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Long non-coding RNA LINC01627 is a prognostic
risk factor for epithelial ovarian cancer
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Abstract. Ovarian malignancies are commonly diagnosed
cancers of the female reproductive system. Recent studies have
revealed that long non-coding RNAs (IncRNAs) can regulate a
variety of oncological processes. In the present study, ovarian
cancer expression datasets were searched in the GEO database
using the GPL570 platform. Differential IncRNA expression
between normal ovarian tissues and ovarian tumors were
analyzed using the R package ‘limma’, and patient prognosis
was accessed using the package ‘survival’. Four databases,
GSE14001, GSE18520, GSE38666 and GSE40595, were used
for the analysis. A total of 64 IncRNAs were highly expressed
and 4 were downregulated within these four databases.
Prognostic analysis of the 68 IncRNAs in the four databases
was performed, and revealed that the expression of long
intergenic non-protein coding RNA 1627 (LINC01627) was
negatively associated with patient prognosis in GSE19829
and GSE62193; there was no association between LINC01627
expression and patient's prognosis in GSE18520 or GSE63885.
To investigate the proposed association between LINC01627
and patient prognosis, meta-analysis revealed that the total
hazard ratio was 1.38 and the 95% confidence interval was
between 1.04 and 1.83. Subgroup analysis revealed that
LINCO01627 may predict patient prognosis in high-grade,
advanced and serous epithelial ovarian cancer, which was a
risk factor for prognosis. Further assessment was performed
in clinical samples and ovarian cancer cells, where the knock-
down of LINCO01627 inhibited the proliferative and migratory
capacities of HO8910 and HEY cells. Collectively, the present
results suggested that IncRNA LINCO01627 may serve an onco-
genic role in the development of epithelial ovarian tumors.
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Introduction

Ovarian cancer has the highest mortality rate of all gyneco-
logical malignancies, and epithelial ovarian cancer (EOC) is
the most frequently encountered (1). The disease course of
ovarian cancer is complex, and symptoms are non-specific (2).
Therefore, at the point of diagnosis the majority of patients have
reached the advanced stages of disease, when radical treat-
ment is less successful (3). Current issues in the diagnosis and
treatment of ovarian cancer include a lack of early diagnosis,
limited effective treatment options, and propensity to chemo-
resistance and metastatic dissemination (4,5). Therefore, the
discovery of novel diagnostic markers and therapeutic targets
is pivotal to improving the prognosis for patients with EOC.

Long non-coding RNAs (IncRNAs) are a type of
non-coding RNA >200 nucleotides in length, known as
the ‘dark matter’ of the genome (6). Although they are not
protein-coding, IncRNAs possess complex biological func-
tions (7,8). Yan et al (9) analyzed the expression of IncRNAs
in 5,037 human tissue samples from The Cancer Genome
Atlas (TCGA) database, across 13 types of cancer. It was
revealed that, in different types of cancer tissue, non-coding
genes had a specific expression profile compared with their
protein-coding counterparts. Therefore, the study of IncRNAs
may hold promise towards improving cancer diagnosis and
treatment programs (10-12). However, to the best of our
knowledge, there is currently limited research into the expres-
sion and function of IncRNAs in EOC. Therefore, the present
study aimed to improve the understanding of the functions and
molecular mechanisms of IncRNAs in EOC, and how they
may contribute to the early diagnosis and treatment of ovarian
cancer (13,14).

In previous years, the development of chip technology has
greatly enhanced the efficiency of biological research (15).
Bioinformatics is an interdisciplinary field of biology and
computer science, and with the advent of ‘big data’ in health
care, bioinformatics research has greatly improved the effi-
ciency and progress of health care-associated research (16).

Materials and methods
Data processing. Ovarian cancer expression files

GSEI18520(17),GSE19829 (18), GSE26193 (19), GSE63885 (20),
GSEI14001 (21), GSE38666 (22) and GSE40595 (23) were
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retrieved from the Gene Expression Omnibus (GEO) data-
base (platform GPL570). Datasets involving patients with
EOC were selected; the differential expression levels of
IncRNAs between normal ovarian and ovarian tumor tissues
were analyzed using the R (3.3.3) package ‘limma’ (3.40.2)'
(http://bioconductor.org/packages/release/bioc/html/limma.
html), and disease prognosis was analyzed using the R package
‘survival’. The low grades included grade 1 and 2 and the
high grade included grade 3. According to the International
Federation of Gynaecology and Obstetrics (FIGO) staging
systems, stages III and IV included advanced stages and
stages I and II included early stage. The median expression
of LINCO01627 was used as cut-off value for survival analysis.
Where P=0.1 and I’<50% indicated no heterogeneity between
each study, meta-analysis was performed using the fixed effect
model. Where P<0.1 and I>>50% suggested heterogeneity
between each study, the random effects model was used for
meta-analysis, and sub-analysis was conducted to determine
the source of heterogeneity.

Tissues sample collection and total RNA extraction. A total
of 20 EOC tissue samples and 10 normal ovarian tissue
samples were collected from patients who underwent surgery
between June 2015 and October 2018 at the Second Affiliated
Hospital of Soochow University (Suzhou, China). The present
study was approved by the Ethics Committee of the Second
Affiliated Hospital of Soochow University (Suzhou, China),
and all patients provided written informed consent. None
of the patients had received chemotherapy or radiotherapy
prior to surgery and all patients were treated with systemic
platinum-based chemotherapy following surgery. Tumor
stage was determined according to the FIGO staging system.
Following resection, the tissues were immediately frozen at
-80°C. TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) was used to extract the total RNA from ovarian cancer
cells and tissue samples.

Reverse transcription-quantitative PCR (RT-qPCR).
Total RNA was reverse transcribed into cDNA using the
PrimeScript™ RT Master Mix (cat. no. RR036A; Clontech
Laboratories, Inc.), and qPCR was performed using the SYBR®
Green Master Mix (Tiangen Biotech Co., Ltd.), according the
manufacturer's protocol. The reaction volume total was 10 ul,
and the thermocycling conditions were: 95°C pre-denaturation
for 3 sec, followed by 40 cycles of 95°C denaturation for
10 min, 60°C annealing for 40 sec, followed by 72°C extension
for 30 sec. The 224 method was used to calculate relative
expression levels (24). Primers were as follows: LINC01627,
forward 5'-ACTGATACCCACVACAGAAGAAG-3, and
reverse 5'-CCCGTCAAGTCGAGTAATATCC-3"; and
GAPDH, forward 5'-GCACCGTCAAGGCTGAGAAC-3', and
reverse 5'-GGATCTCGCTCCTGGAAGATG-3.

Cell culture and transfection. Ovarian cancer cell lines
HO8910 and HEY were purchased from the American Type
Culture Collection. The ovarian cancer cell lines HO8910 and
HEY were cultured in RPMI 1640 (Gibco; Thermo Fisher
Scientific, Inc.) containing 10% fetal bovine serum (FBS; cat.
no. 10099-141; Gibco; Thermo Fisher Scientific, Inc.) at 37°C
with 5% CO,. Cells were seeded in 6-well plates and once
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reached 70% confluency, cells were transfected with 50nM
negative control (NC) or LINC01627 small interfering (s)RNA
using Lipofectamine™ RNAi MAX reagent (Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol. The
LINCO01627 siRNA sequence was 5'-GGGTGTACACAGAGT
ATAA-3". The negative control sequence was 5-UUCUCC
GAACGUGUCACGUTT-3'. After 24 h of transfection, subse-
quent experiments were performed.

Cell migration assay. Following transfection, cells were
resuspended in RPMI medium without FBS at a density of
2x10* cells/well. A total of 100 ul resuspended cells were
seeded into the upper chamber of a Transwell insert. RPMI
medium supplemented with 10% FBS was added to the lower
chamber. The cells were cultured at 37°C with 5% CO, for
25 h. Migratory cells were fixed in 70% paraformaldehyde
for 30 min and stained with 0.1% crystal violet for a further
30 min at room temperature. Following washing with PBS,
cells were directly observed using an inverted microscope
and was counted in five randomly selected fields to get the
average using ImagelJ (version 1.48; National Institutes of
Health).

Cell proliferation assay. Following transfection, HO8910 and
HEY cells were seeded into 96-well plates at a density of
5x10° cells/well. At 24,48, 72 and 96 h time points, 10 1 Cell
Counting Kit-8 (CCK-8; Dojindo Molecular Technologies,
Inc.) solution was added to each well and the plates were incu-
bated at 37°C for 1 h in the dark. Absorbance was measured at
a wavelength of 450 nm using a microplate reader.

Statistical analysis. Stata statistical software (StataCorp LP)
was used to perform statistical analyses. The hazard ratio
(HR) and 95% confidence interval (CI) were determined using
the log-rank test. Unpaired t-test was enrolled to compute the
difference between two groups. P<0.05 was considered to
indicate a statistically significant difference. Each experiment
was repeated three times.

Results

LINCO01627 is highly expressed in ovarian cancer and is a
prognostic risk factor for EOC. In order to determine potential
prognostic factors for ovarian cancer, a group of differen-
tially expressed genes was obtained from the GSE14001,
GSE18520, GSE38666 and GSE40595 databases using the
R package ‘limma’ (Fig. 1A). Using the R package ‘venn’, a
total of 64 IncRNAs were identified as highly expressed in
GSE14001, GSE18520, GSE38666 and GSE4059 (Fig. 1B),
and 4 were downregulated (Fig. 1C). Prognostic analysis of
the 64 IncRNAs was performed in the GSE18520, GSE19829,
GSE62193 and GSE63885 databases. The results revealed that
only LINCO01627 expression was negatively correlated with
patient outcome in GSE19829 and GSE62193 (Fig. 2B and C),
whilst no association was observed in GSE18520 or GSE63885
(Fig. 2A and D). To investigate whether LINC01627 was
associated with patient prognosis, a total HR (1.38) interval
of 1.04-1.83 was determined using meta-analysis (Fig. 2E),
suggesting that LINC01627 may be a prognostic factor in
predicting patient outcome.
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Figure 1. Differentially expressed IncRNAs in ovarian cancer. (A) Heat maps of dysregulated IncRNAs in GSE14001, GSE18520, GSE38666 and GSE40595
databases. (B) Venn diagram of upregulated IncRNAs shows 64 IncRNAs in common in the 4 datasets. (C) Venn diagram of downregulated IncRNAs shows 4
IncRNAs in common in the 4 datasets. Red represents upregulated genes and blue represents downregulated genes. IncRNAs, long non-coding RNAs.
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Figure 2. LINCO01627 is a prognostic factor in EOC. Kaplan-Meir plots showing the association of LINC01627 expression with patient survival in the
(A) GSEI18520, (B) GSE19829, (C) GSE62193 and (D) GSE63885 datasets. (E) Meta-analysis revealed that LINC01627 was negatively correlated with the

outcome of patients with EOC. CI, confidence interval; EOC, epithelial ovarian cancer; HR, hazard ratio; LINC01627, long intergenic non-protein coding
RNA 1627.
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Figure 3. LINCO01627 is a prognostic risk factor for high-grade EOC. Kaplan-Meir plots showing the association of LINC01627 expression with patient survival
in the (A) GSE18520, (B) GSE19829, (C) GSE62193 and (D) GSE63885 datasets. (E) Meta-analysis revealed that LINC01627 was negatively correlated
with the outcome of patients with high-grade EOC. CI, confidence interval; EOC, epithelial ovarian cancer; HR, hazard ratio; LINC01627, long intergenic

non-protein coding RNA 1627.
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Figure 4. LINCO01627 is a prognostic risk factor for advanced EOC. Kaplan-Meir plots showing the association of LINC01627 expression with patient survival
in the (A) GSE18520, (B) GSE19829, (C) GSE62193 and (D) GSE63885 datasets. (E) Meta-analysis revealed that LINC01627 was negatively correlated
with the outcome of patients with advanced EOC. CI, confidence interval; EOC, epithelial ovarian cancer; HR, hazard ratio; LINC01627, long intergenic

non-protein coding RNA 1627.

LINCO01627 is a prognostic risk factor for high-grade
EOC. Further analysis of the prognostic implications of
LINCO01627 in high-grade EOC illustrated that the expression
of LINCO01627 was negatively correlated with patient prog-
nosis in GSE19829 and GSE26193 (Fig. 3B and C), whilst

no correlation was observed in GSE18520 or GSE63885
(Fig. 3A and D). A total HR (1.60) interval of 1.17-2.19
was determined using meta-analysis (Fig. 3E), suggesting
that LINCO01627 may be regarded as a prognostic factor for
high-grade EOC.
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Figure 5. LINCO01627 is a prognostic risk factor for serous EOC. Kaplan-Meir plots showing the association of LINC01627 expression with patient survival
in the (A) GSE18520, (B) GSE19829, (C) GSE62193 and (D) GSE63885 datasets. (E) Meta-analysis revealed that LINC01627 was negatively correlated with
the outcome of patients with serous EOC. CI, confidence interval; EOC, epithelial ovarian cancer; HR, hazard ratio; LINC01627, long intergenic non-protein

coding RNA 1627.
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Figure 6. LINC01627 promotes proliferation and migration in ovarian cancer cells in vitro. (A) LINC01627 levels were higher in ovarian cancer samples
compared with normal ovarian tissues. (B) siRNA transfection efficiency. (C) Cell proliferation was measured by Cell Counting Kit-8 assay in HO8910 and
(D) HEY cells following LINC01627 silencing. (E) Cell migration was measured by Transwell assay in HO8910 and (F) HEY cells following LINC01627

silencing (magnification, x200). siRNA, small interfering RNA. “P<0.01 and
long intergenic non-protein coding RNA 1627, si, small interfering.

LINCO01627 is a prognostic risk factor for advanced EOC.
Investigation into the prognostic implications of LINC01627 in
advanced EOC demonstrated that LINC01627 was a prognostic
risk factor within GSE26193 (Fig. 4C), whilst no correlation
was revealed in GSE18520, GSE19829 or GSE63885 (Fig. 4A,
B and D). To investigate whether LINC01627 was associated
with the prognosis of patients with advanced EOC, a total HR
(1.47) interval of 1.09-1.98 was determined using meta-anal-
ysis (Fig. 4E), suggesting that LINC01627 may be regarded as
a prognostic factor for advanced EOC.

ok

P<0.001 compared with NC group or Normal. C, negative control; LINC01627,

LINCO0I1627 is a prognostic risk factor for serous EOC. EOC
includes serous, mucinous, endometrioid and other subtypes,
of which serous EOC is the most frequently observed (25).
Analysis of the prognostic implication of LINC01627 in
serous EOC illustrated that LINC01627 was a prognostic risk
factor within GSE19829 (Fig. 5B), whilst no correlation was
observed in GSE18520, GSE26193 or GSE63885 (Fig. 5A,
C and D). To investigate whether LINCO01627 is associated
with the prognosis of patients with serous EOC, a total HR
(1.36) interval 1.01-1.84 was determined using meta-analysis
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(Fig. SE), suggesting that LINC01627 may be regarded as a
prognostic factor for serous EOC. In addition, it was indicated
that increased expression of LINCO01627 was associated with
poor patient prognosis.

LINCO01627 promotes proliferation and migration in ovarian
cancer cells. LINCO01627 expression levels were detected in
normal ovarian (n=10) and EOC tissues (n=20). The results
revealed that the expression levels of LINC01627 were
significantly increased in EOC tissues (P=0.0090; Fig. 6A).
To further investigate the functions of LINC01627, siRNA
targeting LINCO01627 was established and knockdown
assays were subsequently performed in vitro. Transfection
efficiency is illustrated in Fig. 6B, with the si-LINC01627
group exhibiting significantly decreased levels of LINC01627
compared with the control group, in both cell lines tested.
The results of the CCK-8 assay revealed that cell proliferation
was significantly inhibited following LINC01627-knockdown
(Fig. 6C and D). In addition, results from Transwell assays
demonstrated that migration was significantly abrogated in
HO8910 and HEY cells following LINC01627 knockdown
(Fig. 6E and F).

Discussion

With limited early clinical symptoms and the current limita-
tions of medical treatments, including drug resistance, the
majority of patients with ovarian cancer are in the advanced
stages of disease at the time of diagnosis (26). Although
cytoreductive surgery combined with paclitaxel and cisplatin
chemotherapy is able to effectively relieve symptoms in the
majority of patients, the 5-year survival rate of patients with
ovarian epithelial tumors is <40% (27,28). At present, the most
frequently used diagnostic methods for ovarian cancer include
ultrasound and the detection of cancer antigen 125 and human
epididymal protein 4 (29), the specificity and sensitivity of
which do not meet the requirements for early screening. As a
result, the early detection and diagnosis of ovarian cancer has
yet to be optimized. To improve the survival rates of patients
with EOC novel tumor biomarkers and therapeutic targets are
required (30).

LncRNAs were discovered in the 1980s and due to their
inability to encode proteins, they were previously considered
to be ‘transcription noise’ (6). In recent years, an increasing
number of studies have indicated that IncRNAs are able to
regulate gene expression at the epigenetic, transcriptional and
post-transcriptional levels (31). In addition, they are likely to
serve a prominent role in the development of cancer (32). It
has been reported that there are significant differences in the
expression levels of IncRNAs between healthy and tumorous
tissues, as brain cytoplasmic RNA 1 (BCYRNI) was highly
expressed in breast, lung, tongue and ovarian cancer (33), and
HOX transcript antisense RNA (HOTAIR) expression levels
were significantly higher in tumor tissues compared with those
in normal, healthy tissues (34-36). Therefore, IncRNAs are
potential novel tumor markers and therapeutic targets for the
screening and early diagnosis of cancer (37-39). The mecha-
nisms of IncRNAs in the development of ovarian cancer may
also be implicated in the prevention, diagnosis, treatment and
prognosis of the disease (40,41).
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The aim of the present study was to determine the role of
IncRNAs in the development of EOC, to analyse the expres-
sion of LINCO01627 in different databases, and to conduct
meta-analysis in order to confirm whether LINC01627
was a prognostic factor for EOC. The results revealed that
LINCO01627 was a prognostic risk factor for EOC. Furthermore,
meta-analysis concluded that LINC01627 was a prognostic
risk factor for high-grade, advanced and serous EOC, as the
higher the expression, the poorer the patient prognosis. It was
also concluded that LINCO01627 expression levels may have
prognostic significance in patients with EOC. Upregulation
of LINCO01627 has been observed in non-small-cell lung
cancer (42); however, the role of LINC01627 in EOC is yet
to be ascertained. In the present study, to further investigate
the oncogenic role of LINC01627, the expression levels of
LINCO01627 were determined in EOC clinical samples using
RT-qPCR. The results revealed that LINC01627 was highly
expressed in EOC tissues compared with normal ovarian
tissue samples. Functional cell-based assays further confirmed
that LINC01627 had a role on the proliferation and migration
of HO8910 and HEY cells. To further examine the mechanism
of LINCO01627, RNA immunoprecipitation and chromatin
immunoprecipitation assays are going to be performed in
future studies.

With further research, LINC01627 may become a future
therapeutic target for the treatment of ovarian cancer, which
may accelerate the use of IncRNAs from basic research to
clinical application, and provide a novel opportunity for the
diagnosis and treatment of ovarian cancer. These results may
subsequently promote novel ideas for the research, diagnosis
and treatment of EOC. However, since the investigation of
IncRNAs is a relatively new research field, expression profiles
in EOC have yet to be fully established. The understanding of
the molecular mechanisms of IncRNAs is limited and further
investigation is required in order to examine their full role
and potential in the development of EOC. In conclusion, the
present study indicated that LINC01627 may be a prognostic
risk factor for EOC, and may predict patient prognosis in
high-grade, advanced and serous disease subtypes.
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