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Background: Long non-coding RNAs (lncRNAs) have been reported to play crucial

regulatory roles in cellular activities and are associated with the carcinogenesis of various

diseases. OIP5-AS1, as a novel lncRNA, function in epithelial ovarian cancer (EOC) still

remains unclear.

Material and Methods: qRT-PCR and Western blot analyses were performed to measure

relevant expression, as needed. A series of functional experiments were performed to

determine the role of OIP5-AS1 in EOC cells. Luciferase report, RNA pull down and RIP

assays were performed to testify the interaction between relevant RNAs.

Results: We found that OIP5-AS1 was significantly overexpressed in EOC. Knockdown of

OIP5-AS1 inhibited cell proliferation, migration, invasion and epithelial–mesenchymal tran-

sition (EMT) process, yet facilitated apoptosis in vitro. OIP5-AS1 functioned as a competing

endogenous RNA (ceRNA) to elevate ZNF217 expression through sponging miR-137.

Furthermore, miR-137 inhibition and ZNF217 upregulation can reverse the effects of silen-

cing OIP5-AS1 on the cellular activities of ovarian cancer cells. Also, depleted OIP5-AS1

hindered tumor growth and metastasis in vivo.

Conclusion: OIP5-AS1 regulated ovarian cancer progression via modulating miR-137/

ZNF217 signaling, suggesting that targeting OIP5-AS1 could be conducive to EOC clinical

treatment.
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Introduction
Epithelial ovarian cancer (EOC) is one of the most common gynecological malig-

nancies in women around forty.1 It is one of the deadliest gynecological malig-

nancies in the United States. According to statistics published in 2018, there are

approximately over 22,000 diagnosis cases and 14,000 EOC-related deaths in the

United States each year, and less than 50% of patients could survive more than 5

years.2 The high mortality is associated with the inconspicuous symptoms at early

phase and frequent spread of metastases at advanced phase.3 Therefore, exploring

the molecular mechanism behind EOC carcinogenesis and progression is of vital

significance.

The majority transcripts in human genome are non-coding RNAs (ncRNAs),

while only approximately 2% of these transcripts are protein-code genes. Among

the numerous ncRNAs, lncRNAs, which are over 200 nucleotides (nt) in length,

were presumed as “transcription noise”. However, lncRNAs have been discovered

as key regulators in biological processes for its diverse regulatory mechanism.

Accumulating studies have manifested that lncRNAs are associated with multiple
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biological activities, including cell proliferation, apoptosis,

invasion and migration.4,5 Furthermore, dysregulated

lncRNAs have been found to be correlated with tumor

progression and poor prognosis outcome.6,7

The competing endogenous theory has revealed that

lncRNAs can function as a competing endogenous RNA

(ceRNA) to bind with miRNA and reverse the inhibiting

effect of the miRNA on target gene. Opa-interacting pro-

tein 5 antisense RNA 1 (OIP5-AS1), a novel identified

long intergenic noncoding RNA, has been studied in sev-

eral cancers. It has been found to be overexpressed in

some tumor tissues and predict unfavorable prognosis in

tumors. For example, OIP5-AS1 is significantly up-

regulated in lung cancer tissues and is positively correlated

with tumor growth speed and tumor size.8 In addition,

mechanically, OIP5-AS1 can target SOX2 via acting as

miR-129-5p sponge in breast cancer.9 These findings sug-

gested that OIP5-AS1 could function as an oncogene in

the development of cancers. However, the underlying role

and mechanism of OIP5-AS1 in EOC has not been learned

yet. This study aimed to determine the biological role of

OIP5-AS1 in EOC progression.

Materials and Methods
Human Samples
Forty OC tissues and adjacent healthy tissues were gathered

from June 2013 toMay 2018 from First Affiliated Hospital of

Jinzhou Medical University. Before surgery, no patients

acquired any therapy. Permission of the guide was provided

by Institutional Review Committee of First Affiliated

Hospital of Jinzhou Medical University, with the approval

numbered JZ-19-25. Every participant signed informed con-

sent prior to surgery. When the surgical resection was over,

tissues were frozen in liquid nitrogen and stored at −80°C in

requirements. The relationship between the expression of

OIP5-AS1 and EOC clinicopathologic characteristics was

provided in Supplementary Table 1.

Cell Culture
Human ovarian epithelial cell (IOSE) and ovarian cancer

cells (HEY, A2780, SKOV3, OVCAR3) were bought from

Chinese Academy of Sciences (Beijing, China) and cultured

in DMEM (Invitrogen, Carlsbad, CA, USA) which was

mixed with 10% fetal bovine serum (FBS; Invitrogen), 1%

penicillin and streptomycin (Sigma-Aldrich, Milan, Italy).

Besides, an incubator containing 5% CO2 was employed at

37°C. HEY and OVCAR-3 represent high grade ovarian

serous adenocarcinoma; A2780 is representative of ovarian

endometrioid adenocarcinoma; SKOV3 is representative of

ovarian serous cystadenocarcinoma.

Cell Transfection
Specific shRNAs targeting OIP5-AS1 (shOIP5-AS1#1/#2)

and their corresponding NC (shCtrl) were synthesized by

GenePharma (Shanghai, China). The shRNAs were

designed against sequences shared by all transcript variants

of OIP5-AS1. To overexpress ZNF217 expression, the full-

length cDNA sequence of ZNF217 was amplified by PCR

and then sub-cloned into pcDNA3.1 vector (GenePharma),

termed pcDNA3.1/ZNF217. The empty pcDNA3.1 vector

was used in control group. The miR-137 mimics, miR-137

inhibitor, NC mimics and NC inhibitor were gained from

GenePharma, too. Each plasmid was stably transfected into

SKOV3 and OVCAR3 cells using Lipofectamine 2000

(Invitrogen). The stable cells selected using G418

(Clontech, CA, USA) were collected for the following use.

qRT-PCR
The extraction of total RNA was performed utilizing

TRIzol reagent (Invitrogen). Total RNA was reverse-

transcribed into cDNA via Reverse Transcription Kit.

Then, RT-qPCR was progressed using a SYBR Green

PCR kit (QIAGEN, Shanghai, China) and carried out in

Bio-Rad CFX96 system. Fold-changes were calculated

with utilization of 2−ΔΔCt method and GAPDH/U6 was

the internal references. Sequences of relative PCR primers

are provided in Supplementary Table 2.

Cell Counting Kit-8 (CCK-8) Assay
Briefly, SKOV3 and OVCAR3 cells were loaded in fresh

96-well plates and cultured for 24, 48, 72 and 96 h. 10 µL

CCK-8 solution was added for incubating for another

4 h. Absorbance was determined at 450 nm via

a microplate reader (Olympus, Tokyo, Japan).

EdU Incorporation Assay
SKOV3 and OVCAR3 cells were loaded into 24-well

plates and incubated for 48 h. After incubation with

EdU, cells were fixed with 4% paraformaldehyde

(Solarbio, Beijing, China) and dyed by Apollo Dye

Solution. Nucleic acid was stained by the utilization of

DAPI (Invitrogen). Images were captured with an inverted

fluorescence microscope (Olympus).
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Flow Cytometry Analysis
The FITC Annexin V/Dead Cell Apoptosis Kits

(Invitrogen) were used in this experiment. Following cul-

tivation for 24 h, transfected SKOV3 and OVCAR3 cells

were collected and washed twice using PBS (Sigma-

Aldrich). Next, 5 μL of FITC annexin V plus I μL PI

solution were added. Upon 15 min of incubation, flow

cytometry was chosen for analyzing the stained cells.

Transwell Assay
In migration assay, the top compartments were added with

transfected SKOV3 and OVCAR3 cells, while the lower

chambers were full of medium with 10% FBS; 24 h later,

cells were immobilized by methanol (Sigma-Aldrich) and

dyed in crystal violet (Sigma-Aldrich). Furthermore, under

a microscope (Olympus), cells in 5 randomly selected

fields were counted. As for invasion assay, the top cham-

bers were pre-coated with Matrigel, and the other proce-

dures were in accordance with the migration assay.

Western Blot
Total protein was extracted from cells which were lysed by

RIPA lysis buffer containing protease inhibitors. The total

protein were quantified and then separated by 12% SDS-

PAGE. After moving proteins to PVDF membranes, 5% fat-

free milk was employed to seal the membranes, which were

further culturedwith the corresponding primary antibodies and

secondary antibodies. Antibodies against ZNF217 (ab136678,

1:2000), E-cadherin (ab40772, 1:10,000), N-cadherin

(ab202030, 1:2000), Vimentin (ab193555, 1:2000), Slug

(ab51772, 1:1000), Twist (ab187008, 1:2000) and GAPDH

(ab8245, 1:10,000) were all from Abcam (Cambridge, UK).

GAPDHserved as internal control. Furthermore, protein bands

were detected by chemiluminescence detection system.

Subcellular Fractionation
RNAs from SKOV3 and OVCAR3 cells were isolated

using the PARIS kit (Invitrogen) for nuclear and cytoplas-

mic fraction separation. RNA expression level of OIP5-

AS1 in nuclear and cytoplasmic fractions was assayed

through qRT-PCR. GAPDH and U6 were seen as the

cytoplasmic and nuclear controls, respectively.

Fluorescence in situ Hybridization (FISH)

Assay
SKOV3 and OVCAR3 cells were added to 24-well plates

before being rinsed with PBS, along with fixation by using

4% formaldehyde, followed by permeabilized in 70%

ethanol. Later, cells were cleaned with PBS twice and

then hybridization solution with fluorescently labeled

OIP5-AS1 probe was added for further incubation over-

night. Following washing using saline-sodium citrate

(SSC; Sigma-Aldrich), cells were dyed in DAPI and

finally photographed via a fluorescence microscope

(Olympus).

RNA Pull Down Assay
The wild type or mutated sequences of OIP5-AS1 (OIP5-

AS1-WT, OIP5-AS1-MUT) with or without miR-137 bind-

ing sites were synthesized for RNA pull down assay. The

OIP5-AS1-Wt, OIP5-AS1-Mut and the nonsense RNA

sequences (negative control) were labeled with the Biotin

into Bio-OIP5-AS1-WT, Bio-OIP5-AS1-MUT and Bio-NC,

respectively. Cell lysates of SKOV3 and OVCAR3 cells

were incubated with above biotin-labelled RNAs and strep-

tavidin beads (Invitrogen) overnight. qRT-PCR was used to

analyze expression levels of various miRNAs.

Luciferase Reporter Assay
The wild-type and mutant binding sites of miR-137 in

OIP5-AS1 sequence or ZNF217 3ʹUTR were sub-cloned

into pmirGLO dual-luciferase vector to construct OIP5-

AS1-WT/MUT or ZNF217-WT/MUT and then co-

transfected with miR-137 mimics or NC mimics into

SKOV3 and OVCAR3 cells, appropriately. Finally, the

luciferase activity was examined by dual luciferase system

(Promega, Madison, WI, USA).

RNA Immunoprecipitation (RIP) Assay
The experiment was achieved utilizing the Magna RNA-

binding protein immunoprecipitation kit (Invitrogen).

Magnetic beads covering anti-IgG or anti-Ago2 were

used for culturing lysates in RIP buffer. The normal IgG

was negative control. Afterwards, the immunoprecipitated

RNAs were detected by qRT-PCR.

Tumor Growth and Metastasis in Nude

Mice
Nude mice were purchased from Shi Laike Company

(Shanghai, China). The stably transfected SKOV3 cells

(a pool of 1×107 cells) were injected subcutaneously into

the axilla of nude mice. Tumor growth was observed by

recording tumor volume based on the width and length

every 4 days, and the calculating formula was: volume =
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length × width2 × 0.5. Four weeks later, the mice were

euthanized and the tumor was weighed and measured. In

the liver metastasis study, a pool of 2 × 107 stably trans-

fected SKOV3 cells (with shCtrl or shOIP5-AS1#1) were

injected into the tail vein of nude mice. Eight weeks later,

mice were killed via cervical decapitation. Livers were

surgically excised and fixed in formalin for further analy-

sis. The welfare of animals applied in this study followed

the Animals in Research: Reporting In Vivo Experiments

(ARRIVE) guideline. The experiment was approved by the

Ethics Committee for Animal Research of First Affiliated

Hospital of Jinzhou Medical University with the protocol

approval number of JZ-19-25.

Hematoxylin-Eosin (HE) Staining
The liver tissues obtained from mice in the in vivo metas-

tasis experiment were fixated by 4% paraformaldehyde

and then embedded via paraffin. Thereafter, tissues were

cut into 3–5μm slices, and then the slices were processed

with hematoxylin- and eosin-staining of nucleus and cyto-

plasm, respectively. Finally, the images were captured

under a microscope.

Statistical Analysis
Data were expressed as means ± SD. We performed sta-

tistical analysis by use of Prism 5 software (Graph-Pad

Software, La Jolla, CA, USA). The significance of differ-

ences between groups was estimated by Student’s t-test or

one-way/two-way ANOVA. Correlations between mole-

cules were estimated by Pearson’s correlation analysis.

P < 0.05 was defined to have statistical significance.

Experiments were run thrice.

Results
OIP5-AS1 is Highly Expressed in EOC

and Knockdown of OIP5-AS1 Can Inhibit

the Malignant Behaviors of EOC Cells
To investigate the expression profile of OIP5-AS1 in EOC,

40 pairs of EOC tissue and adjacent non-tumor tissue

specimens were collected. We found that OIP5-AS1 was

notably up-regulated in EOC tissues than in non-cancerous

tissues (Figure 1A). qRT-PCR also showed an aberrant up-

regulation of OIP5-AS1 in EOC cell lines (HEY, A2780,

SKOV3 and OVCAR3) compared with normal IOSE cells

(Figure 1B). Loss-of-function experiments were done after

ensuring the knockdown effects of shOIP5-AS1#1/2 plas-

mids (Figure 1C). CCK8 and EdU assays showed that

knockdown of OIP5-AS1 significantly impaired EOC cell

viability (Figure 1D). After calculating the EdU positive

rate, we confirmed that OIP5-AS1 deficiency suppressed

cell proliferation (Figure 1E). Next, flow cytometry was

performed to study the influence of OIP5-AS1 inhibition

on cell apoptosis. We found a significant increase in apop-

totic cells by OIP5-AS1 depletion (Figure 1F). Likewise,

restraining OIP5-AS1 decreased the number of invaded

and migrated cells (Figure 1G and H). Epithelial-

mesenchymal transition (EMT) is a crucial phase that

enables tumor cell migration and metastasis in EOC.10,11

Western blot revealed that silencing OIP5-AS1 notably

increased the level of E-cadherin, while decreased the

level of N-cadherin, Vimentin, Slug and Twist (Figure

1I). These functional experiments demonstrated that OIP5-

AS1 was an oncogene in EOC.

OIP5-AS1 Acts as miR-137 Sponge in

EOC
Then, we wondered if OIP5-AS1 could act as a miRNA

sponge in EOC. We narrowed the scope of the combinable

miRNAs for OIP5-AS1 on starBase database (strict strin-

gency ≥5 in Clip data, low stringency in degradome data ≥1,

and 8 cancer types in Pan-cancer). Three miRNAs (miR-141-

3p, miR-2682-5p and miR-137) were revealed to bind to

OIP5-AS1. qRT-PCR was used to detect their expression in

EOC tissues and matched non-tumor tissues. As a result,

MiR-137 exhibited a significant down-regulation in EOC

tissues compared with normal tissues (Figure 2Aa). No sig-

nificant expression difference of miR-2682-5p between

tumor tissues and normal tissues was identified (Figure

2Ab). MiR-141-3p possessed a significant overexpression

in tumor tissues relative to matched control tissues (Figure

2Ac), which was in line with the expression tendency of

OIP5-AS1. Besides, Pearson’s correlation analysis mani-

fested a negative correlation between the expression levels

of miR-137 and OIP5-AS1 in EOC tissues (Figure 2B). We

also observed a significant down-regulated expression of

miR-137 in EOC cell lines (Figure 2C). Therefore, we

selected miR-137 as the miRNA downstream of OIP5-AS1

in EOC. Subcellular fractionation and FISH assays demon-

strated that OIP5-AS1 was principally situated in cytoplasm

(Figure 2D). Next, we obtained potential binding sites

between miR-137 and OIP5-AS1 by using starBase (Figure

2E). Dual luciferase reporter assays were conducted to verify

the combination between OIP5-AS1 and miR-137. We found

that miR-137 mimics sharply decreased the luciferase
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activity of OIP5-AS1-WT, instead of OIP5-AS1-MUT

(Figure 2F). RNA pull down assay showed enriched miR-

137 in biotinylated OIP5-AS1-WT group (Figure 2G).

Collectively, we concluded that miR-137 was down-

regulated in EOC tissues and cells and could bind to OIP5-

AS1.

Next, we silenced miR-137 expression by using miR-

137 inhibitor, and identified that miR-137 inhibition had

no influence on OIP5-AS1 expression (Figure 2H). OIP5-

AS1 knockdown inhibited cell viability while miR-137

knockdown elevated cell viability in SKOV3 and

OVCAR3 cells, and the suppressive effects of OIP5-AS1

knockdown on cell viability were restored by further inhi-

bition of miR-137 (Figure 2I). Flow cytometry result

demonstrated that apoptotic cells increased after silencing

OIP5-AS1 but decreased after silencing miR-137, while

co-transfecting with miR-137 inhibitor recovered OIP5-

AS1 depletion-accelerated apoptosis (Figure 2J). Apart

from this, miR-137 inhibition promoted cell migration

and invasion, as well as reversed the anti-migration and

anti-invasion ability of shOIP5-AS1#1 (Figure 2K and L).

Moreover, miR-137 inhibitor accelerated cell EMT pro-

cess and could offset the suppressive effects of OIP5-AS1

knockdown on cell EMT process as well (Figure 2M).

Based on these findings, miR-137 inhibitor played an

oncogenic role and rescued the anti-cancer ability of

silenced OIP5-AS1. In other words, OIP5-AS1 regulated

EOC progression via sponging miR-137.

OIP5-AS1 Positively Regulates ZNF217

via Competitively Binding to miR-137
We have proved that OIP5-AS1 could bind with miR-137,

whether OIP5-AS1 impacted downstream target gene of

miR-137 still needed to be investigated. We narrowed the

range of the combinable mRNAs for miR-137 from starBase

(medium stringency ≥2 on clip data, low stringency on

degradome data, 6 cancer types in Pan-cancer and selecting

miRmap, PITA, miRanda, PicTar and TargetScan). Thirteen

mRNAs were identified. Then, we used miR-137 mimics to

study its effects on expression of the thirteen mRNAs. The

overexpression effect of miR-137 mimics was verified by

qRT-PCR (Figure 3A). We noticed that over-expression of

Figure 1 LncRNA OIP5-AS1 is abnormally up-regulated in EOC tissues and cell lines, and knockdown of OIP5-AS1 inhibits EOC malignant behaviors in vitro. (A) qRT-PCR

analysis was performed to examine OIP5-AS1 expression in EOC tissues and normal tissues. (B) qRT-PCR assay was performed in one normal cell line (IOSE) and four EOC

cell lines (HEY, A2780, SKOV3 and OVCAR3). (C) The knockdown effects of shOIP5-AS1#1/2 were ensured by qRT-PCR. (D, E) CCK8 and EdU assays were performed to

assess cell viability and proliferation. (F) Flow cytometry analysis was performed to evaluate cell apoptosis. (G, H) Transwell assays were conducted to assess cell migration

and invasion ability. (I) Western blot measured the EMT-related protein levels after silencing OIP5-AS1 or not. *P < 0.05, **P < 0.01.
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miR-137 caused significant down-regulation of ZNF217

whereas had no or limited impacts on the expression of

other candidates (Figure 3B). Thus, we selected ZNF217

as the focus of subsequent research. We performed qRT-

PCR to investigate the relative expression of ZNF217 in

EOC tissues and cell lines. Results exhibited an evident up-

regulation of ZNF217 in EOC tissues and cell lines com-

pared with corresponding controls (Figure 3C and D). Then,

we obtained putative binding site of miR-137 within 3ʹUTR

of ZNF217 from starBase (Figure 3E). From luciferase

report assay, we observed that miR-137 mimics could sig-

nificantly attenuate the luciferase activity of ZNF217-WT

Figure 2 OIP5-AS1 can function as miR-137 sponge. (A) qRT-PCR analysis was performed to investigate the relative expression of miR-137 (a), miR-2682-5p (b) and miR-

141-3p (c) in EOC tissues. (B) Pearson correlation assay was performed to investigate the correlation between expression of miR-137 and OIP5-AS1 in EOC tissues. (C)

The expression of miR-137 between EOC cell lines and normal ones. (D) Subcellular fractionation and FISH assays were used to determine the location of OIP5-AS1. (E)
Potential binding sites between OIP5-AS1 and miR-137. (F, G). Luciferase reporter and RNA pull down assays verified the interaction between OIP5-AS1 and miR-137. (H)

The relative expression of miR-137 and OIP5-AS1 after transfecting miR-137 mimics was assessed by qRT-PCR. (I) CCK8 assay was performed to assess cell viability. (J).
Flow cytometry analysis was used to detect cell apoptosis. (K, L) Transwell assays were used to evaluate cell migration and invasion, respectively. (M) Western blot was

performed to measure the expression of EMT-related proteins. **P < 0.01.

Abbreviation: n.s., no significance.
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(Figure 3F). RIP assay further certified the abundant enrich-

ments of miR-137, ZNF217and OIP5-AS1 in Ago2-

precipitated RISCs (RNA induced silence complexes)

(Figure 3G). More significantly, ZNF217 expression was

hampered by OIP5-AS1 deficiency as well as by miR-137

suppression (Figure 3H). Further, the lessened ZNF217 level

caused by suppressed OIP5-AS1 was reversed after inhibit-

ing miR-137 (Figure 3I). Altogether, OIP5-AS1 served as

a ceRNA against miR-137 to up-regulate ZNF217.

ZNF217 Exerts a Pro-Tumor Function in

EOC
Further, we sought to examine the function of ZNF217 in

malignant behaviors of EOC cells. Prior to that, the over-

expression efficiency of ZNF217 was verified in SKOV3 and

OVCAR3 cells after transfected with plasmids containing

pcDNA3.1/ZNF217 (Figure 4A). The following CCK-8

and EdU assays revealed that cell viability and proliferation

were enhanced by up-regulated ZNF217 (Figure 4B and C).

Besides, overexpression of ZNF217 facilitated cell migration

and invasion capacities (Figure 4D and E). Consistently,

E-cadherin expression was inhibited while the levels of

N-cadherin, Vimentin, Slug and Twist were elevated by over-

expression of OIP5-AS1 (Figure 4F). To sum up, ZNF217

targeted by miR-137 served a carcinogenic part in EOC.

ZNF217 Up-Regulation Restores the

Suppressive Function of Inhibited

OIP5-AS1 on Cell Malignant Behaviors
To understand whether ZNF217 was responsible for OIP5-

AS1-mediated biological functions in EOC, a series of rescue

functional experiments were performed. Firstly, qRT-PCR

Figure 3 ZNF217 is a potential target gene of miR-137. (A) qRT-PCR analysis was conducted to examine the overexpression effects of miR-137 mimics. (B) Relative
expression of mRNAs after overexpressing miR-137. (C) qRT-PCR was performed to determine the expression of ZNF217 in EOC tissues and paired non-tumor tissues.

(D) qRT-PCR assay was performed to detect the expression of ZNF217 in EOC cell lines and normal cell line. (E) Potential binding sites between ZNF217 and miR-137

predicted by starBase. (F) Luciferase reports indicated that miR-137 mimics could decrease the luciferase activity of ZNF217 WT but not that of ZNF217 MUT. (G) RIP

revealed the co-existence of ZNF217, miR-137 and OIP5-AS1 in RISCs. (H, I) The expression of ZNF217 in SKOV3 and OVCAR3 cells with different transfections was

determined by qRT-PCR. *P < 0.05, **P < 0.01.
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results indicated that the expression of ZNF217 was inhibited

after knockdown of OIP5-AS1, but increased again when co-

transfected with pcDNA3.1/ZNF217 (Figure 5A). Western

blot showed the same trend in ZNF217 protein expression

(Figure 5B). CCK8 assay showed that silencing OIP5-AS1-

dampened cell viability was revived under ZNF217 over-

expression (Figure 5C). In contrast, cell apoptosis facilitated

by OIP5-AS1 knockdown was normalized in the presence of

pcDNA3.1/ZNF217 (Figure 5D). Cell migration and inva-

sion ability as well as EMT process were assessed by

Transwell andWestern blot assays. All the results manifested

that ZNF217 overexpression reversed the suppressive effects

of OIP5-AS1 deficiency on cell migration, invasion and

EMT process (Figure 5E–G). Then, we further validated

the function of OIP5-AS1 in in vivo tumor growth and

metastasis. As anticipated, we found that tumor grew at

a much slower speed in shOIP5-AS1#1 group (Figure 5H).

The tumor volume was apparently smaller and tumor weight

was much lessened in shOIP5-AS1#1 group than negative

control group (Figure 5I and J). As for in vivo metastasis, the

result showed significant less metastasized liver particles

after knockdown of OIP5-AS1 than the livers from control

group (Figure 5K). Moreover, HE staining presented that the

metastatic nodules in livers from mice inoculated with OIP5-

AS1-silenced cells were evidently reduced microscopically

(Figure 5L). These experiments validated that OIP5-AS1

promoted EOC tumor growth and metastasis in vivo. More

importantly, OIP5-AS1 exerted its effects on the malignant

behaviors of EOC cells by up-regulating ZNF217 through

sponging miR-137.

Discussion
LncRNAs have been found to be aberrantly expressed in

various human malignancies, and the abnormal expressed

Figure 4 Overexpression of ZNF217 aggravates EOC cell malignant behaviors. (A) The overexpression effect of plasmid containing pcDNA3.1-ZNF217 was verified by

qRT-PCR. (B, C) CCK8 and EdU assessed cell viability and proliferation by up-regulation of ZNF217. (D, E) Transwell assays assessed cell migration and invasion ability. (F)
Western blot was used to measure the EMT-related proteins by up-regulation of ZNF217. **P < 0.01.
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lncRNAs can be used as clinical biomarkers at early

diagnosis period.12–14 Recently, OIP5-AS1, as a novel

lncRNA, was found to be aberrantly expressed in multi-

ple tumors and could be viewed as a clinical biomarker in

bladder cancer and osteosarcoma.15,16 However, its

expression pattern and biological effects on EOC have

not been studied yet. In the present study, we identified an

obvious overexpression of OIP5-AS1 in EOC tissues and

cell lines. Loss-of-function and gain-of-function experi-

ments suggested that OIP5-AS1 played an oncogenic role

in EOC. Knockdown of OIP5-AS1 significantly impaired

EOC malignant behaviors, including cell proliferation,

invasion, migration, and EMT process, and facilitated

tumor cell apoptosis. The functional role of OIP5-AS1

in cancers is also supported in other literatures. OIP5-

AS1 is up-regulated in undifferentiated oral tumors and

predicts enhanced cancer stemness.17 Perturbations tar-

geting OIP5-AS1, TUG1 and WT1-AS altered prolifera-

tion of breast and gynecologic cancer cells.18

Mounting studies have found that lncRNAs could act

as a ceRNA and influence the function of downstream

genes.19–22 Functioning as a ceRNA, the biological role

of some lncRNAs has been analyzed in EOC.23,24 After

determining the cytoplasmic location of OIP5-AS1, we

Figure 5 ZNF217 enrichment restores the oncogenic function of OIP5-AS1. (A, B) qRT-PCR and Western blot were performed to study the expression of ZNF217 mRNA

and protein. (C) CCK8 assay was used to evaluate cell vitality. (D) Flow cytometry was conducted to evaluate cell apoptosis. (E, F) Transwell assays were used to evaluate

cell migration and invasion respectively. (G) Western blot assay was conducted to evaluate EMT-related protein expression. (H–J) Xenograft tumor growth curve, volume

and weight between shCtrl and shOIP5-AS1#1 mice groups were compared. (K, L) Macroscopic photos and microscopic images (obtained via HE staining) of in-vivo

metastatic nodules in livers from mice in shCtrl and shOIP5-AS1#1 group. **P < 0.01.
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found that OIP5-AS1 sponged miR-137. MiR-137 exhib-

ited a remarkable down-regulation in EOC tissues and

cells. Besides, miR-137 has been reported to be a tumor

suppressor in ovarian cancer.25–27 Additionally, although

the interaction between OIP5-AS1 and miR-137 has been

testified in valve interstitial cells,28 such relationship was

first identified in cancer cells until this study.

MiRNAs can bind to 3ʹUTR region of downstream target

gene with micro response elements (MREs). We selected

ZNF217 as candidate target gene of miR-137, as it exhibited

the most significant down-regulation among the thirteen

predicted target genes after overexpressing miR-137.

Additionally, ZNF217 has been reported to play an onco-

genic role and predict poor prognosis in ovarian cancer. For

instance, overexpressing ZNF217 contributes to ovarian

cancer invasion and metastasis progression.29 In the present

study, we observed that ZNF217 was up-regulated in EOC

tissues and cell lines. We also found that overexpression of

ZNF217 abolished the tumor-inhibiting ability of silenced

OIP5-AS1. In other words, ZNF217 up-regulation can res-

cue the oncogenic function of OIP5-AS1. Together, our

finding initially suggested that lncRNA OIP5-AS1 overex-

pression aggravated EOC malignant activities via up-

regulating ZNF217 by sponging miR-137.

Conclusions
Our study found the OIP5-AS1/miR-137/ZNF217 axis in

EOC for the first time. We identified OIP5-AS1 as an

oncogene in EOC progression. OIP5-AS1 could hopefully

become a meaningful biomarker for EOC.
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