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1  |   INTRODUCTION

Ovarian cancer is one of the commonest female malignant 
tumors, which seriously endangers women's health and qual-
ity of life.1 It has an increasing incidence and high mortality 
in recent years.2 Since the early symptoms are not obvious, 
diagnose in the early stage is very difficult. Thus, most of the 
patients are in the late stage when they are diagnosed,3 which 
leads to the low overall survival rate.4 Although current ther-
apeutic strategies have been improved,5,6 new biomarkers 

are still necessary to develop for exploring novel therapeutic 
targets.

Long noncoding RNAs (lncRNAs) are RNA transcripts 
longer than 200 nucleotides without the protein-coding 
ability.7 An increasing number of evidence indicated that 
lncRNAs are biological participants and modulators in 
different cellular processes such as proliferation, apopto-
sis, and migration.8 Importantly, lncRNAs are also con-
firmed to be the crucial factors in assorted cancers and 
they regulate cancer progression by exerting different 
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Abstract
Ovarian cancer is one of the most common gynecological cancers with high mor-
bidity and mortality, which seriously endangers women's health and quality of life. 
Long noncoding RNAs (lncRNAs) can regulate the progression of cancers, includ-
ing ovarian cancer. LINC00857 (long intergenic non-protein coding RNA 857) 
has been discovered to be a crucial factor in the regulation of cancer development. 
Nevertheless, the specific functions and mechanisms of LINC00857 in ovarian can-
cer remain unclear. The Hippo signaling pathway can involve in cancer progression. 
In our research, we aimed to investigate the correlation of LINC00857 and Hippo 
pathway. Quantitative real-time polymerase chain reaction assay was utilized to test 
the expression of LINC00857 in ovarian cancer tissues and cells. Functional experi-
ments revealed that LINC00857 silencing led to the inhibition on cell proliferation, 
migration, invasion, and glycolysis but accelerated cell apoptosis in ovarian cancer. 
Mechanism experiments, including RNA immunoprecipitation, RNA pull-down, and 
luciferase reporter experiments demonstrated that LINC00857 could regulate YAP1 
(Yes1 associated transcriptional regulator) by competitively binding to miR-486-5p 
in ovarian cancer. In a word, this study unveiled that LINC00857 regulates YAP1 
by competitively binding to miR-486-5p and accelerates ovarian cancer progression.
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functions in cancer cells.9 For example, OGFRP1 accel-
erates cell proliferation and migration of hepatocellular 
carcinoma through AKT/mTOR and Wnt/β-catenin sig-
naling pathways.10 LINC003121 restrains cell growth of 
thyroid cancer via the suppression of the PI3K/Akt path-
way.11 Long noncoding RNA LINC00857 (long intergenic 
non-protein coding RNA 857) has been proven to exert a 
crucial regulatory function in several cancers. For exam-
ple, LINC00857 exerts the oncogenic role in esophageal 
adenocarcinoma and knockdown of it represses the pro-
gression of esophageal adenocarcinoma.12 In addition, 
LINC00857 was considered to be associated with low sur-
vival rate of patients and accelerates tumor progression in 
lung cancer.13 Nevertheless, there are few researche on the 
role of LINC00857 in ovarian cancer.

The Hippo signaling pathway was primitively found in 
Drosophila as a modulator of organ size. It could limit cell num-
ber by regulating proliferation and apoptosis.14,15 YAP1 (Yes1 
associated transcriptional regulator) is the crucial downstream 
oncogene of the Hippo pathway.16 In recent years, the Hippo 
signaling pathway has been found to be closely associated with 
tumor progression. For example, TNRC6C-AS1 expedites the 
methylation of STK4 to inhibit thyroid carcinoma cell apop-
tosis through the Hippo signaling pathway.17 HOX transcript 
antisense RNA directly binds to SAV1 and activates the Hippo 
pathway in renal cell carcinoma.18

In our research, we focused on the functions of LINC00857 
in ovarian cancer and explore the regulatory mechanism be-
tween LINC00857 and Hippo pathway.

2  |   MATERIALS AND METHODS

2.1  |  Tissues samples

Fifty ovarian cancer patients who underwent surgery at 
Quanzhou First Hospital Affiliated to Fujian Medical 
University from January 2017 to December 2019 were re-
viewed. Before surgery, all patients did not receive any 
kind of therapy. After collection, tumor tissues and adjacent 
non-tumor tissues were snap frozen in liquid nitrogen and 
stored at −80°C for RNA extraction and quantitative real-
time polymerase chain reaction (qRT-PCR) analysis. Clinical 
samples were collected and analyzed in accordance with the 
Declaration of Helsinki. All participants or their guardians 
had provided the written informed consent.

2.2  |  Cell culture

Ovarian cancer cell lines (SKOV3, Caov3, and A2780) and 
normal human ovarian epithelial cell lines (IOSE-29) were 
purchased from ATCC. Cells were cultured in the RPMI-1640 

medium (Gibco) which contained 10% Fetal Bovine Serum 
(FBS; Gibco) and incubated at 37°C with 5% CO2.

2.3  |  Cell transfection

Short hairpin RNAs (shRNAs) targeting LINC00857 (sh-
LINC00857#1, sh-LINC00857#2) and YAP1 (sh-YAP1#1, 
sh-YAP1#2) were utilized to silence LINC00857 and YAP1. 
And pcDNA3.1/YAP1 and pcDNA3.1/LINC00857 was 
utilized for the overexpression of YAP1 and LINC00857. 
In addition, miR-486-5p mimics were utilized for miR-
486-5p overexpression. These plasmids were purchased 
from GenePharma. Transfection was performed by utilizing 
Lipofectamine 3000 (Invitrogen) in line with the user guid-
ance. Each procedure in this experiment was repeated in trip-
licate. Short hairpin RNA sequences were listed as follows:

sh-NC: CCGGCATGACTCATCTACATACACTCTCGA 
G AGTGTATGTAGATGAGTCATGTTTTTG; sh-LINC00 
857#1: CCGG TCTACATGCTCATACACTCAACTCGAG 
TTGAGTGTATGAGCATGTAGATTTTTG; sh-NC: CCGGT 
ATAGTATCTATCTTACATAT CTCGAGATATGTAAGAT 
AGATACTATATTTTTG; sh-YAP1#1: CCGGTTATATAGT 
AAATTTCTCCATCTCGAG ATGGAGAAATTTACTATA 
TAATTTTTG; sh-YAP1#2: CCGG TCTTTTGATTCTTTA 
GAGCCACTCGAGTGGCTCTAAAGAATCAAAA 
GATTTTTG.

Sequences for miRNA mimics or inhibitors were as 
follows:

NC mimics: AGCUGCCUACCGAGCUGUGCUC;
miR-486-5p mimics: UCCUGUACUGAGCUGCCCCG 

AG;
NC inhibitors: GCUGUGUACAGGCAGCGACGCA;
miR-486-5p inhibitors: CUCGGGGCAGCUCAGUACA 

GGA.

2.4  |  Quantitative real-time polymerase 
chain reaction

Total RNA was extracted from SKOV3 and A2780 cells in 
light of the protocols of TRIzol reagent (Invitrogen). For the 
sake of examining gene expressions, cDNA synthesis was ac-
complished utilizing PrimeScript™ RT reagent kit (Takara). 
And then qRT-PCR was conducted by SYBR Premix Ex Taq 
II (Takara). In the end, 2−ΔΔCt method was adopted to com-
pute. And GAPDH or U6 served as control. Each procedure 
in this experiment was repeated in triplicate. The primer se-
quences used in these experiments were listed as follows:

LINC00857 (forward): 5ʹ-ATCCAAGGCAGGCCCAT 
TC-3ʹ; LINC00857 (reverse): 5ʹ-GGAACTCTTGCGGCCA 
ATTC-3ʹ; YAP1 (forward): 5ʹ-CCCTCGTTTTGCCATGA 
ACC-3ʹ; YAP1 (reverse): 5ʹ-GCAGCCTCTCCTTCTCCAT 
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C-3ʹ; miR-486-5p (forward): 5ʹ-ATTAGTCCTGTACTGAGC 
TGC-3ʹ; miR-486-5p (reverse): 5ʹ-TCCTGTACTGAGCTG 
CCCCGAG-3ʹ; GAPDH (forward): 5ʹ-GGAGCGAGATC 
CCTCCAAAAT-3ʹ; GAPDH (reverse): 5ʹ-GGCTGTTGTC 
ATACTTCTCATGG-3ʹ; U6 (forward): 5ʹ-CTCGCTTCGG 
CAGCACA-3ʹ; U6 (reverse): 5ʹ-AACGCTTCACGAATT 
TGCGT-3ʹ.

2.5  |  Cell counting kit 8 assay

To test cell viability, 10 μL of cell counting kit 8 (CCK-8) re-
agent (Beyotime Institute of Biotechnology) was used to in-
cubate transfected SKOV3 and A2780 cells for 2 hours. The 
absorbance was detected at 450 nm by a microplate reader. 
Each procedure in this experiment was repeated in triplicate.

2.6  |  Transwell assays

The transfected SKOV3 and A2780 cells (2 × 104) were sub-
jected to re-suspend in a serum-free medium and put into the 
top chamber. Invasion assay was additionally pre-coated with 
Matrigel. Then, the lower chamber was filled with 10% FBS. 
After 24 hours, we utilized methanol to fix migrated or invaded 
cells and crystal violet to dye. In the end, the number of cells 
was computed through ×200 microscope (Olympus Corp). 
Each procedure in this experiment was repeated in triplicate.

2.7  |  5-ethynyl-2`-deoxyuridine 
staining assay

SKOV3 and A2780 cells were plated in 96-well plates 
(5  ×  104 cells/well) with EdU medium diluent. Afterward, 
cells were fixed with 4% paraformaldehyde for half an hour. 
EdU reagent was produced through RiboBio. Then 4',6-diami-
dino-2-phenylindole (DAPI) was utilized to stain the nucleus. 
In the end, a fluorescence microscope (Olympus) was used 
to observe the proliferative situation. Each procedure in this 
experiment was repeated in triplicate.

2.8  |  TdT-mediated dUTP Nick-End 
Labeling staining

After transfection, SKOV3 and A2780 cells were fixed 
with 1% formaldehyde and permeated by Triton X-100. 
Following, dUTP-end labeling from Clontech was utilized 
to treat cells. DAPI was utilized to stain the nucleus. Finally, 
cells were watched via fluorescence microscope (NIKON). 
Each procedure in this experiment was repeated in triplicate.

2.9  |  Flow cytometry analysis

Annexin V-FITC/PI Apoptosis kit was utilized to evalu-
ate cell apoptosis in line with the protocols of suppliers 
(BD Biosciences). Cells were collected after being treated 
with the precooled PBS. Following, they were subjected 
to double-stain at least 15 minutes in dark. Finally, it was 
analyzed through a flow cytometer (BD Biosciences). Each 
procedure in this experiment was repeated in triplicate.

2.10  |  Glucose uptake, lactate 
production, and intracellular ATP

18F-fludeoxyglucose (F-FDG) uptake experiment was uti-
lized to indicate the intracellular glucose uptake levels of 
SKOV3 or A2780 cells. The utilization of 12-well plates 
was to seed cells for cultivating overnight. And the consist-
ence of each well was 1  ×  105 cells. After that, we took 
out the culture medium and rinsed them by PBS. Then, cells 
were cultivated in glucose-free DMEM which included 18F-
FDG at RT. One hour later, cells were rinsed and supple-
mented in 1 mL of 0.5 mol/L NaOH per well for producing 
cell lysates. Following, a well γ-counter was applied for 
detecting the radioactivity of lysates. Besides, the 18F-FDG 
uptake was radioactive readouts normalized to the number 
of cells. With regard to lactate production measurements, 
we gathered cell supernatant for evaluating the lactate con-
centration. And cell pellets was collected to be lysed and 
measured ATP level. Each procedure in this experiment was 
repeated in triplicate.

2.11  |  Subcellular fractionation

In order to isolate the nuclear and cytoplasmic fractions, we 
utilized the Nuclear/Cytosol Fractionation Kit (BioVision). 
Quantitative real-time polymerase chain reaction was con-
ducted to examine the LINC00857 expression in nuclear and 
cytoplasm fractions. U6 and GAPDH served as nuclear and 
cytoplasmic control. Each procedure in this experiment was 
repeated in triplicate.

2.12  |  Fluorescence in situ hybridization

First of all, the fluorescence-conjugated LINC00857 FISH 
probe was synthesized by RiboBio. Then, cell specimens 
were subjected to hybridization with LINC00857 probe. 
Next, they were stained by DAPI dye and observed by a fluo-
rescence microscope. Each procedure in this experiment was 
repeated in triplicate.
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2.13  |  Luciferase reporter assay

LINC00857 or YAP1 fragment which included miR-486-5p 
target sites (wild-type and mutant), was separately inserted into 
the pmirGLO luciferase reporter vector. And we called them 
as LINC00857-WT/Mut and YAP1-WT/Mut. Next, they were 
subjected to co-transfection with miR-486-5p mimics or NC 
mimics into SKOV3 and A2780 cells. Forty-eight hours later, 
the Luciferase Reporter Assay System (Promega) was utilized to 
conduct a luciferase experiment. Each procedure in this experi-
ment was repeated in triplicate.

2.14  |  RNA immunoprecipitation assay

First of all, SKOV3 or A2780 cells were lysed in RNA im-
munoprecipitation (RIP) lysis buffer. Then, cell extract was 
cultivated with RIP buffer. Following, we supplemented 
magnetic beads (Invitrogen) which conjugated with anti-
Ago2 and anti-Immunoglobulin G. Then, they were culti-
vated with protease K. After digestion, immunoprecipitated 
RNA was isolated and examined by qRT-PCR. Each proce-
dure in this experiment was repeated in triplicate.

2.15  |  RNA pull-down assay

Bio-miR-486-5p and Bio-NC were composed through Thermo 
Fisher Scientific. Then, the biotinylated miRNA was sub-
jected to cultivation with cell lysates for one night. Afterward, 
streptavidin magnetic beads were supplemented. In the end, 
qRT-PCR was adopted for evaluating expression levels. Each 
procedure in this experiment was repeated in triplicate.

2.16  |  Statistical analysis

All of the experiments were carried out independently at least 
three times. Data were analyzed utilizing GraphPad Prism 
7.0 (GraphPad Software), and represented as mean  ±  SD. 
Besides, the Student's t test or one-way ANOVA was applied 
to analyze the group differences. The value of P less than .05 
indicated statistical significance.

3  |   RESULTS

3.1  |  LINC00857 accelerates cell 
proliferation, migration, invasion, and glycolysis 
but restrains cell apoptosis in ovarian cancer

Based on the search result of Gene Expression Profiling 
Interactive Analysis (GEPIA), we determined the high level of 

LINC00857 in ovarian cancer tissues with the normal ovarian 
tissues as a negative control (Figure S1A). The upregulation 
of LINC00857 was further determined in 50 ovarian cancer 
tissues by comparing their corresponding non-tumor tissues 
(Figure S1B). Meanwhile, the expression of LINC00857 in 
ovarian cancer cells (SKOV3, Caov3, and A2780) was also 
detected through qRT-PCR analysis. According to the re-
sults, we discovered that LINC00857 was highly expressed 
in ovarian cancer cells, particularly in SKOV3 and A2780 
cells (Figure 1A). Thus, we designed loss-of-function experi-
ments in SKOV3 and A2780 cells. Before that, we knocked 
down LINC00857 in SKOV3 and A2780 cells by transfect-
ing with LINC00857-specific shRNAs and tested the inter-
ference efficiency through qRT-PCR analysis (Figure  1B). 
The expression of LINC00857 was exactly reduced after 
the knockdown. Following, CCK-8 assay revealed that the 
cell viability was impaired after the silencing of LINC00857 
(Figure S1C). EdU assays indicated that cell proliferation ca-
pability was significantly repressed by silenced LINC00857 
(Figure  1C). Then transwell assays also displayed that the 
migration and invasion capabilities of SKOV3 and A2780 
cells were hampered when LINC00857 was knocked down 
(Figure 1D,E). Subsequently, the apoptosis ability was accel-
erated after the knockdown of LINC00857 (Figure 1F,G). As 
we all know, glycolysis has a crucial influence on cell prolif-
eration.19 Thus, we wanted to know if LINC00857 could reg-
ulate the glycolysis process. We detected the F-FDG uptake, 
lactate release, and ATP production level in SKOV3 and 
A2780 cells and the results indicated that the levels of F-FDG 
uptake, lactate release, and ATP production were decreased 
by silenced LINC00857, demonstrating that the knockdown 
of LINC00857 could restrain glycolysis (Figure 1H). Overall, 
LINC00857 accelerates cell growth, migration, and glycoly-
sis in ovarian cancer.

3.2  |  LINC00857 inactivates the Hippo 
signaling pathway and YAP1 acts as an 
oncogene in ovarian cancer

Previous studies have indicated that glycolysis is closely re-
lated to the Hippo signaling pathway,20 so we speculate 
whether LINC00857 can regulate the Hippo signaling path-
way. Researches have demonstrated that the inactivation of the 
Hippo pathway can downregulate MST1/LATS1 and upregu-
late YAP1. By the way, YAP1 is a crucial downstream mol-
ecule of the Hippo pathway, which involves in the occurrence 
and development of malignant tumors.16 Here, we designed ex-
periments to evaluate the correlation of LINC00857 and Hippo 
signaling pathway. First of all, the expression of YAP1 was high 
in ovarian cancer cells, particularly in SKOV3 and A2780 cells 
(Figure 2A). Then we overexpressed LINC00857 in SKOV3 
and A2780 cells and tested the overexpression efficiency 
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through qRT-PCR analysis (Figure 2B). LINC00857 expres-
sion was elevated in SKOV3 and A2780 cells after transfec-
tion. Subsequently, we tested the expressions of YAP1, MST1, 
and LATS1 in the condition of LINC00857 depletion and 
LINC00857 overexpression, respectively, through qRT-PCR 
analysis (Figure 2C). The results indicated that the expressions 
of YAP1 were inhibited by LINC00857 depletion but accel-
erated by LINC00857 overexpression. In contrast, the expres-
sions of MST1 and LATS1 were promoted when LINC00857 
was silenced and overexpression of LINC00857 could repress 
their expressions. Thus, we proved that LINC00857 inacti-
vated the Hippo pathway in ovarian cancer. Next, we began to 
investigate the functions of YAP1 in ovarian cancer. After we 
knocked down YAP1 expression in SKOV3 and A2780 cells, 

EdU assays were conducted to measure the influence of silenc-
ing YAP1 on cell proliferation (Figure 2D,E). The results illus-
trated that YAP1 deficiency led to the notable reduction of cell 
proliferation. Then through transwell assays, we discovered 
that cell migration and invasion capabilities were restrained 
when YAP1 was knocked down (Figure 2F,G). Moreover, it 
was reflected through TUNEL and flow cytometry assay that 
cell apoptosis ability could be expedited by YAP1 deficiency 
(Figure 2H,I). Meanwhile, F-FDG uptake, lactate release, and 
ATP production level were also hampered by YAP1 depletion, 
indicating that the knockdown of YAP1 could repress glycoly-
sis (Figure 2J-L). Taken together, LINC00857 inactivates the 
Hippo signaling pathway and YAP1 acts as the oncogene in 
ovarian cancer.

F I G U R E  1   LINC00857 accelerates cell proliferation, migration, invasion, and glycolysis but restrains cell apoptosis in ovarian cancer. A, 
LINC00857 expression in ovarian cancer was tested through quantitative real-time polymerase chain reaction (qRT-PCR). B, The qRT-PCR assay 
tested the knockdown efficiency of LINC00857 expression in SKOV3 and A2780 cells. C, EdU assay was utilized to evaluated cell proliferation 
in SKOV3 and A2780 cells which were transfected sh-LINC00857. D and E, The migration and invasion capabilities of SKOV3 and A2780 cells 
were measured by transwell assay when LINC00857 was subjected to knockdown. F and G, TUNEL and cytometry assays were conducted to test 
cell apoptosis after silencing LINC00857. H, The F-FDG uptake, lactate release, and ATP production level were detected in SKOV3 and A2780 
cells. *P < 0.05, **P < 0.01
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3.3  |  LINC00857 regulates YAP1 by 
competitively binding to miR-486-5p in 
ovarian cancer

In order to further investigate the regulatory mechanisms of 
LINC00857 in ovarian cancer, we first tested the distribution 
of LINC00857 in SKOV3 and A2780 cells through FISH and 
subcellular fractionation assays (Figure 3A,B). Accordingly, 
LINC00857 was discovered to take a larger proportion in 

the cytoplasm of SKOV3 and A2780 cells, which indicated 
the post-transcriptional regulation of LINC00857 in ovarian 
cancer. An increasing number of researches indicated that 
competing endogenous RNA (ceRNA) network could regu-
late the progression of cancers. Thus, we conjectured whether 
LINC00857 could serve as a ceRNA to modulate downstream 
mRNA by competitively binding to miRNA at post-transcrip-
tional level. RIP assays further validated that LINC00857 
was enriched in Ago2, indicating that LINC00857 may exert 

F I G U R E  2   LINC00857 inactivates the Hippo signaling pathway and YAP1 acts as an oncogene in ovarian cancer. A, The expression of 
YAP1 was detected through quantitative real-time polymerase chain reaction (qRT-PCR) in SKOV3 and A2780 cells. B, The qRT-PCR assay was 
conducted to test the overexpression efficiency of LINC00857 in SKOV3 and A2780 cells via qRT-PCR. C, The expressions of YAP1, MST1, and 
LATS1 in the condition of LINC00857 depletion and LINC00857 overexpression were detected respectively through qRT-PCR analysis. D, The 
knockdown efficiency of YAP1 in SKOV3 and A2780 cells was tested by qRT-PCR. E, Cell proliferation was tested by EdU assays when YAP1 
was silenced. F and G, Transwell assays were utilized to measure cell migration and invasion after inhibiting YAP1. H and I, TUNEL and flow 
cytometry assays were implemented to evaluate cell apoptosis when YAP1 was knocked down. J-L, The F-FDG uptake, lactate release, and ATP 
production level were detected in SKOV3 and A2780 cells after silencing YAP1. *P < 0.05, **P < 0.01
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the ceRNA function to sponge miRNA (Figure  3C). Then 
miRDB was utilized to screen out the collective possible miR-
NAs which had the binding sites with both of LINC00857 
and YAP1 (Figure 3D). Four miRNAs were discovered and 
subjected to qRT-PCR analysis in ovarian cancer cells for 
further screening (Figure 3E). Through the results, we deter-
mined that miR-486-5p presented the lowest level in ovarian 
cancer cells. Next, miR-486-5p was overexpressed by trans-
fecting with miR-486-5p mimics in SKOV3 and A2780 cells 
(Figure  3F). The correlation of miR-486-5p and YAP1 was 

detected through qRT-PCR analysis. As a result, we discov-
ered that YAP1 expression was declined when miR-486-5p 
was overexpressed (Figure 3G). Then RIP assay demonstrated 
that YAP1 and miR-486-5p were enriched in the Ago2 group, 
indicating that LINC00857, YAP1, and miR-486-5p coex-
isted in RISC (Figure 3H). Following, RNA pull-down assays 
also validated the combination of miR-486-5p with YAP1 or 
LINC00857 (Figure  3I). Using the starBase website (http://
starb​ase.sysu.edu.cn/index.php), we obtained the binding 
sites of LINC00857 or YAP1 in the miR-486-5p seed region 

F I G U R E  3   LINC00857 regulates YAP1 by competitively binding to miR-486-5p in ovarian cancer. A and B, The distribution of LINC00857 
was tested through FISH and subcellular fractionation assays. C, RIP experiment was adopted to detect the enrichment of LINC00857 in Ago2. 
D, The possible miRNAs were screened out through miRDB. E, The expressions of four miRNAs (miR-4709-3p, miR-486-5p, miR-450b-5p, and 
miR-4516) in ovarian cancer cells were detected. F, The overexpression efficiency of miR-486-5p in SKOV3 and A2780 cells was tested through 
quantitative real-time polymerase chain reaction (qRT-PCR). G, The expression of YAP1 was tested through qRT-PCR after overexpressing 
miR-486-5p. H, RIP assay detected the binding situation of YAP1 and miR-486-5p. I, RNA pull-down assay was utilized to prove the combination 
of LINC00857, YAP1, and miR-486-5p. J, The binding sites between LINC00857 and miR-486-5p as well as the binding sites between YAP1 
and miR-486-5p. K, Luciferase reporter assays were utilized to prove the interaction of LINC00857, YAP1, and miR-486-5p. L, The knockdown 
efficiency of miR-486-5p was tested through qRT-PCR. M, The expression of YAP1 was tested when LINC00857 and miR-486-5p were inhibited. 
**P < 0.01

http://starbase.sysu.edu.cn/index.php
http://starbase.sysu.edu.cn/index.php
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(Figure 3J). After that, luciferase reporter assays indicated that 
the luciferase activities of LINC00857-WT and YAP1-WT 
were hampered in cells with ectopic expression of miR-486-5p 
(Figure 3K). These experiments proved that LINC00857 could 
sponge miR-486-5p which directly targets to YAP1. Then 
qRT-PCR analysis was implemented to determine the interfer-
ence efficiency of miR-486-5p (Figure  3L). Meanwhile, we 
tested the influence of LINC00857 inhibition and miR-486-5p 
on the expression of YAP1 (Figure 3M). We discovered that 
YAP1 expression could be reduced by LINC00857 defi-
ciency but then recovered by miR-486-5p inhibition. Overall, 
LINC00857 regulates YAP1 by competitively binding to miR-
486-5p in ovarian cancer.

3.4  |  MiR-486-5p restrains cell progression 
in ovarian cancer

Next, the biological functions of miR-486-5p in ovarian 
cancer cells were investigated. Through EdU assays, we dis-
covered that cell proliferation ability was restrained when 
miR-486-5p was overexpressed (Figure  4A). Then it was 
demonstrated through transwell assays that cell migration and 
invasion capabilities were suppressed when miR-486-5p was 
upregulated (Figure 4B,C). It was illustrated by TUNEL and 
flow cytometry assay that cell apoptosis could be accelerated 
by miR-486-5p overexpression (Figure  4D,E). In addition, 
F-FDG uptake, lactate release, and ATP production level were 

F I G U R E  4   MiR-486-5p restrains cellular processes in ovarian cancer. A, Cell proliferation was measured by EdU assays when miR-486-5p 
was overexpressed. B and C, Transwell assays were adopted to estimate cell migration and invasion after overexpressing miR-486-5p. D and E, 
TUNEL and flow cytometry assays were carried out for evaluating cell apoptosis when miR-486-5p was upregulated. F-H, The F-FDG uptake, 
lactate release, and ATP production level were detected in SKOV3 and A2780 cells after overexpressing miR-486-5p. **P < 0.01
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evaluated and we found that they were hampered by the en-
hanced level of miR-486-5p, demonstrating that the upregula-
tion of miR-486-5p could repress glycolysis (Figure 4F-H). In 
short, miR-486-5p restrains cell proliferation and migration, 
but expedites cell apoptosis in ovarian cancer.

3.5  |  LINC00857 accelerates ovarian cancer 
progression and glycolysis via regulating YAP1

Finally, we probed whether LINC00857 could aggra-
vate ovarian cancer progression and glycolysis via target-
ing miR-486-5p/YAP1 axis through rescue assays. First, 

we transfected pcDNA3.1/YAP1 into SKOV3 and A2780 
cells to elevate YAP1 expression (Figure 5A; Figure S1D). 
Through EdU assays, we identified that the overexpression 
of YAP1 counteracted the repressed effect of LINC00857 
deficiency on cell proliferation in SKOV3 and A2780 cells 
(Figure  5B). Following, the transwell assay demonstrated 
that the upregulation of YAP1 recovered the inhibitory func-
tion of LINC00857 depletion on cell migration and invasion 
(Figure 5C,D). In addition, through TUNEL and flow cytom-
etry assay, we discovered that cell apoptosis ability could 
be accelerated by silenced LINC00857 but then reversed 
by overexpressed YAP1 (Figure  5E,F). In the end, it was 
also illustrated that all of the F-FDG uptake, lactate release, 

F I G U R E  5   LINC00857 accelerates ovarian cancer progression and glycolysis via regulating YAP1. A, The quantitative real-time polymerase 
chain reaction was utilized to test the overexpression efficiency of YAP1 in SKOV3 and A2780 cells. B, Cell proliferation capability was evaluated 
by EdU assay in transfected cells. C and D, Transwell assays were conducted to evaluate the migration and invasion capabilities of transfected 
cells. E and F, Cell apoptosis was tested through TUNEL and flow cytometry experiments in different groups (G-I) The F-FDG uptake, lactate 
release, and ATP production level were detected in transfected cells. **P < 0.01
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and ATP production level were declined when LINC00857 
was inhibited, but overexpression of YAP1 could offset the 
inhibitory function. It indicated that the inhibited glycoly-
sis ability could be recovered by the upregulation of YAP1 
(Figure 5G-I). In summary, LINC00857 accelerates ovarian 
cancer progression and glycolysis via regulating YAP1.

4  |   DISCUSSION

Ovarian cancer is one of the most common female can-
cers with high morbidity and mortality. So far, its specific 
pathogenesis has not been studied clearly, so it is neces-
sary to explore the relevant molecular mechanisms in 
ovarian cancer. An increasing number of researches have 
indicated that plenty of lncRNAs are discovered to be ab-
normally expressed in ovarian cancer, and these lncRNAs 
can serve as ceRNAs. The CeRNA network has been dis-
covered to be a regulatory mechanism in cancer in recent 
years. It means that lncRNA can sponge miRNA to release 
the mRNA expression by acting as ceRNA. For example, 
MLK7-AS1 regulates the miR-375/YAP1 axis to promote 
the progression of ovarian cancer.21 LINC00152 expedites 
cell proliferation by binding with miR-125b to release 
MCL-1 in ovarian cancer.22 Moreover, Pro-transition as-
sociated RNA facilitates epithelial-mesenchymal transition 
(EMT) progression in ovarian cancer through sequestering 
miR-101-3p to increase the level of ZEB1.23 Meanwhile, 
LINC00857 has been confirmed to exert the function of 
oncogene in esophageal adenocarcinoma,12 lung cancer,13 
etc. In our research, the expression of LINC00857 in ovar-
ian cancer cells was dramatically upregulated. Function 
assay demonstrated that LINC00857 depletion effectively 
restrained cell proliferation, migration, invasion as well as 
glycolysis in ovarian cancer cells. All of these experiments 
represented that LINC00857 could accelerate the progres-
sion of ovarian cancer.

A flow of researches has indicated that lncRNAs can exert 
their functions through sponging miRNAs.24,25 Previous re-
searches have unmasked that miR-486-5p elicits a repressive 
effect on tumor progression. For example, miR-486-5p re-
presses Dock1 and inhibits IL-22-induced EMT processes.26 
MiR-486-5p suppresses non-small cell lung cancer progres-
sion.27 In our study, bioinformatics prediction and mechanism 
investigation were implemented and we confirmed that miR-
486-5p can bind with LINC00857 in ovarian cancer. And 
miR-486-5p restrains cellular processes in ovarian cancer.

Moreover, mechanism assays also proved that YAP1 was 
the target of miR-486-5p. YAP1 confirmed to be an on-
cogene in some cancers through plenty of researches.28-30 
What is more, YAP1 acted as a crucial downstream gene of 
the Hippo pathway. Thus, we investigated the correlation be-
tween the Hippo pathway and LINC00857. We detected the 

level of MST1 and LATS1, which were also the important 
factors in the Hippo pathway, in ovarian cancer cells. And 
we discovered that the expressions of MST1 and LATS1 
were promoted when LINC00857 was silenced and over-
expression of LINC00857 could repress their expressions. 
Thus, we proved that LINC00857 inactivated the Hippo 
pathway in ovarian cancer. In conclusion, LINC00857 regu-
lates ovarian cancer progression and glycolysis via sponging 
miR-486-5p to upregulate YAP1 by modulating the Hippo 
signaling pathway, which may provide the new idea for cur-
ing ovarian cancer.
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