight, a cotton swab was used to remove 
non‑invasive cells. The cells on the lower surface of the 
membrane were fixed using 95% ethanol for 20  min and 
stained with hematoxylin for 10 min at room temperature. The 
number of invaded cells was counted using an inverted light 
microscope (TS100; Nikon Corporation).

Statistical analysis. All data are expressed as the means ± SD 
from at least three independent experiments. Statistical anal-
ysis was performed using GraphPad Prism Software (version 
5; GraphPad Software, Inc.). Differences between two groups 
were assessed by the paired Student's t‑test, and ANOVAs 
followed by student‑Keuls‑Newman tests were used to compare 
the differences between three or more groups. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Expression of DEC1 in human osteosarcoma tissues and 
cell lines. A total of 21 human osteosarcoma specimens and 
adjacent non‑tumor tissues were collected to investigate DEC1 
expression using RT‑qPCR and western blot analysis. It was 
found that the expression levels of DEC1 mRNA and DEC1 
protein were higher in human osteosarcoma tissues compared 
with adjacent non‑tumor tissues (Fig.  1A). DEC1 expres-
sion was also analyzed in a normal bone cell line (hFOB) 
and in osteosarcoma cell lines (MG63, U2OS and Saos‑2). 
As shown in Fig. 1B, the expression levels of DEC1 mRNA 
and DEC1 protein were higher in osteosarcoma cells than in 
normal bone cells.
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Effect of DEC1 on the proliferation of osteosarcoma cells. To 
investigate the biological functions of DEC1 in osteosarcoma 

cells, both gain‑ and loss‑of‑function experiments were 
performed in vitro. MG63 cells with endogenously high DEC1 

Figure 1. Expression of DEC1 in human osteosarcoma tissue samples and cell lines. (A) mRNA and protein expression levels of DEC1 in human osteosarcoma 
tissues and the adjacent non‑tumor tissues. #P<0.01 vs. control group. (B) Expression of DEC1 mRNA and protein in the normal bone cell line, hFOB and 
osteosarcoma cell lines, MG63, U2OS and Saos‑2. *P<0.05 vs. hFOB. DEC1, differentiated embryonic chondrocyte‑expressed gene 1.

Figure 2. Effect of DEC1 on osteosarcoma cell proliferation. (A) Expression levels of DEC1 protein in MG63 cells transfected with siDEC1, and the effect of 
siDEC1 on cell proliferation. #P<0.01 vs. siControl. (B) Expression of DEC1 protein in U2OS cells transfected with the DEC1 plasmid, and the effect of DEC1 
plasmid on cell proliferation. *P<0.05 vs. empty plasmid. DEC1, differentiated embryonic chondrocyte‑expressed gene 1; si, small interfering RNA.
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expression were selected to be transfected with DEC1 siRNA, 
in order to knockdown DEC1. In contrast, U2OS cells with 
endogenously low DEC1 expression were selected to be trans-
fected with the DEC1 plasmid, in order to overexpress DEC1. 
Subsequently, the effect of DEC1 on osteosarcoma cells prolif-
eration was examined using MTT assays. The present results 
showed that DEC1 overexpression significantly promoted 
the proliferation of U2OS cells, while DEC1 knockdown 
significantly inhibited the proliferation of MG63 cells (Fig. 2).

Effect of DEC1 on the adhesion and invasion of osteosarcoma 
cells. To investigate the effects of DEC1 on the adhesive and 
invasive capabilities of osteosarcoma cells, cell adhesion and 
invasion experiments were performed in vitro. The present 
results showed that MG63 cells transfected with DEC1 siRNA 
had a reduced adhesive and invasive ability compared with 
those cells transfected with siControl. Overexpression of 
DEC1 increased the adhesive and invasive abilities of U2OS 
cells (Fig. 3).

Figure 3. Effect of DEC1 on osteosarcoma cells adhesion and invasion. (A) Adhesion and (B) invasion have been investigated. *P<0.05 vs. siControl. #P<0.01 
vs. empty plasmid. DEC1, differentiated embryonic chondrocyte‑expressed gene 1; si, small interfering RNA.
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Effect of DEC1 on the EMT in osteosarcoma cells. To 
evaluate whether DEC1 regulates EMT in osteosarcoma 
cells, the expression levels of EMT‑related proteins, including 
E‑cadherin, N‑cadherin and vimentin were examined. As 
demonstrated by western blot analysis, DEC1 overexpression 
significantly upregulated N‑cadherin and vimentin but down-
regulated E‑cadherin in U2OS cells, whereas knockdown of 
DEC1 produced the opposite results in MG63 cells (Fig. 4).

Discussion

Dysregulated expression of DEC1 has been observed in 
a number of types of human cancer. Upregulated DEC1 
has been found in gastric, liver, pancreatic and breast 
cancer (6,13,15,23‑27). Downregulated DEC1 has been found 
in non‑small cell lung cancer (17,28). However, the expression 
of DEC1 in osteosarcoma has not been previously reported. In 
the present study, DEC1 expression levels in human osteosar-
coma tissues and cell lines were examined, and it was found 
that osteosarcoma tissues and osteosarcoma cells had higher 
expression levels of DEC1 compared with the controls. The 
present findings suggested DEC1 is aberrantly expressed in 
osteosarcoma, and the present results indicated that DEC1 
may be involved in the progression of osteosarcoma.

DEC1 has multifaceted roles in cancer progression (8). 
A previous study has shown that downregulation of DEC1 
inhibits gastric cancer cell proliferation in vitro and tumori-
genicity in  vivo  (18). DEC1 is upregulated by TGF‑β in 
PANC‑1 cells, and regulates the expression of EMT‑related 
factors. DEC1 knockdown inhibits morphological changes 
during EMT processes  (13). Li  et  al reported that DEC1 
induces the activation of apoptosis‑related factor, survivin, 
under serum‑starvation, which has an anti‑apoptotic effect in 
HEK293 cells (29). In contrast, Thin et al found that DEC1 
is induced in response to several DNA‑damaging agents 
and has a pro‑apoptotic effect (30). Additionally, it has been 
reported that high levels of DEC1 inhibit cell proliferation 
and colony formation of esophageal squamous cell carci-
noma cells, promoting cellular senescence (16). The complex 
mechanisms underlying the role of DEC1 in carcinogenesis 
are controversial. However, all these findings suggest that 
aberrant expression levels of DEC1 play important roles in 
tumor progression. Currently, there are no reports into the 
role of DEC1 in osteosarcoma. Proliferation and metastasis 
are critical events in the pathogenesis of cancer (31). Using the 
osteosarcoma cell lines MG63 and U2OS, this study found that 

DEC1 knockdown inhibits the proliferation of osteosarcoma 
cell lines and DEC1 overexpression promotes cell prolifera-
tion in vitro. Furthermore, the effect of DEC1 on the adhesive 
and invasive abilities of MG63 and U2OS cells was evaluated. 
Both the gain‑of‑ and loss‑of‑function experiments demon-
strated that DEC1 promotes the invasiveness of osteosarcoma 
cell lines. Overall, these data supported the hypothesis that 
DEC1 functions as an oncogene in osteosarcoma.

EMT is a dynamic process by which epithelial cells lose 
their polarity and are converted to present a mesenchymal 
phenotype, thereby gaining increased motility and inva-
siveness  (32). EMT is considered as a common molecular 
mechanism promoting tumor metastasis  (33). E‑cadherin, 
N‑cadherin and vimentin are typical regulators of EMT. In the 
present study, DEC1 was found to upregulate the mesenchymal 
markers N‑cadherin and vimentin, and downregulate the 
epithelial marker E‑cadherin (34). These results suggest that 
DEC1 has an inducible effect on EMT in osteosarcoma cell 
lines, thus contributing to the aggressiveness of osteosarcoma.

DEC1 is frequently dysregulated in human cancer, and the 
molecular mechanism of action which regulates its expression 
is complex. Previous studies have reported that DEC1 can be 
induced in a cell type‑specific manner by various extracellular 
stimuli, such as hypoxia, growth factors, hormones and cyto-
kines (35‑38). DEC1 can also act as a transcriptional factor 
through interactions with the PI3K/Akt/glycogen synthase 
kinase 3β signaling pathway to promote osteogenic activity 
and to relieve 1‑methyl‑4‑phenylpyridinium‑induced cyto-
toxicity (39,40). A recent study showed that activation of the 
Akt/P53/P21 signaling pathway promotes proliferation and 
migration of human osteosarcoma cells, and activation of the 
Akt/P53/P21 signaling pathway induced the downregulation 
of DEC1 (21); however, the direct effect of DEC1 on regulating 
the Akt/P53/P21 signaling pathway remains unknown. Further 
studies are required to verify the interaction between DEC1 
and the Akt signaling pathway in human osteosarcoma cells.

In conclusion, the present study showed that DEC1 was 
upregulated in human osteosarcoma tissues and cell lines. 
Using gain‑of‑ and loss‑of‑function approaches, the present 
study suggested that DEC1 may exert its effect on osteosar-
coma progression by promoting cell proliferation, adhesion 
and invasion in vitro. Furthermore, it was found that DEC1 
could promote aggressiveness of osteosarcoma cell lines by 
regulating the expression levels of genes involved in EMT. 
This preliminary study suggested that DEC1 may represent a 
novel molecular target for the treatment of osteosarcoma.

Figure 4. Effect of DEC1 on the epithelial‑mesenchymal transition in osteosarcoma cells. *P<0.05 vs. siControl. #P<0.01 vs. empty plasmid. DEC1, differentiated 
embryonic chondrocyte‑expressed gene 1; si, small interfering.
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