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LncRNA TUG1 promotes cells proliferation and
inhibits cells apoptosis through regulating AURKA
in epithelial ovarian cancer cells
Tonghuai Li, BSa, Yan Chen, MMa, Jingjing Zhang, BSb, Shaoxiao Liu, BSa,∗

Abstract
This study aimed to assess the effect of long noncoding RNAs (lncRNAs) taurine-upregulated gene 1 (TUG1) on cells proliferation and
apoptosis as well as its targeting genes in epithelial ovarian cancer (EOC) cells.
Blank mimic, lncRNA TUG1 mimic, blank inhibitor, and lncRNA TUG1 inhibitor plasmids were transfected into SK-OV-3 (SKOV3)

cells. Rescue experiment was performed by the transfection of lncRNA TUG1 inhibitor and Aurora kinase A (AURKA) mimic plasmids
into SKOV3 cells. Cell counting kit-8 (CKK-8), annexin V-FITC (AV)-propidium iodide (PI) (AV-PI), quantitative polymerase chain
reaction (qPCR), and western blot assays were performed to detect cells proliferation, apoptosis, RNA expression, and protein
expression respectively.
Cells proliferation was increased in lncRNA TUG1mimic group and decreased in lncRNA TUG1 inhibitor group than normal control

(NC) groups. Cells apoptosis rate was repressed after treatment with lncRNA TUG1mimic and promoted after treatment with lncRNA
TUG1 inhibitor. AURKA expression but not CLDN3, SERPINE1, or ETS1 expression was adversely regulated by lncRNA TUG1mimic
and inhibitor. After transferring lncRNA TUG1 (�) and AURKA (+) plasmids, cells proliferation was increased, while cells apoptosis rate
was decreased in AURKAmimic (+)/lncRNA TUG1 inhibitor (�) group than NC (+)/lncRNA TUG1 (�) group, which suggested lncRNA
TUG1 regulated cells proliferation and cells apoptosis through targeting AURKA.
LncRNA TUG1 promotes cells proliferation and inhibits cells apoptosis through regulating AURKA in EOC cells.

Abbreviations: AURKA = Aurora kinase A, AV = annexin V-FITC, BCA = bicinchoninic acid, CLDN3 = Claudin 3, ECL =
enhanced chemiluminescence, EOC= epithelial ovarian cancer, ETS1= E26 transformation-specific 1, FAK= focal adhesion kinase,
FBS = fetal bovine serum, FMNL2 = formin-like protein 2, lncRNAs = long noncoding RNAs, NC = normal control, OS = overall
survival, PI = propidium iodide, PI3K = phosphatidyl inositol-3-hydroxykinase, PKB = protein kinase B, qPCR = quantitative
polymerase chain reaction, RPMI = Roswell Park Memorial Institute, SDS-PAGE = sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, TUG1 = taurine-upregulated gene 1, ZEB2 = zinc finger E-box-binding homeobox 2.
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1. Introduction

Epithelial ovarian cancer (EOC), one of the most deadly
gynecological malignancies, affects approximately 239,000 pop-
ulations and causes estimated 151,900 deaths during 2012
according to 2015 global cancer statistics, accounting for about
5% of all cancer and 4.2% of all cancer deaths among female
worldwide.[1,2] Also, estimated 52,100 EOC new cases and 22,500
deaths occur in China during 2015.[3] Although there are great
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improvement of early diagnosis and optimal treatment, an
increasing trend in mortality caused by EOC still has been reported
in the last 2 decades due to several factors, such as chemoresistance
or complexed pathological processes.[4] Therefore, exploring
molecular mechanism underlying EOC progression may help
improve the diagnosis and develop novel therapeutic targets.
Long noncoding RNAs (lncRNAs) are a new class of

noncoding RNAs (> 200 nucleotides) with limited or no
protein-coding capacity, which involve in several biological
processes, including cells proliferation, apoptosis, invasion, and
differentiation by targeting gene expression.[5,6] The dysregulated
expressions of lncRNAs have been reported to contribute to the
processes of tumorigenesis and cancer progression.[7] LncRNA
taurine-upregulated gene 1 (TUG1), located on chromosome
22q12, is a common lncRNA expressed in human tissue and
cancer cells.[8] Accumulating evidences have proven that lncRNA
TUG1 plays an oncogenic role in various carcinomas, including
breast cancer, gastric cancer, and colorectal cancer.[9–11]

However, few studies have been performed to explore the
function of lncRNA TUG1 and its potential mechanism in EOC
cells. In the early study, we have evaluated the correlation of
lncRNAs TUG1 with clinicopathological characteristics as well
as overall survival (OS) in EOC patients, and investigate its
function in EOC cells proliferation and apoptosis in vitro.[12] In
order to further explore the clear molecular mechanism of
lncRNA TUG1 underlying EOC progression, following study is
necessary to be conducted. Therefore, the purpose of this study
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was to assess the effect of lncRNA TUG1 on cells proliferation
and apoptosis as well as its targeting genes in EOC cells.

2. Methods

2.1. Cells culture

Human EOC cells (SKOV3) were obtained from Cell Bank of the
Chinese Academy of Sciences (Shanghai, China). Cells were
cultured in Roswell Park Memorial Institute (RPMI) 1640
(Sigma-Aldrich, Whitehouse Station, New Jersey) medium
supplemented with 10% fetal bovine serum (FBS) (Gibco,
Carlsbad, California), 100U/mL penicillin, and 100mg/mL
streptomycin at 37°C and 5% CO2 in a humidified incubator
after resuscitation. Institutional Review Board of People’s
Hospital of Lishui City, the Sixth Affiliated Hospital of Wenzhou
Medical University approved this study.

2.2. Plasmids transfection and assays after transfection

Cells were washed with PBS and then transfected with blank
mimic, lncRNA TUG1 mimic, blank inhibitor, and lncRNA
TUG1 inhibitor plasmids, which were divided into 4 groups,
NC1 mimic, lncRNA TUG1 mimic, NC2 inhibitor, and lncRNA
TUG1 inhibitor groups. The following assays were carried out:
quantitative polymerase chain reaction (qPCR) assay for lncRNA
TUG1 expression at 24hours; cell counting kit-8 (CKK8) assay
for assessment of cells proliferation at 0, 24, and 48hours;
annexin V-FITC (AV) -propidium iodide (PI) assay and C-
Caspase 3 expression as well as Bcl-2 expression by western blot
assay for evaluation of cells apoptosis at 48hours.
Moreover, qPCR and western blot assays were used for the

detection of mRNA and protein expression of candidate target
genes, including Aurora kinase A (AURKA), Claudin 3 (CLDN3),
plasminogen activator inhibitor 1 (SERPINE1), and E26 transfor-
mation-specific 1 (ETS1). Candidate target genes of lncRNATUG1
in EOC were evaluated: First, RIsearch, RNAplex, and LncTar
databases were used for the prediction of target mRNAs of lncRNA
TUG1, and target mRNAs with consistent results by these 3
database predicting were selected.[13–15] Subsequently, DisGenet
(www.disgenet.org) was used for the evaluation of genes, which
were associated with the pathological processes of EOC.[16] After
that, potential target genes, including AURKA, CLDN3, SER-
PINE1, and ETS1, in EOCwere evaluated by combining analysis of
lncRNA TUG1 predicted target genes and EOC-related genes.

2.3. Rescue experiments

Subsequently, the rescue experiment of AURKA for lncRNATUG1
in EOC cells was carried out. Cells were transfected with normal
control (NC) mimic, AURKAmimic, lncRNA TUG1 inhibitor, and
AURKAmimic and lncRNA TUG1 inhibitor plasmids, which were
divided into 4 groups, including NC mimic (+)/NC inhibitor (�),
AURKA (+)/NC (�), NC (+)/LncRNA TUG1 (�), and AURKA
(+)/LncRNA TUG1 (�) groups. The following assays were
performed: qPCR assay for lncRNA TUG1 expression at 24hours;
qPCR assay and western blot assay for mRNA and protein
expression of AURKA at 24hours; CKK8 assays at 0, 24, and 48
hours; and AV/PI assay and western blot (C-Caspase 3, Caspase 3,
and Bcl-2 proteins) for evaluation of cells apoptosis at 48hours.
2.4. qPCR

lncRNA and mRNA expressions were evaluated by qPCR. The
TRIzol reagent (Invitrogen, Waltham, Massachusetts) was used for
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the extraction of total RNA. Nonodrop (Thermo Fisher, Wilming-
ton, Massachusetts) was used for quantitation of RNA expression
based on the manufacturer’s instruction. Subsequently, RNA from
each group was used for cDNA synthesis, which was subsequently
subjected to qPCRwith SYBRGreen kit (Takara, Japan). The PCR
amplification was subsequently performed: 95°C for 5minutes,
followed by 40 cycles of 95°C for 5seconds, 61°C for 30seconds.
GAPDH (mRNAs) or U6 (lncRNAs) was served as the internal
reference, and 2�DDct method was used for the calculation of qPCR
results. The primer sequences were as follows: lncRNA TUG1:
Forward 50 TAGGAGTGGATGTGTTCTGTAGCA 30 Reverse 50

TGGTCGTGGAATATGGTCAATGAG 30; U6: Forward 50

CTCGCTTCGGCAGCACATA30 Reverse 50CTCGCTTCGGC-
AGCACATA30; AURKA: Forward 50 CTGAGGAGGAACTG-
GCATCAA30 Reverse 50 ATTAGGTAGACTCTGGTAGC
ATCAT30; CLDN3: Forward 50 TTCATCGGCAGCAACA-
TCATCA30 Reverse 50 AGCAGCGAGTCGTACACCTT30; SER-
PINEL: Forward 50 ACGGCTGGTGCTGGTGAAT30 Reverse 50

GCAGTTCCAGGATGTCGTAGTAAT30; EST1: Forward 50

TTGCCACCTGAACTTCTTCCT30 Reverse 50 GGATGACCA-
GCCACCATTAGA30; GAPHD: Forward 50 GAGTCCACTGG-
CGTCTTCAC30 Reverse 50 ATCTTGAGGCTGTTGTCATAC
TTCT30.
2.5. Western blot assay

Total protein was extracted from lysing cells in 1-mL RIPA buffer
(Thermo Fisher Scientific, Waltham, Massachusetts). The protein
concentration was measured by the bicinchoninic acid (BCA) kit
(Thermo Fisher, Wilmington, Massachusetts) (Pierce Biotechnol-
ogy) and adjudged according to the standard curve. Subsequently,
20mg protein sample was fractionated by 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), which
was then transferred to polyvinylidene fluoride membranes
(Millipore, Bedford, Massachusetts). Protein was blocked by
5% skim milk. After 2hours, the primary antibody was used for
incubation of membranes overnight at 4°C, and then secondary
antibody was used for incubation for 1hour at room temperature.
Blots were exposed to x-ray films for chemiluminescence following
treatment using an enhanced chemiluminescence (ECL) kit
(Millipore). GAPDH was served as the internal reference. The
detailed information of antibodies is presented in Table 1.

2.6. Cells proliferation assay

Cells were incubated at 37°C with 5% CO2 after adding 10mL
CCK8 and 90mL RPMI 1640 medium into each plate of cells.
Optical density (OD) value was measured by microplate reader
(Biotek, Winooski, Vermont). The proliferative-detection was
carried out at 0, 24, and 48hours after transfection.

2.7. AV-PI assay

After digested by pancreatin and washed with PBS, cells were
suspended in 100mL Bling Buffer, and added with 5mL AV, then
incubated at room temperature for 15minutes in the dark.
Subsequently, after adding 5mL PI, cells were incubated at room
temperature for 15minutes in the dark. The flow cytometry was
performed to detect the cells stained with AV and PI.
2.8. Statistics

All operation in vitro experiments were repeated 3 times,
Statistics was carried out using SPSS 19.0 (SPSS, New York City,



Table 1

Antibodies used in this study.

Antibody Company/Country Dilution ratio

Primary antibody
Cleaved Caspase-3 Rabbit mAb CST 1:1000
Caspase-3 Rabbit mAb CST 1:1000
Anti-Bcl-2 antibody Abcam 1:1000
Anti-GAPDH antibody Abcam 1:1000
Anti-Claudin 3 antibody Abcam 1:1000
Anti-PAI1 antibody Abcam 1:1000
Anti-EST1A antibody Abcam 1:1000
Anti-Aurora A antibody Abcam 1:1000

Second antibody
Goat Anti-rabbit IgGH&L (HRP) Abcam 1:2000
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State of New York) and GraphPad prim 6.01 (GraphPad, New
York City, State of New York).[17] Data were presented in mean
± standard deviation. Comparison was determined by t test.
P< .05 (

∗
) was considered significant, and P< .01 (†) was

considered highly significant.

3. Results

3.1. LncRNA TUG1 expression after lncRNA TUG1 mimic/
inhibitor plasmids transfection

After plasmids transfection, we found that transfection rates were
all above 90% in NC1 mimic, lncRNA TUG1 mimic, NC2
inhibitor, and lncRNA TUG1 inhibitor groups (Fig. 1A). As
presented in Fig. 1B, lncRNA TUG1 expression was upregulated
after transfection in lncRNA TUG1 mimic group and down-
regulated in lncRNA TUG1 inhibitor group.

3.2. Cells proliferation after lncRNA TUG1 mimic/inhibitor
plasmids transfection

CKK8 assay was subsequently performed. At 48hours post
plasmid transfection, cells proliferation was increased in lncRNA
Figure 1. LncRNA TUG1 expression after plasmids transfection. (A) Transfection
increased in lncRNA TUG1 mimic group and decreased in lncRNA inhibitor grou
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TUG1 mimic group compared with NC1 mimic group, and was
decreased in lncRNA TUG1 inhibitor group compared with NC2
inhibitor group, which suggested that lncRNA TUG1 promoted
EOC cells proliferation (Fig. 2).

3.3. Cells apoptosis after lncRNA TUG1 mimic/inhibitor
plasmids transfection

Cells apoptosis was repressed in lncRNA TUG1 mimic group
compared with NC1 mimic group and was promoted in lncRNA
TUG1 inhibitor group compared with NC2 inhibitor group
(Fig. 3A, B). In addition, we explored cells apoptosis-related
protein expressions and found that lncRNA TUG1 mimic
decreased the expression of C-Caspase 3, while lncRNA
TUG1 inhibitor increased the expression of C-Caspase 3. As
for Bcl-2 expression, lncRNA TUG1 mimic increased Bcl-2
expression and lncRNA TUG1 inhibitor decreased Bcl-2
expression. These indicated that lncRNA TUG1 could repress
apoptosis in EOC cells.

3.4. Expression of candidate target genes after lncRNA
TUG1 mimic/inhibitor plasmids transfection

BothmRNA and protein expressions of AURKAwere increased in
lncRNA TUG1 mimic group compared with NC1 mimic group
and were decreased in lncRNA TUG1 inhibitor group compared
with NC2 inhibitor group, indicating the positive regulation of
lncRNATUG1onAURKA inEOCcells (Fig. 4A,E).Nodifference
of other mRNA and protein expressions, including CLDN3,
SERPINE1, and ETS1, between groups was found (Fig. 4B–E).

3.5. Expressions of lncRNA TUG1 and AURKA in rescue
experiment

Rescue experiment was performed to identify whether lncRNA
TUG1 regulated EOC cells functions via targeting AURKA.
LncRNA TUG1 expression was decreased in NC(+)/lncRNA
TUG1(�) group compared with NC(+)/NC (�) group, while no
rate were all above 90% in 4 groups. (B) The expression of lncRNA TUG1 was
p compared with NCs.

∗
P< .05, †P< .01.
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Figure 2. Cells proliferation after transfection. Cells proliferation was induced
after treatment with lncRNA TUG1 mimic and was suppressed after treatment
with lncRNA TUG1 inhibitor.

∗
P< .05.
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difference was found betweenNC(+)/NC (�) and AURKA(+)/NC
(�) groups as well as NC(+)/lncRNA TUG1(�) group and
AURKA(+)/lncRNA TUG1(�) group, suggesting that AURKA
could not regulate the expression of lncRNA TUG1 (Fig. 5A).
As presented in Fig. 5B and C, both mRNA and protein

expressions of AURKA were increased in AURKA(+)/NC(�)
group compared with NC(+)/NC (�) group, and in AURKA
(+)/lncRNA TUG1(�) group compared with NC(+)/lncRNA
TUG1(�) group, while their expressions were lower in NC
(+)/lncRNA TUG1(�) group than in NC(+)/NC(�) group. These
indicated that lncRNA TUG1(�) inhibited the expression of
AURKA, while AURKA(+) decreased the influence.
Figure 3. Cells apoptosis after transfection. (A, B) Cells apoptosis rate was dec
increased in lncRNA TUG1 inhibitor group compared with NC2 inhibitor group.
expression in EOC cells.

∗
P< .05, †P< .01.
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3.6. Cells proliferation in rescue experiment

CCK8 assay revealed that cells proliferation was increased in
AURKA(+)/NC(�) group compared with NC(+)/NC(�) group,
and in AURKA(+)/lncRNA TUG1(�) group compared with NC
(+)/lncRNA TUG1(�) group, suggesting that lncRNA TUG1
regulated cells proliferation through targeting AURKA (Fig. 6).

3.7. Cells apoptosis in rescue experiment

AV/PI assay disclosed that cells apoptosis rate was decreased in
AURKA (+)/NC(�)group comparedwithNC(+)/NC(�) group, and
also in AURKA(+)/lncRNA TUG1(�) group compared with NC
(+)/lncRNA TUG1(�) group, indicating that lncRNA TUG1
regulated cells apoptosis in EOC cells via mediating AURKA
(Fig. 7A, B).

4. Discussion

In this study, we observed that lncRNA TUG1 promoted cells
proliferation and inhibited cells apoptosis in EOC cells. Rescue
experiment illustrated that lncRNA TUG1 mediated cells prolifera-
tion and cells apoptosis via regulating AURKA in EOC cells.
LncRNAs have been verified to involve in the processes of

tumorigenesis and progression through regulating several
oncogenic or tumor suppressed pathways via multiple potential
mechanisms, including chromatin modification; regulation of
transcription factors and coactivators recruitment; alternative
splicing of pre-mRNAs; repression of RNA polymerase II
activity; microRNAs sequestration; and mediation of mRNA
stability.[18–22]
reased in lncRNA TUG1 mimic group compared with NC1 mimic group, and
(C) lncRNA TUG1 decreased C-Caspase 3 expression and increased Bcl-2



Figure 4. Expression of candidate target genes after lncRNA TUG1 (mimic/inhibitor) plasmids transfection. Both mRNA (A) and protein (E) expressions of AURKA
were increased in lncRNA TUG1 mimic group than NC1 mimic group, and were decreased in lncRNA TUG1 inhibitor group than NC2 inhibitor. No difference was
found in CLDN3 (B), SERPINE1 (C), and ETS1 (D) expression.

∗
P< .05, †P< .01. No significance (NS) was considered no statistical significance.
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LncRNA TUG1, a common lncRNA with 6.7-kb nucleo-
tides, is considered as an oncogene to various carcinomas, and
plays an important role in pathological processes, such as cells
proliferation, cells apoptosis, cells invasion, and cells differen-
tiation.[23–25] Recent data have proven that lncRNA TUG1
induces cells proliferation and cells invasion by inhibiting miR-
219 or inducing formin-like protein 2 (FMNL2) in oral
squamous cell carcinoma cells.[24] As to bladder cancer cells,
lncRNA TUG1 promotes cells proliferation and inhibit cells
apoptosis through accumulating zinc finger E-box-binding
Figure 5. Expression of lncRNA TUG1 and AURKA after lncRNA TUG1 (�) and AU
AURKA (+) (A); LncRNA TUG1 enhanced the expressions of mRNA (B) and prot
statistical significance.
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homeobox 2 (ZEB2) regulated by miR-142 via suppressing
Wnt/b-catenin pathway.[23] Also, as for papillary thyroid
cancer cells, lncRNA TUG1 induces cells proliferation and
repress cells invasion by targeting miR-145/ZEB1 signal
pathway.[25] Although there are several studies that have
explored the functions of lncRNA TUG1 in some kinds of
cancer cells, little is known about the role of lncRNA TUG1 in
EOC cells. Thus, we investigated the function of lncRNATUG1
in EOC cells and found that lncRNA TUG1 promoted cells
proliferation and inhibited cells apoptosis in EOC cells. These
RKA (+) plasmids transfection. LncRNA TUG1 expression was not influenced by
ein (C) of AURKA.

∗
P< .05, †P< .01. No significance (NS) was considered no
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Figure 6. Cells proliferation after lncRNA TUG1 (�) and AURKA (+) plasmids
transfection. Cells proliferation was increased in AURKA (+)/NC (�) group than
NC (+)/NC (�) group, as well as in AURKA (+)/lncRNA TUG1 (�) group than NC
(+)/lncRNA TUG1 (�) group. P< .05.
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indicated that lncRNA TUG1 affects EOC pathology through
regulating cells proliferation and apoptosis.
AURKA, a serine-threonine kinase, contributes to the regula-

tion of G2/M transition, chromosome segregation, and centro-
some functions.[26,27] Accumulating evidence have proven that
AURKA plays a critical role in the oncogenic processes of many
types of human cancers and cancer cell lines.[27–30] For example,
AURKA accelerates cells migration and invasion in head and
neck squamous cell carcinoma via upregulating focal adhesion
kinase (FAK).[31] Also, AURKA enhances cells proliferation,
apoptosis, invasion, and metastasis via the activity of FAK/
phosphatidyl inositol-3-hydroxykinase (PI3K)/protein kinase B
(PKB) pathway in laryngeal squamous cell carcinoma.[32]

Another study in EOC reveals that AURKA promotes cells
Figure 7. Cells apoptosis after lncRNA TUG1 (�) and AURKA (+) plasmids transfe
(+)/NC (�) group, as well as in AURKA (+)/lncRNA TUG1 (�) group than NC (+)/
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proliferation, migration, and invasion of HO8910 and SKOV3
cells in vitro.[33] These data suggest that AURKA contributes to
the development and progress of several carcinomas, including
EOC, through affecting cells activities via regulating multiple
genes or pathways. In the current study, we found that lncRNA
TUG1 mediates EOC cells functions through targeting AURKA.
In order to confirm this hypothesis, we subsequently carried out
the rescue experiment and found that lncRNA TUG1 mediated
cells proliferation and cells apoptosis via targeting AURKA in
EOC cells. However, the detailed mechanism of AURKA related
to lncRNA TUG1 in EOC was not explored in this experiment,
and further experiment is necessary.
In conclusion, lncRNA TUG1 promotes cells proliferation and

inhibits cells apoptosis through regulating AURKA in EOC cells.
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