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a b s t r a c t 

Epithelial ovarian cancer (EOC) still remains the most lethal gynaecological malignancy in women, despite the 

recent progress in the management, including surgery and chemotherapy. According to the microarray data of the 

GSE18520 and GSE54388 datasets, LINC01215 was identified as an upregulated long noncoding RNA (lncRNA) 

in EOC. Therefore, this study aimed to figure out the involvement of LINC01215 in the progression of EOC. RT- 

qPCR was conducted to select the EOC cell line with the highest expression of LINC01215. Methylation of RUNX3 

was then examined in EOC cells by MS-PCR. Furthermore, the interaction between LINC01215 and methylation- 

related proteins was revealed according to the results of RIP and RNA pull down assays. Subsequently, the in- 

volvement of LINC01215 and RUNX3 in regulating biological behaviors of EOC cells was investigated. Finally, the 

effects of the ectopic expression of LINC01215 and RUNX3 on the tumor formation and lymph node metastasis 

(LNM) of EOC cells were assessed in the xenograft tumors of nude mice. Overexpressing LINC01215 contributed 

to downregulated levels of RUNX3, as demonstrated by the recruitment of methylation-related proteins. Silenc- 

ing of LINC01215 elevated the expression of RUNX3, thus suppressing cell proliferation, migration, invasion and 

EMT and decreasing the expressions of MMP-2, MMP-9 and Vimentin, but increased the expression of E-cadherin. 

The tumor growth and LNM were suppressed by downregulated levels of LINC01215 through inducing the ex- 

pression of RUNX3. Collectively, the down-regulating LINC01215 could upregulate the expression of RUNX3 by 

promoting its methylation, thus suppressing EOC cell proliferation, migration and invasion, EMT, tumor growth 

and LNM. 
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Ovarian cancer is the most common fatal cancer in women with the

ighest mortality rate among all gynecologic malignancies. Specifically,

pithelial ovarian cancer (EOC) ranks the top 5 of the most common

ype of cancers [ 1 , 2 ]. Some advanced methods of early detection have

een used for diagnosis and long-term cancer survival rate is relatively

atisfactory; however, a five-year survival rate of 10 - 30% still exists

mong patients with ovarian cancer with presenting findings at thee ad-

anced stage [3] . Additionally, although the outcome of primary surgery

nd chemotherapy is optimistic for patients diagnosed with early-stage

varian cancer, the recurrence commonly arises in patients at late stages

nd available salvaging therapies have been shown to be ineffective [4] .

here are a larger majority of factors that contribute to the poor prog-

osis as well as recurrence of EOC, such as lack of effective markers for

iagnosis or prognosis and treatment protocols [5] . Therefore, it is im-
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erative to identify the regulatory mechanisms on EOC progression and

evelop new therapeutic targets for EOC treatment. 

Long non-coding RNAs (lncRNAs), a novel class of noncoding RNAs

hat are longer than 200 nucleotides without protein-coding potential,

lay key regulatory roles in carcinogenesis and cancer metastasis [ 6 , 7 ].

berrant expression of lncRNAs has been noted in gastric cancer (GC),

epatocellular carcinoma and renal clear cell carcinoma [8–10] . Poor

rognosis and promotion of tumor metastasis caused by the overexpres-

ion of particular lncRNAs in EOC have been reported by several stud-

es [11–13] . Runt-related transcription factor 3 (RUNX3) is a classical

umor suppressor gene for GC, whose reduced expression level is asso-

iated with decreased survival rates of patients with hepatocellular car-

inoma [14] . A higher RUNX3 gene promoter hyper-methylation rate

s found in GC tumor tissues compared with that in the normal tissues

15] . Promotion of the methylation of the CpG islands in the promoter

egion of RUNX3 has been suggested to downregulate the expression of
ay 2021 
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UNX3 [16] . Moreover, the repression of RUNX3 modulated by hyper-

ethylation is closely linked to unsatisfactory clinical outcomes in Type

I EOC [17] . Therefore, we hypothesized that LINC01215 is involved

n the progression of EOC, especially epithelial-mesenchymal transition

EMT) and lymph node metastasis (LNM), and the mechanisms by which

INC01215 controlled the expression of RUNX3 were explored in the

resent study. 

aterials and methods 

thics statement 

The study was conducted after the approval of the Ethics Committee

f The Second Affiliated Hospital of Harbin Medical University (ethical

pproval number: SYDW2021-037). All experimental procedures were

arried out in strict accordance with the Guide for Care and Use of Lab-

ratory Animals provided by the US National Institute of Health. 

icroarray-based gene expression profiling analysis 

Ovarian cancer-related gene expression datasets (GSE18520

nd GSE54388), as well as probe and annotation files, were

ownloaded from the Gene Expression Omnibus (GEO) database

 http://www.ncbi.nlm.nih.gov/geo ). GSE18520 dataset includes 10

ormal samples and 53 ovarian cancer samples [18] . The GSE54388

ataset includes 6 normal samples and 16 ovarian cancer samples [19] .

ffy package of the R software was used for background correction

nd normalization for the two datasets [20] . We then employed cluster

nalysis to investigate the change of gene expression patterns between

he normal samples and ovarian cancer samples using ‘edgeR’ package

f the R software [21] . Next, non-specific filtration for the relevant gene

xpression data was performed to screen out differentially expressed

RNAs using a combination of linear models-empirical Bayes in the

imma package and conventional t -test [22] . 

ell culture 

The ovarian cancer cell lines A2780, HO8910, SKOV-3, ES-2 and

O8910pm as well as normal ovarian cells IOSE80 were purchased from

hanghai Suer Biotech Co., Ltd., (Shanghai, China). After cell resuscita-

ion, A2780, HO8910, SKOV-3 and normal ovarian cells were cultured

n Roswell Park Memorial Institute (RPMI) 1640 medium (Gibco, Grand

sland, NY, USA) containing 10% fetal bovine serum (FBS, Gibco) in

n incubator (Thermo Fisher Scientific Inc., Waltham, MA, USA) with a

aturated humidity atmosphere of 5% CO 2 at 37 °C. When cells reached

 confluence of 80% with good adherence, cells were detached with

.25% trypsin and subcultured at a ratio of 1: 3. Then cells in the loga-

ithmic growth phase were collected for subsequent experiments. 

ell grouping and transfection 

The HO8910pm cells in the logarithmic growth phase were se-

ected for transfection. The cells were assigned into 6 groups: blank

cells without any treatment), negative control (NC) (cells trans-

ected with empty plasmids), overexpressed (oe)LINC01215 (cells trans-

ected with LINC01215 overexpressed plasmids), short hairpin RNA

sh)LINC01215 (cells transfected with LINC01215 interference plas-

ids), shRUNX3 (cells transfected with RUNX3 interference plasmids),

nd oeLINC01215 + shRUNX3 (cells co-transfected with LINC01215

verexpressed plasmids and RUNX3 interference plasmids) groups.

he HO8910pm cells were seeded in a 12-well plate at a density of

 × 10 5 cells/mL. When cells reached a confluence of 50–70%, 800 𝜇L

erum-free medium was added into the wells. Next, oeLINC01215,

hLINC01215, shRUNX3 or oeLINC01215 + shRUNX3 was mixed with

ipo2000 solution (11668027, Thermo Fisher Scientific), and the mix-

ure was added into the 12-well plate. The medium was replaced with a
2 
resh new medium after being cultured for 6 h. Cells were collected after

eing left to transfect for 48 h. RNA and protein contents were extracted

or subsequent experiments. 

NA-binding protein immunoprecipitation (RIP) assay 

The binding ability of LINC01215 to DNA methyltransferase 1

DNMT1), DNMT3A and DNMT3B proteins was detected using an RIP kit

Millipore, MA, USA). The HO8910pm cells were collected and washed

ith pre-cooled PBS, and the supernatant was discarded. The cells were

ater left to lyse with an equal volume of radioimmunoprecipitation

RIPA) lysis buffer (P0013B, Beyotime Biotechnology Co., Shanghai,

hina) in an ice bath for 5 min, and centrifuged at 4°C (14000 rpm)

or 10 min, and the supernatant was extracted. A portion of the cell

xtract served as the Input Control, and the other portion was incu-

ated with antibodies for co-precipitation. 50 𝜇L of beads, which were

e-suspended in 100 𝜇L RIP wash buffer, were incubated with 5 𝜇g cor-

esponding antibodies for 30 min at room temperature. The following

ntibodies: rabbit anti-human DNMT1 (1: 100, ab13537), rabbit anti-

uman DNMT3A (1: 100, ab2850) and rabbit anti-human DNMT3B (1:

00, ab2851). Rabbit anti-human IgG (1: 100, ab109489) were used as

he negative control. Aforementioned antibodies were purchased from

bcam (Cambridge, MA, USA). The magnetic bead-antibody complex

as washed, re-suspended in 900 𝜇L RIP wash buffer and incubated

ith 100 𝜇L cell lysate at 4 °C overnight. The samples were then placed

n magnetic pedestals in order to collect magnetic beads-protein com-

lexes. After that, samples and Inputs were detached using proteinase K

uffer to extract RNA for reverse transcription quantitative polymerase

hain reaction (RT-qPCR). 

NA pull-down assay 

According to the instructions provided by the Magnetic RNA-Protein

ull-Down Kit (Pierce, Rockford, IL, USA), 1 𝜇g biotin-labeled RNA was

ixed with 500 𝜇L structure buffer, incubated at 95 °C for 2 min, and

hen ice-bathed for 3 min. 50 𝜇L magnetic beads suspension was added

nd incubated overnight at 4 °C. After the supernatant was centrifuged at

000 rpm for 3 min, it was discarded. Subsequently, the precipitate was

insed thrice with 500 𝜇L RIP wash buffer, and incubated with 10 𝜇L cell

ysate at room temperature for 1 h. The bead-RNA-protein mixture was

entrifuged at a low speed with the supernatant recycled, and washed

 times with 500 𝜇L RIP wash buffer. Next, 10 𝜇L cell lysate super-

atant was used as the protein Input. After protein concentration was

easured, western blot analysis was performed to determine the level

f protein expression. 

ell Counting Kit-8 (CCK-8) assay 

The CCK-8 Kit (WH1199, Shanghai Well Biotech Co., Ltd., Shang-

ai, China) was applied for cell proliferation detection. The HO8910pm

ells were seeded in a 96-well plate with 5 × 10 3 cells/100 𝜇L per

ell. After incubation for 24, 48 and 72 h, the supernatant was dis-

arded and 10 𝜇L CCK-8 solution was added to each well, followed by

eing incubated for an additional 2 h at 37 °C. Next, the optical den-

ity (OD) value at the wavelength of 450 nm was measured using a

ultiskan FC microplate reader (51119080, Thermo Fisher Scientific).

he proliferation rate (%) = [(OD control group - OD experimental group )/OD

ontrol group ] × 100%. Three replicates were set for each well, and the

ean value was calculated. The experiment was repeated 3 times. 

cratch test 

Horizontal-lines across the well behind 6-well plates were drawn

ith a marker pen (interval: 0.8 cm, at least 5 lines across each well).

he HO8910pm cells were seeded in a 6-well plate, and the original

http://www.ncbi.nlm.nih.gov/geo
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edium was replaced with 3 mL medium containing 10% FBS and an-

ibiotic. After cells were cultured for 4 h, they were further cultured

n complete medium containing serum for 24 h. The scratches through

he cell monolayer were vertically made using a sterile micropipette tip

200 μL). The plate was subsequently washed 3 times with PBS to re-

ove the exfoliated cells. Finally, cells were incubated in a serum-free

edium at 37 °C with 5% CO 2 . Images were acquired at the 0 th hour

nd the 24 th hour using a microscope to determine the cell migration

istance. The experiment was repeated 3 times. 

ranswell assay 

Matrigel (Becton, Dickinson and Company, NJ, USA) was diluted

ith pre-cooled serum-free medium at a ratio of 1: 1 and added to the

pical chambers of Transwell (Corning Glass Works, Corning, NY, USA)

50 μL/well) and incubated at 37 °C to polymerize Matrigel into gel. The

ells of each group were deprived of nutrients with a medium containing

% FBS for 24 h, then harvested and resuspended in serum-free medium

ith a density of 5 × 10 6 cells/mL. 100 𝜇L cell suspension was placed in

he apical chambers, while 800 𝜇L cell culture medium containing 10%

BS was added to the basolateral chambers. Subsequently, the cells were

ncubated at 37 °C with 5% CO 2 for 24 h. Afterwards, cells that failed to

igrate were gently wiped off with a cotton swab, while the migrated

ells were fixed with 4% paraformaldehyde, stained with crystal violet,

nd immersed in water to return blue in color. The stained migrated cells

ere photographed and counted under an inverted microscope ( × 100)

y randomly selecting 5 visual fields according to the five-spot sampling

ethod. The mean value was obtained and the experiment was repeated

 times. 

low cytometry 

After HO8910pm cells were transfected of 48 h, they were detached

ith ethylene diamine tetraacetic acid (EDTA)-free trypsin and col-

ected. After washing with precooled PBS for three times, cells were

entrifuged again with the supernatant discarded. Annexin-V-FITC, pro-

idium iodide (PI) and 4-(2-hydroxyethyl)-1-piperazineethanesulfonic

cid (HEPES) buffer were used to prepare Annexin-V-FITC/PI dye with

he proportion of 1: 2: 50 by following the instructions of Annexin-V-

uorescein isothiocyanate (FITC) cell apoptosis kit (C1065, Beyotime

iotechnology Co., Shanghai, China). 100 𝜇L Annexin-V-FITC/PI dye

as used to re-suspend 1 × 10 6 cells, followed by oscillating and mix-

ng. After incubation for 15 min at room temperature, another 1 mL

EPES buffer was added and fully mixed. Finally, cell apoptosis was de-

ected by flow cytometry at the excitation wavelengths of 525 nm and

20 nm. 

T-qPCR 

Total RNA content was extracted from cells by following through

he instructions of Trizol (Invitrogen, Carlsbad, CA, USA). The primers

f LINC01215, RUNX3, matrix metalloprotein-2 (MMP-2), MMP-9, E-

adherin, and Vimentin were designed and synthesized by AuGCT

iotechnology Co., Ltd., (Beijing, China) (Table S1). Afterwards, RNA

as reversely transcribed into cDNA in a PCR amplifier (T100, Bio-

ad Laboratories, Shanghai, China). The StepOnePlus qPCR instrument

StepOne Plus, ABI Company, Oyster Bay, NY, USA) and SYBR Green

uorescent dye method (163795-75-3, Shanghai JiNing ShiYe Co., Ltd.,

hanghai, China) were applied for RT-qPCR. U6 was used as the inter-

al reference for LINC01215 and glyceraldehyde-3-phosphate dehydro-

enase (GAPDH) was used as the internal reference for the other target

enes. The relative expression of the target gene was calculated using

he 2- ΔΔCt method [23] . 
3 
ethylation-specific PCR (MS-PCR) 

The primers for RUNX3 methylation and for RUNX3 non-

ethylation were designed and synthesized by AuGCT Biotechnology

o., (Beijing, China) (Table S2). After HO8910pm cells were detached

ith proteinase K, the cellular DNA was extracted with chloroform and

ts concentration was measured with a spectrophotometer. The DNA in

he lymphocyte cells served as a positive control. The above extracted

NA was treated with sodium bisulfite to obtain sulfurized DNA. MS-

CR reaction system (25 𝜇L) consisted of 12.5 𝜇L 2 × FMSP buffer,

.5 𝜇L forward primers, 0.5 𝜇L reverse primers, 2 𝜇L sulfurized DNA

nd 9.5 𝜇L ddH 2 O. Reaction conditions included pre-denaturation at

5°C for 15 min, 35 cycles of denaturation at 95°C for 30 s, annealing

t 60°C for 30 s, and extension at 72°C for 30 s and finally at 72°C for

0 min. The PCR products were subjected to agarose gel electrophoresis

nd the bands were visualized under ultraviolet light. 

estern blot analysis 

Total protein content was extracted from cells and separated us-

ng 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis

SDS-PAGE). After that, the protein was transferred onto the nitrocel-

ulose membrane (LC2005, Thermo Fisher Scientific). The membrane

as blocked in 5% skim milk powder at room temperature for 2 h

nd washed 3 times with Tris-buffered saline-Tween (TBST) (10 min

ach time). Next, the membrane was incubated with the following pri-

ary rabbit anti-human polyclonal antibodies at 4°C overnight: RUNX3

ab92336, 1:5000), MMP-2 (ab92536, 1:1000), MMP-9 (ab73734,

:1000), E-cadherin (ab40772, 1:10000), Vimentin (ab92547, 1:1000),

NMT1 (ab13537, 1:1000), DNMT3A (ab2850, 1:1000), DNMT3B

ab2851, 1:1000) and GAPDH (ab181602, 1:5000). The membrane was

ncubated with horseradish peroxidase (HRP)-labeled goat anti-rabbit

gG (ab97051) at room temperature for 1 hour after being washed

ith TBST 3 times at room temperature (5 min each time). All above-

entioned antibodies were purchased from Abcam. After three rinses

ith TBST on a shaking table at room temperature, 5 min per time, the

embrane was immersed in enhanced chemiluminescence (ECL) reac-

ion solution (BM101, Biomiga, San Diego, CA, USA) at room temper-

ture for 1 minute. Finally, the membrane was exposed to X-ray in the

ark to develop final fixation results. GAPDH was used as an internal

rotein reference and the ratio of the gray value of the target band to

hat of the internal reference band was used as the relative expression

f the protein. 

enograft tumor in nude mice 

A total of 30 female nude mice (BALB/c-nu/nu) in specific pathogen-

ree (SPF) grade (aged 4 weeks old and weighing 14 - 16 grams)

ere purchased from the Institute of Laboratory Animals in Chinese

cademy of Medical Sciences (Shanghai, China). The nude mice were

andomly assigned into 6 groups (n = 5): blank, NC, oeLINC01215,

hLINC01215, shRUNX3 and oeLINC01215 + shRUNX3 groups (mice

njected with cells treated with blank, NC, oeLINC01215, shLINC01215,

hRUNX3 and both oeLINC01215 and shRUNX3 plasmids, respectively).

ach group of nude mice was injected with the corresponding trans-

ected cells, and a single cell suspension (5 × 10 7 cells/mL) was in-

ected subcutaneously into the back. The maximum diameter (L) and

he minimum diameter (W) of the tumor were measured with a Vernier

aliper, and the tumor volume was calculated according to the formula:

 (mm 

3 ) = W 

2 × L × 0.52 [24] . The tumor volume and weight of nude

ice were measured every week. 35 days later, the nude mice were

uthanized by cervical dislocation after CO 2 inhalation. Then, after re-

oval of the xenograft tumors and resection of the largest surface of

he tumor tissue without any necrosis, the larger part was fixed in 4%

eutral formaldehyde solution overnight. The tumor tissues were em-

edded with paraffin at an interval of 50 𝜇m. Finally, 10 slices were
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Fig. 1. LINC01215 is predicted to be highly expressed in EOC tissues and its highest expression was found in HO8910pm EOC cell line determined by RT-qPCR. 

Notes: Panel A, a heat map of differentially expressed lncRNAs in the GSE18520 dataset; Panel B, LINC01215 was highly expressed in EOC tissues in comparison 

to that of the normal tissues, based on the heat map of differentially expressed lncRNAs in the GSE54388 dataset; Panel C, the HO8910pm cell line exhibited the 

highest expression of LINC01215 among the five EOC cell lines (A2780, HO8910, SKOV-3, ES-2, HO8910pm) compared with that of the human normal IOSE80 

cell line; EOC, epithelial ovarian cancer; RT-qPCR, reverse transcription quantitative polymerase chain reaction; ∗ , p < 0.05 vs. the IOSE80 cells; # , p < 0.05 vs. the 

HO8910pm cells. Data were shown as the mean ± standard deviation of three technical replicates and a t -test was used for data comparison between two groups. 
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ontinuously sectioned with 5 𝜇m thickness and stained with HE. The

otal number of tumor metastasis was recorded under the guidance of a

icroscope with the tumor volume measured. 

ematoxylin-eosin (HE) staining 

The sections of lymphatic tissue in nude mice were fixed with 4%

araformaldehyde solution for 24 h. The routine dehydration process

as conducted with conventional gradient alcohol (ethanol concen-

ration of 70%, 80%, 90%, 95% and 100%) for 1 minute each time.

he tissues were later cleared with xylene twice (each for 5 min), im-

ersed in wax, embedded in paraffin, and then sliced into 4 𝜇m sec-

ions (partial sections were prepared for immunohistochemistry). The

araffin-embedded sections were routinely dewaxed in water, stained

ith hematoxylin for 4 min and washed. Hydrochloric acid and ethanol

ere used for differentiation for 10 s. The slices were rinsed for 5 min,

nd then placed back in ammonia solution for 10 min to revert to blue

olor. Eosin was used to stain the slices for 2 min, followed by gradi-

nt ethanol dehydration (1 minute each time) and clearing with xylene

or 2 times (1 min each time). Next, the slides were sealed with neutral

um. Finally, the pathological changes of the tumor tissues were ob-

erved under the guidance of an optical microscope (CSW-PH50, Shen-

hen Coosway Optical Instrument Co., Ltd., Shenzhen, China). 

tatistical analysis 

SPSS 21.0 (IBM Corp., Armonk, NY, USA) was employed for statisti-

al analysis. The measurement data were expressed as the mean ± stan-

ard deviation. The data comparison among multiple groups was per-

ormed by one-way analysis of variance (ANOVA), followed by Tukey’s

ost hoc test. Data comparison at different time points was conducted

y repeated measures of ANOVA, followed by Bonferroni post hoc test.

he difference was considered to be statistically significant at p < 0.05.

esults 

INC01215 is highly expressed in EOC 

Based on the data analysis for GSE18520 dataset, 2872 differentially

xpressed genes were screened, including 1741 downregulated genes
4 
nd 1131 upregulated genes; while for GSE54388 dataset, 1368 differ-

ntially expressed genes were screened, including 743 downregulated

enes and 625 upregulated genes. We subsequently conducted hierar-

hical cluster analysis on these screened genes, which accurately distin-

uished the top 10 differentially expressed mRNAs in ovarian cancer in

he two datasets. Also, LINC01215 was found to be highly expressed in

OC tissues in comparison to that of the normal tissues ( Fig. 1 A, B). Next,

T-qPCR was performed to determine the expression of LINC01215 in

OC cell lines A2780, HO8910, SKOV-3, ES-2, HO8910pm and the nor-

al ovarian IOSE80 cell lines. As depicted in Fig. 1 C, the HO8910pm

ell line exhibited the highest expression of LINC01215 among these

ve ECO cell lines ( p < 0.05) compared with that of the IOSE80 cell

ine. Thus, the HO8910pm cell line was selected for the subsequent ex-

eriment. 

INC01215 promotes the methylation of RUNX3 promoter by recruiting 

ethylation proteins 

Bioinformatics analysis showed that LINC01215 was located in

he nucleus ( Fig. 2 A). The relationship between LINC01215 and

ethylation-related proteins DNMT1, DNMT3A and DNMT3B, together

ith the binding relationship with RUNX3, were explored by RNA pull

own and RIP assay. As illustrated in Fig. 2 B, C, the LINC01215 could re-

ruit DNMT1, DNMT3A and DNMT3B and then bind to the promoter re-

ion of RUNX3. Moreover, high levels of methylation activity of RUNX3

n HO8910pm cells was detected by MS-PCR ( Fig. 2 D). These findings

emonstrated that the LINC01215 could promote the methylation of

UNX3 promoter region through the recruitment of methylation-related

roteins DNMT1, DNMT3A and DNMT3B. 

INC01215 upregulation or RUNX3 silencing promotes EOC cell 

roliferation 

First, western blot analysis confirmed the silencing efficiency of

hRUNX3-1, shRUNX3-2 and shRUNX3-3, as shown by the decreased

xpression of RUNX3 in cells after being treated with shRUNX3-1,

hRUNX3-2 or shRUNX3-3. In particular, shRUNX3-2 showed the most

uperior silencing efficiency and was thus used in the subsequent ex-

eriments. At the same time, western blot analysis results also vali-

ated the efficiency of RUNX3 overexpression ( Fig. 3 A). In addition,
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Fig. 2. LINC01215 enhances RUNX3 promoter methylation by recruiting methylation-related proteins. 

Notes: Panel A, the location of LINC01215 was predicted to be in the nucleus by bioinformatics method; Panel B&C, the LINC01215 could recruit DNMT1, DNMT3A 

and DNMT3B determined by RNA pull down RIP assays; Panel D, HO8910pm cells exhibited great methylation of RUNX3 analyzed by MS-PCR. ∗ , p < 0.05 vs. IgG; 
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T-qPCR results showed the successful transfection of shLINC01215-

, shLINC01215-2 and shLINC01215-3, of which, shLINC01215-1 had

he best silencing efficiency and was therefore used for the subse-

uent experiments. The successful transfection of oeLINC01215 was

lso confirmed by RT-qPCR ( Fig. 3 B). CCK-8 assay results revealed

hat on the 1st day, the proliferative ability did not show any dif-

erence among these groups. The proliferative ability on the 2nd and

rd day was significantly higher in cells treated with oeLINC01215

lasmids, with shRUNX3 plasmids, and with both oeLINC01215 and

hRUNX3 plasmids compared with cells without any treatment; on

he other hand, the shLINC01215 group showed a complete oppo-

ite outcome. On the 2nd and 3rd day, relative to cells with both

eLINC01215 and shRUNX3 plasmids, decreased proliferative abilities

ere observed in cells treated with oeLINC01215 plasmids, shRUNX3

lasmids or oeLINC01215 + oeRUNX3 plasmids. The comparison among

ells treated with oeLINC01215 plasmids and cells with shRUNX3 plas-

ids revealed no significantly different proliferative changes ( Fig. 3 C).

hese data suggested that overexpressing LINC01215 or RUNX3 silenc-

ng could stimulate EOC cell proliferation. 

INC01215 overexpression or RUNX3 silencing induces EOC cell migration 

nd invasion 

The migrative and invasive abilities of EOC cell after transfection

ere evaluated by scratch test and Transwell assay, respectively. As pre-
5 
ented in Fig. 4 , oeLINC01215, shRUNX3 and oeLINC01215 + shRUNX3

reatment resulted in an increased cell migration distance and more in-

asive cells ( p < 0.05) in contrast to cells not receiving any treatment.

ells transfected with the shLINC01215 displayed shorter cell migration

istance and fewer invasive cells ( p < 0.05) compared with the cells

ransfected with oeLINC01215 and shRUNX3, while there was no dis-

inct difference between the cells treated with oeLINC01215 and with

hRUNX3 ( p > 0.05). However, cell migration distance and invasive

ells were decreased in cells treated with oeLINC01215, shRUNX3 or

eLINC01215 + oeRUNX3 relative to treatment with both oeLINC01215

nd shRUNX3 ( p < 0.05). Above all, overexpressing LINC01215 and si-

encing RUNX3 could contribute to EOC cell migration and invasion. 

pregulated LINC01215 or downregulated RUNX3 inhibits EOC cell 

poptosis 

Flow cytometry assay was conducted to explore how LINC01215 and

UNX3 regulated the apoptosis rates of EOC cells. Firstly, the results

f Annexin V-FITC/PI double staining ( Fig. 5 A and B) depicted that

reatment of oeLINC01215, shRUNX3 and oeLINC01215 + shRUNX3

nduced markedly lower cell apoptosis rates in EOC relative to no treat-

ent ( p < 0.05). However, we found that the apoptosis rate of cells

reated with shLINC01215 was lower than that of cells treated with

eLINC01215 and shRUNX3 ( p < 0.05), while the difference between

he oeLINC01215 treatment and the shRUNX3 treatment was not dis-



W. Liu, S. Tan, X. Bai et al. Translational Oncology 14 (2021) 101135 

Fig. 3. LINC01215 upregulation and RUNX3 silencing can both promote HO8910pm cell proliferation. 

Notes: Panel A, transfection efficiency of shRUNX3-1, shRUNX3-2 and shRUNX3-3 and oeRUNX3 confirmed by western blot analysis; Panel B, transfection efficiency 

of shLINC01215-1, shLINC01215-2, shLINC01215-3 and oeLINC01215 confirmed by RT-qPCR; Panel C, cell proliferation detected by CCK-8 assay. ∗ , p < 0.05 vs. the 

blank group; # , p < 0.05 vs. the oeLINC01215 + shRUNX3 treatment; NC, negative control; oeLINC01215, LINC01215 overexpression; shRUNX3, short hairpin RNA 

targeting runt-related transcription factor 3. Data were shown as the mean ± standard deviation of three technical replicates. One-way ANOVA was used for data 

comparisons among multiple groups. 

6 



W. Liu, S. Tan, X. Bai et al. Translational Oncology 14 (2021) 101135 

Fig. 4. HO8910pm cell migration and invasion were induced by either LINC01215 overexpression or RUNX3 silencing. 

Notes: Panel A, the cell migrative ability determined by scratch test (40 ×); Panel B, the cell migration distance of each group; Panel C, the cell invasive ability according 

to the results of Transwell assay (200 ×); Panel D, the number of invasive cells in each group; ∗ , p < 0.05 vs. the blank group; # , p < 0.05 vs. the oeLINC01215 + shRUNX3 

co-treatment; NC, negative control; oeLINC01215, LINC01215 overexpression; shRUNX3, short hairpin RNA targeting runt-related transcription factor 3. Data were 

shown as the mean ± standard deviation of three technical replicates. One-way ANOVA was used for data comparisons among multiple groups. 
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inct ( p > 0.05). In contrast to the co-treatment of oeLINC01215 and

hRUNX3, a higher cell apoptosis rate was noted following treatment

ith oeLINC01215, shRUNX3 or oeLINC01215 + oeRUNX3. Therefore,

t was concluded that upregulated LINC01215 or downregulated RUNX3

nhibited the apoptosis rates of EOC cells. 

INC01215 silencing inhibits EMT by upregulating RUNX3 

RT-qPCR and western blot analysis were applied to determine the

ollowing expressions of E-cadherin, MMP-2, MMP-9 and Vimentin,

ll being EMT-associated markers. As revealed in Fig. 6 A–C, deple-

ion of RUNX3 and/or overexpression of LINC01215 markedly inhib-

ted the expressions of RUNX3 and Vimentin, but promoted the fol-

owing expressions of LINC01215, MMP-2, MMP-9 and Vimentin in

ells, compared to cells receiving no treatment, while opposite results

ere observed in cells treated with shLINC01215. The treatment with

eLINC01215, shRUNX3 or oeLINC01215 + oeRUNX3 declined the ex-

ressions of LINC01215, MMP-2, MMP-9 and Vimentin ( p < 0.05),

ut elevated the expressions of RUNX3 and Vimentin relative to the

eLINC01215 + shRUNX3 treatment ( p < 0.05). No significant differ-

nce was observed in the mRNA and protein expressions of LINC01215,

UNX3 or EMT-associated markers ( p > 0.05) compared with cells
7 
reated with oeLINC01215 and cells treated with shRUNX3. Taken to-

ether, the present findings confirmed that the inhibition of EMT could

e achieved through LINC01215 silencing which upregulated the ex-

ression of RUNX3. 

INC01215 promotes tumor growth and LNM in nude mice by 

ownregulating RUNX3 

To verify the roles of LINC01215 and RUNX3 on tumor growth and

NM, xenograft tumor was established in nude mice and the tumor vol-

me was monitored every week. After 5 weeks, the xenograft tumors

ere extracted from the nude mice and were subsequently used for HE

taining ( Fig. 7 ). The accelerated tumor growth, larger tumor volume,

nd increased tumor metastasis were observed in mice inoculated with

ells transfected with the oeLINC01215 and shRUNX3 plasmids, while

he shLINC01215 treatment showed opposite outcomes. The tumor ex-

racted from mice co-treated with oeLINC01215 and shRUNX3 exhib-

ted the quickest growth rate, the largest tumor volume and the largest

umber of tumor metastasis (all p < 0.05). According to the results of HE

taining on the lymphatic tissues, there were massive metastatic tumor

ells resulted from oeLINC01215 and shRUNX3, which demonstrated

he promotion of LNM ( p < 0.05), while the inhibition of LNM revealed
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Fig. 5. HO8910pm cell apoptosis was inhibited through upregulated LINC01215 or downregulated RUNX3 evaluated by flow cytometry. 

Notes: Panel A, HO8910pm cells in the scatter plots; Panel B, the cell apoptosis rate of each group; ∗ , p < 0.05 vs. the blank group; # , p < 0.05 vs. the 

oeLINC01215 + shRUNX3 co-treatment; NC, negative control; oeLINC01215, LINC01215 overexpression; shRUNX3, short hairpin RNA targeting runt-related tran- 

scription factor 3. Data were shown as the mean ± standard deviation of three technical replicates. One-way ANOVA was used for data comparisons among multiple 

groups. 

Fig. 6. EMT of HO8910pm cells was suppressed by LINC01215 silencing and upregulation of RUNX3. 

Notes: Panel A, RT-qPCR was used to determine the relative expressions of LINC01215, RUNX3, and EMT-related genes (MMP-2, MMP-9, E-cadherin and Vimentin); 

Panel B&C, the relative protein expressions of RUNX3 and EMT-related genes (MMP-2, MMP-9, E-cadherin and Vimentin) accessed by western blot analysis; ∗ , 

p < 0.05 vs. the blank group; # , p < 0.05 vs. the oeLINC01215 + shRUNX3 co-treatment; NC, negative control; RUNX3, runt-related transcription factor 3; EMT, 

epithelial-mesenchymal transition; RT-qPCR, reverse transcription quantitative polymerase chain reaction. Data were shown as the mean ± standard deviation of 

three technical replicates. One-way ANOVA was used for data comparisons among multiple groups. 
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o metastatic tumor cells in the shLINC01215 group. The largest num-

er of tumor cells metastasized to the lymph nodes was induced by the

eLINC01215 + shRUNX3 treatment ( p < 0.05). The results provided

vidence that the tumor growth, as well as LNM, were augmented by

he overexpression of LINC01215, which could reduce RUNX3. 

iscussion 

EOC is a type of malignancy that poses a serious threat to women,

nd patients diagnosed at a late-stage usually has a 5-year survival

ate of less than 30% [25] . As mounting research has focused on

he function of lncRNAs in various cancers, an increasing number

f lncRNAs have been identified to play a crucial role in the devel-

pment of EOC. In this study, we strived to figure out the mecha-

ism by which LINC01215 affects the progression of EOC. We demon-

trated that LINC01215 was highly expressed in EOC cells and pro-
8 
oted invasive, migrative, proliferative, EMT, LNM, tumor growth

hile inhibiting EOC cell apoptosis through inducing RUNX3 promoter

ethylation. 

Initially, our results revealed that the expression of LINC01215 was

ignificantly increased in EOC cells. LINC01215 had the ability to recruit

ethylation related proteins DNMT1, DNMT3A and DNMT3B, by which

ay the methylation of RUNX3 promoter was promoted. RUNX3 is con-

roversially discussed in relation to possible oncogenic or tumor sup-

ressive functions [26] . The association between hypermethylation of

UNX3 and the progression of Type II EOC has been previously demon-

trated by a study [17] . Our study presented that silencing LINC01215

nhibits cell migrative, invasive and proliferative capabilities, while ac-

elerating apoptosis in EOC by restoring RUNX3 promoter methylation.

esides, the loss of RUNX3 expression can contribute to the inhibition

f hepatocellular carcinoma cell apoptosis by which tumorigenesis is

nduced [27] . 
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Fig. 7. Tumor growth and LNM in nude mice were promoted by LINC01215 overexpression through RUNX3 downregulation. 

Notes: Panel A, the tumor growth of xenograft tumor in nude mice; Panel B, quantitative analysis for the number of tumor metastasis in mice in each group; Panel 

C, HE staining of mouse lymphatic tissue sections (200 ×); Panel D, the tumor volume of mice in each group in the 1st, 2nd, 3rd and 4th week; ∗ , p < 0.05 vs. the 

blank group; NC, negative control; RUNX3, runt-related transcription factor 3; LNM, lymph node metastasis; HE, hematoxylin-eosin. Data were shown as the mean 

± standard deviation of three technical replicates. Repeated measures of ANOVA were used to analyze the data at different time points ( n = 5). 
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Furthermore, through RT-qPCR and western blot analysis, increases

n miRNA and protein expressions of MMP-2, MMP-9 and Vimentin

long with decreases of E-cadherin demonstrated induced EMT in EOC,

hich resulted from overexpressed LINC01215 or depletion of RUNX3.

MT is a biological process involving enhanced migrative and invasive

bilities, reduced apoptosis, as well as increased extracellular matrix

omponents [27] and is also an important mechanism underlying cel-

ular migrative and invasive capabilities [28] . There was a study that

as emphasized the significance of forced expression of E-cadherin in

varian-specific metastasis [29] . In the process of EMT in EOC, the loss

f expression of E-cadherin is conducive to the interaction with en-

othelial and stromal components [30] . The upregulation of Vimentin

s commonly observed in the cells that undergo EMT process as it pro-

otes EMT, thus aggravating tumor malignancy [31] . The association

etween MMP and EMT has been previously discussed that the MMPs-
 r  

9 
nduced alterations in phenotype and genotype can contribute to tumor

rogression [32] . The association between upregulation of MMP-9 and

he undesirable prognosis of patients with ovarian cancer has been elu-

idated, suggesting that the repression of MMP-9 might be of significant

mportance in ovarian cancer [33] . In vivo xenograft tumor in nude mice

as implemented to elucidate the inhibitory effect of LINC01215 silenc-

ng on tumor growth and LNM. 

onclusions 

In summary, our findings helped demonstrated that LINC01215 con-

ributes to the progression of EOC, and that the silencing of LINC01215

ay provide new therapeutic insights for the treatment of EOC. The

ethylation of RUNX3 triggered by LINC01215 overexpression can be

eversed by silencing LINC01215, thus contributing to the suppression
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Fig. 8. A diagram showing the molecu- 

lar mechanisms of LINC01215 involved in 

EOC progression by promoting methylation 

of RUNX3. LINC01215, which is highly ex- 

pressed in EOC cells, binds to the pro- 

moter region of RUNX3 and recruits DNMT1, 

DNMT3A and DNMT3B proteins to inhibit 

the transcription of RUNX3, further upreg- 

ulating the expressions of MMP-2, MMP-9 

and Vimentin and downregulating the expres- 

sion of E-cadherin, therefore promoting pro- 

liferation and EMT of EOC cells. EOC, ep- 

ithelial ovarian cancer; RUNX3, runt-related 

transcription factor 3; DNMT1, DNA methyl- 

transferase 1; DNMT3A, DNA methyltrans- 

ferase 3A; DNMT3B, DNA methyltransferase 

3B; MMP-2, matrix metalloprotein-2; MMP- 

9; matrix metalloprotein-9; EMT, epithelial- 

mesenchymal transition. 
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f invasive, migrative, proliferative capabilities, EMT, LNM and tumor

rowth in EOC ( Fig. 8 ). However, further studies are warranted to ex-

lore the association of LINC01215 with tumorigenesis, metastasis and

rognosis and reveal the potential clinical value of LINC01215. 
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