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ELFN1-AS1 accelerates cell proliferation, invasion and migration via regulating 
miR-497-3p/CLDN4 axis in ovarian cancer
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ABSTRACT
Previous studies indicated that long non-coding RNAs (LncRNAs) were involved in the progression 
of multiple cancers including ovarian cancer (OV). LncRNA ELFN1-AS1 functioned as an oncogene 
in many cancers, but its potential roles in OV were largely unclear. In the current study, we were 
aimed at clarifying the biological roles and molecular mechanisms of ELFN1-AS1 in OV. We found 
that ELFN1-AS1 was significantly upregulated in OV tissues and cell lines. High expression of 
ELFN1-AS1 was associated with poor prognosis in OV patients. Knockdown of ELFN1-AS1 inhibited 
the proliferation, migration and invasion of SKOV3 cell lines and repressed tumor growth in 
xenografted ovarian models. Mechanistically, ELFN1-AS1 promoted the proliferation, migration 
and invasion of SKOV3 cells by sponging miR-497-3p. Additionally, CLDN4 was verified to be the 
target of miR-497-3p. Rescue experiments revealed that miR-497-3p inhibition could partly reverse 
the inhibitory effect of ELFN1-AS1 silencing on proliferation, migration and invasion of SKOV3 cell 
lines. Taken together, our findings indicated that ELFN1-AS1 acted as an oncogene in ovarian 
cancer through regulating the expression of CLDN4 by directly interacting with miR-497-3p. The 
results suggested that ELFN1-AS1 might act as a promising therapeutic target for OV.
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Introduction

Ovarian cancer (OV), one of the most common 
malignant tumor in women, is associated with 
serious social and medical burdens [1,2]. The cur-
rent treatments for OV include radical operation 
and chemotherapy, but the prognosis of OV is still 
poor, and many patients undergoing radical OV 
resection still have a high rate of recurrence and 
metastasis [3]. Actually, these currently available 
treatments can hardly inhibit the pathological pro-
cess of OV development and progression [4]. 
Therefore, it is essential to further clarify the key 
molecular mechanisms of OV, which might pro-
vide novel therapeutic targets for OV treatment.

Long non-coding RNAs (LncRNAs), a group of 
non-coding RNAs with length more than 200 
nucleotides, play important roles in the processes 
of tumorigenesis including cell growth, apoptosis, 
migration, invasion, and metastasis [5–9]. 
Furthermore, increasing studies indicated that 
many LncRNAs participated in the development 
and progression of OV [10–12]. Li et al. found 
that SNHG14 facilitated the progression of OV 
through inhibiting the expression of miR-219a-5p 
[13]. Yan and coworkers revealed that MLK7-AS1 
/miR-375/YAP1 axis played important roles in the 
pathological process of OV [14]. Recently, ELFN1- 
AS1 was found to be involved in the pathogenesis 
of many cancers [15–17]. For instance, Lei and 
coworkers found that ELFN1-AS1 was upregulated 
in colorectal cancer and inhibition of ELFN1- 
AS1 repressed the proliferation and migration of 
cancer cells [18]. Furthermore, they found that 
ELFN1-AS1 exerted pro-proliferation, anti- 
apoptosis and pro-migration functions on colorec-
tal cancer cells via miR-4644/TRIM44 axis [18]. 
Similarly, Zhang and colleagues found that knock-
down of ELFN1-AS1 inhibited tumor cell migra-
tion, invasion and proliferation in esophageal 
cancer by upregulating GFPT1 via sponging miR- 
183-3p [19]. Regardless of the important functions 
of ELFN1-AS1 in the progression of other cancers, 
the potential roles and possible mechanisms of 
ELFN1-AS1 in OV were largely unclear.

In the current study, we found that ELFN1-AS1 
was significantly upregulated in OV tissues and cell 

lines. Knockdown of ELFN1-AS1 inhibited the pro-
liferation, migration and invasion of ovarian cancer 
cells in vitro and repressed OV progression in vivo. 
Furthermore, we verified that ELFN1-AS1 acted as 
an oncogene in OV through regulating the expres-
sion of CLDN4 by sponging miR-497-3p.

Materials and methods

Patients and tissues samples

Twenty OV tissues and paired adjacent normal tissues 
were collected from patients who had diagnosed as 
OV and underwent surgery at Jiangxi Maternal and 
Child Health Hospital (Jiangxi, China). Samples were 
immediately frozen in liquid nitrogen and stored at 
−80°C. All patients did not undergo radio- 
chemotherapy or other treatments prior to surgery. 
Besides, all patients had signed consent before this 
research, which was approved by the Ethics 
Committee of Jiangxi Maternal and Child Health 
Hospital.

Cell culture and cell transfection

Human normal fallopian tube epithelial cell line 
(FTE187) and three OV cell lines including 
HO8910, HO8910PM, and SKOV3 were obtained 
from the Chinese Academy of Sciences (Shanghai, 
China). HO8910 and HO8910PM were grown in 
RPMI-1640 medium with fetal bovine serum (FBS), 
while SKOV3 in Dulbecco modified Eagle medium 
(DEME) supplemented with 10% FBS in a humidified 
atmosphere of 5% CO2 incubator at 37°C. Human 
ovarian cancer cells were transfected with siRNA 
targeting ELFN1-AS1, a scrambled negative control, 
miR-497-3p inhibitor, and inhibitor NC which were 
purchased from GenePharma (Shanghai, China). Cell 
transfection was performed using the Lipofectamine 
3000 (Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer’s instructions and cells were har-
vested at 48 hours after transfection.

Cell proliferation assay

SKOV3 cells were seeded in 96-well plates 
(1.5 × 104 cells per well). Cell proliferation was 

BIOENGINEERED 873



assessed by CCK-8 kit (Dojindo) daily for 4 days 
after transfection. The optical density value (OD 
value) at the wavelength of 450 nm was measured 
using a microplate reader (Thermo Fisher 
Scientifc, Inc.). The experiment was repeated 
three times independently.

Cell migration and invasion assay

Transwell chambers was used to assess the migra-
tion and invasion ability of SKOV3 cells. The 
transwell inserts coated with Matrigel (BD 
Biosciences, Franklin Lakes, NJ, USA) were used 
in cell invasion assay. Briefly, transfected cells in 
the logarithmic growth phase were seeded to the 
upper chambers of transwell plates suspended in 
200 μL serum-free DMEM medium. Then, 500 μL 
DMEM medium containing 10% FBS was added to 
the lower chamber and incubated at 37°C for 24 h. 
Then, cells were fixed with 4% paraformaldehyde 
followed by staining with 1% crystal violet. Cells 
were visualized and photographed using Olympus 
fluorescence microscope (Tokyo, Japan).

Real-time quantitative reverse transcription 
polymerase chain reaction (RT-qPCR)

Total RNAs from tissues and cells were extracted 
utilizing TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA) with a RecoverAll™ Total Nucleic Acid 
Isolation kit (Ambion, Foster City, CA, USA). 
Reverse transcription reactions were performed 
using the Prime Script™ RT reagent kit according 
to the manufacturer’s instructions (Takara, Dalian, 
China). Subsequently, RT-qPCR analyses were per-
formed with SYBR Premix Ex Taq (Takara Bio, 
Shiga, Japan). Relative expression levels of mRNA 
and lncRNA were calculated based on the compara-
tive CT method. GAPDH and U6 were used for 
reference genes in the results analysis of RT-qPCR. 
The primers are shown in Table S1. All experiments 
were performed three times independently.

Western blot assay

Cells were lysed using RIPA lysis buffer (Beyotime, 
Shanghai, China) and the protein concentration 
was quantified with BCA Protein Assay Kit. 
Equal amounts of protein samples were separated 

at SDS-PAGE and transferred to PVDF mem-
brane. After blocked with fat-free milk at room 
temperature for 1 h, membranes were incubated 
with primary antibodies against CLDN4 (Abcam) 
and GAPDH (CST) at 4°C for overnight. 
Subsequently, membranes were washed with 
TBST for three times and incubated the second 
antibody at room temperature for 1 h. Enhanced 
chemiluminescence kit (Thermo Fisher Scientific) 
was utilized to visualize the immunoreactive bands 
according to the instructions of the manufacturer.

Luciferase reporter assay

The target miRNAs of ELFN1-AS1 were analyzed 
using bioinformatics online software Lncbase v2 
[20]. The results indicated that ELFN1-AS1 existed 
a putative target for miR-497-3p. Luciferase repor-
ter assays were carried out to test the interaction 
between the ELFN1-AS1 and miR-497-3p using the 
Dual Luciferase Reporter Assay System (Promega, 
Madison, WI, USA). The ELFN1-AS1 mutant 
(ELFN1-AS1-mut) and ELFN1-AS1 wild (ELFN1- 
AS1-wt) vectors were synthesized by ELFN1-AS1 
cDNA fragment insertion which contained mutated 
or wild binding sites of miR-497-3p into the pGL3 
luciferase reporter vectors. Meanwhile, Targetscan 
suggested that CLDN4 was a downstream target for 
miR-497-3p [21]. Furthermore, to assess the corre-
lation between miR-497-3p and ELFN1-AS1 or 
CLDN4, SKOV3 cells were co-transfected with 
pGL3 reporter luciferase vector, which contains 
the 3�-UTR sequence of CLDN4-mut and CLDN4- 
wt or ELFN1-AS1-wt and ELFN1-AS1-mut and 
miR-497-3p mimics or negative control. After 
transfection 48 h using Lipofectamine 2000 
(Invitrogen), relative luciferase activities were 
assessed with the Dual-Luciferase Reporter Assay 
System (Promega, Madison WI, USA) following 
the instructions of manufacture.

In vivo tumor growth assay

The 4-week-old female nude mice were purchased 
from Experimental Animal Center of Nanchang 
University. The lentiviral viruses ELFN1-AS1 
shRNA and shRNA-NC were obtained from 
KeyGEN BioTECH (Jiangsu China) and were 
infected into SKOV3 cells to generate the stably 
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expressing cell lines. For subcutaneous tumori-
genicity, cells were re-suspended at 1 × 108 cells/ 
ml and a total of 100 μl suspended cells were 
subcutaneously injected into the right backs of 
mice (n = 6 for each group). Tumor size was 
measured every 7 days for 28 days. At the end of 
the experiment, the mice were killed and tumors 
were collected for further analysis. All the animal 
studies were approved under the Institutional 
Animal Care and Use Committee of Jiangxi 
Maternal and Child Health Hospital.

Statistical analysis

Data were presented as the mean ± standard 
deviation (SD). Statistical analysis was performed 
using SPSS 22.0 software (SPSS, Chicago, IL, 
USA). Student’s t-test was used to explore the 
statistically significant differences. P values <0.05 
were considered to be statistically significant.

Results

ELFN1-AS1 was upregulated in OV and high 
expression of ELFN1-AS1 was associated with 
poor prognosis

We firstly examined the expression level of ELFN1- 
AS1 in TCGA database, the results indicated that 
ELFN1-AS1 was upregulated in many cancers includ-
ing OV (Figure 1(a,b)). Furthermore, we also explored 
the expression level of ELFN1-AS1 in OV tissues and 
OV cell lines. The results showed that the expression 
level of ELFN1-AS1 in OV tissues was higher than 
those in adjacent non-tumor tissues (Figure 1(c)). In 
addition, ELFN1-AS1 was significantly upregulated in 
the OV cell lines as compared to the normal cell line 
(FTE187) (Figure 1(d)). High expression of ELFN1- 
AS1 was associated with poor prognosis (Figure 1(e)). 
In particular, the expression level of ELFN1-AS1 in 
SKOV3 was higher than those in other OV cells, so 
SKOV3 cell was used for subsequent experiments.

Knockdown of ELFN1-AS1 suppressed the 
proliferation, migration and invasion of SKOV3 cells

SKOV3 cells were transfected with si-ELFN1-AS1 
or si-NC to investigate the effect of ELFN1-AS1 on 
cell proliferation, migration and invasion. RT- 

qPCR showed that ELFN1-AS1 expression was 
significantly reduced after transfecting si-ELFN1- 
AS1 (Figure 2(a)). The results of CCK8 assay 
showed that the proliferation rate of OC cells was 
markedly inhibited after transfected with si-ELFN1 
-AS1 (Figure 2(b)). Meanwhile, RT-qPCR showed 
that silencing of ELFN1-AS1 inhibited that the 
expression of cyclin D1 (Figure 2(c)). Transwell 
assay showed that knockdown of ELFN1-AS1 
inhibited the migration and invasion ability of 
SKOV3 cells (Figure 2(d,e)).

Knockdown of ELFN1-AS1 inhibits OV tumor 
growth

To further explore whether knockdown of ELFN1- 
AS1 inhibited the progression of OV in vivo, 
SKOV3 cells with stable transfected sh-ELFN1- 
AS1 or sh-NC were injected subcutaneously into 
nude mice. As shown in Figure 3(a), the expres-
sion level of ELFN1-AS1 was significantly lower in 
tumor tissues of sh-ELFN1-AS1 group when com-
pared with those in sh-NC group. Moreover, the 
growth rate of tumors grown from sh-ELFN1-AS1 
-transfected cells was significantly slower than 
those of tumors grown in sh-NC-transfected 
group (Figure 3(b)). Additionally, the average 
tumor weight in the sh-ELFN1-AS1 group was 
significantly lower than those in the sh-NC group 
in 4 weeks (Figure 3(c)).

ELFN1-AS1 targeted miR-497-3p in SKOV3 cells

By using LncBase v.2 and RNAhybrid, we predicted 
that there are several miRNAs that potentially bind 
to ELFN1-AS1. Of these, we identified that miR- 
6870-5p, miR-4640-5p, miR-8055, miR-4270, miR- 
559, miR-6839-3p, miR-183-3p, miR-6089, miR- 
497-3p, miR-6839-3p, miR-6856-5p, and miR-4644 
may be the most potential binding targets for 
ELFN1-AS1. Accordingly, RT-qPCR revealed that 
miR-497-3p exhibited the greatest change, so we 
selected miR-497-3p for further analysis (Figure 
S1). The above results have been incorporated into 
the revised manuscript. According to the result of 
Lncbase v2, there existed the potential binding sites 
between ELFN1-AS1 and miR-497-3p (Figure 4(a)). 
Furthermore, the dual-luciferase reporter assays 
were carried out to predict the relationship between 
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ELFN1-AS1 and miR-497-3p. The results showed 
that the luciferase activity greatly decreased when 
co-transfected with ELFN1-AS1-wt and miR-497-3p 
mimics, whereas the luciferase activity did not 
change significantly in ELFN1-AS1-mut and miR- 
497-3p mimics group (Figure 4(b)). In addition, 
miR-497-3p expression was significantly upregu-
lated in SKOV3 cells after the downregulation of 
ELFN1-AS1 (Figure 4(c)). Moreover, we detected 
the expression level of miR-497-3p in OC samples 
and adjacent noncancerous tissues by qRT-PCR 
assay. Compared with the adjacent non-tumor sam-
ples, the expression level of miR-497-3p was 

significantly decreased in OV tissues (Figure 4(d)). 
In addition, the Pearson correlation analysis indi-
cated the expression of miR-497-3p was inversely 
correlated with ELFN1-AS1 expression in OV tis-
sues (Figure 4(e)).

CLDN4 is a direct target of miR-497-3p in SKOV3 
cells

According to Targetscan, CLDN4 may be a direct 
target of miR-497-3p (Figure 5(a)), which was 
further verified by dual-luciferase reporter assays 
in SKOV3 cells (Figure 5(b)). Furthermore, RT- 

Figure 1. ELFN1-AS1 expression was upregulated in OV samples. (a) The expression profiles of ELFN1-AS1 in human cancers 
through analyzing TCGA database using GEPIA (http://gepia.cancer-pku.cn/index.html). (b) The expression level of ELFN1-AS1 in OV 
through analyzing TCGA database using GEPIA. (c) Expression levels of ELFN1-AS1 in 20 paired OV tissues and adjacent non-tumor 
tissues, *P < 0.05. (d) Expression levels of ELFN1-AS1 in OV cell lines, *P < 0.05. (e) High expression of ELFN1-AS1 was associated with 
poor prognosis in OV patients.
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qPCR and western blot indicated that the expres-
sion level of CLDN4 was inhibited after miR-497- 
3p overexpression (Figure 5(c–e)). Additionally, 
further evidence showed that CLDN4 was upregu-
lated in OV through analyzing TCGA database 
(Figure 5(f)) and RT-qPCR results (Figure 5(g)) 
in our clinical specimens.

Inhibition of miR-497-3p attenuates the effects of 
ELFN1-AS1 knockdown in SKOV3 cells

To further explore whether ELFN1-AS1 pro-
moted cell proliferation, invasion and migration 

via regulating miR-497-3p/CLDN4 axis in OV, 
we co-transfected si-ELFN1-AS1 and miR-497- 
3p inhibitor into SKOV3 cells. RT-qPCR and 
western blot indicated that knockdown of 
ELFN1-AS1 inhibited the expression of CLDN4, 
which can be partly reversed by miR-497-3p 
inhibition (Figure 6(a–c)). Furthermore, CCK8 
and transwell assays revealed that miR-497-3p 
inhibition could partly reverse the inhibitory 
effect of ELFN1-AS1 silencing on proliferation, 
migration and invasion in ovarian cancer cells 
(Figure 6(d–g)). Taken together, these findings 
revealed that inhibition of miR-497-3p 

Figure 2. Knockdown of ELFN1-AS1 inhibits SKOV3 cell proliferation, migration and invasion. (a) RT-qPCR analysis was 
performed to assess the silence efficiency of si-ELFN1-AS1 after transfected with si-ELFN1-AS1 and si-NC, *P < 0.05. (b) The 
proliferation of SKOV3 cells after transfection was detected by CCK8 assay, *P < 0.05. (c) The expression of cyclin D1 after 
transfection was detected by RT-qPCR, *P < 0.05. (d,e) The migration and invasion of SKOV3 cells after transfection was detected 
by transwell invasion and migration assays, *P < 0.05.
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Figure 3. Knockdown of ELFN1-AS1 inhibits OV tumor growth in vivo. (a) RT-qPCR analysis was performed to assess the silence 
efficiency of sh-ELFN1-AS1 after transfected with sh-ELFN1-AS1 and sh-NC, *P < 0.05. (b) Tumor volume in the nude mice was 
calculated every 7 days for 28 days in sh-NC and sh-ELFN1-AS1 groups (n = 6 for each group), *P < 0.05. (c) Tumor weight was 
removed and measured in the excised tumors from sh-NC and sh-ELFN1-AS1 groups (n = 6 for each group), *P < 0.05.

Figure 4. ELFN1-AS1 targeted miR-497-3p in SKOV3 cells. (a) Lncbase v2 suggested that there existed predicted complementary 
sequences between miR-497-3p and ELFN1-AS1. (b) Luciferase reporter assay detected that co-transfection with ELFN1-AS1-wt and 
miR-497-3p mimic greatly reduced the luciferase activities compared with ELFN1-AS1-mut and miR-497-3p mimic, *P < 0.05. (c) miR- 
497-3p expression was significantly upregulated in OV cells after inhibition of ELFN1-AS1, *P < 0.05. (d) The expression level of miR- 
497-3p in OV tissues significantly lower than those in the adjacent non-tumor tissues, *P < 0.05. (e) The expression of miR-497-3p 
was inversely correlated with ELFN1-AS1 expression in OV tissues.
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attenuates the effects of ELFN1-AS1 knockdown 
in SKOV3 cells.

Discussion

LncRNAs have been verified to play important 
roles in the cancer cell proliferation, migration, 
invasion and metastasis [10,22,23]. As a kind of 
lncRNA, ELFN1-AS1 was found to be an oncogene 
and participated in the progression of various 
cancers including colorectal cancer and esophageal 
cancer [18,19]. Regardless of the important func-
tions of ELFN1-AS1 in tumor progression, the 
potential roles and possible mechanisms of 

ELFN1-AS1 in OV were largely unclear. The cur-
rent study demonstrated that ELFN1-AS1 was sig-
nificantly upregulated in OV and high expression 
of ELFN1-AS1 was associated with poor prognosis 
in OV patients. Moreover, knockdown of ELFN1- 
AS1 inhibited the proliferation, migration and 
invasion of ovarian cancer cells in vitro and OV 
tumor growth in vivo.

Previous studies indicated that LncRNAs func-
tioned as ceRNA against miRNAs in OV [24,25]. 
In the current study, bioinformatics analysis together 
with subsequent experiments showed that miR-497- 
3p was a potential target for ELFN1-AS1. Moreover, 
we found that miR-497-3p was downregulated in 

Figure 5. CLDN4 was a direct target of miR-497-3p in SKOV3 cells. (a) The binding sites between CLDN4 and miR-497-3p 
predicted by Targetscan. (b) The binding relationship of CLDN4 to miR-497-3p validated by dual-luciferase reporter gene assay, 
*P < 0.05. The expression level of CLDN4 was detected using RT-qPCR (c) and western blot (d,e), *P < 0.05. (f) The expression level of 
CLDN4 in OV through analyzing TCGA database using GEPIA, *P < 0.05. (g) The expression level of CLDN4 in OV tissues using RT- 
qPCR, *P < 0.05.

BIOENGINEERED 879



OV and miR-497-3p inhibition could partly reverse 
the inhibitory effect of ELFN1-AS1 silencing on pro-
liferation, migration and invasion in ovarian cancer 
cells. Actually, previous studies also revealed that 
miR-497 was associated with the onset and develop-
ment of cancers and some LncRNAs regulated the 
progression of cancers through targeting miR-497 

[26,27]. Cui et al. revealed that CDKN2B-AS1 acted 
as an oncogene in laryngeal squamous cell cancer 
through regulating miR-497/CDK6 pathway [26]. 
Cui and colleagues found that TTN-AS1 was upre-
gulated in colorectal cancer and TTN-AS1 promoted 
the proliferation and invasion of colorectal cancer 
cells via miR-497/PI3K/Akt/mTOR axis [27]. Gao 

Figure 6. Inhibition of miR-497-3p antagonized the effects of ELFN1-AS1 knockdown on SKOV3 cells. The inhibition effect of 
ELFN1-AS1 on CLDN4 expression was rescued by miR-497-3p inhibition detected using RT-qPCR. (a) and western blot (b,c), *P < 0.05. 
The inhibition effect of ELFN1-AS1 on cell proliferation and cyclin D1 expression was partly reversed by miR-497-3p inhibition 
detected using CCK8 (d) and RT-qPCR (e), *P < 0.05. The inhibition effect of ELFN1-AS1 on cell migration and invasion was partly 
reversed by miR-497-3p inhibition detected using transwell assay, *P < 0.05 (f,g).
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and coworkers investigated that inhibition of UCA1 
attenuated thyroid cancer cell proliferation and 
metastasis by sponging miR-497-3p [28]. In the cur-
rent study, our findings indicated that miR-497-3p 
might be a potential tumor suppressor in OV, which 
may be attributed to the upregulated expression of 
ELFN1-AS1. Our results found that CLDN4, 
a member of the claudin family, was a direct target 
of miR-497-3p in SKOV3 cells. Actually, previous 
studies suggested that many claudins were signifi-
cant prognostic biomarkers for several cancers 
including ovarian cancer [29]. Of these, Claudin-3 
and claudin-4 were correlated with poor clinical out-
comes in ovarian cancer [30]. Our study indicated 
that the expression level of CLDN4 was upregulated 
in OV and lncRNA ELFN1-AS1 promoted OV cell 
proliferation and metastasis via miR-497-3p/CLDN4 
pathway.

Conclusion

To sum up, our findings indicated that ELFN1-AS1 
promoted cell proliferation, migration and invasion 
through miR-497-3p/CLDN4 pathway in OV. Also, 
we found that ELFN1-AS1 silencing suppressed the 
progression of OV in vitro and vivo. Therefore, 
ELFN1-AS1 might serve as a promising diagnostic 
biomarker and therapeutic target for OV.
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