ONCOLOGY LETTERS 22: 710, 2021

Overexpression of E74-like transformation-specific
transcription factor 3 promotes cellular proliferation
and predicts poor prognosis in ovarian cancer
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Abstract. E74-like E26 transformation-specific (ETS) tran-
scription factor 3 (ELF3), is a member of the ETS transcription
factor family, and has been characterized as an epithelial
cell-specific transcription factor. The role of ELF3 in tumor
progression remains to be elucidated. Previous studies have
indicated that loss of ELF3 mRNA and protein expression
was associated with poor outcomes in ovarian cancer (OC).
By contrast, the present study demonstrated that ELF3 was
upregulated in OC, using data from The Cancer Genome Atlas,
and elevated expression levels of ELF3 were associated with a
poor prognosis. ELF3 promoted OC cell proliferation in vitro
and in vivo. The present study revealed that ELF3 inhibited
apoptosis and reduced the cisplatin sensitivity of OC cells.
Furthermore, the mTOR pathway was found to be activated by
ELF3. Collectively, the results of the present study indicated
the role of ELF3 in the development and pathogenesis of OC.

Introduction

Epithelial ovarian cancer (EOC) is the most fatal gynecological
cancer, with a survival rate of 46% at 5 years post-diagnosis (1).
The high death-to-incidence rate is attributed to the advanced
stage of the disease at the time of diagnosis. Due to the asymp-
tomatic nature of EOC, ~75% of patients with ovarian cancer
(OC) are diagnosed at an advanced stage (2). In the late stages
of disease, there is a 5-year relative survival rate of 29%,
compared with 92% in the early stages of disease (3). It has also
been revealed that 15% of women diagnosed with EOC have
a genomic predisposition to developing the disease, including
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the presence of mutations in causative breast cancer genes,
BRCAL1 and BRCAZ2, found in 65-75% of hereditary EOC
cases (2). Therefore, the identification of further diagnostic
and prognostic markers of EOC is critical.

E74-like E26 transformation-specific (ETS) transcrip-
tion factor 3 (ELF3) is located on chromosome 1g32.1, and
encodes a protein 371 amino acids in length. ELF3 is an
epithelial cell-specific ETS transcription factor, and a member
of the epithelial cell-specific sub-group of the larger ETS
transcription factor family (4). The results of a previous study
demonstrated that inactivating and splice-site mutations in
ELF3 occur in ~6% of mucinous OCs (5). Yeung et al (6)
suggested that ELF3 played a role in tumor suppression, as
loss of ELF3 mRNA and protein expression was associated
with a poor outcome in OC. On the other hand, ELF3 was
also found to promote the progression of colorectal cancer and
hepatocellular carcinoma (7,8).

In order to investigate its biological role in OC, the aim
of the present study was to analyze the expression of ELF3 in
OC, and to determine the effects of ELF3 on OC cell prolifera-
tion and cisplatin sensitivity. The mechanism by which ELF3
promotes OC progression was also investigated.

Materials and methods

Bioinformatics analysis. The top 20 upregulated genes in
OC, found using TCGA and the Genotype-Tissue Expression
Portal (GTEXx), were analyzed for their chromosomal distribu-
tion using the Gene Expression Profiling Interactive Analysis
(GEPIA) website (http://gepia.cancer-pku.cn/) (9), with a
threshold of log2FoldChange>3; q<0.01. The genetic alteration
of ELF3, and the association between ELF3 mRNA expression
and genetic copy number alteration in OC, was analyzed using
cBioPortal (www.cbioportal.org) (10). GEPIA was also used
to analyze the expression of ELF3 in OC and non-cancerous
control tissues, based on TCGA and GTEx data. The protein
expression of ELF3 in OC and non-cancerous ovarian tissues
was determined using The Human Protein Atlas (https:/www.
proteinatlas.org/). The expression of ELF3 in OC, based
on individual cancer stages and patient age, was analyzed
in UALCAN (http://ualcan.path.uab.edu/index.html) (11).
Kaplan-Meier-plotter (http:/kmplot.com/analysis/) (12) was
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used to analyze the overall and progression-free survival
rates of OC and ELF3 mRNA expression based on the
Kaplan-Meier-plotter cohort, and GEPIA was used to perform
survival analysis on TCGA cohort.

Cell lines and culture. A2780 and SKOV3 cell lines were
purchased from the American Type Culture Collection. A2780
cells were cultured in DMEM and SKOV3 cells were cultured
in McCoy's 5A medium, both supplemented with 10% FBS
(all Gibco; Thermo Fisher Scientific, Inc.). A2780/DDP and
SKOV3/DDP cell lines were established by long-term exposure
to cisplatin. Firstly, cells were treated with 5 pg/ml cisplatin
for 1 h, and then cultured in medium without cisplatin. After
3-5 days (at 70-80% confluency), the cells were treated with
5 pug/ml cisplatin once more. When the cells were resistant
to the current cisplatin concentration, the concentration was
incrementally increased until reaching 200 pg/ml (5, 10,
20, 50, 100 and 200 pg/ml). The cells were than cultured in
medium with 200 pgg/ml cisplatin to retain resistance. All cells
were maintained at 37°C (5% CO,) in a humified incubator.

Plasmid construction and transfection.To construct the overex-
pression vector, the open reading frame sequence of ELF3 was
amplified and cloned into the pLenti-C-Myc-DDK-IRES-Puro
(pCMV) vector (OriGene Technologies, Inc.). 293T cells
(ATCC) were transfected with the pCMV-ELF3 vector (8 ug),
along with pMD2.G (4 ug) and psPAX2 (8 pg) plasmids
for lentivirus production. Culture medium was collected
48 and 72 h after transfection, and cell debris was removed
by centrifugation with 4,000 x g for 10 min at 4°C. The
supernatants were clarified with a 0.45-um filter and stored
at -80°C. A2780 cells were infected with lentivirus for 48 h
(multiplicity of infection, 10 for A2780 infection and 30 for
SKOV3 infection) and subsequently cultured for 2 weeks in
DMEM medium (Gibco; Thermo Fisher Scientific.) containing
2 ug/ml puromycin (Merck KGaA) to generate stable expres-
sion cell lines. Stable cell line maintenance was performed
using 0.5 yg/ml puromycin. The negative control for lentiviral
transfection was the backbone vector without the ELF3 CDS.
ELF3 small interfering (si)RNA was purchased from Shanghai
GenePharma Co., Ltd., with which SKOV3 cells were trans-
fected using Lipofectamine® 2000 (Invitrogen, Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol. The
ELF3 siRNA sequence was 5'-GCCAUGAGGUACUACUAC
A-3', and the si-NC sequence was 5-TTCTCCGAACGTGTC
ACGT-3". For knockdown experiments, cells were transfected
with 50 nM siRNA at 37°C for 24 h. The time interval between
transfection and subsequent experimentation was 48 h.

Clonogenic assay. Cell suspensions were seeded into 6-well
plates at a density of 400 cells/well, and cultured at 37°C for
2 weeks. The cell colonies were fixed with 100% methanol for
15 min, and stained with 0.1% crystal violet for 30 min at room
temperature. Colonies of >50 cells were counted under a light
microscope. The results presented are the mean + standard
error and represent three independent experiments.

Cellular proliferation assay. Cells were seeded into 96-well
plates at a density of 10° cells/well, and cultured at 37°C for
5-6 days. Next, 10 1 Cell Counting Kit-8 (CCK-8) reagent was

added to each well at the same time every day, followed by
incubation for 4 h at 37°C; the absorbance of each well was
measured at 490 nm using a microplate reader. The relative
proliferation rate is presented as the comparison of absor-
bance measured each day to the absorbance measured on the
first day of the experiment. All experiments were repeated
at least three times.

Xenograft experiments. The animal experiments were performed
with the approval of Shandong University Animal Care and Use
committee (approval no. KYLL-202011-130). A total of 10 female
BALB/c-nude mice (Charles River Laboratories, Inc.) were
maintained in specific pathogen-conditions (5 mice per cage)
at 22°C (humidity, 60%; ventilation rate, 15 times per hour) under
a 12 h/12 h light/dark cycle, with free access to food and water.
Animal health was monitored every 2 days. A2780 OC cells
overexpressing ELF3 (and controls cells overexpressing back-
bone vector) were subcutaneously injected into the mice (age,
5 weeks; weight, 18-20 g; 5 mice per group) at a density of
2x109 cells/mouse. The experiment lasted for 24 days, and the
mice were sacrificed by cervical dislocation. The maximum
tumor volume was 354.8 mm?, and was calculated according to
the following formula: Volume = 1/2 (a x b?) (were a is the long
axis of the tumor, and b is the short axis of the tumor).

Western blotting. Cultured cells were harvested and lysed
on ice for 30 min using RIPA buffer (Beyotime Institute of
Biotechnology) containing 1% PMSF and 1% sodium fluoride,
with vortexing every 10 min. The protein concentration was
determined using a BCA Assay kit (Beyotime Institute of
Biotechnology). A total of 30 ug protein/lane was separated
by SDS-PAGE (12%) and subsequently transferred to a PVDF
membrane. The membrane was blocked in 5% skimmed
milk solution at room temperature for 2 h, and then incu-
bated with primary antibodies at 4°C overnight. Following
washing with TBS-Tween-20 (0.1%), the membrane was
incubated with HRP-labeled secondary antibodies (1:10,000;
cat. no. ab205718 and ab6789; both Abcam), and the protein
bands were visualized using an ECL system (Cytiva). 3-tubulin
was used as the endogenous control. ImageJ software (v6;
National Institutes of Health) was used for densitometric
detection. The primary antibodies were as follows: ELF3
(cat. no. A6371; ABclonal Biotech Co., Ltd.; 1:1,000), Bax
(cat. no. AF0120; Affinity Biosciences, Ltd.; 1:1,000), Bcl2
(cat. no. 12789-1-AP; ProteinTech Group, Inc; 1:1,000), phos-
phorylated (p-)ymTOR (cat. no. 5536; CST Biological Reagents
Co., Ltd.; 1:1,000), p-p70S6K (cat. no. 9234; CST Biological
Reagents Co., Ltd.; 1:1,000), p-4EBP1 (cat. no. 9459; CST
Biological Reagents Co., Ltd.; 1:1,000), mTOR (cat. no. 2983;
CST Biological Reagents Co., Ltd.; 1:1,000), p70S6K
(cat. no. 2708; CST Biological Reagents Co., Ltd.; 1:1,000),
4EBP1 (cat. no. 19644; CST Biological Reagents Co., Ltd.;
1:1,000) and B-tubulin (cat. no. ab6046; Abcam; 1:5,000)

RNA extraction and reverse transcription-quantitative (RT-q)
PCR. Total RNA was extracted from cultured cells using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
per the manufacturer's protocol. Total RNA was reverse
transcribed into cDNA using the PrimeScript RT reagent kit
(Takara Bio, Inc.), and qPCR was subsequently performed
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Table I. Top 20 Upregulated genes in OC based on TCGA cohort.

Median expression Median expression Log2

Gene Gene ID (tumor) (normal) (fold change) Adjusted P-value
CLDN3 ENSG00000165215.6 532.873 0.100 8.923 8.49e-227
WEFDC2 ENSG00000101443.17 2341.633 4.850 8.645 9.12e-162
SLPI ENSG00000124107.5 1338.266 2.718 8.493 1.0le-125
FOLR1 ENSG00000110195.11 375.273 0.095 8.425 6.55e-143
MSLN ENSG00000102854.14 428.721 0.425 8.236 4.64e-138
CD24 ENSG00000272398.5 498.966 0.910 8.032 242e-158
S100A1 ENSG00000160678.11 505.318 1.180 7.860 4.29e-105
CLDN4 ENSG00000189143.9 265.56 0.460 7.512 6.91e-204
LCN2 ENSG00000148346.11 255.202 0470 7.445 3.75e-96
KRT7 ENSG00000135480.14 364.872 1.130 7425 3.60e-159
SLC34A2 ENSG00000157765.11 176.227 0.070 7.372 9.83e-121
CDKN2A ENSG00000147889.16 258.057 0.635 7.038 1.42e-83
EPCAM ENSG00000119888.1 246.893 0.755 7.142 9.65e-199
KLK7 ENSG00000169035.11 151.843 0.100 7.118 1.02e-112
SMIM22 ENSG00000267795.5 165.581 0210 7.105 1.12e-139
ELF3 ENSG00000163435.15 237.617 0.785 7.063 3.96e-162
KLKS8 ENSG00000129455.15 154.326 0.165 7.059 3.74e-152
RNVUI-7  ENSG00000206585.1 131.62 0.000 7.051 7.12e-27
MAL2 ENSG00000147676.13 153.974 0.210 7.001 3.04e-182
KLK6 ENSG00000167755.13 128.742 0.155 6.812 3.55e-94

Data were analyzed using the Gene Expression Profiling Interactive Analysis website. ELF3 is the 16th most upregulated gene in OC. Median
value refers to the median expression value of the gene. OC, ovarian cancer.

using the SYBRGreen qPCR master mix (Takara Bio, Inc.),
according to the manufacturers' instructions. The thermocy-
cling conditions were as follows: Denaturation at 95°C for
3 min, followed by 40 cycles at 95°C for 10 sec, 60°C for
30 sec and 72°C for 30 sec. The mRNA expression levels of
ELF3 were quantified using the 2-22°¢ method (13). GAPDH
was used as the endogenous control. The primers used were
as follows: ELF3 forward, 5" AAGCGCCATTGACTTCTC
AC-3" and reverse, 5"TCCAGCAGCTCAATGATCCA-3"; and
GAPDH forward, 5-AGGTCGGAGTCAACGGATTT-3' and
reverse, 5“"TGACGGTGCCATGGAATTTG-3.

Cisplatin sensitivity assay. Cells were seeded into 96-well
plates at a density of 1x10* cells/well and cultured at 37°C
for 24 h. Then, varying concentrations of cisplatin (0, 5,10,
20 and 40 pug/ml for A2780 cells; and 0, 10,20,40 and 80 ug/ml
for SKOV3 cells) were added to the culture medium at the
same time. After a further 24 h, cell viability was assessed
using CCK-8 reagent as aforementioned.

Hematoxylin and eosin (H&E) staining. Tumor xenografts
tissues were fixed with formalin (10%, at room temperature for
48 h), embedded in paraffin, and subsequently cut into 4-ym
sections. The tissue sections were heated at 65°C for 30 min to
melt the paraffin wax and then immediately immersed in xylene.
The sections were then rehydrated through decreasing concen-
trations of ethanol, and washed in PBS. The sections were stained
with H&E (room temperature for 1 min), and then dehydrated

using increasing concentrations of ethanol and xylene. Finally,
the sections were sealed with neutral gum. Images were captured
under a light microscope (magnification, x400).

Statistical analysis. Statistical analysis was carried out using
SPSS 25.0 (IBM). Unpaired Student's t-test and one-way
ANOVA were used to determine significant differences.
Bonferroni's post hoc test was used for pairwise comparisons
following ANOVA. Survival curves were analyzed using
the log-rank test. Data are presented as the mean + standard
deviation of three independent experiments, and P<0.05 was
considered to indicate a statistically significant difference.

Results

ELF3 is commonly upregulated in OC. GEPIA was used to
determine the distribution of upregulated genes in OC, with a
threshold of Log2FoldChange<3; q<0.01. As demonstrated in
Fig. 1A, a total of 374 genes were identified as upregulated in
OC, and were scattered on all chromosomes, excluding the Y
chromosome. The top 20 upregulated genes in OC are listed in
Table I, which includes ELF3. Further analysis of ELF3 mRNA
expression using TCGA and GTEx revealed that ELF3 was
significantly upregulated in OC compared with non-cancerous
ovarian tissues (Fig. 1B). Genetic alterations of ELF3 were
analyzed using cBioPortal. As demonstrated in Fig. 1C, 8% of OC
tissues displayed genetic amplification of ELF3, though this was
not associated with a significant increase in mRNA expression
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Figure 1. ELF3 is overexpressed in OC. (A) Chromosomal distribution of overexpressed genes based on TCGA OC cohort using GEPIA; log2FoldChange>3,
q<0.01 was considered as the threshold. (B) Expression of ELF3 in OC tissue and normal controls based on TCGA and GTEx data analyzed by GEPIA.
(C) Genetic alterations of ELF3 in OC based on the cBioPortal database; 8% of patients with OC showed ELF3 genetic alternations, most of which were
amplifications. (D) Association between ELF3 mRNA expression and genetic copy number alteration in OC, analyzed using cBioPortal. (E) Representative
images of ELF3 protein expression in OC and normal ovary tissues, obtained from The Human Protein Atlas. P-value was obtained by one-way ANOVA.
“P<0.05. ELF3, E74-like E26 transformation-specific transcription factor 3; OC, ovarian cancer; TCGA, The Cancer Genome Atlas; GEPIA, Gene Expression

Profiling Interactive Analysis; OV, ovarian cancer (TCGA); T, tumor; N, normal.

(Fig. 1D), indicating a more complex mechanism underlying
ELF3 regulation in OC. Moreover, ELF3 protein expression was
analyzed using The Human Protein Atlas. Immunohistochemical
staining revealed an increase in ELF3 protein expression in OC
compared with non-cancerous ovarian tissue (Fig. 1E). These
results implicate that ELF3 is commonly upregulated in OC.

ELF3 expression is associated with cancer stage, patient age
and prognosis of OC. To investigate the association between
ELF3 mRNA expression and the clinical characteristics of OC,
UALCAN was used to analyze OC data obtained from TCGA.

As demonstrated in Fig. 2A and B, an increase in ELF3 mRNA
expression was associated with a higher OC cancer stage and
lower patient age, suggesting that upregulation of ELF3 is
associated with an increase in the malignant behavior of OC.
Consistent with these findings, Kaplan-Meier survival analysis
indicated that high expression of ELF3 is associated with poor
prognosis in patients with OC, based on Kaplan-Meier Plotter
(Fig. 2C and D) and TCGA (Fig. SI1B) cohort analysis. These
results suggested that high expression of ELF3 was associated
with worse clinicopathological features and poorer prognosis
of patients with OC.
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Figure 2. Upregulation of ELF3 is associated with higher individual cancer grade, lower patient age and poorer prognosis. ELF3 expression in OC at (A) different
individual cancer stages and (B) different patient ages, based on TCGA cohort in UALCAN. (C) Kaplan-Meier analysis of the effect of ELF3 mRNA expres-
sion on the overall survival of patients with OC, based on the Kaplan-Meier Plotter cohort. High and low expression groups were separated based on the best
cutoff; low ELF3 expression group, n=1,217; and high ELF3 expression group, n=439. (D) Kaplan-Meier analysis of the effect of ELF3 mRNA expression on
the progression-free survival of patients with OC, based on the Kaplan-Meier Plotter online cohort. High and low expression groups were separated based on
the best cutoff; low ELF3 expression group, n=607; and high ELF3 expression group, n=828. P-values were obtained by one-way ANOVA or the log-rank test.
“P<0.05. E74-like E26 transformation-specific transcription factor 3; OC, ovarian cancer; TCGA, The Cancer Genome Atlas; HR, hazard ratio.

ELF3 promotes the proliferation of OC cells and the growth
of xenograft tumors in mice. To determine whether ELF3 was
associated with the proliferation of OC cells, ELF3 protein
expression was evaluated in six ovarian cancer cell lines by
western blot analysis (Fig. S1A). A2780 cells (which express
endogenous ELF3 at low levels) were selected for ELF3 over-
expression analysis (lentivirus infection), and SKOV3 cells
(which exhibit high levels of endogenous ELF3 expression)
for ELF3 siRNA-knockdown. Clonogenic and proliferation
assays were then performed to evaluate the effects of ELF3
on OC cell proliferation. As demonstrated in Fig. 3A, overex-
pression of ELF3 increased the clonogenic ability of A2780
cells, while ELF3-knockdown reduced the clonogenic ability
of SKOV3 cells. Growth curve assays demonstrated that ELF3
overexpression increased the proliferation rate of A2780 cells,
while knockdown suppressed the proliferation rate of SKOV3
cells (Fig. 3B). Furthermore, a cell-derived xenograft model
was established to investigate the effect of ELF3 on tumor
growth. A2780 cells with ELF3 overexpression (and the

corresponding control) were subcutaneously injected into
nude mice (n=5 per group), and overexpression significantly
increased the growth rate of the xenografted tumors (Fig. 4A);
H&E staining confirmed OC cell tumorigenesis (Fig. 4B).
Furthermore, overexpression of ELF3 in A2780 cells resulted
in increased tumor growth (Fig. 4C) and tumor mass (Fig. 4D).
Collectively, these results revealed that ELF3 promoted OC
cell proliferation and tumor growth in vitro and in vivo.

ELF3 overexpression reduces cisplatin sensitivity of OC cells.
To investigate the association between ELF3 and OC cell sensi-
tivity to cisplatin, the expression of ELF3 in cisplatin-resistant
A2780 (A2780/DDP) and SKOV3 (SKOV3/DDP) cells was
detected using western blotting and RT-qPCR. As demon-
strated in Fig. 5A and B, ELF3 expression was upregulated
in A2780/DDP and SKOV3/DDP cells compared with
cisplatin-sensitive A2780 and SKOV3 cells. A2780 cells with
ELF3 overexpression and SKOV3 cells with ELF3-knockdown
were used to evaluate the effect of ELF3 on OC cell sensitivity
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to cisplatin. A viability assay demonstrated that ELF3 overex-
pression reduced the cisplatin sensitivity of A2780 cells, and
ELF3-knockdown increased the cisplatin sensitivity of SKOV3
cells (Fig. 5C). Western blotting results showed that expres-
sion of Bax was decreased, and that of Bcl2 was increased in
ELF3-overexpressing A2780 cells compared with the control
cells. While the expression of Bax were increased and Bcl2
expression wA decreased in ELF3-knockdown SKOV3 cells,
compared with the control cells. These results indicated
that ELF3 reduced cisplatin-induced apoptosis (Fig. 5D).
Collectively, ehe results suggest that ELF3 reduces cisplatin
sensitivity of OC cells.

ELF3 activates the mTOR pathway of OC cells in vitro and
in vivo. To further investigate the mechanism by which ELF3
promotes OC proliferation and tumor growth, western blot-
ting was used to detect alterations in downstream pathway
proteins, following both ELF3 overexpression and knockdown.

P<0.001 vs. the NC group. E74-like E26 transformation-specific transcription factor 3; NC, negative

Western blotting results showed that the expression of
phosphorylated mTOR, P70S6K and 4EBP1 were increased
in ELF3-overexpresssing A2780 cells, and decreased in
ELF3-knockdown SKOV3 cells,compared with their non-phos-
phorylated forms (Fig. 6A). Moreover, downstream mTOR
pathway proteins, such as phosphorylated mTOR, P70S6K and
4EBP1, were also activated in ELF3-overexpresssing A2780
xenografts (Fig. 6B). These results suggested that ELF3 could
be activated mTOR pathway. Collectively, the present study
results indicated the promoting effect of ELF3 on OC, thus
providing a potential novel target for precision OC treatment.

Discussion

ELF3 (also referred to as ERT, ESX, EPR-1 and ESE-1) is a
member of the ETS family (14) that ELF3 regulates the differ-
entiation of epithelial cells in the small intestine (15), bronchial
epithelium (16) and urothelium (17). In previous years,
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ously injected with ELF3-overexpressing A2780 cells or the control. 'P<0.05, “P<0.01 and “"P<0.001 vs. the NC group. E74-like E26 transformation-specific

transcription factor 3; NC, negative control; si, small interfering (RNA).

increasing evidence has revealed that ELF3 plays a role in the
regulation of multiple tumor types. (7,8,18) However, the effect
of ELF3 on tumorigenesis and progression remains to be
elucidated. Mutations in ELF3 have been observed in gastric
cancers, cervical adenocarcinomas, mucinous ovarian carci-
nomas and ampullary carcinomas (5,17-19). Using TCGA, a
previous study revealed that mutations in ELF3 were present
in ~6% of both superficial and invasive tumors in bladder
cancer, over half of which were inactivating mutations (20),
thus indicating the tumor suppressive role of ELF3 in bladder
cancer. By contrast, increased ELF3 expression promoted
cellular proliferation, migration and invasiveness in hepatocel-
lular carcinoma (8), colorectal cancer (7), prostate cancer (21)
and ampullary carcinoma (22).

Ryland er al (5) analyzed somatic mutations in mucinous
OC and found three mutations of ELF3 by exome sequencing.
The mutations of ELF3 in mucinous ovarian cancer were
predicted as deleterious, indicating a suppressive role for
ELF3 in mucinous OC. Yeung et al (6) revealed that ELF3
was upregulated in long-term OC survivors compared with
short-term survivors, and that ELF3 suppressed OC cell prolif-
eration by reversing epithelial-mesenchymal transition (EMT).

In contrast with the findings of a previous study (6), the
results of the present study revealed that ELF3, a markedly
upregulated transcription factor in high-grade serious OC,
was associated with a poor prognosis, and promoted cellular
proliferation in vitro and in vivo.

According to the present study, genes that were found to be
upregulated in OC (using TCGA) were screened, and due to its
increased expression, ELF3 was selected as a biomarker of OC.
Unlike the unequal grouping in Yeung ef al (low ELF3 expres-
sion, n=15; high ELF3 expression, n=299) (6), patients with
OC in TCGA cohort were my equally divided into low (n=211)
and high (n=212) ELF3 expression groups in the present study.
Kaplan-Meier survival analysis indicated that high expression
of ELF3 was related to the poorer overall and progression-free
survival of patients with OC. Moreover, increased expression
of ELF3 was associated with a higher cancer stage and a lower
patient age, indicating the oncogenic effect of ELF3 in OC.
Subsequent clonogenic, proliferation and tumor xenograft
assays confirmed the role of ELF3 in OC promotion. mTOR
has emerged as a critical factor in human cancer, regulating
protein synthesis, growth, metabolism, aging, regeneration
and autophagy (23,24). ELF3 has previously been reported to
promote EMT (9), as well as PI3K/AKT and ERK pathway
activation (18), though to the best of our knowledge, the
association between ELF3 regulation and the mTOR pathway
has not previously been reported. In the present study, ELF3
was found to activate the mTOR pathway in OC cells and
xenografts by western blotting; however, further investigation
is required to confirm the activation effect of ELF3 on the
mTOR pathway in OC.

Cisplatin is a chemotherapeutic agent widely used for
the treatment and management of OC. However, despite
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Figure 5. ELF3 overexpression is associated with cisplatin resistance of ovarian cancer cells. (A) Western blotting of ELF3 expression in cisplatin-sensitive and
-resistant A2780 cells or SKOV3 cells. The expression of ELF3 is increased in cisplatin-resistant cell lines compared with cisplatin-sensitive cells (B) Reverse
transcription-quantitative PCR detection of ELF3 mRNA expression in cisplatin-resistant A2780 and SKOV3 cells compared with the control. (C) ELF3
overexpression decreased the cisplatin sensitivity of A2780 cells, while ELF3 knockdown increased the sensitivity of cisplatin of SKOV3 cells. (D) Western
blot analysis of Bax and Bcl2 protein expression in A2780 cells with ELF3 overexpression, and SKOV3 cells with ELF3-knockdown. Experiments were

Eres

performed in triplicate. "P<0.05, “P<0.01 and

P<0.001 vs. the NC group. E74-like E26 transformation-specific transcription factor 3; NC, negative control;

si, small interfering (RNA); A2780/DDP, cisplatin-resistant A2780 cells; SKOV3/DDP, cisplatin-resistant SKOV3 cells.

an initial response to treatment, ~70% of patients with OC
experience cisplatin resistance and tumor recurrence (25).
A previous study revealed that chemotherapy resistance
was associated with cancer stem cells (26), the notch
receptor/hes family bHLH transcription factor 1 signaling
pathway (27), the hypoxia-inducible factor 1 pathway (28)
and apoptosis (29,30). However, to the best of our knowledge,
the association between ELF3 and OC sensitivity to chemo-
therapy has not been previously reported. The present study
reported that ELF3 was upregulated in cisplatin-resistant
OC cells, and that ELF3 reduced cisplatin sensitivity by

inhibiting apoptosis. Notably, mTOR signaling (promoting
cisplatin resistance) was reported in non-small cell lung
cancer, OC and hepatocellular carcinoma (31-33), suggesting
that ELF3 reduces cisplatin sensitivity through activation
of the mTOR pathway. However, this speculation requires
further experimental confirmation.

In conclusion, the results of the present study demon-
strated that ELF3 was upregulated in OC, which was
associated with poor clinical characteristics. Increased
expression of ELF3 promoted the progression, and reduced
the chemotherapeutic sensitivity, of OC by activating
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Figure 6. ELF3 activates the mTOR pathway of ovarian cancer cells and xenografts. (A) Western blot analysis of mTOR pathway protein expression in A2780
cells overexpressing ELF3, and SKOV3 cells with ELF3-knockdown. Experiments were performed in triplicate. (B) Western blot analysis of mTOR pathway
proteins in A2780 cell xenografts with ELF3 overexpression. Experiments were performed in triplicate. P<0.05, “P<0.01 and ""P<0.001 vs. the NC group.
E74-like E26 transformation-specific transcription factor 3; NC, negative control; si, small interfering (RNA); p-, phosphorylated; 4EBP1, eukaryotic transla-
tion initiation factor 4E-binding protein 1.
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the mTOR pathway, thus providing novel targets for the
treatment of OC.
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