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Abstract. The expression of E74-like factor  5 (ELF5) 
in epithelial ovarian carcinoma tissues and its effects on 
biological behavior in ovarian carcinoma cells were assessed 
in search for a new approach for gene treatment of epithelial 
ovarian carcinoma. RT-PCR technology was applied to 
detect the expression of ELF5 mRNA in epithelial ovarian 
carcinoma (n=49), borderline ovarian epithelial tumor (n=19), 
benign ovarian epithelial tumor (n=31) and normal ovarian 
tissues (n=40). Then, we transfected recombinant plasmid 
pcDNA3.1‑ELF5+EGFP into human ovarian carcinoma 
SKOV3 cells (recombinant plasmid group) in  vitro and 
screened out stably transfected cells to conduct multiplication 
culture. Western blot analysis was performed to detect the 
expression of ELF5 protein in the different groups. Flow 
cytometry was employed to detect cell apoptosis and cycles. 
ELF5 mRNA in epithelial ovarian carcinoma and borderline 
ovarian epithelial tumor tissues were significantly lower 
(P<0.05) than those in benign ovarian epithelial tumor 
and normal ovarian tissues. ELF5 protein expression in the 
cells of recombinant plasmid group was significantly higher 
compared with empty plasmid and blank control groups. The 
capacity of cell reproductive recombinant plasmid group at 
each time point decreased (P<0.05). Flow cytometry detection 
showed that 67.03% of cells in recombinant plasmid group 
was blocked in G0/G1 phase (P<0.05), compared with empty 
plasmid group (37.17%) and blank control group (38.24%). 
Apoptotic rate of recombinant plasmid group was significantly 
lower (31.4±1.9%; P<0.05), compared with that of empty 
plasmid group (9.1±2.2%) and blank control group (8.7±1.5%), 
and the differences were statistically significant. In conclusion, 

ELF5 interfered with cell cycle of human ovarian carcinoma 
SKOV3 cells and promoted apoptosis of human ovarian 
carcinoma SKOV3 cells inhibiting their growth and invasive 
capacity; and thus providing a new approach to gene treatment 
of ovarian carcinoma.

Introduction

As one of gynecologic malignant tumors that do harm to 
women's health, ovarian malignant carcinoma can occur at 
any age and seriously threaten women's health (1,2). Although 
there are many types of ovarian malignant carcinoma, epithe-
lial ovarian carcinoma is more common. At present, there is 
no effective and thorough method to treat epithelial ovarian 
carcinoma (3). The occurrence of epithelial ovarian carci-
noma is a process with many factors and steps and is related 
to the activation of oncogenes and the inactivation of tumor 
suppressor genes. Many investigations have been conducted on 
its pathogenesis on molecular biology level in order to find a 
specific and effective method to treat ovarian carcinoma (4,5). 
E74-like factor 5 (ELF5) is a member with epithelial speci-
ficity in E-twenty-six (Ets) gene family and is also known as 
ESE2. ELF5 plays a key role in the process of cell develop-
ment, differentiation and apoptosis and regulates and controls 
cell proliferation and the occurrence of tumors  (6,7). The 
relationship between ELF5 and epithelial ovarian carcinoma 
has not been reported yet. Therefore, the present study applied 
RT-PCR technology to detect the expression of ELF5 mRNA 
in epithelial ovarian carcinoma tissues and analyzed its 
correlation with clinicopathological indexes. We constructed 
recombinant plasmid pcDNA3.1-ELF5+EGFP containing 
ELF5, applied gene transfection technology in vivo to trans-
fect eukaryotic expression vector containing ELF5 gene into 
human ovarian carcinoma SKOV3 cells, and observed its 
effects on the cell cycle, apoptosis and invasive capacity of 
ovarian carcinoma SKOV3 cells; and report the effects of this 
gene on the occurrence and development of epithelial ovarian 
carcinoma.

Subjects and methods

Research subjects. The patients signed an informed consent 
form as required by the Ethics Committee of our hospital. 
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Patients who underwent operative treatment in the Department 
of Obstetrics and Gynecology of the Affiliated Hospital 
of Xuzhou Medical University from February  2013 to 
October 2015 were studied, including 49 cases of epithelial 
ovarian carcinoma, 19 cases of borderline ovarian epithe-
lial tumor, 31 cases of benign ovarian epithelial tumor and 
40 cases of normal ovarian tissues. Patients with epithelial 
ovarian carcinoma had no history of preoperative radiotherapy 
and chemotherapy, aged from 26 to 73 years and an average 
of 49.1 years. Pathological types: 32 cases of serous cystad-
enocarcinoma and 17 cases of mucinous cystadenocarcinoma. 
Clinical stages: Staging criteria of International Federation of 
Gynecology and Obstetrics (FIGO) in 2013 (8) was applied 
and there were 9 cases of phase I, 14 cases of phase II, 23 cases 
of phase III and 3 cases of phase IV; pathological grading: 
20 cases of G1, 17 cases of G2 and 12 cases of G3; 21 cases 
with lymph node metastases and 28  cases without lymph 
node metastases; 16 cases with ascites and 33 cases without 
ascites. After the specimens were excised during the opera-
tion, tumor tissues were isolated from primary ovarian lesion 
immediately and rapidly frozen in liquid nitrogen, and then 
stored at -70˚C until use. The rest of the sample was sent for 
pathological examination. Normal ovarian tissues were from 
older patients with uterine fibroids, who required unilateral or 
bilateral adnexectomy.

Sources of materials. TRIzol reagent was purchased from 
Gibco (Grand Island, NY, USA), RT-PCR kit was purchased 
from Promega Corp. (Madison, WI, USA), heat-resistant 
DNA polymerase and ELF5 gene primer was compounded 
by Sangon Biotech Co., Ltd. (Shanghai, China). DNA endo-
nuclease, DNA ligase and DNA marker were purchased from 
Fermentas (Glen Burnie, MD, USA). DNA gel extraction kit and 
agarose were purchased from Tiangen Biotech (Beijing) Co., 
Ltd. (Beijing, China). Medium extraction kit was purchased 
from Axygen Biosciences Co., Ltd. (Hangzhou, China). 
Absolute ethyl alcohol, isopropanol, glycerol and anhydrous 
calcium chloride were purchased from Sinopharm Chemical 
Reagent Co., Ltd. (Beijing, China). Human ovarian carcinoma 
SKOV3 cells were purchased and stored by the Laboratory 
of Obstetrics and Gynecology Department of the Affiliated 
Hospital of Xuzhou Medical University. Methyl thiazolyl tetra-
zolium (MTT) was the product of Sigma-Aldrich (St. Louis, 
MO, USA). Liptapfector lipofectin transfection reagent was 
provided by Beyotime Biotech (Jiangsu, China). Transwell 
chamber and ELF5 primary antibody (dilution, 1:1,000; cat. 
no. AM254515) was provided by Chemicon (Temecula, CA, 
USA). Escherichia coli DH5α was purchased and stored by 
the Laboratory of Obstetrics and Gynecology Department of 
the Affiliated Hospital of Xuzhou Medical University.

Methods
Tissue RNA was extracted by TRIzol reagent. Reverse 
transcription reaction was conducted by applying the stan-
dard conditions provided by reverse transcription reagent 
(Promega Corp.), and the obtained cDNA served as PCR reac-
tive template.

Primers were compounded according to reference  (9): 
ELF5 upstream primer, 5'CAAGACTGTCACAGTCATAG3' 
and downstream primer, 5'GTCAACCCGCTCCAAAA 

TTC3'; amplified fragment was 260 bp. Serving as the internal 
reference, β-actin upstream primer, 5'CGGGAAGCTTGTG 
ATCAT3' and downstream primer, 5'GGCAGTGATGGCAT 
GAC3'; amplified fragment was 157 bp. The reaction condi-
tions were 94˚C for 45 sec, 55˚C for 60 sec and 72˚C for 60 sec. 
After 30 cycles, extension was performed at 72˚C for 10 min.

Detection of PCR products: The fragments amplified 
by PCR were inspected by 2% agarose gel electrophoresis 
and observed under ultraviolet detector; images were taken 
and records were made: 260 bp amplified bands occurred 
in patients with the expression of ELF5 gene, while specific 
amplified bands did not occur in patients with the deletion of 
ELF5 gene. Chemi Imager 5500 software of automatic elec-
trophoresis gel imaging analyzer was applied to analyze the 
contents of products of all amplified bands and the relative 
expression level of ELF5 mRNA was expressed by the ratio of 
ELF5/β-actin content.

Construction and identification of pcDNA3.1-ELF5+EGFP 
eukaryotic expression vector. Oligo design is used for vector 
subcloning by adding BamHI, EcoRI and protective base to 
upstream and downstream primers of target gene. See Fig. 1 
for oligo sequences.

The above primers were compounded by Gene Pharma 
(Shanghai, China). The oligo was dissolved to 50 µM and 
the same volume of oligo was taken and put into a 1.5 ml 
centrifuge tube, mixed well to prepare the oligo mix used in 
the first round of PCR reaction. The reaction system was as 
follows: Oligo mix 6 µl, 10X Pfu buffer (+Mg2+) 5 µl, dNTP 
1 µl, oligo-1 1 µl, oligo-34 1 µl, ddH2O 36 µl, Pfu DNA poly-
merase 0.3 µl. Cycling conditions: 95˚C for 3 min 1 cycle, 
94˚C for 30 sec 30 cycles, 55˚C for 30 sec, 72˚C for 30 sec, 
72˚C 5 min 1 cycle. The oligo-1 and oligo-34 were used for 
the second round of PCR reaction, with the products of the 
first PCR reaction serving as template. Reaction conditions 
remained the same as those of the first round. The first round 
of PCR obtain non-single band PCR product with the target 
gene band. With the PCR products of the first round as 
template, single target gene band was obtained through the 
second round of PCR. After the completion of PCR reaction, 
agarose electrophoresis and gel extraction was used to recycle 
ELF5+EGFP gene fragments.

ELF5+EGFP gene fragments were conducted with 
enzyme digestion for 2 h at 37˚C by BamHI and EcoRI and 
vector pcDNA3.1 was conducted with enzyme digestion 
for 2 h at 37˚C by BamHI and EcoRI. ELF5+EGFP gene 
fragments and vector pcDNA3.1 were recycled by applying 
DNA gel extraction kit. ELF5+EGFP gene fragments and 
linear vector were obtained by applying T4 DNA ligase to 
connect double enzyme digestion at 22˚C for 2 h. Competent 
cells were prepared by calcium chloride method and a single 
colony was selected from the fresh plate cultured at 37˚C 
for 16 h to transfer into a one‑liter flask containing 100 ml 
LB medium, cultured by shaking at 37˚C for 3 h (rotary 
shaker, 300 rpm). Under aseptic conditions, cells were trans-
ferred into a disposable ice-precooling 50 ml polypropylene 
tube, placed on ice for 10 min and culture was cooled to 
0˚C. Cells were recycled by centrifuging at 1,200 x g at 
4˚C for 10 min. Culture solution was poured out and the 
tube was drained for 1 min. The connection products were 
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transferred to competent cells, colonies were selected, and 
mini preparation plasmids were identified to select positive 
clones. Four single colonies were selected and placed in 
tubes containing 5 ml (containing 50 µg/ml ampicillin) LB 
medium. The above tubes were placed in a shaker to cultivate 
at 37˚C and 250 rpm for 16 h. Plasmids were extracted with 
plasmid minipreparation kit from cultured bacterial liquid 
and enzyme digestion identification was performed for the 
extracted plasmids.

Bacterial liquid (200  µl) corresponding to positive 
clone was sequenced and the rest was stored with glycerin. 
Sequencing results were compared with target genes. After 
ensuring that they were corrected and LB medium was inocu-
lated with stored glycerin bacterial liquid, a large amount of 
plasmids were extracted for sufficient recombinant plasmid.

Cell culture. Human ovarian carcinoma SKOV3 cells were 
subcultured at 37˚C, 5% CO2, in saturated humidity constant 
temperature incubator by applying routine RPMI-1640 
medium (containing penicillin and streptomycin) added with 
10% fetal calf serum.

Gene transfection and grouping. Eukaryotic expression 
vectors with ELF5 gene were transfected in vitro into human 
ovarian carcinoma SKOV3 cells (recombinant plasmid group) 
by lipofectin method. The operation was performed according 
to the instructions of liptapfector lipofectin transfection kit. 
Stably transfected cells were screened to implement amplifica-
tion and culture with pcDNA3.1-EGFP empty vector plasmid 
(empty plasmid group) and untransfected human ovarian 
carcinoma SKOV3 cells (blank control group) as control. 
After transfection, screening and passage were conducted by 
applying selective medium containing neomycin (G418).

Detection of the expression of ELF5 protein by western blot 
analysis. Three groups of cells in logarithmic growth phase 
were harvested in 200 µl cell lysis buffer on ice. The concen-
tration of protein was measured by bicinchoninic acid (BCA) 
method and 10% sodium dodecyl sulfate‑polyacrylamide 
gel electrophoresis (SDS-PAGE), respectively. Then, electro-
transferred onto nitrocellulose membrane, sealed with 5% 
skim milk powder for 60 min, and ELF5 primary antibody 
(rabbit anti‑human) (dilution, 1:1,000; cat. no. AM254515) was 
added at 4˚C overnight. After 2-h reaction with goat anti-rabbit 
secondary antibody (1:10,000; cat. no. MAB4310) marked with 
horseradish peroxidase at room temperature. Strengthened 
electrochemical luminescence (ECL) reagent was added for 
exposure and development with highly sensitive X-ray film.

Detection of proliferation capacity of ovarian carcinoma 
SKOV3 cells by MTT method. Three groups of cells were 
inoculated on 96-well plates at 1.5x105/well and 20 µl MTT 
working solution was added after cultivation for 1, 2, 3, 4, 
5 and 6 days. After cells were cultivated in CO2 incubator at 
37˚C for 4 h, dimethyl sulfoxide was added to terminate the 
reaction. Absorbance (A) values of all wells at 490 nm were 
determined on enzyme-linked immunoassay and the cell 
growth curve was drawn.

Detection of invasive capacity of ovarian carcinoma SKOV3 
cells by in vitro invasion assay. Transwell chamber in vitro 
invasion assay was applied. Membrane was prepared with 
Matrigel between upper and lower chambers. Single cell 
suspension of ovarian carcinoma SKOV3 cells was inoculated 
at 200 µl/well (containing about 105 cells). After cultivating at 
37˚C and 5% CO2 for 12 h, the cells and Matrigel on membrane 
were wiped off and fixed and H&E stained. The number of 
cells was calculated under a microscope. Three wells were 
set for each group of cells and the experiment was repeated 
3 times.

Detection of cell cycle of ovarian carcinoma SKOV3 cells by 
flow cytometry. Ovarian carcinoma SKOV3 cells that stably 
expressed ELF5 protein were selected. The cells were digested 
with 0.25% pancreatin, routinely washed with normal saline, 
centrifuged at 1.200 x g at 4˚C for 8 min and fixed with 70% 
ethyl alcohol overnight. Single-cell suspension was prepared 
by adding 100 µl phosphate-buffered saline (PBS) and the cell 
cycle was analyzed by flow cytometry.

Detection of apoptosis rate of ovarian carcinoma SKOV3 
cells by flow cytometry. Ovarian carcinoma SKOV3 cells 

Figure 1. Oligo sequences.
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that stably expressed ELF5 protein after transfection were 
selected. The cells were digested with 0.25% pancreatin, 
routinely washed with normal saline, centrifuged 1.200 x g  
at 4˚C for 8 min and fixed with 70% ethyl alcohol overnight. 
Single-cell suspension was prepared by adding 100 µl PBS. 
Operation was performed according to the instructions of 
Annexin V-PI cell apoptosis detection kit. The cell apoptotic 
rate was analyzed by flow cytometry.

Statistical analysis. SPSS 13.0 statistical software (SPSS, Inc., 
Chicago, IL, USA) was used for analysis. Comparison of rates 
among groups was tested by χ2 test and Fisher's exact prob-
ability calculation method. Measurement data were expressed 
as mean ± SD; differences among groups were analyzed by 
variance, comparison of data among groups was tested by 
q-test; and P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression of ELF5 mRNA in different ovarian tissues. The 
rate of positive expression and the level of expression of ELF5 
mRNA in epithelial ovarian carcinoma and borderline ovarian 
epithelial tumor tissues were significantly lower (P<0.05) than 
those in benign ovarian epithelial tumor and normal ovarian 
tissues. The rate of positive expression and the level of expres-
sion of ELF5 mRNA in epithelial ovarian carcinoma tissues 
were significantly lower (P<0.05) than those in borderline 
ovarian epithelial tumor. The rate of positive expression and 
the level of expression in benign ovarian epithelial tumor and 
normal ovarian tissues had no significant differences (Fig. 2 
and Table I).

Expression of ELF5 mRNA in epithelial ovarian carcinoma 
tissues at different clinicopathological indexes. The rate of 
positive expression and the level of expression of ELF5 mRNA 
in early phase (phase I and II) in epithelial ovarian carcinoma 
tissues were significantly higher than (P<0.05) those in late 
phase (phase III and IV). The positive expression rate and 
expression level of ELF5 mRNA in epithelial ovarian carci-
noma tissues with lymph node metastases were significantly 
lower (P<0.05) than those in epithelial ovarian carcinoma 
tissues without lymph node metastases. The rate of positive 
expression and the level of expression of ELF5 mRNA showed 
no correlation with age, pathological grading, pathological 
types and ascites formation (Table II and Fig. 3).

Successfully constructed pcDNA3.1-ELF5+EGFP eukaryotic 
expression vector. We utilized continuous PCR method to 
obtained complete gene sequence fragments of ELF5+EGFP, 
cloned target gene ELF5+EGFP into vector pcDNA3.1. After 
enzyme digestion, it showed significant bands at the position of 
1,518 bp, which was in line with the size of fragment expected 
to be amplified (Fig. 4A).

The results of DNA sequence analysis showed that the 
sequence of target gene was identical to that of the gene 
sequence in GeneBank. The insert direction of target gene was 
correct and the reading frame remained unchanged, which 
proved that recombinant plasmid pcDNA3.1-ELF5+EGFP was 
constructed successfully (Fig. 4B).

Changes in the expression of ELF5 protein in ovarian carci-
noma SKOV3 cells after the transfection of ELF5 gene. The 
western blot results of the detection of the expression of ELF5 
in recombinant plasmid group was high, while the expression 
of ELF5 was not detected in empty plasmid group or blank 
control group (Fig. 5).

Changes in the reproductive capacity of ovarian carcinoma 
SKOV3 cells after the transfection of ELF5 gene. The results 
of the detection of MTT method showed that after being culti-
vated for 1, 2, 3, 4, 5 and 6 days, the A values of recombinant 
plasmid group were 0.337±0.002, 0.413±0.012, 0.522±0.007, 
0.761±0.002, 0.787±0.021 and 0.821±0.019, respectively. These 
decreased obviously compared with blank control group and 
empty plasmid group at each time-point (P<0.05) while the 

Figure 2. mRNA expression of ELF5 in different ovarian tissues. 
ELF5, E74‑like factor 5.

Table I. ELF5 mRNA expression in various ovarian tissues.

	 Total	 Positive	 Percentage
	 cases	 cases	 (%)

Epithelial	 49	 9	 18.4
ovarian cancer
Ovarian borderline	 19	 7	 36.8
epithelial tumor
Benign epithelial	 31	 21	 67.7
ovarian tumor
Normal ovary	 40	 29	 72.5
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comparison of blank control group and empty plasmid group 
showed the differences were not statistically significant (Fig. 6).

Changes in the invasive capacity of ovarian carcinoma 
SKOV3 cells after the transfection of ELF5 gene. Transwell 
chamber in vitro invasion assay showed that the number of 
cells permeating in recombinant plasmid group was 92.1±2.7, 
compared with empty plasmid group (149.6±4.6) and blank 
control group (147.4±5.3), and the differences were statisti-
cally significant (P<0.05).

Changes in the cell cycle of ovarian carcinoma SKOV3 cells 
after the transfection of ELF5 gene. Flow cytometry detection 

showed that 67.03% of cells in recombinant plasmid group was 
blocked in G0/G1 phase, compared with empty plasmid group 
(37.17%) and blank control group (38.24%), and the differences 
were statistically significant (P<0.05) (Table III).

Changes in the apoptotic rate of ovarian carcinoma SKOV3 
cells after the transfection of ELF5 gene. Flow cytometry 
showed that the apoptotic rate of recombinant plasmid group 
was 31.4±1.9%, compared with that of empty plasmid group 
(9.1±2.2%) and blank control group (8.7±1.5%), and the differ-
ences were statistically significant (P<0.05).

Discussion

Ets family members have very important regulating effects on 
normal physiological activities, including cell development, 
differentiation, proliferation and apoptosis (10). As a member 
of Ets family, ELF5 locates in 13-15 region of short arm of 
chromosome 11, generating loss of heterozygosity in cancer. 
ELF5 contains two identifiable domains, one is the sequence 
motif that is contained by all ETS transcription factors and 
can combine with TTCC core sequence, the other is the point 
domain that takes part in the interaction between proteins (6). 
ELF5 is expressed in hair follicle, epithelial exocrine glands, 
placental trophoblastic cells, kidney, mammary gland and 
other organs (11-15).

Studies on ELF5 are mainly focused on mammary gland 
cells and breast carcinoma. In the breast tissues, ELF5 is 
secreted by the mammary duct precursor cells and ELF5 is 
an important regulatory factor for development of mammary 
acinar cells. On one hand, it can decide the fate of acinar 
cells (16), and on the other hand, it can affect embryogen-
esis and hyperplasia of breast acinus through regulating 
breast lactation acinus structure during pregnancy. Studies 
of Chakrabarti et al (17) showed that during the process of 
normal mammogenesis, the loss of ELF5 could cause the 
increase of mammary adult stem cells, thus to increase the 
risk of forming breast carcinoma. It has been shown that 
ELF5 was a potential tumor-inhibiting factor and played a 
role of tumor suppressor gene during the process of occur-
rence and development of breast carcinoma. Due to the 
expression loss of ELF5 in human breast carcinoma tissues 
and cell lines, regulating the transcriptional level of ELF5 
may provide a new method for the treatment of breast carci-
noma (18-20).

Inspired by above studies, we considered the following: 
How does ELF5 express in epithelial ovarian carcinoma 
tissues, and does ELF5 gene have effects on biological behavior 
of human ovarian carcinoma SKOV3 cells?

This study found that the positive expression rate and 
expression level of ELF5 mRNA in epithelial ovarian 
carcinoma and borderline ovarian epithelial tumor tissues were 
significantly lower than those in benign ovarian epithelial tumor 
and normal ovarian tissues. Our study also showed that the 
positive expression rate and expression level of ELF5 mRNA 
in epithelial ovarian carcinoma tissues showed no correlation 
with its pathological grading, pathological types and ascites 
formation. The positive expression rate and expression level 
of ELF5 mRNA in epithelial ovarian carcinoma tissues in 
patients at early clinical stage without lymph node metastasis 

Figure 3. mRNA expression of ELF5 in ovarian cancer at different clinical 
stages. ELF5, E74-like factor 5.

Table II. ELF5 mRNA expression in epithelial ovarian cancer 
tissues of clinicopathological indexes.

Parameters	 Total	 Positive	 Percentage (%)	 P-value

Age (years)
  >50	 27	 5	 18.5	 00.817
  ≤50	 22	 4	 18.2
Pathological staging
  Ⅰ-Ⅱ	 23	 6	 26.1	 0.015
  Ⅲ-Ⅳ	 26	 3	 11.5
Pathological grading
  G1	 20	 4	 20.0	 0.797
  G2	 17	 3	 17.6
  G3	 12	 2	 16.7
Pathological type
  Serous	 32	 6	 18.8	 0.812
  cystadenocarcinoma
  Mucinous	 17	 3	 17.6
  cystadenocarcinoma
Lymphatic metastasis
  With	 21	 2	 9.5	 0.019
  Without	 28	 7	 25.0
Ascites
  With	 16	 3	 18.8	 0.896
  Without	 33	 6	 18.2

ELF5, E74‑like factor 5. Bold indicates that from a total of 49 patients 
with ovarian cancer, 6 out of 33 patients with no ascites showed ELF5 
positive expression.
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were apparently higher than those in patients at late clinical 
stage with lymph node metastasis. Thus, we could further 
speculated that the ELF5 gene, not only as a tumor suppressor 
gene, but also an inhibiting gene for tumor metastasis, plays 
an important role in the process of inhibiting infiltration and 
metastasis for ovarian carcinoma cells, and the infiltration 
and metastasis is an important index for judging prognosis of 
patients with epithelial ovarian carcinoma.

In order to further implement deep and extensive studies 
on ELF5, we successfully constructed recombinant plasmid 
pcDNA3.1-ELF5+EGFP, transfected recombinant plasmid 
pcDNA3.1-ELF5+EGFP into human ovarian carcinoma 
SKOV3 cells and conducted screening. The cultivation and 

identification for positive clone showed successful transfec-
tion of recombinant plasmid pcDNA3.1-ELF5+EGFP at the 
protein level, and then studied the effects of ELF5 gene after 
transfection on in vitro biological behavior of ovarian carci-
noma SKOV3 cells. The cell growth curve experiment showed 
that ovarian carcinoma SKOV3 cells grew slower after the 
transfection of ELF5 gene, suggesting that the ELF5 gene 
delayed the proliferation of ovarian carcinoma SKOV3 cells. 
The analysis of flow cytometry showed, the high expression 
of ELF5 gene could delay cells in phase G0/G1 from entering 
into phase S and phase G2/M; and thus, it could be speculated 
that ELF5 gene could inhibit the proliferation of ovarian 
carcinoma SKOV3 cells through intervening in the cell cycle. 
The apoptosis rate of ovarian carcinoma SKOV3 cells after 
the transfection of ELF5 gene increased significantly and 
showed that ELF5 gene could promote apoptosis of ovarian 
carcinoma SKOV3 cells.

The in vitro invasive capacity is important to measure 
tumor metastasis potential. Transwell chamber in  vitro 
invasion assay showed that the invasive capacity of ovarian 
carcinoma SKOV3 cells after the transfection of ELF5 gene 
decreased significantly. This showed that the ELF5 gene 
had obvious inhibiting effects on invasive capacity to host 
and motor ability of ovarian carcinoma SKOV3 cells. Our 
experiments proved that on one hand, ELF5 mRNA had low 

Figure 6. Proliferation of SKOV3 cells after transfection with 
pcDNA3.1‑ELF5+EGFP. ELF5, E74-like factor 5.

Figure 5. Protein expression of ELF5 in SKOV3 cells for different groups. 
ELF5, E74-like factor 5.

Figure 4. Construction of pcDNA3.1-ELF5+EGFP eukaryotic expression vector. (A) pcDNA3.1-ELF5+EGFP macrorestriction map; (B) DNA sequence 
analysis. ELF5, E74-like factor 5.

Table III. Changes of ovarian cancer SKOV3 cell cycle after 
transfection by ELF5 gene (mean ± SD, %).

	 Stage G0/G1	 Stage S	 Stage G2/M

Recombinant	 67.03±0.14	 18.21±1.02	 14.37±0.13
plasmid
Empty plasmid	 39.23±1.21	 39.41±0.11	 21.62±0.33
Control	 40.22±0.38	 40.28±0.31	 19.22±0.15

ELF5, E74-like factor 5.
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expression in epithelial ovarian carcinoma tissues and its 
expression loss at different levels was related to the occurrence 
and development of epithelial ovarian carcinoma. ELF5 gene 
disturbed the cell cycle of human ovarian carcinoma SKOV3 
cells, promoting apoptosis of human ovarian carcinoma 
SKOV3 cells and inhibited its growth and invasive capacity. 
The results of our study provide some experimental founda-
tion for conducting gene treatment of ovarian carcinoma, but 
the following problems are still not cleared: i) What is the 
mechanism of the expression loss of ELF5 mRNA for causing 
the occurrence of ovarian carcinoma. The expression of ELF5 
mRNA in ovarian carcinoma is generally low. Moreover, it 
shows abnormal expression in borderline ovarian epithelial 
tumor tissues. The effects on the occurrence and development 
of epithelial ovarian carcinoma and whether it can serve as 
a new therapeutic target of epithelial ovarian carcinoma are 
worth further research. ii) The specific mechanism of ELF5 
gene that affects the biological behavior of ovarian carcinoma 
SKOV3 cells is not clear, and thus ELF5 gene therapy needs 
further investigation to improve the survival rate of ovarian 
carcinoma.
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