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1  | INTRODUC TION

Ovarian cancer is the most lethal gynecologic cancer. Based on histo-
pathology and molecular genetics, epithelial ovarian cancers (EOCs) 
are mainly classified into endometrioid, clear cell, mucinous, low-
grade serous, and high-grade serous carcinomas (HGSC).1-3 HGSC 
is the most aggressive subtype and is responsible for approximately 

two-thirds of total EOCs.2 These subtypes of EOCs have different 
histological features and can be considered as inherently differ-
ent diseases, depending on their origin and genetic background.2,3 
Despite recent development in surgery and chemotherapy, the 
5-year survival rate of ovarian cancer is still only 30%-40% owing 
to late diagnosis and chemoresistance or relapse.4 Therefore, 
to improve prognosis, it is necessary to elucidate the molecular 
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Abstract
Purpose: To identify the aberrantly expressed long non-coding RNAs (lncRNAs) in 
ovarian high-grade serous carcinoma (HGSC).
Methods: Total RNA was isolated in HGSC cell lines, ovarian surface epithelial cells, 
and normal ovaries. Aberrantly expressed lncRNAs in HGSC were identified by PCR 
array, which analyzes 84 kinds of lncRNAs. To infer their functions, HGSC cell lines 
with different levels of expression of the identified lncRNAs were established, and 
then, activities of proliferation, migration, and apoptosis were examined. Expression 
levels of the identified lncRNAs were also examined in multiple ovarian HGSC tissues.
Results: Ten aberrantly expressed lncRNAs, six upregulated and four downregulated, 
were identified in the HGSC cell lines. The authors established four HGSC cell lines: in 
two of the cell lines, one of the upregulated lncRNAs was knocked down, and in two 
other cell lines, one of the downregulated lncRNAs (MEG3 and POU5F1P5) was over-
expressed. Migration activities were inhibited in the HGSC cell lines overexpressing 
MEG3 or POU5F1P5 while there were no differences in proliferation and apoptosis 
between the established and control cell lines. The four lncRNAs downregulated in 
the HGSC cell lines were also observed to be downregulated in ovarian HGSC tissues.
Conclusion: The authors identified four downregulated lncRNAs in ovarian HGSC.
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mechanisms involved in the progression and malignant behaviors of 
ovarian cancers.

In recent years, with the advances in large-scale sequencing 
technology, it has been widely accepted that more than 98% of 
the human genome is transcribed into non-coding RNAs that do 
not encode obvious proteins.5-7 A type of non-coding RNA, long 
non-coding RNA (lncRNA), consists of transcripts longer than 200 
nucleotides in length. lncRNAs have roles in a variety of biological 
processes such as X chromosome inactivation, genomic imprinting, 
chromatin remodeling, and cell fate determination.8,9 In addition, ln-
cRNAs are closely associated with tumorigenesis in various types of 
cancers. In fact, the number of publications related to the biological 
roles of lncRNAs in cancers has increased exponentially in the past 
few years.7,10 In ovarian cancer, the lncRNAs such as H19, HOTAIR, 
HOXA11-AS, LSINCT5, MALAT1, and PVT1 have been reported to 
be involved in cell proliferation and malignancy.10-13

In this study, we focused on HGSCs, which are the most fre-
quently occurring and aggressive subtypes among ovarian cancers, 
and aimed to identify lncRNAs involved in the progression and malig-
nant behaviors of HGSC. We compared lncRNA expression profiles 
between HGSC cell lines and normal ovarian cells and ovarian tissue 
samples, and identified the aberrantly expressed lncRNAs specific to 
the HGSC cell lines. In addition, some of the lncRNAs downregulated 
in the HGSC cell lines were observed to be downregulated in ovarian 
HGSC tissues. Our results also suggest that some of the identified 
lncRNAs have roles in malignant behaviors.

2  | METHODS

2.1 | Cell culture and tissues samples

Human ovarian cancer cell lines, KURAMOCHI and TYK-nu, were used 
as HGSC cell models. Both cell lines were purchased from Japanese 
Collection of Research Bioresources Cell Bank. KURAMOCHI and 
TYK-nu cells were cultured in RPMI-1600 (Wako) and eagle’s minimal 

essential medium (Sigma-Aldrich) supplemented with 10% fetal bovine 
serum, respectively. Human ovarian surface epithelial cells (HOSE) 
were purchased from Cosmo-bio and cultured in ovarian surface epi-
thelial cell medium (ScienCell Research Laboratories).

Twenty-two cases of HGSC specimens were obtained from the 
patients who underwent operation at Shimane University hospital. 
Ten cases of normal ovarian tissues were obtained from the patients 
who underwent oophorectomy by a reason different from HGSC at 
Yamaguchi University hospital. Dissected specimens were immediately 
immersed in liquid nitrogen and stored at −80°C until RNA isolation.

2.2 | RNA isolation and real-time reverse 
transcription polymerase chain reaction (RT-PCR)

Total RNA was isolated from the cell lines using an RNeasy mini kit 
(Qiagen) according to the manufacturers’ instructions. Total RNA was 
also isolated from the tissue specimens by ISOGEN reagent (Nippon 
Gene), followed by chloroform extraction and 2-propanol precipitation.14

First-strand cDNA was synthesized from 1 μg of total RNA by 
random hexamers using a QuantiTect Reverse Transcription Kit 
(Qiagen) as previously reported.14 Real-time RT-PCR was carried out 
using TB green premix Ex taq II (Takara) and primer sets listed in 
Table 1 under the cycling condition (40 cycles of 95°C for 5 seconds 
and 60°C for 20 seconds with an initial step of 95°C for 10 seconds). 
The relative expression levels were calculated with the delta-delta 
Ct method using GAPDH as a reference gene.

2.3 | PCR Array

cDNA synthesis was performed using the RT2 First Strand Kit (Qiagen) 
according to the manufacturers’ instructions.15,16 In this study, PCR 
array covering 84 kinds of lncRNAs was used, which are reported to be 
related with variable cancers (RT2 lncRNA PCR Array Human Cancer 
Pathway Finder (Qiagen)). Real-time PCR was carried out with the RT2 

TA B L E  1   PCR primers used in this study

Primer name Usage Forward Reverse

CDKN2B-AS1 RT-PCR ATTCCTCAGCTCCTCTCATCTG CCAAGACAGCAAGTGGTATTGA

DLEU2 RT-PCR CTGGAGAACAGCCTCACTTCTT GTAGAGGTCTCTTTTATTGTGGTCTT

LINC00152 RT-PCR ATGGCTTGAACATTTGGTCTTC TTCGATCAAGTGTGTCATAGAGC

LINC01234 RT-PCR TGGGAAAGAGGAGTCTCTCG ATCTGAGGAGCTTGGAATGC

ADAMTS9-AS2 RT-PCR TATTGAAACCTGCTTTGTGCTG TCATACTTTGGCATGACTGTCC

MEG3 RT-PCR GCCATCACCTGGATGCCTAC AGTCTCTGGGTCCAGCCTGT

POU5F1P5 RT-PCR ACTGCAGCAGATCAGTCACATT CAAAATCCTCTCATGGTGCATA

XIST RT-PCR ACGCTGCATGTGTCCTTAGTAG TTGGSGCCTCTTATAGCTGTTTG

GAPDH RT-PCR AGGTGAAGGTCGGAGTCA GGTCATTGATGGCAACAA

MEG3 vector Construction ATTAAGGATCCTCGAAGAGAGGGAGCGCGCCTTGG CCTGCGGTCGCGGCCGCACACATTTATTGAGAGCACA

POU5F1P5 
vector

Construction ATTAAGGATCCTCGAATCCAGTCCCAGGACATCTC CCTGCGGTCGCGGCCGCTCTACCTACTGTGTCCCAGT
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SYBR Green Master Mix (Qiagen) under the cycling conditions (40 cy-
cles of 95°C for 15 seconds, 60°C for 60 seconds, with an initial step 
of 95°C for 10  minutes). The relative expression levels were calcu-
lated with the delta-delta Ct method using ACTB as a reference gene. 
Significant changes in the lncRNA expression were defined as at least 
twofold upregulation or downregulation of ones in both two HGSC cell 
lines compared to those in HOSE and normal ovaries.

2.4 | Knockdown and overexpression of the 
lncRNAs in a HGSC cell line (TYK-nu)

For knockdown of LINC00152 and LINC01234, siRNAs for each 
lncRNA (Lincode Human lncRNAs siRNA SMART pool) and non-tar-
geting control (Lincode Non-Targeting Pool siRNA) were purchased 
from Dharmacon. TYK-nu cells were plated at approximately 5 × 104 
cells in 6-well plates and, at 50% confluence, were transfected with 
the 20 nmol/L siRNAs by RNAi MAX (Invitrogen).17

For overexpression of MEG3 and POU5F1P5, firstly the expres-
sion vectors of each lncRNA were constructed. The full length of 
MEG3 and POU5F1P5 cDNA was amplified by RT-PCR using a HOSE 
cDNA as a template, primers shown in Table 1, and PrimeSTAR GXL 
DNA polymerase (Takara), under the cycling conditions (35 cycles of 
98°C for 10 seconds, 60°C for 15 seconds, and 68°C for 2.5 minutes). 
The amplified lncRNA fragments were inserted into multicloning site 
of pMXs-IRES-Bsd vector (Cell Biolabs) by In-Fusion HD Cloning Kit 
(Takara) according to the manufacturers’ instructions.17 Then, the 
constructed MEG3 and POU5F1P5 expression vector and control 
vector (non-treated pMXs-IRES-Bsd vector), respectively, together 
with the vectors expressing the retroviral constitutive proteins were 
co-transfected into HEK293T cells (Takara) using the Lipofectamine 
3000 (Invitrogen). Two days after the transfection, the culture me-
dium was concentrated to 100 times and used as a packaged retro-
virus. The packaged retrovirus was added to TYK-nu cells plated at 
approximately 5 × 104 cells in 6-well plates. The stable cell lines were 
established by sorting with 2 μg/mL blasticidin S for a month.14,17

2.5 | Cell proliferation assay

TYK-nu lines, in which the lncRNA expression was altered, and the 
control lines were plated at approximately 6  ×  104 cells in 6-well 
plates, respectively.18,19 At every 24  hours, single cell suspension 
was prepared in each line by trypsinization and was counted with 
TC20 Automated Cell Counter (Bio-Rad Laboratories). Each experi-
ment was carried out in triplicate.

2.6 | Cell cycle assay and apoptosis assay

For cell cycle assay, TYK-nu lines overexpressing MEG3 and POU5F1P5 
and the control lines were trypsinized, fixed for 30 minutes in cold 70% 
ethanol, and then adjusted to a concentration of 1  ×  106  cells/mL in 

0.25 mg/mL RNase in PBS. Resultant single cell suspension was stained 
with 7-aminoactinomycin D (7-AAD) (Bio-Rad Laboratories) and assayed 
using NovoCyte Flow Cytometer (ACEA Biosciences). The percentage of 
cells in each cell cycle stage (G0/G1, S, G2/M phase and sub G1 popula-
tion) was evaluated with a NovoExpress software (ACEA Biosciences).

For apoptosis assay, an Annexin V-FITC Apoptosis Detection Kit 
(Affymetrix) was used according to the manufacturer's protocol. In 
brief, the cells of TYK-nu lines overexpressing MEG3 or POU5F1P5 
and the control lines were trypsinized into single cells and were 
stained with annexin V-FITC and 7-AAD. Ten thousand cells were 
counted, and annexin V-positive cells were measured by NovoCyte 
Flow Cytometer. Cells that were annexin V-positive and 7-AAD-
negative, and double-positive, were considered to be early and late 
apoptotic cells, respectively.

2.7 | Wound healing assay

Cells of TYK-nu lines overexpressing MEG3 or POU5F1P5 and the con-
trol lines were plated at approximately 2 × 105 cells in 6-well plates 
and cultured until they reached confluence. Linear scratch wounds 
were created on the cell layer in the center of each well with a 1000-
µL sterile pipette tip. After 72 hours, images were taken to evaluate 
the wounds at the same fields under the microscope, and the sepa-
ration distances between wound sides were quantified as previously 
reported.18 Each experiment was performed in triplicate, and the mean 
distances were obtained from three independent experiments.

2.8 | Migration assay

Cell migration assay was performed with a BioCoat Matrigel Invasion 
Chamber (Corning Life Science) according to the manufacturer's pro-
tocol as previously reported.18 In brief, the cells of TYK-nu lines over-
expressing MEG3 or POU5F1P5 and the control lines were trypsinized 
into single cells and plated at 5 × 104 cells with serum-free medium in 
insert chambers on the well (12-well Transwell system) (Corning Life 
Science). As a chemo-attractant, the medium containing 10% FBS was 
filled under the insert chamber. After 24-hours culture, the cells on 
the upper surface of the insert chambers were completely removed 
by wiping with cotton swabs. The membranes of the insert cham-
bers were fixed, and the migrated cells were stained with Diff-Quick 
(Sysmex). The stained cells were counted at 200× magnification in five 
randomized field views, and the mean was calculated. Three independ-
ent experiments in triplicate were performed.

2.9 | Statistical analysis

The significance of the difference between the two groups was analyzed 
by Student's t test and Wilcoxon test. A probability value of P < .05 was 
considered to be significant. All the statistical analyses were performed 
by using the SPSS 5.0 J for Windows software package (SAS Institute).
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3  | RESULTS

3.1 | Identification of aberrantly expressed lncRNAs 
in HGSC cell lines

To identify aberrantly expressed lncRNAs in HGSC, we used HGSC 
cell lines because using cell lines generally yields more uniform data 
than using tissue specimens that reflect individual differences. To 
analyze lncRNAs, we used a PCR array that can comprehensively 
analyze the expression of 84 kinds of lncRNAs associated with vari-
ous cancer types. The expression levels of the lncRNAs in the two 
HGSC cell lines, KURAMOCHI and TYK-nu, were compared to those 
in human ovarian surface epithelial cells (HOSE) and normal ovar-
ian tissues. Of the 84 lncRNAs analyzed, six upregulated lncRNAs 
(CDKN2B-AS1, DLEU2, LINC00152, LINC01234, PRNCR1, and 
SNHG16) and four downregulated lncRNAs (ADAMTS9-AS2, MEG3, 
POU5F1P5UCA1, and XIST) were identified as aberrantly expressed 
lncRNAs in the HGSC cell lines (Table 2). Next, the expression levels 
of the identified lncRNAs were examined by real-time RT-PCR in the 
two HGSC cell lines and HOSE. The expression profiles were verified 
for the eight lncRNAs except PRNCR1 and SNHG16, because PCR 
was not amplified by our designed primers for PRNCR1 and SNHG16 
(Figure 1).

3.2 | Establishment of the HGSC cell lines in 
which expressions of upregulated or downregulated 
lncRNAs are altered

To investigate the function of the aberrantly expressed lncR-
NAs in the HGSC cell lines, we established the HGSC cell lines in 
which the upregulated lncRNAs are knocked down and in which 
the downregulated lncRNAs are overexpressed. The knockdown 

and overexpression succeeded in TYK-nu, but not in KURAMOCHI 
because of its slow growth and low efficiency of gene transfer. 
Among the upregulated lncRNAs, LINC00152 and LINC01234 were 
knocked down by siRNA (Figure 2A) while CDKN2B-AS1 and DLEU2 
were not. The HGSC cell lines that stably overexpressed each of the 
downregulated lncRNAs (MEG3 and POU5F1P5) were established 
by transducing their expression vectors into the cells (Figure 2B). For 
the remaining downregulated lncRNAs, ADAMTS9-AS2 and XIST, 
their expression vectors could not be constructed because their full-
length cDNA is too long to be amplified by our designed primers. 
Knockdown and overexpression in each of the four established cell 
lines were confirmed by real-time RT-PCR (Figure 2C and D). There 
were no differences in cell morphology between the established cell 
lines and control cell lines (Figure 2A and B).

3.3 | Cell proliferation of the established cell lines

Cell proliferation was analyzed in the HGSC cell lines in which 
LINC00152 or LINC01234 was knocked down (Figure  3A) and in 
which MEG3 or POU5F1P5 was overexpressed (Figure  3B). There 
was no significant difference in cell proliferation between the estab-
lished cell lines and control cell lines (Figure 3).

3.4 | Cell cycles and apoptosis of the established 
cell lines

The cell cycle and apoptosis were analyzed in the HGSC cell lines 
in which MEG3 or POU5F1P5 was overexpressed (Figure  4), be-
cause these cell lines are stable cell lines and a sufficient number 
of cells could be obtained for analysis. In the cell cycle analysis, 
the percentage of the cells included in each cell cycle stage (G1, S, 

Symbol

Fold change comparing to HOSE
Fold change comparing to 
ovaries

KURAMOCHI TYK-nu KURAMOCHI TYK-nu

Upregulated in HGSC cell lines

CDKN2B-AS1 81.99 8.52 81.99 8.52

DLEU2 65.46 7.27 18.18 2.02

LINC00152 7.58 3.34 498.86 219.51

LINC01234 57.33 51.79 187.10 169.01

PRNCR1 3.94 4.10 11.20 11.66

SNHG16 2.41 2.55 3.03 3.20

Downregulated in HGSC cell lines

ADAMTS9-AS2 0.01 0.02 0.00 0.00

MEG3 0.01 0.02 0.00 0.00

POU5F1P5 0.02 0.02 0.03 0.04

XIST 0.00 0.00 0.00 0.00

Note: KURAMOCHI and TYK-nu: HGSC cell lines.
Abbreviation: HOSE, human ovarian surface epithelial cells.

TA B L E  2   Aberrantly expressed 
lncRNAs in ovarian high-grade serous 
carcinoma (HGSC) cell lines
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G2, and sub G1 phase) was not significantly different between the 
MEG3- or POU5F1P5-overexpressing cell line and the control cell 
line (Figure 4A). A sufficient number of the cells were not obtained 
to examine cell cycles and apoptosis in the HGSC cell lines in which 
LINC00152 or LINC01234 was knocked down because knockdown 
of LINC00152 or LINC01234 was transiently done by siRNA.

In the apoptosis analysis, annexin V-positive and 7-AAD-
negative early apoptotic cells and double-positive late apoptotic 
cells were detected, respectively (Figure 4B, upper panel). The per-
centage of the cells included in the early and late apoptotic cell areas 
was not significantly different between the MEG3- or POU5F1P5-
overexpressing cell line and the control cell line (Figure  4B, lower 
panel).

3.5 | Cell migration activities of the established 
cell lines

Cell migration activity was assessed in the HGSC cell lines in which 
MEG3 or POU5F1P5 was overexpressed by two methods: a wound 
healing assay (Figure 5A) and a cell migration assay (Figure 5B). In the 
wound healing assay, in the MEG3- and POU5F1P5-overexpressing 
cell lines, the number of cells that migrated to the wounded area 
was clearly lower 72 hours after wound creation (Figure 5A, upper 
panel), and the wound healing activity measured was significantly 
lower in the MEG3- and POU5F1P5-overexpressing cell lines than 
in the control cell line (Figure  5A, lower panel). In the cell migra-
tion assay, the number of migrated cells permeating the membrane 
of the insert chamber was significantly lower in the MEG3- and 

POU5F1P5-overexpressing cell lines than in the control cell line 
(Figure 5B). Therefore, the overexpression of these two lncRNAs in-
hibited the cell migratory activities in the HGSC cell lines.

3.6 | Expression levels of the aberrantly expressed 
lncRNAs in ovarian HGSC tissues

To investigate the expression profiles in ovarian HGSC tissues for 
the aberrantly expressed lncRNAs in the HGSC cell lines, the ex-
pression levels of four upregulated lncRNAs (CDKN2B-AS1, DLEU2, 
LINC00152, and LINC01234) and four downregulated lncRNAs 
(ADAMTS9-AS2, MEG3, POU5F1P5, and XIST) were examined in 
22 specimens of ovarian HGSC tissues and 10 specimens of normal 
ovarian tissues by real-time RT-PCR. The expression levels of the four 
downregulated lncRNAs (ADAMTS9-AS2, MEG3, POU5F1P5, and 
XIST) were significantly lower in ovarian HGSC tissues compared to 
normal ovarian tissues, confirming that the expression profiles of these 
four lncRNAs were consistent between the HGSC cell lines and ovarian 
HGSC tissues (Figure 6). However, there was no significant difference 
in the expression levels of four upregulated lncRNAs (CDKN2B-AS1, 
DLEU2, LINC00152, and LINC01234) between ovarian HGSC tissues 
and normal ovarian tissues (data not shown).

4  | DISCUSSION

In this study, based on a comparison of the expression profiles of 
HGSC cell lines with human ovarian surface epithelial cells (HOSE) 

F I G U R E  1   Validation of the aberrantly expressed lncRNAs in ovarian high-grade serous carcinoma (HGSC) cell lines (KURAMOCHI 
and TYK-nu) and human ovarian surface epithelial cells (HOSE). A, Expression levels of the four lncRNAs upregulated in HGSC cell lines 
(CDKN2B-AS1, DLEU2, LINC00152, and LINC01234), which was analyzed by real-time RT-PCR in triplicates in two HGSC cell lines and 
HOSE. GAPDH was used as an internal control. Values are mean ± SD. B, Expression levels of the four lncRNAs downregulated in HGSC 
cell lines (ADAMTS9-AS2, MEG3, POU5F1P5, and XIST), which was analyzed by real-time RT-PCR in triplicates in two HGSC cell lines and 
HOSE. GAPDH was used as an internal control. Values are mean ± SD
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and normal ovarian tissues, we identified ten aberrantly expressed 
lncRNAs in the HGSC cell lines and showed that among them 
four aberrantly downregulated lncRNAs (ADAMTS9-AS2, MEG3, 
POU5F1P5, and XIST) were similarly downregulated in ovarian 
HGSC tissues. The expression levels of ADAMTS9-AS2, MEG3, and 
XIST were especially low in ovarian HGSC tissues compared with 
normal ovaries. Therefore, they are possible candidates of HGSC-
specific lncRNAs for molecular targeting therapy in future direc-
tions. These lncRNAs offer therapeutic applications by restoration 
of the lncRNAs that suppress malignant behaviors in a highly cancer-
specific manner like a drug delivery system.

Some of the HGSC-specific lncRNAs may have roles in ma-
lignant behaviors. Among four aberrantly downregulated ln-
cRNAs (ADAMTS9-AS2, MEG3, POU5F1P5, and XIST), MEG3 and 
POU5F1P5 inhibited the cell migration when they were overex-
pressed. This is the first report of an inhibitory effect of MEG3 and 
POU5F1P5 on cell migration in ovarian HGSC. However, it is unclear 
why MEG3 and POU5F1P5 did not inhibit cell proliferation.

POU5F1P5 has been reported to be upregulated in various can-
cer tissues and cancer cell lines,20 but the function of POU5F1P5 
remains unclear. POU5F1P5 was reported to be upregulated in 

endometrial cancer specimens, and overexpression of POU5F1P5 
promoted the proliferation of endometrial cancer cells.21 This is in-
consistent with our result that upregulation of POU5F1P5 had tumor 
suppressor effects in HGSC cell lines. The discrepancy may reflect 
the difference in cancer types, which, if true, suggests that the func-
tion of POU5F1P5 depends on cancer type. In fact, some lncRNAs 
including XIST have been reported to show either suppress or pro-
mote cancer depending on the type of cancer.7,13,22,23

MEG3 inhibits malignant behaviors in a variety of cancers.10-13 
In addition, MEG3 is downregulated in ovarian cancer tissues, and 
overexpression of MEG3 inhibits cell proliferation, migration, and 
invasion and promotes apoptosis in ovarian cancer cell lines.24-26 
However, our results show that overexpression of MEG3 inhibited 
cell migration in HGSC cell lines. The discrepancy may be due to the 
difference in the cell lines used for functional analysis. The ovarian 
cancer cell lines used in the above studies are OVCAR3, SKOV3, 
and A2780, and they have different properties from our HGSC cell 
lines.24-27 Cell lines such as SKOV3, A2780, and OVCAR3 have often 
been used as HGSC models in studies of ovarian cancers. Large 
numbers of HGSC specimens and ovarian cancer cell lines are cat-
alogued in The Cancer Genome Atlas (TCGA) and Broad-Novartis 

F I G U R E  2   Establishment of HGSC cell lines (TKY-nu) in which the expression of upregulated lncRNAs (LINC00152 and LINC01234) or 
downregulated lncRNAs (MEG3 and POU5F1P5) was altered. A, Cell morphology of the TKY-nu line in which LINC00152 or LINC01234 was 
knocked down (KD). Cells transfected with non-targeting siRNA were used as a mock control cell line (non-targeting). Scale bars: 100 μm. B, 
Cell morphology of the TKY-nu line in which MEG3 or POU5F1P5 was overexpressed (OX). Cells transduced with empty vector were used as 
a mock control line (empty vector). Scale bars: 100 μm. C, Confirmation of the knockdown of LINC00152 or LINC01234. Relative expression 
levels of LINC00152 and LINC01234 to GAPDH in each KD and control cell line were analyzed in triplicates by real-time RT-PCR. Values are 
mean ± SD. (D) Confirmation of the overexpression of MEG3 or POU5F1P5. Relative expression levels of MEG3 and POU5F1P5 to GAPDH 
in each overexpressing and control cell line were analyzed in triplicates by real-time RT-PCR. Values are mean ± SD
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F I G U R E  3   Cell proliferation assays 
of the HGSC cell lines established in 
this study. A, The cell number in each 
knockdown cell line (LINC00152 and 
LINC01234) and control cell line (non-
targeting) was counted every 24 h. Values 
show the mean ± SD of three independent 
experiments. B, The cell number in 
each overexpressed cell line (MEG3 and 
POU5F1P5) and control cell line (empty 
vector) was counted every 24 h. Values 
show the mean ± SD of three independent 
experiments

F I G U R E  4   Cell cycle and apoptosis in the HGSC cell lines overexpressing MEG3 and POU5F1P5. A, Cell cycle assay in the MEG3- and 
POU5F1P5-overexpressing and control cell lines using flow cytometer. The percentage of the cells in each cell cycle stage (G0/G1, S, G2, and 
sub G1 phase) were analyzed in triplicate. Values are mean ± SD. B, Apoptosis assay in MEG3- and POU5F1P5-overexpressing and control 
cell lines using flow cytometer. The upper panel shows the flow cytometry in POU5F1P5-overexpressing cell line as a representative result. 
Cells that were annexin V-positive and 7-aminoactinomycin D-negative, and double-positive, were divided into the early and late apoptotic 
cells, respectively. The lower panel shows the percentage of the late (black) and early (gray) apoptotic cells, which were analyzed in triplicate. 
Values are mean ± SD
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Cancer Cell Line Encyclopedia (CCLE) databases, respectively. A 
recent comparison of the data in these databases revealed that the 
abovementioned cell lines are not suitable as HGSC models due to 
differences in mutation, chromosomal copy number, and mRNA ex-
pression profiles.27 Therefore, we used KURAMOCHI and TYK-nu 
as HGSC cell lines because their mutations and mRNA expression 
profiles are more similar to those of HGSC specimens.27

Downregulation of ADAMTS9-AS2 or XIST is associated with 
progression of cell proliferation and malignant behaviors in ovarian 

cancer.13,22,28 Although the functions of ADAMTS9-AS2 and XIST 
were not examined in this study, the remarkably low expression in 
the HGSC tissues suggests that ADAMTS9-AS2 or XIST has inhibi-
tory effects on malignant behaviors of ovarian HGSC.

About the four upregulated lncRNAs (CDKN2B-AS1, DLEU2, 
LINC00152, and LINC01234), knockdown using siRNAs did not 
show any inhibitory effects and their expression levels were not dif-
ferent between ovarian HGSC tissues and normal ovarian tissues. 
We cannot clearly explain the difference in actions and expressions 

F I G U R E  5   Effects of overexpression of lncRNAs (MEG3 or POU5F1P5) on the cell migration activity in the HGSC cell line. A, Wound 
healing assay in the MEG3- and POU5F1P5-overexpressing and control cell lines. Representative photographs at the same fields, 0 and 72 h 
after wound creation, were shown (upper panel). Horizontal dotted lines indicate the wound margins. Scale bar: 200 µm. Wound healing 
activities were calculated by dividing the migration distance by the original width (lower panel). Values are mean ± SD of three independent 
experiments. *; P < .05 and **; P < .01 compared to the control. B, Cell migration assay in the MEG3- and POU5F1P5-overexpressing 
and control cell lines. Representative photographs of the migrated cells stained by Diff-Quick stain were shown (upper panel). Scale bar: 
200 µm. Migration activities were calculated by counting the number of the migrated cells in five randomized fields (lower panel). Values are 
mean ± SD of three independent experiments. *; P < .05 and **; P < .01 compared to the control (t test)

F I G U R E  6   Expression levels of aberrantly expressed lncRNAs in HGSC cell lines in multiple specimens of HGSC and ovarian tissues. Box 
plots of relative expression levels of lncRNAs downregulated in HGSC cell lines (ADAMTS9-AS2, MEG3, POU5F1P5, and XIST), which were 
analyzed by real-time RT-PCR in triplicates, in the twenty-two HGSC tissues and ten ovaries. GAPDH was used as an internal control. A 
plotted circle indicates each sample. *P < .05 and **P < .01 compared to the control (Mann-Whitney U test)
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between upregulated and downregulated lncRNAs. We speculate as 
follows; the lncRNAs in this study were originally identified in HGSC 
cell lines. Although the HGSC cell lines used in this study are derived 
from ovarian HGSC cells, ovarian HGSC tissues reflect individual dif-
ferences, indicating the heterogeneity. Therefore, the character of 
the HGSC cell lines is not always consistent with the character of the 
ovarian HGSC tissues.

In conclusion, we identified four new lncRNAs that are downreg-
ulated in ovarian HGSC. These four lncRNAs may have uses in the 
diagnosis and treatment of HGSC.
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