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Abstract. – OBJECTIVE: To characterize 
functions of long non-coding RNA (lncRNA) in 
the progression of epithelial ovarian cancer.

PATIENTS AND METHODS: Epithelial ovari-
an cancer tissues and matching normal tissues 
were collected from two individual patients for 
RNA microarray analysis. Besides, twenty-two 
ovarian cancer samples and ten healthy ovari-
an epithelial tissues were collected for Reverse 
Transcription-quantitative Polymerase Chain 
Reaction (RT-qPCR). Microarray assay suggest-
ed that a list of cancer relating mRNAs and 
lncRNAs were upregulated. The identified ln-
cRNAs were validated via RT-qPCR, which led 
to the identification of long intergenic non-pro-
tein coding RNA 152 (LINC00152). To determine 
the function of LINC00152 in ovarian cancer, we 
knocked down the expression of LINC00152 in 
epithelial ovarian cancer cell line SKOV3 with 
small interference RNAs (siRNAs). The effects 
of LIN00152 on the proliferation and cell cycle 
were determined by comparing the cell viabili-
ty of SKOV3 cells with LIN00152 knockdown and 
the control cells with negative siRNA. The cell 
viability was assessed using Cell Counting Kit-
8 (CCK-8) and flow cytometry assay. RNA mi-
croarray assay was used again in control and 
LINC00152 knockdown SKOV3 cells to identify 
downstream signaling pathways.

RESULTS: Fourteen ovarian cancer relating 
lncRNAs were identified by RNA microarray as-
say. Up-regulation of LINC00152 was validated 
via RT-qPCR. A higher expression of LINC00152 
in late cancer stage (III-IV) compared to the ear-
ly stage tumors was also demonstrated. Inhibi-
tion of LINC00152 in SKOV3 cells inhibited cell 
proliferation and induced cell cycle arrest that 
involved prolonged G1 phase and shortened 

S phase. The microarray assay data of SKOV3 
cells suggested that Cyclin-Dependent Kinase 
Inhibitor 1C (CDKN1C) was a potential down-
stream target of LINC00152.

CONCLUSIONS: LINC00152 is upregulated in 
epithelial ovarian cancer tissues comparing to 
normal tissues. Knockdown of LINC00152 ex-
pression inhibits cell proliferation and induc-
es cell cycle arrest. LINC00152 possibly inter-
acts with Tumor Necrosis Factor (TNF) signaling 
pathway. CDKN1C is a potential downstream tar-
get of LINC00152.
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Introduction

Ovarian cancer is a fatal gynecological disease. 
Despite the progress in research and treatment of 
ovarian cancer, challenges remain for the deve-
lopment of early diagnosis and practical treatment 
approaches. 

With the recent development of high throughput 
sequencing, the critical roles of long non-coding 
Ribonucleic acid (lncRNA) in physiology and pa-
thology have been revealed1,2. In addition to its en-
gagement in multiple biological processes such as 
proliferation, cell cycle, and metastasis3, studies 
also indicated that lncRNAs play essential roles 
in tumor occurrence and development4. Howe-
ver, in the field of gynecological cancers, very 
few functional lncRNAs have been investigated. 
Among them, the aberrant expression of HOX 
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transcript antisense Ribonucleic acid (HOTAIR)5, 
H196, X-inactive specific transcript (XIST)7, Me-
tastasis Associated Lung Adenocarcinoma Tran-
script 1 (MALAT1)8, Urothelial Cancer Associa-
ted 1 (UCA1)9, and Maternally Expressed Gene 3 
(MEG3)10 were reported in ovarian cancer tissues. 
They may play different roles in the progression 
of ovarian cancer.

To investigate the roles of lncRNA in can-
cer progression, we performed gene expression 
assays with paired cancer and normal tissues. 
Cancer relating lncRNAs were then investiga-
ted by RT-qPCR, leading to the identification of 
LINC00152. 

Patients and Methods 

Ethics Statement
This investigation was conducted according to 

the protocols approved by the Ethics Review Bo-
ard of Peking University Third Hospital (Beijing, 
China). Written informed consent was obtained 
for sample collection and analysis.

Sample Acquisition and Processing
Tissue samples were obtained from thirty-four 

surgical patients in Peking University Third Ho-
spital. Twenty-six samples were collected from 
epithelial ovarian cancer patients, including 
twenty-four tumor tissues and two matched nor-
mal counterparts derived from adjacent normal 
ovarian tissues or opposite ovarian. Ten tissue 
samples were collected from the normal ovarian 
epithelial tissues of ten additional patients. The 
samples were collected during surgery and imme-
diately snap-frozen in liquid nitrogen and stored. 
More than two pathologists examined the histolo-
gical type. Total RNAs were extracted from the 
samples using TRIzol reagent (Invitrogen, Carl-
sbad, CA, USA). RNA quantity and quality were 
determined using NanoDrop-2000 spectrophoto-
meter (Thermo Fisher Scientific, Waltham, MA, 
USA) and electrophoresis, then stored at –80°C 
freezer until use.

Microarray of Tissues and 
Computational Analysis 

Total RNA of two ovarian cancer tissues 
and normal counterparts was quantified by 
the NanoDrop-2000 (Thermo Fisher Scienti-
fic, Waltham, MA, USA). The RNA integrity 
was assessed using Agilent Bioanalyzer 2100 
(Agilent Technologies, Santa Clara, CA, USA). 

Sample labeling, microarray hybridization, and 
washing were performed according to the ma-
nufacturer’s standard protocols. Briefly, total 
RNA was transcribed to double strand cDNA, 
then synthesized into cRNA and labeled with 
Cyanine-3-CTP. The labeled cRNAs were hy-
bridized onto the microarray. After washing, 
the arrays were scanned by the Agilent Scanner 
G2505C (Agilent Technologies, Santa Clara, 
CA, USA). Feature Extraction software (ver-
sion 10.7.1.1, Agilent Technologies, Santa Cla-
ra, CA, USA) was used to analyze array ima-
ges to get raw data. GeneSpring (version 13.1, 
Agilent Technologies, Santa Clara, CA, USA) 
was employed for primary analysis of raw data. 
Briefly, raw data were normalized with the 
quantile algorithm. The probes that at least 1 
out of 2 terms have flags in “positive (P)” were 
chosen for further data analysis. Differentially 
expressed mRNAs or lncRNAs were then iden-
tified through fold change. The threshold set for 
up- and down-regulated genes was≥ 2.0-fold 
change. Afterward, GO analysis and KEGG 
analysis were applied to determine the roles of 
these differentially expressed mRNAs. Genes 
were identified based on a fold change of ≥ 4.0. 

Quantitative Reverse Transcription PCR
Total RNAs and random RT primer (TIAN-

GEN, Beijing, China) was used for cDNA syn-
thesis. Synthesized cDNAs were analyzed using 
quantitative real-time PCR assay with kit from 
Promega (Madison, WI, USA). U6 was used as 
internal control.

The sequences of the primers used in the assay are 
as follows: U6 sense, 5’-GCTTCGGCAGCACA-
TATACTAAAAT-3’; antisense: 5’-CGCTTCAC-
GAATTTGCGTGTCAT-3’; LINC00152, sense: 
5’-ATCCACATTCCAACCTCCGT-3’; antisense: 
5’-CTGAGTCGTGATTTTCGGTGT-3’; UCA1 
sense: 5’-ACGCTAACTGGCACCTTGTT-3’; an-
tisense: 5’-CCGGACTGCTTCAAGTGTGA-3’. 
CDKN1C sense: 5’-GGCTCTAAACTGCGAG-
GAGA-3’; antisense: 5’-CGGTGAGCCAA-
GTGAGTACA-3’. CDK1 sense: 5’-GAACAC-
CACTTGTCCCTCTAAGAT-3’; antisense: 
5’-CTGGCAAGGCCAAAATCAGC-3’. CDK2 
sense: 5’-CGTCAACGTGGGTCTTGGTA-3’; 
antisense: 5’-ATCAGTGTGCCAACAGG-
GAG-3’. CDK3 sense: 5’-TCAGGTGACTC-
GAAAAGCCC-3’; antisense: 5’-GTCAG-
GAAAGAGACCCTGGC-3’. CDK6 sense: 
5’-CATTTTGTGGCTGCTTGGCA-3’; antisense: 
5’-AAAAGTGTCCCCTCACGACC-3’.
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Cell Culture and Transfection
SKOV3 ovarian cancer cells (Peking Univer-

sity Third Hospital, Beijing, China) were cultu-
red in DMEM/F12, were supplemented with 100 
units/mL penicillin (Life Technologies, Carlsbad, 
CA, USA) and 100 µg/mL streptomycin (P/S), 
and 10% fetal bovine serum (FBS; Thermo Fisher 
Scientific, Waltham, MA, USA). The cells were 
incubated in 5% CO2 at 37°C.

When the cell density reached about 50%, siR-
NA targeting LINC00152 and negative control 
siRNA designed by RiboBio (Guangzhou, China) 
were transfected into cells using Lipofectamine® 
imax Reagent (Invitrogen, San Diego, CA, USA). 
After incubation for 4-6 hours at 37°C, the cul-
ture medium was replaced with refresh culture 
medium containing 10% FBS and P/S after tran-
sfection. Silencing efficiency was observed via 
RT-qPCR. The following tests were performed 48 
hours after transfection.

Cell Proliferation Assays
Cell proliferation assays were performed using 

Cell Counting Kit-8 (Dojindo Laboratories, Ku-
mamoto, Kyushu, Japan) according to the manu-
facturer’s protocol. After transfection of siRNAs, 
1500 cells per well were seeded into 96-well pla-
tes and incubated for 48 hours. Viable cells were 
evaluated by the 450 nm absorbance at the indica-
ted time points. 

Flow Cytometry Analysis for Cell Cycle
Cells were collected and fixed in chilled 70% 

ethanol at 4°C for 12 h, followed by washing with 
phosphate-buffered saline (PBS; Thermo Fisher 
Scientific, Waltham, MA, USA). The fixed cells 
were stained with 50 mg/ml propidium iodide 
(PI; Thermo Fisher Scientific, Waltham, MA, 
USA) at 4°C in the darkness for 20 min before 

analysis. The flow cytometry analysis was per-
formed using Beckman CytoFLEX FCM (Beck-
man, Brea, CA, USA). 

Statistical Analysis
Statistical analysis was performed using Sta-

tistical Program in SPSS 20 (IBM Corp. Relea-
sed 2011. IBM SPSS Statistics for Windows, Ar-
monk, NY, USA) or GraphPad Prism 5 (GraphPad 
Software, La Jolla, CA, USA). For data that com-
plied with normal distribution, two-tailed Stu-
dent’s t-test was used. For data that did not belong 
to normal distribution, nonparametric rank sum 
test was performed. Regarding enumeration data, 
Chi-square test was performed when case number 
was more than 40; alternatively, Fisher exact test 
was performed when case number was less than 
40. Three independent experiments were carried 
out for each assay. p < 0.05 was considered stati-
stically significant. 

Results

Identification of Differentially Expressed 
LncRNAs in Ovarian Cancer Tissues

Microarray assay was performed in two ova-
rian cancer tissues and their matching adjacent 
normal counterpart to characterize lncRNAs 
relating to ovarian cancer. In this assay, 46506 
lncRNA probes and 30656 mRNA probes were 
applied for each pair of tissues. Ovarian cancer 
relating RNAs were determined by comparing 
cancer and normal tissues (Table I), while the 
threshold fold change value was 2-fold (up or 
down). Accordingly, 28.81% of the probed mR-
NAs and 25.51% of the probed lncRNAs showed 
different expression levels in cancer tissues 
comparing to normal tissues (Table II). To nar-
row down the target IncRNAs for further inve-

Up means up-regulated; down means down-regulated. For each sample, 46506 lncRNA probes and 30656 mRNA probes were 
applied. In relative to their normal counterpart, differentially expressing RNAs in cancer tissues were determined according to 
a 2-fold change in gene expression.

Table I. The differentially expressing lncRNAs and mRNAs. 

		  Normal	 mRNA	 mRNA	 mRNA	 lncRNA	 lncRNA	 lncRNA
	Cancer	 counterpart	 (up)	 (down)	 (total)	 (up)	 (down)	 (total)

1	 1a	 4149	 4709	 8858	 4339	 7452	 11791
		  (46.84%)	 (53.16%)	 (100%)	 (36.80%)	 (63.20%)	 (100%)
5	 5a	 4999	 3810	 8809	 6764	 5178	 11942
		  (56.75%)	 (43.25%)	 (100%)	 (56.64%)	 (43.36%)	 (100%)
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stigation, the threshold was increased to 4-fold 
(up or down). This led to the identification of 
fourteen lncRNAs, among which the expression 
of nine lncRNAs was higher and five lncRNAs 
was lower in the tumor tissues than in the nor-
mal counterparts. Five of these lncRNAs have 
been studied in human diseases (Table III).

Validation of LINC00152’s Up-Regulation 
in Ovarian Cancer Tissues

To validate microarray data, we assessed the 
expression of LINC00152 in twenty-two epithe-
lial ovarian cancer tissues and ten normal ovarian 
epithelial tissues via RT-qPCR. In the meantime, 
UCA1 was measured as a positive control since it 
is a well-established ovarian cancer-related lncR-
NA9. According to RT-qPCR result, LINC00152 
was up-regulated in ovarian cancer tissues (p < 
0.001, Figure 1A). UCA1 was also up-regulated 

in ovarian cancer tissues (p <0.001, Figure 1B). 
Moreover, to determine whether the increase of 
LINC00152 expression was related to ovarian 
cancer progression, the LINC00152 expression 
level was further compared within cancer patien-
ts. Clinical features including age, tumor stage, 
and tumor grade were documented, while each 
one was assigned a cut-point to group patients. 
LINC00152 exhibited higher expression levels 
in patients with more advanced tumor stage (p 
< 0.05, Table IV), whereas age and tumor grade 
were not relevant to LINC00152’s expression.

The effects of LINC00152 Knockdown 
on SKOV3 Cells

To investigate the potential functions of 
LINC00152 in ovarian cancer progression, we 
applied gene silencing targeting LINC00152 in 
SKOV3 cells (an ovarian cancer cell line). Spe-

By means of Pearson’s chi-squared test, differently expressed lncRNAs and mRNAs were calculated. 

Table II. The differently expressed lncRNAs and mRNAs. 

		                               Sum					   

	 RNA 	 Difference	 No difference	 Total	 Differential rate	 χ2-value	 p-value
	
lncRNA	 23733	 69279	 93012	 25.51%		
mRNA	 17667	 43645	 61312	 28.81%	 204.86	 < 0.001*

FC represents expression fold change. A positive value represents expression higher than control normal tissue, while a 
negative value represents lower expression than control normal tissue. For tissues, 1 and 5 represent cancer tissues, while 1a 
and 5a represent normal counterparts. ##Means no evidence yet.

Table III. Characterization of differentially expressed lncRNAs with a threshold of 4-fold change. 

	 No.	 Type	 lncRNA	 Chr.	 FC (1/1a)	 FC (5/5a)	 Relative disease

  1	 Up	 LINC00152	 chr2	 71.73	 11.84	� Gastric cancer17, hepatocellular carcinoma13, 
colon cancer18, gall-bladder cancer14, renal 
cell carcinoma15

  2	 Up	 MIR4435-1HG	 chr2	 42.47	 8.98	 ##
  3	 Up	 LOC100507351	 chr17	 29.84	 37.81	 ##
  4	 Up	 KRT18P55	 chr17	 14.92	 12.01	 Intestinal-type gastric cancer23

  5	 Up	 SNAR-D	 chr19	 9.16	 37.86	 ##
  6	 Up	 SNAR-A1	 chr19	 7.46	 45.69	 ##
  7	 Up	 SNAR-A3	 chr19	 7.29	 52.63	 ##
  8	 Up	 SNAR-B2	 chr19	 6.81	 40.97	 ##
  9	 Up	 DUXAP10	 chr14	 5.16	 8.98	� Non-small cell lung cancer24, colorectal 

cancer25, bladder cancer26, oral squamous 
cell carcinoma27

10	 Down	 UBE2Q2P1	 chr15	 -4.49	 -8.75	 ##
11	 Down	 NR2F2-AS1	 chr15	 -8.92	 -9.46	 ##
12	 Down	 PRRT2 	 chr16	 -9.44	 -18.25	 Paroxysmal diseases28

13	 Down	 EPB41L4A-AS1	 chr5	 -11.15	 -7.00	 ##
14	 Down	 VLDLR-AS1 	 chr9	 -14.37	 -24.82	 Fat loss of cancer cachexia29
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cifically, LINC00152-specific siRNAs were tran-
sfected into SKOV3 to knock down the expres-
sion of LINC00152. According to the results of 
CCK-8 assays, knockdown of LINC00152 expres-
sion inhibited cell proliferation (Figure 2A). Fur-
thermore, flow cytometry data suggested that 
LINC00152 knockdown resulted in shortened S 
phase and prolonged of G1 phase (Figure 2B) in 
the cell cycle. 

Whole-Genome Transcriptome Analysis 
of LINC00152

To reveal the mechanism of LINC00152 fun-
ction in cell proliferation and cell cycle, we com-
pared the global gene expression profile between 
control and LINC00152-silencing SKOV3 cells 
using microarray analysis. In three independent 
experiments, total RNA samples of cells with or 
without LINC00152 inhibition were collected and 

analyzed. Principal component analysis (PCA) 
(Figure 3A) and unsupervised hierarchical cluste-
ring analysis (Figure 3B) were performed with the 
raw data to confirm the similarity within group 
and distinction across groups (S6, S7, and S8 be-
long to LINC00152 silencing group, S10, S11, S12, 
and S13 belong to control group). Overall analysis 
showed that in LINC00152 knockdown cells, the 
expression of 149 mRNAs was up-regulated and 
the expression of 292 mRNAs was down-regula-
ted. Gene Ontology (GO) analysis was performed 
to categorize these mRNAs into diverse function 
groups (Figure 4A), cellular components (Figure 
4B), and biological processes (Figure 4C). Ac-
cordingly, the most affected molecular function 
was “structural constituent of muscle’”. The most 
affected cellular component was “nucleus”. The 
most significant biological process was “cellu-
lar response to mechanical stimulus”. Besides, 
the Kyoto Encyclopedia of Genes and Genomes 

Figure 1. Validation of ovarian relating lncRNAs via RT-qPCR. A, LINC00152 is up-regulated in ovarian cancer tissue; B, 
UCA1 is up-regulated in ovarian cancer tissues. Data are presented as Mean±SD, *p < 0.05, ** p < 0.01, ***p < 0.005.

A B

Table IV. LINC00152 expression in groups with different clinical features.

	 Clinical feature		  -∆CT	 2-∆∆CT	 p-value

Age	 ≥ 60 (n=11)	 -5.727 ± 0.3578	 0.695	 p = 0.2651
	 < 60 (n=11)	 -5.202 ± 0.2857 		
Stage	 Early (I-II) (n=8)	 -10.94 ± 0.4549 	 0.381	 p = 0.0475*
	 Late (III-IV) (n = 14)	 -9.547 ± 0.4244 		
Grade	 G1/G2 (n = 13)	 -9.930 ± 0.4747	 1.231	 p = 0.6736
	 G3 (n=9)	 -10.23 ± 0.5085		

The histological type of all samples is serous epithelial ovarian cancer. Values were shown as mean±SEM. Independent t-test 
was performed to calculate the p-value. For comparison, the second group was used as control.
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Figure 2. The effects of LINC00152 knockdown on cells proliferation and cell cycle. A, CCK-8 assays determined the 
cell viability in the condition of LINC00152 knockdown, while UCA1 knockdown was indicated as a positive control. B, 
Flow cytometry assays analyzed the change of cell cycle in the condition of LINC00152 knockdown. Data are presented as 
Mean±SD, *p < 0.05, ** p < 0.01, ***p < 0.005.

A

B
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Figure 3. Results of principal component analysis (PCA) and unsupervised hierarchical clustering analysis of mRNAs in 
ovarian cancer cells. S6, S7, and S8 belong to the LINC00152 silencing group, and S10, S11, S12, and S13 belong to the 
control group. A, PCA was performed with the mRNA expression raw data to indicate the general similarity within group and 
distinction across groups. B, Unsupervised hierarchical clustering showed the cluster of genes in each group.

A B

Figure 4. Gene Ontology (GO) analysis of mRNAs that were regulated by LINC00152 in ovarian cancer cells. A, The most 
relevant molecular functions. B, The most relevant cellular components. C, The most relevant biological process.
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(KEGG) analysis was utilized to check the rele-
vant signaling pathways. “Tumor Necrosis Factor 
(TNF) signaling pathway” was identified as the 
most relevant pathway (Table V).

Negative Correlation Between CDKN1C 
and LINC00152

It is noteworthy that Cyclin-Dependent Ki-
nase Inhibitor 1C (CDKN1C) and Ribonuclease 
(RNase) are the only genes of which expressions 
correlate to LINC00152 in both in vivo and in vi-
tro analyses. CDKN1C expression was reversely 
correlated to the expression of LINC00152 (Table 
III and Table V). Meanwhile, LINC00152 knock-
down resulted in an increase of CDKN1C expres-
sion in SKOV3 cells (Table VI), which was con-
firmed by both microarray data and RT-qPCR. 
Interestingly, we found that CDK2 expression 
was also up-regulated by LINC00152 silencing 
in SKOV3 cells (Figure 5). It has been reported 
that CDKN1C interacts with Cyclin-Dependent 
Kinase 1 (CDK1), Cyclin-Dependent Kinase 2 
(CDK2), Cyclin-Dependent Kinase 3 (CDK3), 
and Cyclin-Dependent Kinase 6 (CDK6). We 
hypothesize that LINC00152 regulates the expres-
sion and functions of the cyclin-dependent kinase 
family. 

Discussion

Long non-coding RNA (lncRNA) is recent-
ly a thriving gene class involving a variety of 
biological functions1. The abnormal expression 
of lncRNAs has been revealed in many human 
diseases, including cancer3. Nonetheless, very 
few lncRNAs have been studied in ovarian can-
cer. This gap of knowledge needs to be filled to 
discover new biomarkers for the detection and 
prognosis of ovarian cancer. LINC00152, an 828 
bp lncRNA mapped to chromosome 2p11.2, was 
initially detected as differentially hypomethyla-
ted lncRNA in hepatocarcinogenesis11. Later on, 
it was proposed to be an oncogene in variant 

cancers, namely gastric cancer4,12, hepatocellu-
lar carcinoma13, gall-bladder cancer14, renal cell 
carcinoma15 and colon cancer16. High expression 
of LINC00152 contributes to malignant tumor 
stage, reduced survival, deeper invasion, and 
lymph node metastasis4,12,13,15,16. Moreover, in vi-
tro experiments demonstrated that LINC00152 
promotes cancer by suppressing cell apoptosis 
and accelerating cell proliferation, migration, 
invasion, and epithelial to mesenchymal tran-
sition (EMT)4,12,17. Notably, our research is the 
first report to suggest that LINC00152 drives 
the progression of ovarian cancer and to analy-
ze transcriptome profile relating to LINC00152 
in cancer cells. Based on microarray analysis 
of ovarian cancer tissues and matched adjacent 
normal epithelial tissues, we identified fourte-
en lncRNAs with over four folds change, inclu-
ding nine up-regulated lncRNAs, LINC00152, 
MIR4435-2 Host Gene (MIR4435-1HG), Un-
characterized LOC100507351 (LOC100507351), 
Keratin 18 Pseudogene 55 (KRT18P55), Small 
NF90 Associated Ribonucleic acid D (SNAR-D), 
Small NF90 Associated Ribonucleic acid A1 
(SNAR-A1), Small NF90 Associated Ribonu-
cleic acid A3 (SNAR-A3), Small NF90 Asso-
ciated Ribonucleic acid B2 (SNAR-B2), and 
Double Homeobox A Pseudogene 10 (DU-
XAP10). Five lncRNAs were down-regulated, 
including Ubiquitin-Conjugating Enzyme E2 
Q2 Pseudogene 1 (UBE2Q2P1), Nuclear Recep-
tor Subfamily 2 Group F Member 2-Antisense 
1 (NR2F2-AS1), Proline-Rich Transmembrane 
Protein 2 (PRRT2), Erythrocyte Membrane Pro-
tein Band 4.1 Like 4A-Antisense1 (EPB41L4A-
AS1), and Very Low-Density Lipoprotein Re-
ceptor-Antisense1 (VLDLR-AS1). We, then, 
further detected the increased expression of 
LINC00152 in ovarian cancer tissues. It is pro-
mising that the expression level of LINC00152 
is significantly higher in tumor samples of late 
stages (III-IV) than that of early stages (I-II). In 
addition, silencing LINC00152 suppressed the 
proliferation of SKOV3 cells, caused cell cycle 

Table V. Pathway analysis on differently regulated mRNAs.

	 Gene set name	 Genes in overlap (k)	 p-value

Ahsa04060:Cytokine-cytokine receptor interaction	 8	 0.089
hsa04668:TNF signaling pathway	 5	 0.010

Differentially expressed genes (p < 0.05) that were used to run pathway analysis were selected by criteria: log2 ratio ≥ 1 or 
≤ -1. The best (smallest p-value) 3000 differentially regulated genes were analyzed.
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arrest, namely prolonged G1 phase and shorte-
ned S phase. Various mechanisms behind the 
functions of LINC00152 were illustrated, such 
as epigenetic modifications, and lncRNA-micro 
Ribonuclease Acid (miRNA) and lncRNA-pro-
tein interactions17,18. Specifically, LINC00152 in-
teracts with Thrombospondin 1 (THBS1) through 
miR-18a-5p19 and acts as a competing endogenous 
Ribonucleic acid (ceRNA) to regulate Erb-B2 
Receptor Tyrosine Kinase 4 (ERBB4)18 through 
miR-193a-3p. Furthermore, LINC00152 activa-
tes several pathways, specifically Rapamycin 
(mTOR) pathway13, and Phosphatidylinositol 
3-Kinase (PI3K)/Protein Kinase B (AKT) signa-
ling pathway14. In addition, LINC00152 could bind 
to the enhancer of Zeste Homologue 2 (EZH2) 
and silence p15 and p21 expression to promote 
cell cycle, facilitating cell proliferation11,17. It was 
also reported that LINC00152 triggers EMT pro-

gramme4. Our study first utilized a high throu-
ghput method to investigate the mechanism re-
garding LINC00152’s function. We found that the 
inhibition of LINC00152 in cancer cell caused in-
creased expression of 149 mRNAs and decreased 
expression of 292 mRNAs. Based on GO analysis, 
these mRNAs closely relate to the structural con-
stituent of muscle, nucleus, and cellular response 
to mechanical stimulus. Meanwhile, according 
to KEGG analysis, the most relevant pathway is 
the TNF signaling pathway. These results provi-
de potential mechanisms of LINC00152 media-
ting ovarian cancer cell. Among the identified 
mRNAs, we noticed that CDKN1C expression 
decreased in ovarian cancer tissues compared to 
normal tissues and increased after LINC00152 
silencing in SKOV3 cells comparing to the con-
trol cells, which was reversely correlated to the 
expression of LINC00152. CDKN1C is a cell 

Figure 5. The expression of CDKN1C in LINC000152 knockdown SKOV3 cells. A, CDKN1C is up-regulated after 
inhibition of LINC000152; B, CDK2 is up-regulated after inhibition of LINC000152. Data are presented as Mean±SD, *p 
< 0.05, **p < 0.01.

A B

Table VI. Microarray result in both tissues and cells shows the expression of CDKN1C is in negatively correlated with that 
of LINC00152.

	 Type	 LINC00152	 CDKN1C

FC (1/1a)	 Cancer/control	 71.73	 -16.55
FC (5/5a)	 Cancer/control	 11.84	 -14.66
FC (6,7,8/10,11,12)	 si-LINC00152/si-NC	 ##	 2.09

FC represents expression fold change, and a positive value represents a higher expression compared to control, while a negative 
value represents a lower one. For tissues, 1 and 5 represents cancer tissues, 1a and 5a represents adjacent normal counterparts. 
For cells, 6, 7 and 8 represents cells transfected with siRNA targeting LINC00152, and 10, 11 and 12 represents cells transfected 
with negative control siRNA. ##Means that the microarray only contains probes for mRNA.
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cycle regulator and a cyclin-dependent kinase 
inhibitor. Cyclin-dependent kinase family mem-
bers are often transcriptionally dysregulated in 
human cancer via promoter DNA methylation20. 
It has been reported21 that CDKN1C is repres-
sed in breast cancer cells mainly through histone 
modifications. MiR-34c can activate CDKN1C 
to act as a tumor suppressor in high grade se-
rous ovarian cancer22. Our finding that CDKN1C 
expression is negatively correlated to that of 
LINC00152 suggests the role of LINC00152 in 
mediating cell cycle and proliferation through 
the regulation of CDKN1C expression. Further 
investigation is needed to elucidate the mole-
cular mechanisms underlying the interplays of 
LINC00152 and cyclin-dependent kinase family 
with the focus on CDKN1C.

This report demonstrates the high expression 
of LINC00152 in ovarian cancer tissues, as well 
as LINC00152’s influence on cell cycle and pro-
liferation. Moreover, the transcriptional profile 
regulated by LINC00152 in SKOV3 cells is cha-
racterized. Studies of more clinical samples will 
further reveal the association between LINC00152 
expression level and the patients’ clinical featu-
res, including survival, tumor size, metastasis, 
and chemo-responses.

Conclusions

The development of methods for early diagno-
sis and effective treatment of ovarian cancer is pa-
ramount for improving the patient survival rate. 
This study has identified LINC00152 as a LncR-
NA overexpressed in ovarian cancer. LINC00152 
also has a higher expression level in late-stage 
ovarian cancers comparing to early-stage ones. 
In vitro studies suggest that LINC00152 regulates 
cell cycle and cell proliferation in ovarian cancer 
cells. CDKN1C is a possible downstream target 
of LINC00152. Based on these data, LINC00152 
may serve as a potential therapeutic target of ova-
rian cancer.
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