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 Background: E74-like factor 5 (ELF5) plays a key role in the processes of cell differentiation, apoptosis, and occurrence 
of tumors. However, the effect of ELF5 on metastasis and invasion in human ovarian cancer remains poorly 
understood.

 Material/Methods: Quantitative real-time polymerase chain reaction (qPCR) was performed to measure the expression of ELF5. 
The viability of cells was detected by cell counting kit (CCK-8). Cell apoptosis was tested by flow cytometry. 
Matrigel plug angiogenesis assay was employed to determine angiogenesis rate. The protein expression levels 
of vascular endothelial growth factor (VEGF), cleaved caspase-3, B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X 
protein (Bax), E-cadherin, N-cadherin, Snail, phosphoinositide 3 kinase (PI3K), phosphorylated (p)-PI3K, tyro-
sine kinase B (AKT), and phosphorylated (p)-AKT were determined by Western blot. Wound-healing assay and 
Transwell were used to determine invasion and migration.

 Results: We found that expression of ELF5 was obviously decreased in ovarian cancer cell lines. The cells viability, in-
vasion and metastasis were inhibited by overexpression ELF5. ELF5 suppressed angiogenesis rate and the ex-
pression of VEGF. Changes of the expressions of Bcl-2, cleaved caspase-3 and Bax showed that anti-apoptosis 
ability was improved by ELF5. ELF5 also repressed N-cadherin and Snail and increased E-cadherin. The expres-
sions of p-PI3K and p-AKT were decreased by ELF5. Further study showed that IGF-I reversed the inhibitory ef-
fect of ELF5 on growth and metastasis of SKOV3 cells.

 Conclusions: Overexpression of ELF5 promoted the apoptosis and reduced the migration and invasion of ovarian cancer cells; 
therefore, it could provide a new approach to gene treatment of ovarian carcinoma.
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Background

Ovarian malignant tumor is one of the gynecological malig-
nant tumors that threaten women’s health [1]. Ovarian malig-
nant tumor is more common in ovarian epithelial cancer, and 
the mortality rate is the highest in gynecological malignant 
tumors [1,2]. The disease is difficult to diagnose at an early 
stage, and the treatment outcome of ovarian cancer is usu-
ally poor [3]. Therefore, it is necessary to study and elucidate 
the specific mechanism of ovarian cancer invasion and me-
tastasis, and to design corresponding treatment strategies in 
a targeted manner that can improve clinical therapeutic out-
come of treating ovarian cancer as well as patients’ survival 
rates [4,5].

E74-like factor 5 (ELF5) is an epithelial-specific member of the 
Ets transcription factor family, which plays a crucial role in 
cell differentiation and apoptosis, and tissue formation, and 
is a long-term regulator of tumor cell proliferation [6]. Recent 
studies have shown that ELF5 is not only a cell home regulator, 
but also an EMT tumor suppressor, as it inhibits Snail tran-
scription and the progression of EMT [7].

The concept of epithelial-mesenchymal transition (EMT) was pro-
posed in the 1980s [8]. It is an epithelial cell that loses normal 
polarity of cells and tight junctions among cells, and differenti-
ates mesenchymal cells. Epithelial cells often lose their cell po-
larity and obtain higher interstitial phenotypes such as invasion 
and migration [9,10]. The main features of EMT are decreased 
expression of cell adhesion molecules such as E-cadherin, in-
creased expression of interstitial adhesion molecules such as 
N-cadherin, and conversion of the cytokeratin skeleton to vi-
mentin-based cytoskeleton, as well as some other features such 
as morphological differentiation with mesenchymal cells [8]. 
Studies have shown that activation of signal transduction path-
ways such as PI3K/AKT can promote the development of EMT 
and the migration and metastasis of tumor cells [11].

It has been found that overexpression of PI3K in ovarian cells 
is an important factor for the transformation of normal ovarian 
cells into poorly differentiated and highly proliferating malig-
nant cells [12]. PI3K is essential in the process of growth factor 
superfamily regulating signal transduction molecules. Various 
cytokines and physical and chemical factors are activated, and 
AKT is mainly responsible for the transmission of biological in-
formation initiated by P13K [13]. As a main signaling pathway, 
PI3K/AKT plays a vital role in many biological processes such 
as cell metabolism, cell cycle regulation, and apoptosis [14].

Therefore, we conducted an in-depth study of ELF5 to eluci-
date its molecular role in the progression and metastasis of 
ovarian cancer, and to provide a theoretical basis and clinical 
guidance for the treatment of ovarian cancer.

Material and Methods

Cells and drugs

Human ovarian cancer cell lines A2780, SKOV-3, ES-2, and 
OVCAR3 were purchased from the American Type Culture 
Collection (ATCC; Rockville, MD, USA). HO8910, 3AO, HEY, and 
NOEC were obtained from Shanghai. Transfection reagent 
Lipofectamine™ 3000 was purchased from Invitrogen (Thermo 
Fisher Scientific, Inc.). CCK-8 assay kits were obtained from 
Nanjing Jiancheng Bioengineering Institute (Nanjing, China).

Cell culture and transfection

Human ovarian cancer cell lines (A2780, SKOV-3, ES-2, OVCAR3, 
HO8910, 3AO, and HEY) and human normal ovarian epithelial 
cells (NOEC) were cultured in Roswell Park Memorial Institute 
(RPMI) 1640 medium containing 10% (v/v) fetal bovine serum 
(FBS), 10 mmol/L hydroxyethyl piperazine ethanesulfonic acid, 
2 mmol/L L-glutamine, 50 µmol/L b-mercaptoethanol, 1 µmol/L 
sodium pyruvate, 10 µg/mL streptomycin, and 100 U/mL peni-
cillin (Gibco, New York, NY, U.S.A.) at 37°C in a humidified atmo-
sphere of 5% CO2. Lipofectamine™ 3000 (Thermo Fisher Scientific, 
Inc.) was used according to the manufacturer’s instructions. In 
brief, the lipid complex was prepared by combining the reagent 
of 4 μl LFN Plus with 2 μg of plasmid DNA suspended in 1 ml 
of serum-free medium and incubated at room temperature for 
15 min. The solution was then mixed with 40 μl LFN in 1 ml se-
rum-free medium and incubated further at room temperature 
for 15 min. Lipid compounds were diluted in serum-free medium 
to produce a volume of 5 ml at the required concentration, and 
incubated with SKOV-3 cells (8×104/well) in an incubator with 
5% CO2 at 37°C for 24 h for subsequent experimentation.

Cell viability assay

After the SKOV-3 cells were transfected, 10 μl of CCK-8 solu-
tion was added to the wells at 12, 24, and 48 h post-culture, 
and the cells were incubated at 37°C for 2 h in an incubator 
with 5% CO2 in the dark. Subsequently, the OD of each well in 
different cell groups at an absorbance of 450 nm was read by 
a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, 
USA). Cell viability was detected by CCK-8 assay kit according 
to the manufacturer’s protocol.

Wound-healing assay

After the SKOV-3 cells were transfected for 24 h, a straight gap 
was created by a 200 μl sterile tip in the middle of the well. The 
cells were washed by DMEM 2 times for smoothing the edges 
of the scratch and removing floating cells. After being incu-
bated in an incubator (37°C, 5% CO2) for 0 h and 24 h, the mi-
gration images of the cells were observed under a microscope 
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(Keyence, Osaka, Japan). The distance of cell migration was vi-
sualized and images were taken using image-Pro Plus Analysis 
software (Media Cybernetics Company, USA).

Transwell

An 8-μm Transwell chamber (3413, American Corning Company, 
New York, USA) was placed on a 24-well plate with a layer 
of 50 μl Matrigel (BD, Biosciences) coated on the Transwell 
chamber. The SKOV-3 cells were cultured in serum-free medium 
for 12 h to eliminate the effects of the serum, and then resus-
pended in DMEM that contained bovine serum albumin (BSA; 
Sigma-Aldrich Chemical Company, St Louis MO, USA) with free 
FBS. We added 100 μl of the suspended cells to the Transwell 
chamber, and 400 μl of DMEM containing 20% FBS was added 
to the basolateral chamber. The cells were cultured for 24 h at 
37°C in an incubator with 5% CO2. Next, cells collected from 
the lower chamber were fixed in methanol solution for 30 min 
and stained with 0.1% crystal violet for 20 min at room tem-
perature. The chamber was washed several times with PBS, 
and the upper chamber liquid was aspirated. The unmigrated 
cells in the upper layer were gently wiped off using a cotton 
swab. The membrane was then transferred to a glass slide and 
sealed with a neutral gum. Images were observed and collected 
using an inverted optical microscope (Keyence, Osaka, Japan).

In vitro angiogenesis experiment

Matrigel plug angiogenesis assay (Corning, NY, USA) was used 
to evaluate the in vitro anti-angiogenic effect of ELF5. The 
Matrigel stock solution was thawed overnight at 4°C. A gel 
solution was prepared using a Matrigel stock solution and se-
rum-free RPMI-1640 medium, and the solution was placed in a 
96-well plate and then allowed to incubate for 2 h to cure. The 
cultured SKOV-3 cells were collected and digested to prepare 
a single-cell suspension under aseptic conditions, and the cell 
suspension was adjusted to a density of 1×105/ml. The cells 
were seeded in 96-well plates at 100 μl per well. The plates 
were incubated for 6–8 h in an incubator (5% CO2, 37°C), and 
the cells were visualized using an inverted microscope (Thermo 
Fisher Scientific) and photographed.

Cell apoptosis

SKOV-3 cells (1.3×105/well) were seeded in 6-well plates, after 
the cells were treated, the supernatant was collected into a 
15-ml centrifuge tube, and the culture flask was gently washed 
once by adding 2 ml of phosphate buffer saline (PBS). The cells 
were digested with trypsin (1 ml) without ethylenediaminetet-
raacetic acid (EDTA) and shaken gently. The pancreatic enzyme 
was aspirated after the wall became wet. The mixture was al-
lowed to stand at room temperature for 1 min, and Dulbecco’s 
modified Eagle medium (DMEM, Corning) containing 10% fetal 

bovine serum (FBS, Gibco) was then added to terminate the di-
gestion. The cells were centrifuged at 1000×g for 3 min and the 
supernatant was removed. The cells were washed twice with 
pre-cooled PBS and resuspended in 1X Annexin V binding buffer. 
According to the Annexin-V-FITC cell apoptosis detection kit 
(K201-100, BioVision, Milpitas, CA, USA), cells were collected and 
stained with Annexin V-FITC and propidium iodide (PI) at room 
temperature for 15 min and counted by flow cytometry (ver-
sion 10.0, FlowJo, FACS CaliburTM, BD, Franklin Lakes, NJ, USA). 
Flow cytometry scatter diagrams showed that living cells were 
in the lower left quadrant, and were mechanically damaged, or 
that necrotic cells were in the left upper quadrant and necrotic. 
While advanced apoptotic cells were in the upper right quad-
rant, the early apoptotic cells were in the lower right quadrant.

Western blot

SKOV-3 cells were washed with PBS twice, and added to pro-
tein lysis buffer (RIPA; Cell Signaling Technology, Inc., Danvers, 
MA, USA) on ice for 2 h. The cells were centrifuged at 12 000×g 
for 30 min at 4°C, and then supernatant was collected. The pro-
tein concentration was tested using the BCA protein kit (Bio-Rad 
Laboratories, Inc., Hercules, CA, USA). We electrophoresed 30-μg 
samples using 10% SDS-PAGE gels. The gels were transferred to 
polyvinylidene fluoride membranes (PVDF; Bio-Rad Laboratories, 
Inc., Hercules, CA, USA) on ice for 110 min at 110 V. The mem-
branes were blocked with 5% BSA (Gibco, USA) and eluted 3 times 
with TBS for 5 min. The bands were then incubated overnight with 
the corresponding primary antibody at 4°C. Next, the bands were 
incubated with secondary antibody horseradish peroxidase (HRP)-
conjugated goat anti-mouse/rabbit IgG (1: 2000; sc-516102/sc-
2357; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) for 2 h at 
room temperature. The development was carried out with a de-
veloper (EZ-ECL kit; Biological Industries BI), and the gray value 
of the strips were analyzed and counted using ImageJ software 
(version 5.0; Bio-Rad, Hercules, CA, USA). The antibodies used in 
the present study were as follows: anti-GAPDH (mouse;1: 1000; 
sc-47724; Santa Cruz Biotechnology), anti-cleaved caspase-3 
(mouse; 1: 1000; ab13585; Abcam), anti-VEGF (rabbit; 1: 1000; 
#2463; CST), anti-E-cadherin (mouse; 1: 1000; ab1416; Abcam), 
anti-N-cadherin (rabbit; 1: 1000; ab18203; Abcam), anti-Snail (goat; 
1: 1000; ab53519; Abcam), anti-Bcl-2 (rabbit; 1: 1000; ab32124; 
Abcam), anti-Bax (rabbit; 1: 1000; ab32503; Abcam), anti-PI3K 
(rabbit; 1: 1000; ab151549; Abcam), anti-p-PI3K (rabbit; 1: 1000; 
ab182651; Abcam), anti-AKT (rabbit; 1: 1000; ab8805; Abcam), 
and anti-p-AKT (rabbit; 1: 1000; ab38449; Abcam).

RNA isolation and real-time PCR

The cell culture medium in each well was aspirated as much as pos-
sible, and 1 ml of Trizol (Invitrogen, Carlsbad, California) was added 
to the SKOV-3 cells. The cells were placed horizontally for a while 
and blown evenly. The cells containing the lysate were transferred 
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to a 1.5-ml EP tube and allowed to stand at room temperature for 
5 min. We added 200 μl of chloroform into each tube and inverted it 
for 15 s. After being centrifuged at 12 000×g for 15 min at 4°C, the 
upper aqueous phase was pipetted into a new 1.5 ml of EP, and an 
equal volume of isopropanol (about 400 μl) was added into each 
tube and allowed to stand at room temperature for 10 min. After 
being centrifuged at 12 000×g for 15 min at 4°C, the supernatant 
was discarded and 1 ml of pre-cooled 75% ice-cold ethanol was 
added. The supernatant was discarded after being centrifuged at 
7500×g for 10 min at 4°C. An appropriate amount of DEPC (20 μl) 
was added to dissolve the RNA. The purity and concentration of 
RNA was tested by 260 nm/280 nm using the NanoDrop nd – 1000 

spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). 
According to the program provided by the manufacturer (Thermo 
Fisher Scientific, Waltham, USA), reverse transcription cDNA kit was 
used to reverse transcribe 1 microgram total RNA for Synthesis of 
cDNA (at 42°C for 60 min, at 70°C for 5 min, and preservation at 
4°C). SYBR Green PCR Master Mix (Roche, Basle, Switzerland) was 
used to perform a quantitative real-time polymerase chain reac-
tion (qPCR) experiment using the Opticon real-time PCR Detection 
System (ABI 7500, Life technology, USA), and the PCR cycle was as 
follows: a pretreatment at 95°C for 10 min; followed by 40 cycles at 
94°C for 15 s, at 60 °C for 1 min, and finally at 60°C for 1 min and at 
4°C for preservation. The relative mRNA quantity was determined 

Genes Forward Reverse

ELF5 5’-GATCTGTTCAGCAATGAAG-3’ 5’-GGTCTCTTCAGCATCATTG-3’

E-cadherin 5’-AAGGCACAGCCTGTCGAAGCA-3’ 5’-ACGTTGTCCCGGGTGTCATCCT-3’

N-cadherin 5’-AGGGTGGACGTCATTGTAGC-3’ 5’-CTGTTGGGGTCTGTCAGGAT-3’

Snail 5’-CTTCCAGCAGCCCTACGAC-3’ 5’-CGGTGGGGTTGAGGATCT-3’

GAPDH 5’-ACTTTGGTATCGTGGAAGGACTCAT-3’ 5’-GTTTTTCTAGACGGCAGGTCAGG-3’

Table 1. The primer sequences used for qRT-PCR analysis.
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Figure 1.  E74-like factor 5 (ELF5) was low expression in ovarian cancer cell lines. (A) E74-like factor 5 (ELF5) was low expression 
in SKOV-3. (B) Quantitative real-time polymerase chain reaction (qPCR) was used to determine the efficiency of E74-like 
factor 5 (ELF5) transfection. (C) The viability of cell was decreased by E74-like factor 5 (ELF5). All data were shown as means 
±SEM. * P<0.05, ** P<0.01, vs. control.
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using the comparative cycle threshold (DDCt) method [15]. GAPDH 
expression was used for normalization. The primer sequences used 
for qRT-PCR analysis are listed as Table 1.

Results

Low expression of ELF5 in ovarian cancer cell lines

To select a suitable ovarian cancer cell line, qPCR was performed 
to determine the expression of ELF5 in ovarian cancer cell lines. 

We discovered that ELF5 was downregulated in ovarian can-
cer cell lines, especially in SKOV-3 (Figure 1A). Thus, SKOV-3 
cell was selected for subsequent experiments. The efficiency of 
STC2 transfection was tested by qPCR, and we found that ELF5 
was overexpressed by plasmid transfection (Figure 1B), and 
that the viability of cells was attenuated by ELF5 (Figure 1C).

ELF5 increased apoptosis and inhibited angiogenesis

We investigated the effect of overexpression ELF5 on ovarian 
cancer, and found that apoptosis was increased by ELF5 
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Figure 2.  Apoptosis was increased and angiogenesis was attuned by E74-like factor 5 (ELF5). (A) Flow cytometry is used to detect 
apoptosis. (B) In vitro vascular experiments were performed to detect angiogenesis. (C, D) Western blot analysis showed the 
effect of E74-like factor 5 (ELF5)on the expression of vascular endothelial growth factor (VEGF), cleaved caspase-3, Bcl-2 and 
Bax. All data were shown as means ±SEM. ** P<0.01, vs. control.
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Figure 3.  E74-like factor 5 (ELF5) inhibited the migration and invasion. (A) The wound assay was used to perform the migration. 
(B) Transwell assay was used to test the invasion. (C) The mRNA levels of E-cadherin, N-cadherin and Snail were determined 
by quantitative real-time polymerase chain reaction (qPCR). (D) The protein levels of E-cadherin, N-cadherin and Snail were 
tested by Western blot. All data were shown as means ±SEM. ** P<0.01, vs. control.
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(Figure 2A), and that the angiogenesis rate was inhibited by 
ELF5 (Figure 2B). ELF5 downregulated the protein levels of 
VEGF and Bcl-2 and upregulated cleaved caspase-3 and Bax 
(Figure 2C).

The invasion and migration were suppressed by ELF5

We discovered that the migration (Figure 3A) and invasion 
(Figure 3B) were inhibited by ELF5. Compared with control or 
EV group, the mRNA level of E-cadherin was increased, while 
the mRNA levels of N-cadherin and Snail were decreased in the 
ELF5 group (Figure 3C). Similarly, the protein level of E-cadherin 
was also improved; however, the protein levels of N-cadherin 
and Snail were decreased by ELF5 (Figure 3D).

The protein levels of p-PI3K and p-AKT were repressed by 
ELF5

Studies have reported that the PI3K/AKT signaling pathway 
is involved in the development of ovarian cancer [16]. In this 
study, Western blot was carried out to test the levels of PI3K 
and AKT, and we found ELF5 significantly inhibited the expres-
sions of PI3K and AKT (Figure 4A, 4B)

IGF-I reversed the inhibitory effect of ELF5 on growth and 
metastasis of SKOV3 cells

We treated SKOV-3 cells with PI3K/AKT agonist IGF-I (100 ng/ml). 
The migration (Figure 5A) and invasion (Figure 5B) were stronger 
in the ELF5+IGF-1 group than in the ELF5 group. The proportion 
of cell invasion and migration are described in Figure 5C, 5D. 
Compared with the ELF5 group, the viability of cells was in-
creased by IGF-I (Figure 4E).

Discussion

Ovarian cancer is the second most common female reproductive 
malignancy, and its mortality rate ranks first among gynecolog-
ical tumors [17]. Approximately 200 000 people are diagnosed 
with ovarian cancer each year worldwide, and 125 000 peo-
ple die of this disease annually [18]. Studies have shown that 
ELF5 is involved in the development of ovarian cancer [19,20]. 
However, its mechanism is not fully understood. Therefore, 
this study explored the mechanism of ELF5 in ovarian cancer.

To further investigate ELF5, we constructed a recombinant 
plasmid to overexpress ELF5 on SKOV3 cells, and QPCR experi-
ments confirmed that ELF5 was successfully transfected at the 
mRNA level. Subsequently, the effect of ELF5 gene transfec-
tion on the biological behavior of ovarian cancer SKOV3 cells 
were studied in vitro. One of the most important features of 
tumor cells is cell proliferation, which can be indicated by cell 
viability [21,22]. Herein, the viability of SKOV3 cells, a pivotal 
indicator of cell survival, was significantly reduced by overex-
pression of ELF5, suggesting that ELF5 expression delayed the 
proliferation of ovarian cancer SKOV3 cells.

Chemotherapy of malignant tumors relies mainly on apoptosis 
of tumor cells in order to fulfill therapeutic purposes [23,24], 
and by regulating the balance of cell growth and death, 
apoptosis is crucial in maintaining balance in the body [22]. 
ELF5 inhibits the proliferation of cancer cells by inducing 
apoptosis [25,26]. Therefore, most cancer therapeutic drugs 
function via the apoptotic pathway. Apoptotic proteins such 
as cleaved caspase-3, Bax, and Bcl-2 play important roles in 
the apoptotic pathway [27]. We found that the apoptosis rate 
of ovarian cancer SKOV3 cells was significantly increased after 
ELF5 gene transfection, while the expressions of pro-apoptotic 
proteins cleaved caspase-3 and Bax increased, and that the 
expression of anti-apoptotic protein Bcl-2 was downregulated. 
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Figure 4.  The protein levels of phosphoinositide 3 kinase (PI3K) and tyrosine kinase B (AKT) were repressed by E74-like factor 5 (ELF5). 
(A, B) Western blot was used to determine the protein levels of  phosphoinositide 3 kinase (PI3K) and tyrosine kinase B 
(AKT). All data were shown as means ±SEM. ** P<0.01, vs. control.
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Figure 5.  The inhibition of E74-like factor 5 (ELF5) on invasion, migration and cell viability were enhanced by IGF-I. (A) The viability of 
cells was detected by cell counting kit (CCK-8). (B) The wound assay was used to perform the migration. (C) The Transwell 
assay was used to test the invasion. (D, E) The percent migration and invasion rate in SKOV-5 cells was expressed as a 
percentage of control. All data were shown as means ±SEM. * P<0.05, ** P<0.01, vs. control. # P<0.05, ## P<0.01, vs. ELF5.
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The ELF5 gene promoted apoptosis of ovarian cancer SKOV3 
cells. These experimental results are consistent with the re-
sults of clinical pathology experimental data [19]. VEGF is an 
important molecule in ovarian cancer, and its expression is 
negatively correlated with prognosis [28]. Ovarian cancer an-
giogenesis has been widely reported [29]. However, the role 
of ELF5 in ovarian cancer angiogenesis is not fully understood. 
Therefore, we performed an in vitro angiogenesis experiment 
to detect angiogenesis. We discovered that angiogenesis in 

ovarian cancer SKOV3 cells was significantly reduced after 
ELF5 gene transfection. Western blot analysis data showed 
that VEGF was downregulated after ELF5 gene transfection. 
These findings  suggested that ELF5 gene can inhibit ovarian 
cancer angiogenesis, at least in SKOV3 cells.

Invasive ability in vitro is important in determining tumor me-
tastasis potential [30]. Wound-healing assay and Transwell 
chamber analysis data showed that the metastasis ability of 
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ovarian cancer SKOV3 cells was significantly decreased after 
transfection of the ELF5 gene, indicating that the ELF5 gene has 
a significant inhibitory effect on host invasion and motility of 
ovarian cancer SKOV3 cells. Studies have shown that epithe-
lial-mesenchymal cells play a vital role in tumor invasion and 
metastasis [31]. Protein E-cadherin, which is mainly regulated 
by the transcription factor Snail, is one of the most important 
EMT markers [32]. Snail binds to the E-cadherin promoter and 
inhibits the transcription of E-cadherin. Significant upregula-
tion of protein and fibronectin is the hallmark of EMT [33]. 
ELF5 can reduce the invasiveness of breast cancer cells and 
inhibit EMT by directly inhibiting the expression of Snail [34]. 
Therefore, differences in EMT markers, including the expres-
sion of E-cadherin, N-cadherin, and Snail, were detected by 
qPCR and Western blot. The results revealed that the expres-
sions of N-cadherin and Snail in the ELF5 group were signifi-
cantly lower than those in the control and EV groups, where-
as the expression of E-cadherin was significantly higher in the 
ELF5 group than in the control and EV groups. These results 
indicated that ELF5 plays a vital role in development of ovar-
ian cancer, at least in SKOV3 cancer cells line.

Kaye reported high expression of the P13K/AKT signaling path-
way in ovarian cancer [35]. The P13K/AKT pathway can induce 
the development of tumor and promote metastasis of tumor 
via various pathways [36]. Similar to other studies [37,38], we 
discovered that the phosphorylation protein levels of AKT and 
P13K were significantly increased on SKOV3 cells, which were 

reversed by transfected ELF5, suggesting that the P13K/AKT 
signaling pathway may be closely correlated to the develop-
ment of ovarian cancer. Subsequently, the P13K/AKT signaling 
pathway inhibitor-IGF-I was used to treat SKOV3 cells, and we 
found that treatment with IGF-I reversed the effect of ELF5 by 
increasing viability, invasion, and migration of the cells. These 
findings suggest that activation of the P13K/AKT signaling path-
way facilitated the progression of ovarian cancer. However, the 
potential role of ELF5 in ovarian cancer cells still remains un-
clear, and the involvement of other signaling pathways in the 
regulation of ovarian cancer by ELF5 should be investigated.

Conclusions

In this study, we discovered that ELF5 was downregulated 
in ovarian cancer cell lines, and this phenomenon was asso-
ciated with ovarian cancer aggressiveness. Overexpression 
of ELF5 induced by transfection was observed to inhibit cell 
growth, metastasis, and phosphorylation protein levels of AKT 
and P13K. Furthermore, IGF-1 impaired the inhibitory effects 
of ELF5 on the malignant phenotypes of SKOV3 cells. These 
data provided an important theoretical basis for clinical treat-
ment of ovarian cancer.
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