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Downregulation of DEC1 inhibits proliferation, migration and
invasion, and induces apoptosis in ovarian cancer cells
via regulation of Wnt/f3-catenin signaling pathway
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Abstract. DEC1 has been reported to regulate the expression
of multiple target genes, participate in cell differentiation,
apoptosis, aging and the development and progression of
numerous tumors, but the detailed effects and possible mecha-
nisms of DECI1 in ovarian cancer (OC) remain unknown.
The present study aimed to investigate the expression and
mechanism of function of DECI in OC. The present results
demonstrated that DEC1 was highly expressed in OC tissues
and cell lines using reverse transcription-quantitative PCR,
western blotting and immunohistochemistry, and high expres-
sion of DEC1 was negatively associated with the prognosis
of patients with OC. In addition, knockdown of DECI1
significantly inhibited proliferation in SKOV3 and OVCAR3
cells compared with control. DEC1 knockdown also induced
apoptosis and increased the expression of apoptosis-related
proteins in OC cells. The results suggested that knockdown
of DECI inhibited OC cell migration and invasion via regula-
tion of epithelial-mesenchymal transition-related protein. It
was also found that DEC1 knockdown significantly inhibited
the Wnt/p-catenin pathway. Collectively, the current results
indicated that knockdown of DECI inhibited proliferation,
migration and invasion, and induced apoptosis in OC cells via
modulating the Wnt/B-catenin signaling pathway. Thus, DEC1
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may participate in malignant progression of OC, and may be a
target for treatment and diagnosis of OC.

Introduction

Ovarian cancer (OC) is one of the most common malignant
tumors in gynecology (1). Compared with endometrial cancer,
cervical cancer and vulvar cancer, the mortality rate of OC
ranks first among the female genital tract malignant tumors,
and its incidence is increasing year by year, which seriously
threatens the life and health of women worldwide (2). For
instance, the American Cancer Society estimated ~22,530 new
OC cases and 13,980 mortalities in the United States in 2019 (3).
Anatomically, as OC is located in the deep structure of the
pelvic cavity, there are no obvious signs of early pathological
changes, which are difficult to detected (1). In addition, there is
no specific diagnostic method, and thus ~59% of patients with
abdominal distension, dropsy or pain are in advanced stage at
diagnosis. Therefore, insidious onset, late onset, high degree of
malignancy, easy metastasis and poor prognosis are the main
clinical features of OC (1). It has been shown that the 5-year
survival rate of patients with early OC is >75%, while that of
patients with advanced OC is only 29% (4). Cytoreductive
surgery and cisplatin-based chemotherapy are standardized
therapies for patients with advanced OC (5), and with the
improvement of diagnosis and treatment, the 5-year survival
rate of patients with OC increased from 36% in 1975 to 47%
in 2014 (6,7). However, >50% of patients with advanced OC
relapse within the first 5 years after treatment, resulting in
cross-resistance to standardized therapy and other functional
and structural unrelated chemotherapeutic drugs (8). Thus, the
development of novel treatment strategies is urgently required
to improve the treatment of patients with OC.

Differential embryo-chondrocyte expressed gene 1 (DEC1)
is a helix-loop-helix transcription factor that directly binds
to the class B type E-box in target genes, and is expressed
to different degrees in most organs and tissues of the human
body (9-11). DECI serves an essential role in various physi-
ological functions of the body, including cell differentiation,
cell cycle and circadian rhythm regulation, hypoxia, stress
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response and other processes (12,13). It has been reported that
DECI1 is abnormally expressed in several tumors and is related
to the growth and apoptosis of tumors. For example, DEC1 has
a positive anti-apoptotic effect on the proliferation of gastric
cancer cells induced with hypoxia (14). Moreover, DEC1
negatively affects the expression of E-cadherin in HepG2 cells
induced with hypoxia (15), while silencing DECI1 inhibits the
proliferation of breast cancer by inducing cell cycle arrest in
S phase (16). However, the possible effects and underlying
mechanisms of DECI1 on OC are yet to be elucidated.

It has been revealed that DEC1 overexpression and knock-
down inversely regulate the expression levels of [3-catenin
and phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit a in glucocorticoid-induced osteoporotic changes
in SaoS-2 cells and mice (17). Furthermore, downregulation
of DECI contributes to 1-methyl-4-phenyl-1,2,3,6-tetrahy-
dropyridine-induced neurotoxicity by suppressing
the PI3K/Akt/glycogen synthase kinase 3 B (GSK-3p)
pathway (18). The Wnt/B-catenin signaling pathway is one
of the most important signal transduction pathways in cells,
and serves an essential role in regulating normal cell prolif-
eration, movement, differentiation and tumorigenesis (19,20).
[-catenin, as a key molecule of the Wnt/p-catenin pathway,
accumulates in the cytoplasm and then translocates to the
nucleus to activate downstream signal molecules in the
nucleus (21,22). Previous studies have shown that abnormal
activation of the Wnt/p-catenin pathway is closely corrected
with the occurrence and development of numerous tumors. For
instance, Wang et al (23) reported that after downregulation of
odd-skipped related transcription factor 1 gene expression in
H1299 cells, the Wnt/B-catenin signaling pathway was inhib-
ited and GSK-3f expression was significantly increased, while
phosphorylated (p)-GSK-3, nuclear-f3-catenin, cyclin D1,
c-Myc and matrix metalloproteinase (MMP)-7 expression
levels were significantly decreased, resulting in the reduction
of proliferative and invasive abilities of H1299 cells (23).
Furthermore, the Wnt pathway is activated in OC cells to
promote B-catenin nuclear translocation, which subsequently
acts on T-cell specific transcription factor (TCF) and lymphoid
enhancer binding factor (LEF) transcription factors to induce
the proliferation, differentiation and metastasis of OC stem
cells (24). It has also been shown that in healthy colorectal
tissues, the Wnt signaling pathway regulates the balance,
proliferation and differentiation of intestinal stem cells (25).

The aim of the present study was to investigate the possible
role and underlying mechanisms of DEC1 in OC. It was
demonstrated that inhibition of DEC1 significantly inhibited
proliferation, migration and invasion and induced apoptosis,
which may be regulated by the Wnt/B-catenin pathway. The
results of the present study provide novel insights into the
biological functions and underlying mechanisms of DEC1 in
OC, and may facilitate the development of a novel therapeutic
target for diagnosing or treating OC.

Materials and methods

Tissue samples. The present study involved 106 patients (aged
30-75 years; median age, 60 years) who were diagnosed with
OC in the Gynecology Department of Jiangxi Cancer Hospital
Affiliated to Nanchang University (Nanchang, China) between

September 2015 and September 2018. No chemoradiotherapy
was performed before the operation. OC tissues and corre-
sponding adjacent healthy tissue were resected from each
patient and immediately placed in a liquid nitrogen flash freezer
at -80°C. None of the patients had received any chemotherapy
or radiotherapy. All tumors were histologically classified as
well (grade 1), moderately (grade 2), poorly (grade 3) and
others (grade 4) according to the Edmondson-Steiner grading
system (26). This study has obtained approval from the Jiangxi
Cancer Hospital Medical Ethics Committee and oral informed
consent was obtained from all patients.

Cell lines. In total, two OC cell lines (SKOV3 and OVCARD3)
and a normal human ovarian epithelial cell line (IOSES80)
were purchased from Stem Cell Bank, Chinese Academy
of Sciences. RPMI-1640 (Gibco; Thermo Fisher Scientific,
Inc.) medium containing 1% penicillin/streptomycin
(Sigma-Aldrich; Merck KGaA) and 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.) was used for cell culture in a 5% CO,
incubator maintained at 37°C.

Cell transfection. Short hairpin (sh)RNA targeting DECI
(shEDCI) and its negative control (NC shRNA) were synthe-
sized by Shanghai GenePharma Co., Ltd., and subsequently
inserted into pSuper plasmid (Shanghai GenePharma Co.,
Ltd.) using DNA recombination technology. shEDC1 or NC
(100 ng) was transfected in SKOV3 and OVCAR3 cells using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. Transfected
cells were cultured for 48 h, then the subsequent functional
experiments were performed.

Cell Counting Kit (CCK)-8 assay. Viability of transfected OC
cells was evaluated using CCK-8 assay (Beyotime Institute
of Biotechnology), according to the manufacturer's instruc-
tions. SKOV3 and OVCARS3 cells (1x10%/well) were seeded in
96-well plates and incubated for 0, 24, 48 and 72 h at 37°C.
Then, cells were incubated with 10 ul CCK-8 solution for 4 h
at 37°C. The optical density (OD) was measured using a micro-
plate at 490 nm (Multiskan MK3; Thermo Fisher Scientific,
Inc.). Each experiment was performed in triplicate.

EdU assay. The proliferation of OC cells after transfection
was determined using a EdU assay. Transfected SKOV3 and
OVCAR3 cells (1x10%/well) were seeded in 96-well plates and
cultured for 48 h. Then, cells were fixed with 4% paraformal-
dehyde at room temperature for 30 min and 0.5% Triton X-100
was used to permeabilize the nuclear membrane at room
temperature for 10 min. Cells were blocked with goat serum
(Gibco; Thermo Fisher Scientific, Inc.) at room temperature
for 1 h, and then The nuclei were counterstained for 15 min
at room temperature with 100 ng/ml DAPI (Thermo Fisher
Scientific, Inc.). EdU-positive cells were observed using a
fluorescence microscope (magnification, x200; Olympus
Corporation). Each experiment was performed in triplicate.

TUNEL assay. The OC tissue slices (4 ym) were washed with
PBS and then fixed at room temperature for 30 min with 4%
paraformaldehyde. After washing once with PBS, the slices
were incubated with 0.1% Triton X-100 at room temperature
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for 2 min and then washed once with PBS. Subsequently, 3%
H,0, was used for incubation (5 min) at room temperature.
Slides was rinsed and incubated with 50 1 TUNEL at 37°C
overnight. After rinsing with PBS, the TUNEL reaction was
visualized using chromogenic staining with 3,3'-diaminoben-
zidine (DAB; Sigma-Aldrich; Merck KGaA). The nuclei were
counterstained for 15 min at room temperature with 100 ng/ml
DAPI (Thermo Fisher Scientific, Inc.). Neutral gum was used
to seal the slides. A fluorescent microscope (magnification
x100; Leica Microsystems, Inc.) was used to observe the
slides and the TUNEL-positive SKOV3 and OVCAR3 cells
were calculated in ImageJ software (version 1.48; National
Institutes of Health). Three visual fields were observed. All
measurements were performed three times to ensure accuracy.
Each experiment was performed in triplicate.

Wound healing assay. Transfected SKOV3 and OVCAR3 cells
were treated as aforementioned before monolayer inoculation
into a 6-well culture plate at the density of 5x10*cells/well. The
supernatant fluid was removed when SKOV3 and OVCAR3
cells were highly confluent (>90%). Scratches were made
using a sterile pipette tip, with the scratch width remaining the
same. Then, the culture solution was replaced with FBS-free
RPMI-1640 solution. After continuous culture for 48 h,
Images were obtained using an optical microscope (magnifica-
tion, x100; BX-51; Olympus Corporation). The scratch width
of SKOV3 and OVCAR3 cells was measured to calculate
the wound healing rate in ImageJ software (version 1.48;
National Institutes of Health). Each experiment was performed
in triplicate.

Transwell invasion assay. Matrigel stored at -20°C was thawed
overnight at 2-8°C. Transfected SKOV3 and OVCARS3 cells
(1x10° cells/well) were transferred to 24-well Transwell inserts
(5 um; Corning, Inc.) for monolayer inoculation or inoculated
into the upper chamber loaded with Matrigel using serum-free
medium. RPMI-1640 solution containing 10% FBS (v/v)
(Gibco; Thermo Fisher Scientific, Inc.) was added in the lower
chamber, and the cells were cultured at 37°C for 48 h. Then,
the Matrigel and the cells that had not invaded the lower
chamber were removed using test paper. Cells passing through
the Transwell membrane were counted after fixing at room
temperature for 30 min with 4% paraformaldehyde, and then
stained with 1% crystal violet at room temperature for 10 min.
Images were obtained using an light microscope (magnifica-
tion, x100; BX-51; Olympus Corporation). The experiment was
replicated three times independently under the same condi-
tions.

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR) analysis. Total RNA was extracted from OC
tissues and cell lines using TRIzol® reagent (Thermo Fisher
Scientific, Inc.), and then reverse-transcribed into cDNA
at 55°C for 10 min using PrimeScript RT-PCR kit (Takara
Biotechnology Co., Ltd.). The mRNA levels were quantified
by RT-qPCR with the StepOne™ Real-Time PCR System
(Thermo Fisher Scientific, Inc.) using SYBR® Premix Ex
Taq™ (Takara Biotechnology Co., Ltd.). The reaction condi-
tions were as follows: 94°C 3 min; 30 cycles of 94°C for
45 sec, 57°C for 45 sec, 72°C for 45 sec; and final extension

at 72°C for 10 min. Primer sequences used were designed
as follows: DEC1 forward, 5-TTGCTTTCCTTCCTCG-3'
and reverse, 5'-CACACACACCCTGCCTCTGC-3"; and
GAPDH forward, 5-GAAGGTGAAGGTCGGAGTCA-3'
and reverse, 5'-AGGGGCCATCCACAGTCTTC-3". All
target gene transcripts were normalized to GAPDH using
the 2424 method (27). Each experiment was performed
in triplicate.

Western blotting. Proteins from transfected OC tissues and cell
lines were lysed with RIPA lysis buffer (Bio-Rad Laboratories,
Inc.), and total protein concentrations were determined using
a bicinchoninic acid protein assay kit (Beyotime Institute of
Biotechnology). Equivalent samples (30 pg) were separated
using 10% SDS-PAGE and then transferred onto a PVDF
membrane for 2 h. Membranes were blocked with 5% non-fat
skim milk in TBS-0.1% Tween-20 buffer at 25°C for 1 h and
incubated with the primary antibodies at 4°C overnight: DEC1
(cat. no. ab97525; 1:1,000), caspase-3 (cat. no. ab197202;
1:1,000), cleaved caspase-3 (cat. no. ab2302; 1:1,000),
poly(ADP-ribose) polymerase 1 (PARP; cat. no. ab74290;
1:1,000), cleaved PARP (cat. no. ab32064; 1:1,000), E-cadherin
(cat. no. ab1416; 1:1,000), vimentin (cat. no. ab92547; 1:1,000),
a-smooth muscle actin (a-SMA; cat. no. ab32575; 1:1,000),
glycogen synthase kinase 3 B (GSK-3f; cat. no. ab93926;
1:1,000), p-GSK-3f (cat. no. ab75814; 1:1,000), B-catenin
(cat. no. ab32572; 1:1,000) and GAPDH (cat. no. ab181602;
1:1,000). Then, the HRP-conjugated rabbit anti-mouse IgG
H&L antibodies (1:2,000; cat. no. ab6728) or HRP-conjugated
goat anti-rabbit IgG H&L antibodies (1:2,000; cat. no. ab6721)
was used at room temperature for 2 h. All antibodies were
purchased from Abcam. The relative band density was
determined using the Bio-Rad Imaging System (Bio-Rad
Laboratories, Inc.) with an ECL western blotting substrate kit
(Tanon Science and Technology Co., Ltd.). GAPDH was used
as internal reference. Protein bands were visualized using an
ECL kit (Beyotime Institute of Biotechnology) and quantified
using ImageJ software (version 4.3; National Institutes of
Health). Each experiment was performed in triplicate.

Immunohistochemical analysis. OC tissues and corresponding
adjacent healthy tissues samples were fixed at room tempera-
ture for 30 min in 10% neutral buffered formalin and embedded
in paraffin wax. Slides with a thickness of 4 ym were deparaf-
finized with 100% xylene, rehydrated with anhydrous, 95, 75%
ethanol and incubated with 30% H,O, at 37°C for 10 min.
Antigen repair was performed by using 10 mM citric acid
at 95°C for 15 min. After cooling, the sections were blocked
at room temperature for 30 min using 10% FBS. Then, slides
were incubated at 4°C overnight with DEC1 antibody (1:1,000;
cat.no.ab97525; Abcam). Subsequently, the sections were incu-
bated with biotin-conjugated goat anti-rabbit IgG secondary
antibody (1:1,000; cat. no. ab205718; Abcam) at 37°C for
30 min. DAB was used as chromogenic agent. After washing
with PBS, the sections were counterstained with hematoxylin,
dehydrated with ethanol (70, 80, 90, 95 and 100%) and xylene,
and then sealed with neutral resin. Images were obtained using
a fluorescence microscope (magnification, x100; FSX100;
Olympus Corporation). In total, five representative visual
fields were randomly selected to calculate the percentage of
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Figure 1. DECI is upregulated in OC tissues. Expression of DEC1 in OC tissues and corresponding adjacent healthy tissues was detected using (A) reverse
transcription-quantitative PCR, (B) immunohistochemical and (C) western blotting. (D) Overall survival of 50 patients with high DEC1 expression and
50 patients with low DEC1 expression. Scale bars, 5 ym. “P<0.01. DECI, differential embryo-chondrocyte expressed gene 1; OC, ovarian cancer.

positive cells. The results of DECI protein positive staining
were indicated by cells with brown granules. The adjacent
healthy tissues were used as the control.

Statistical analysis. SPSS 20.0 (IBM Corp.) was used for
statistical analysis. The survival curve was constructed using
the Kaplan-Meier method and compared using the log-rank
test. Data are presented as the mean + standard deviation.
Categorical data were analyzed using a y* test. Intergroup
comparison was examined using a paired t-test (two groups)
or one-way ANOVA (=3 groups), followed by Bonferroni test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

DECI is upregulated in OC tissues. To investigate the
possible effects and mechanisms of DEC1 on the occurrence
of OC, RT-qPCR was performed to assess DEC1 mRNA
expression in OC tissues (n=106) and adjacent healthy
tissues (n=106). The results demonstrated that DEC1 was
significantly upregulated in OC tissues compared with adja-
cent healthy tissues (Fig. 1A). Subsequently, the association
between DEC1 level and the progression of OC was assessed.
The general features of 106 patients with OC were presented
and the association between the expression of DEC1 and
those features was analyzed. It was found that the expres-
sion of DEC1 was positively associated with tumor size and
metastasis (Table I).

Immunohistochemical and western blotting assays were
conducted to evaluate the protein expression of DECI in

OC tissues (n=3) and adjacent healthy tissues (n=3), and it
was identified that the expression of DEC1 was markedly
higher in OC tissues compared with adjacent healthy tissues
(Fig. 1B and C). Furthermore, the Kaplan-Meier survival anal-
ysis indicated that patients with high DEC1 expression had a
significantly poorer prognosis compared with those with a low
expression (Fig 1D). Thus, these data suggested that DEC1 was
upregulated in OC and that high expression of DECI predicted
poor prognosis of patients with OC.

DECI is upregulated in OC cell lines. Next, DECI1 expres-
sion was assessed in OC cell lines, including SKOV3 and
OVCAR3 using western blotting and RT-qPCR assays. The
protein and mRNA expression levels of DEC1 were upregu-
lated in SKOV3 and OVCAR3 cells compared with IOSE80
cells (Fig. 2A and B). In addition, shRNA was used to establish
stable DEC1 knockdown SKOV3 and OVCAR3 cells, and
transfection efficiency was determined using western blotting.
It was found that shDECI significantly inhibited the expres-
sion of DECI in both SKOV3 and OVCARS3 cells compared
with ISOESO cells (Fig. 2C).

Knockdown of DECI inhibits proliferation of OC cells. Firstly,
a CCK-8 assay was performed to evaluate the viabilities of
SKOV3 and OVCARS3 cells transfected with shDECI1 for
0, 24, 48 and 72 h. Knockdown of DECI significantly inhib-
ited the viabilities of both cell lines compared with negative
control (Fig. 3A and B). Moreover, an EdU assay was used
to assess the suppressive effects of shDEC1 on the prolif-
eration of SKOV3 and OVCAR3 cells. It was demonstrated
that knockdown of DECI could significantly decrease the
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Table I. Association between DEC1 expression and clinicopathologic of patients with ovarian cancer.

DECI expression

Characteristics Case number High (n=50) Low (n=50) P-value

Age, years 0.594
<60 41 23 1
>60 59 27 32

Tumor size, cm 0.026*
<5 35 17 36
>5 65 33 14

Distant metastasis 0.037*
Yes 54 38 18
No 46 12 32

Differentiation grade 0.381
[+1I 69 26 31
I +1v 31 24 19

Histological grade 0.219
Well and moderately 56 29 27
Poorly and others 44 21 23

Clinical stage 0.321
I+11 49 16 20
a1 +1v 51 34 30

“Statistically significant. DEC1, differential embryo-chondrocyte expressed gene 1.
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Figure 2. DEC1 is upregulated in OC cell lines. Expression of DEC1 in OC cell lines SKOV3 and OVCAR3 and ovarian epithelial cell line (ISOE80) was
detected using (A) western blotting and (B) reverse transcription-quantitative PCR. (C) Expression of DEC1 in SKOV3 and OVCARS3 cells transfected with NC
shRNA or shDEC1 was evaluated using western blotting. "P<0.05, “P<0.01 vs. ISO80 cells or control (NC) group. NC, negative control; shRNA, short hairpin
RNA; DECI, differential embryo-chondrocyte expressed gene 1; OC, ovarian cancer.

number of EdU positive cells (Fig. 3C and D). These data  Knockdown of DECI induces apoptosis of OC cells. The
indicated that DEC1 knockdown inhibited the proliferation of  effects of DEC1 on apoptosis of SKOV3 and OVCAR3
SKOV3 and OVCAR3 cells. cells were evaluated using TUNEL assay, and the results
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demonstrated that inhibition of DEC1 significantly increased
apoptosis in these cells compared with the control group
(Fig. 4A and B).

Furthermore, western blotting was conducted to examine
the role of shDECI in apoptotic-related proteins including
caspase-3, cleaved-caspase-3, PARP and cleaved-PARP.
Knockdown of DECI significantly increased the expression
levels of cleaved-caspase-3 and cleaved-PARP in both SKOV3
and OVCARS cells (Fig. 4C and D). Therefore, it was identi-
fied that DEC1 knockdown promoted apoptosis of SKOV3 and
OVCARS3 cells.

Knockdown of DECI inhibits migration and invasion of OC
cells. To investigate the potential role of shDECI in migration

and invasion of OC cells, wound healing and Transwell inva-
sion analysis were performed. The wounding healing rates in
shDECI group were reduced compared with the control group
in both SKOV3 and OVCARS3 cells (Fig. 5SA and B). Moreover,
the results of the Transwell invasion assay (Fig. 5C and D)
indicated that after transfection with shDECI, the invaded
cell numbers were significantly suppressed compared with the
control group.

Epithelial-mesenchymal transition (EMT) provides
invasive and motile abilities for OC cells, and is considered
to be an important factor in invasion and metastasis (28).
Thus, western blotting was conducted to evaluate the effects
of shDECI on the expression levels of E-cadherin, vimentin
and a-SMA. It was identified that knockdown of DECI1
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Figure 4. Knockdown of DEC1 induces apoptosis of ovarian cancer cells. TUNEL assay was performed to evaluate the effects of DEC1 on apoptosis in
DECI on (A) SKOV3 and (B) OVCARS cells. Scale bars, 200 ym. Western blotting was performed to evaluate the effects of DEC1 on the apoptosis-related
proteins in (C) SKOV3 and (D) OVCAR3 cells. “P<0.01 vs. control (NC) group. NC, negative control; shRNA, short hairpin RNA; DECI, differential
embryo-chondrocyte expressed gene 1; PARP, poly(ADP-ribose) polymerase 1.

significantly increased the expression of E-cadherin, but  Knockdown of DECI inhibits the Wnt/(3-catenin signaling
significantly decreased the expression levels of vimentin and  pathway of OC cells. The occurrence and development of tumors
0o-SMA in both cell types (Fig. 5E and F). Therefore, the are regulated by numerous factors, among which abnormally
results suggested that DEC1 knockdown inhibited the migra-  activated cell signaling pathways serve a crucial role (29). For
tion and invasion of SKOV3 and OVCAR3 cells. example, the Wnt/f3-catenin signaling pathway participates in
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Figure 5. Continued. Knockdown of DECI inhibits migration and invasion of ovarian cancer cells. Wound healing assay was performed to evaluate the
effects of DECI on migration in (A) SKOV3 and (B) OVCAR3 cells. Scale bar, 300 ym. Transwell invasion assay was performed to evaluate the effects
of DEC1 on invasion in (C) SKOV3 and (D) OVCARS3 cells. Scale bars, 300 ym. Western blotting was conducted to evaluate the effects of DECI on the
epithelial-mesenchymal transition-related proteins in (E) SKOV3 and (F) OVCARS3 cells. “P<0.01 vs. control (NC) group. NC, negative control; shRNA, short
hairpin RNA; DECI, differential embryo-chondrocyte expressed gene 1; a-SMA, a-smooth muscle actin.

the occurrence of various human tumors, including OC (30).
Therefore, western blotting was used to assess the effects of
shDEC1 on the expression of the Wnt/B-catenin pathway, and
the results demonstrated that inhibition of DECI significantly
inhibited the expression levels of p-GSK-3f and [-catenin in
SKOV3 and OVCAR3 cells (Fig. 6A and B).

Discussion

OC is common form of malignant tumors worldwide, and the
molecular mechanisms of OC occurrence and development
have been a hot topic in life science research (31,32). Changes
in the expression levels of tumor-related genes or specific
genes, and activation of multiple signal transduction proteins
and transcription factors can lead to the occurrence and devel-
opment of OC (33). Among these, transcription factors exhibit
key effects on regulating the growth, evolution and metas-
tasis of OC by modulating oncogenes and tumor suppressor
genes (34). Previous studies have reported that DEC1 is highly
expressed in several tumors, and regulates the expression of
genes closely associated with cancer via its complex tran-
scriptional regulatory network. For instance, DEC1 expression
is corrected with the malignancy and invasiveness of breast
cancer, and high expression of DECI is positively associated
with the grade of breast cancer (35). Moreover, the expression
of DECI in oral squamous cell carcinoma is higher compared
with healthy oral mucosa (36). It has also been shown that
DECI expression is highest in recurrent oral squamous cell
carcinoma within 1 year and lowest in non-recurrent oral squa-
mous cell carcinoma within 3 years, indicating that DECI is
negatively correlated with the prognosis of oral squamous cell
carcinoma (36). DEC1 affects the progression of gastric cancer
by upregulating hypoxia inducible factor 1 subunit a (37), and
overexpression of DECI1 can enhance reactive oxygen species
to activate the PI3K/Akt signaling pathway (10). The results
of the present study indicated that DEC1 was upregulated in
OC tissues and cell lines, and the expression of DEC1 was
negatively associated to the prognosis of patients with OC.
Malignant proliferation is one of the important biological
characteristics of cancer cells (38). OC has a malignant pheno-
type involving infinite proliferation and anti-apoptosis (39).

In the malignant development of OC, abnormal expression
levels of multiple genes lead to cell proliferation, apoptosis
reduction and cell dedifferentiation, which eventually lead
to uncontrolled cell proliferation (40,41). A previous study
has shown that silencing DECI1 inhibited the proliferation of
breast cancer by inducing cell cycle arrest in S phase (17).
Similarly, the current findings demonstrated that knockdown
of DECI inhibited OC cell proliferation, using CCK-8 and
EdU assay.

Apoptosis is an autonomous and orderly cell death
involving the activation, expression and regulation of a series
of genes under physiological or pathological conditions (42).
In the present study, knockdown of DEC1 induced apoptosis
of OC cells, as well as the expression of cleaved-caspase-3
and cleaved-PARP proteins, which was consistent with the
results of Li et al (43), who reported that downregulation of
DECI can inhibit the apoptosis induced by serum starvation
in colon cancer cells and selectively inhibit the activities of
caspases-3, 7 and 9.

Cell metastasis has positive role in embryonic develop-
ment, maintaining homeostasis of intracellular environment,
wound healing and other physiological functions, and is
also associated with pathophysiological processes such as
cancer metastasis (44). The process of metastasis is involved
in changes of cell structure, cytoskeleton dynamics, expres-
sion levels of adhesion molecules and activation of signals
necessary for cell migration (45,46). Therefore, the migration
and invasion of cancer cells are a complex process involving
multiple genes, steps and factors. A previous study revealed that
transforming growth factor-f§ induced PANC-1 cells to gain
a spindle-shaped morphology, while treatment with shDEC1
reversed the effects and inhibited the migration and invasion of
PANC-1 cells (47), which was in line with the present results.
In the present study, it was found that knockdown of DEC1
suppressed the migration and invasion of OC cells.

EMT is a reversible biological process involving changes
in cell morphology and features (48). In the process of EMT,
the expression levels of epithelial markers, such as E-cadherin
and keratin, are upregulated, while the expression levels
of interstitial markers, such as vimentin and N-cadherin,
are increased. These effects subsequently lead to increased
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Figure 6. Knockdown of DEC1 inhibits the Wnt/p-catenin signaling pathway of ovarian cancer cells. Western blotting was performed to evaluate the effects of
DECI on expression of the Wnt/B-catenin signaling pathway in (A) SKOV3 and (B) OVCAR3 cells. "P<0.05, “P<0.01 vs. control group. NC, negative control;
shRNA, short hairpin RNA; DECI, differential embryo-chondrocyte expressed gene 1; p-, phosphorylated; GSK-38, glycogen synthase kinase 3 f.

secretion of MMPs and extracellular matrix proteins, as well
as the destruction of basement membrane and extracellular
matrix (49). Moreover, EMT in epithelial cell tumors provides
invasive and motile abilities for tumor cells, and is consid-
ered to be an essential factor in invasion and metastasis (50).
Therefore, the effects of EMT in the invasion and metastasis
of cancer, including OC, and its regulation mechanisms have
gained increased attention in recent years. In the present study,
it was demonstrated that knockdown of DECI significantly
decreased the migratory and invasive abilities of OC cells.
The Wnt/B-catenin pathway is highly conserved in the
evolutionary process and participates in the regulation of cell
proliferation and differentiation during embryonic develop-
ment (51). B-catenin, as an oncogene and a component of
the Wnt signaling transduction pathway, accumulates in the
nucleus and forms a complex with TCF/LEF of DNA-binding
transcription factor family to enhance the expression of
various genes, which not only promotes the proliferation of
cancer cells, but also activates the transcriptional expressions

of several genes, such as endoplasmic reticulum membrane
protein complex proteins, fibronectin and MMPs, so that tumor
cells are loose and prone to invasion and metastasis (52,53).
Furthermore, there is no Wnt signal in healthy mature cells,
and only a small amount of B-catenin is free in cells; some
of which is phosphorylated by GSK-3fp (54). Rask et al (55)
detected and localized (-catenin and other members of the
Wnt family using immunohistochemistry and western blot-
ting, and revealed that members of the Wnt family, including
[-catenin, were expressed in healthy human ovarian epithelial
cells and the epithelial ovarian cancer cell line OVCAR3,
while the nuclear staining of -catenin was only expressed
in OVCARS3 cells (55). These results indicated that $-catenin
was located in the cell membrane in healthy cells. When the
Wnt pathway is activated, the activity of GSK-3f is inhibited,
and thus B-catenin cannot be phosphorylated and degraded.
Therefore, -catenin aggregates and moves into the nucleus,
stimulating the expression levels of a series of oncogenes,
which affects the progression of tumors (56). In the present
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study, it was demonstrated that knockdown of DEC1 inhibited
the Wnt/pB-catenin pathway.

In conclusion, the present study identified that DEC1 was
highly expressed in OC tissues and cell lines, and high expres-
sion of DEC1 was positively associated with the prognosis of
patients with OC. Moreover, knockdown of DECI inhibited
the proliferation, migration and invasion, and induced apop-
tosis of OC cells, which may be achieved by modulating the
Wnt/B-catenin pathway. However, in the experimental design
of the present study only SKOV3 and OVCAR3 cell lines
were included, and additional ovarian cancer cells should be
investigated in future studies.
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