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Abstract. Emerging evidence has indicated that long noncoding RNAs (LncRNAs) play critical roles
in tumor development. LncRNA-regulator of reprogramming (ROR) could enhance the malignance
of numerous tumors through promoting cell reprogramming and the chemoresistance of several
cancers. Nevertheless, the detailed molecular mechanisms of LncRNA-ROR in ovarian cancer are
not well elucidated. In our study, we demonstrated that LncRNA-ROR was high expression in ovar-
ian cancer tissues than in normal ovarian tissues, and LncRNA-ROR level was positively associated
with clinical stages and the differentiation grades of malignant cells. Functionally, LncRNA-ROR
could induce epithelial-mesenchymal transition (EMT), and regulated ovarian cancer cell migra-
tion and invasion by decreasing the expression of tumor suppressive miR-145 and its target gene
FLNB. Moreover, the binding site for miR-145 within LncRNA-ROR contributed to the reciprocal
negative regulation of LncRNA-ROR and miR-145. Taken together, LncRNA-ROR promoted EMT
by the miR-145/FLNB regulatory axis in ovarian cancer, providing a potential therapeutic target for

ovarian cancer.
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Introduction

Ovarian cancer is one of the main gynecologic malignan-
cies. Most patients are diagnosed with advanced ovarian
cancer due to lack of typical signs and symptoms. Most
of them are more likely to have invasion and peritoneal
metastasis to adjacent organs. The five-year survival rate
of patients with ovarian cancer is only 31% (Fidler 1978).
Distant metastasis is a major cause of the poor survival of
these patients (Rauh-Hain et al. 2016; Tripathi et al. 2018;
Zhang et al. 2018). Epithelial-mesenchymal transition
(EMT) acts as a crucial role in embryonic development
(Thiery 2003), and it has more recently been implicated in
promoting carcinoma invasion and metastasis (Wang et al.
2017). In the process of EMT, epithelial and mesenchymal
markers change correspondingly, that is, the expression of

Correspondence to: Jie Li, Department of Pathology, The First Af-
filiated Hospital of Xi'an Jiaotong University, 277 West Yanta Road,
Xian, Shaanxi 710061, China

E-mail:lijiexj64@126.com

epithelial markers decreases while that of mesenchymal
markers increases. Epithelial markers include E-cadherin,
cytokeratin, laminin-1 and ZO-1, and mesenchymal mark-
ers include N-cadherin, Vimentin and fibronectin. LncR-
NAs are RNA molecules over 200 nucleotides in length and
lack an open reading frame. LncRNAs play an important
roles in the regulation of multiple major biological pro-
cesses impacting development, differentiation, metabolism
and cancer progression (Whitehead et al. 2009; Wilusz et
al. 2009; Guttman and Rinn 2012).

The regulator of reprogramming (ROR, LncRNA-ROR)
is a 2.6 kb long RNA comprised of four exons (Loewer
et al. 2010). Studies have shown that LncRNA-ROR is
significantly up-regulated in induced pluripotent stem
cells (iPSCs) (Loewer et al. 2010), human embryonic
stem cell (hESC) (Cheng and Lin 2013), and multiple
cancer cells (Jiang et al. 2016; Wang et al. 2016a, 2016b;
Arunkumar et al. 2017; Chen et al. 2017; Li et al. 2017b,
Liuetal. 2017, Quet al. 2017, Zhang et al. 2017, Shang et
al. 2018) including esophageal squamous, prostate cancer,
breast cancer, pancreatic cancer, oral cancer. Research has



Lietal

462

AOAVYNU2U|

HOU-VNYOU|

HOY-VYNYUT

2L HYOU-VNHUI ON

uonjeifiw

HOY-VNY2UT

uoiseAul

uoljeBiw

R HOU-YNYOUT B
unoe-g ¢ BE
£2
= P
unusWIA § 2c
" o3
22
ulsypes-N 0L 5>
. P w 5
>
|uneypes-3 2 m
B “8g
o

&)

HOU-VNIIU]

* XK

ON

) ) o
SII92 EAONS U HO¥-YNYRUT
40 |29 YN W aAneRy

wn
-



463

Interaction between LncRNA-ROR and miR-145

“prusse[d YO-US YIM PIOYSULI] S[[2 JOOULD UBLIBAO YO Y-S ‘Pruuse[d YOI-VNIIUT [IM P}odJsue) S[[99 JodULd UeLIeA0 “JOY-VNYOUT 0NU0D Anedau
DN Wh 00T = 18q ‘10°0 > d 4 ‘S0°0 > d . "JOY-YS YIM PII2JSULI] S[[20 OV E PUL € AOMS Ul PISLIIIIP 9IoM UTJUSUWIIA PUE ULIIYPEI-N PUL PISLIIOUT SLM ULIAYPeI-{ JO UoTssaIdxa
ay3 Jeyy) pamoys sesse 10[q uIsop o “Lyoedes Jurpeaur pue uryerdiw [[90 oY) PaONPaI YOU-VNYOU'T JO UOTSSaIdXd UMOP Jet]) payLIe]d sAesse UOISeAUT pUue UOIRISIW 04714 UJ g
“AOY-Ys parodjsuen) £q S[[22 QY€ PUe S[[29 € AODIS Ul Uorssa1dxa YOU-VNYOUT I8y} PoMoys YD J dwi}-[ea1 daneinueny) “( “prusse[d YOU-VNYOUT YIIM PI3odJsuer) S[[20 QY€ pue
€AODIS UT PaseaIdul 21oM UTJUIWIA PUE ULIDYPEd-N PUE PISEIIOIP SEM ULISYPED-T JO UOISSaIdXa ) Jey) pajeaaal sfesse J0[q WId)sap D Kipedes Surpeaur pue SumnerSiw [j20 o)
PaseaIour YOI -VNYOUT JO UOISSaIdXIIA0 Jer[} PaJeI}SUOWAP SAesse UOISLAUT pue UoTjeIdrur 04914 uf *q “pajenSaidn sem pruserd pajosysuer) £q s[[20 QV¢ PUe S[[92 ¢ AOMS UT UOTS
-s21dx%a YO -VNYOUT 18} PIMOTS YD J SWIN-[BT JATRIIIULNY) Y “S[[30 JOOUED UBLIBAO JO JJAH Paoueyua pue sanpedes aarseaur pue £1oje1dru pajowoid JO-VNIOUT °T 2anSiy

HOY-US ON dox-us W :
>
i Wy
* * 00k 3 2
3 oSt = 2 o
== = looz & | =
3
- ’ & ﬂ
/r.’x’\t‘;ﬁ&\. s
HO¥-uS oN el . LR ] .
i . . | .
* ooL B 3 2
o5t e i =
o
—— o0z * = E
s 0sz nw
@
3
-L|S | g
- HO-us N T wowus oN B
L mus
>3 w RS
upuaWIA * g0 O . S0 © 3
o3 23
22 oL 0%
uldaped-N o o) N = T W 2
>T <3
upsypes-3 O3 5.2 e
'SV 9 o o ™
7 O
ove EAOMS
4 a



464

Lietal.

pointed that the location of LncRNA-ROR was a binding
site for core transcription factors (TFs) Oct4, Sox2, and
Nanog; and it acted as a ceRNA (competing endogenouse
RNA) to regulate the expression of those core TFs (Wang
et al. 2013). “microRNA sponge”, which acted as an ar-
tificial miRNA inhibitor that created a loss-of-function
phenotype for an entire miRNA “seed” family (Ebert et
al. 2007). LncRNA-ROR acted as a “microRNA sponge”
and interacted with miR-145. Several studies have pre-
sented that LncRNA-ROR functions as a ceRNA when
modulating concentration and biological functions of
miR-145 (Zhou et al. 2014; Eades et al. 2015; Gao et al.
2016; Zou et al. 2016).

FLNB (Filamin B) is a cytoskeletal protein encoded by
the gene on autosomal chromosome 3. It is cross-linked
with actin to form a three-dimensional cytoskeletal network
and maintain cell morphology (Tsui et al. 2016; Devis et al.
2017). FLNB is involved in many physiological and bio-
chemical activities, including transcriptional regulation and
cell proliferation. Recent studies have shown that filament
A and B play a key role in tumorigenesis, bone disease, cell
migration and adhesion (Ravipaty et al. 2017; Ahmed et al.
2018). In our study, we identified FLNB as a target gene for
miR-145 involved in the EMT process in ovarian cancer cells
for the first time.

Currently, many IncRNAs, except LncRNA-ROR, have
been reported as key regulators of the occurrence and
development of ovarian cancer (Zhang et al. 2018). And
LncRNA-ROR remains unknown in ovarian cancer progres-
sion and metastasis. In this study, we demonstrated that
LncRNA-ROR expression was higher in ovarian cancer tis-
sues than in normal ovarian tissues. Futhermore, LncRNA-
ROR promoted EMT by the miR-145/FLNB regulatory axis
in ovarian cancer, providing a potential therapeutic target
for ovarian cancer.

Materials and Methods

Cell lines and human tissue specimens

Both SKOV3 and 3AO0 cells are epithelial ovarian carcinoma
celllines. SKOV3 was obtained from the Shanghai Cell Bank
of Chinese Academy of Sciences (Shanghai, China), 3A0
was from the Shandong Academy of Medical Sciences (Ji-
nan, China). Cells were maintained in RPMI 1640 medium
(Gibco-BRL, Gaithersburg, MD, USA) supplemented with
10% (v/v) fetal bovine serum at 37°C under a humidified 5%
CO, atmosphere. Human ovarian cancer tissue samples and
normal ovarian tissue samples were collected from patients
at The First Affiliated Hospital of Xi’an Jiaotong University,
PR China. This study was approved by the Ethics Committee
of The First Affiliated Hospital of Xi'an Jiaotong University,

China. Written consent was obtained from each study par-
ticipant enrolled.

Cell transfection

pcDNA3.1/ROR (pcDNA3.1 as control), sh-ROR (shRNA-
negative control as control) were purchased from Applied
Biological Materials (ABM, Canada). The miR-145 mim-
ics and control mimics were purchased from RiboBio
(Guangzhou, China). Transfections were performed using
the Lipofectamine 2000 kit (Invitrogen) according to the
manufacturer’s instructions.

Quantitative real-time PCR (qRT-PCR)

Total RNA from tissues and cells was isolated with Trizol
reagent (Invitrogen, CA, USA) according to the manufac-
turer’s instructions. Reverse transcription was performed
with PrimeScript RT reagent Kit (Takara, Japan) according
to the manufacturer’s protocol. Quantitative real-time PCR
was performed using a SYBR Premix Ex Taq™ II kit (Takara,
Dalian, China) on a CFX96 real-time PCR system (Bio- Rad,
Hercules, CA, USA) based on the manufacturer’s instructions.
The LncRNA-ROR and miR-145 level was calculated with the
27ACt method, which was normalized to GAPDH and U6
mRNA, respectively. All assays were performed in triplicate.
The following primer sequences were used: E-cadherin for-
ward: 5-GCTGCTCTTGCTGTTTCTTCG-3’; E-cadherin
reverse: 5 -CCGCCTCCTTCTTCATCATAG-3’; FLNB for-
ward: 5-GGTGCTCAGCCAGAAGCGCA -3’; FLNB reverse:
5" -CAGGGCTCCCAGGGCTTTGC-3’; N-cadherin forward:
5 -GCCCCTCAAGTGTTACCTCAA-3’; N-cadherin reverse:
5- AGCCGAGTGATGGTCCAATTT-3’; vimentin forward:
5- AAGTTTGCTGACCTCTCTGAGGCT-3’; vimentin re-
verse: 5- CTTCCATTTCACGCATCTGGCGTT-3’; B-actin
forward :5- TCCCTGGAGAAGAGCTACGA-3’; B-actin
reverse :5- AGCACTGTGTTGGCGTACAG-3..

Western blot

Total protein was collected from cells by RIPA lysis buffer
containing protease inhibitors (Roche, Indianapolis, IN,
USA) and 1 mM PMSF on ice. Protein concentration was
measured using the BCA-200 Protein Assay kit (Pierce,
Rockford, IL, USA). After heat denaturation at 100°C for
5 min, proteins were separated by electrophoresis on 10%
SDS-PAGE gels and then transferred onto nitrocellulose
membranes (Pall Life Science, NY, USA). The membranes
were blocked with 5% non-fat milk at room temperature for
1 h, and then incubated overnight at 4°C with E-cadherin
(1:1000, Cell Signaling Technology, Danvers, MA, USA),
N-cadherin (1:1000, Cell Signaling Technology, Danvers,
MA, USA), vimentin (1:500, Cell Signaling Technology,
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Danvers, MA, USA), FLNB (1:500, Abcam, Cambridge, MA,
USA) and mouse anti-human B-actin (1:1000, Cell Signaling
Technology, Danvers, MA, USA). After washing with TBST
(Tris-buffered saline Tween-20), the blots were incubated
with horse radish peroxidase (HRP)-conjugated goat anti-
rabbit or anti-mouse IgG. Blots were visualized using ECL
reagents (Pierce, Rockford, IL, USA) by a chemilumines-
cence imaging system (Bio-Rad, Richmond, CA, USA).

Cell migration and invasion assay

Cells were trypsinized and counted. A total of 1x10° cells (for
migration assay) or 5x10° cells (for invasion assay) in 100 ul
serum-free medium were added into millicells (Millipore Co,
Bedford, MA, USA) without (for migration assay) or with

(for invasion assay) Matrigel (Becton Dickinson Labware,
Bedford, MA, USA) coated. 500 ul of 1640 medium contain-
ing 20% newborn bovine serum was added to the bottom
chambers as the chemotactic factor. After incubation for
24 h (for migration assay) or 48 h (for invasion assay) at 37°C.
Migratory (or invasive) cells were counted and averaged from
images of five random fields (original magnification x200)
captured using an inverted light microscope. Each cell count
was performed by three researchers.

Luciferase reporter assay

Cells were co-transfected with pRL-TK vector (20 ng),
wild-type or mutant reporter vectors (180 ng), along with
miR-145 mimic or negative control at a final concentration
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Figure 2. Reciprocal repression of InNcRNA-ROR and miR-145 in ovarian cancer cells. A. The level of LncRNA-ROR expression in ovarian
cancer tissues was significantly higher than in normal ovarian tissues. B. Scatter diagram showing LncRNA-ROR expression and miR-
145 expressions by qPCR and their correlations (R%=0.551, P = 0.000) in 27 tissues of EOC. C. Overexpression of miR-145 inhibited
LncRNA-ROR expression. D. The luciferase reporter assay showed that ROR MUT could bind to miR-145. E. RNA immunoprecipitation
(RIP) experiments indicated that LncRNA-ROR and miR-145 could be enriched by Ago2 antibody. F. Western blot was used to detect
the efficiency of immunoprecipitation reaction. * p < 0.05, ** p < 0.01. NC, negative control; ROR WT, wild-type vectors; ROR MUT,

mutant-type vectors.
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of 20 nM using the X-treme GENE siRNA Transfection
Reagent. 24 h after transfection, the relative firefly lucif-
erase activity (normalized to Renilla luciferase activity) was
measured using a dual-luciferase reporter gene assay system
(Promega, Madison, WI, USA), and results were depicted
as the percentage change over the respective control. Each
experiment was performed in triplicate.

RNA immunoprecipitation

RNA immunoprecipitation (RIP) assays were performed
using the EZMagna RIP kit (Millipore, Billerica, MA, USA)
and the Ago2 antibody (Millipore, Billerica, MA, USA) fol-
lowing the manufacturer’s protocol. qRT-PCR analysis was
performed to measure the expression levels of LncRNA-ROR
and miR-145. Normal mouse IgG (Millipore, Billerica, MA,
USA) was used as negative control.

Statistical analysis

All experiments were performed at least in triplicate, and
each experiment was independently performed at least
3 times. The data was analyzed using SPSS 22.0 software
(Chicago, IL, USA). Statistical differences were tested by Chi-
square test or two-tailed t-test. Differences were considered
significant at p < 0.05 or highly significant at p < 0.001.The
error bar in figures stand for SD.

Results
LncRNA-ROR promoted migratory and invasive capacities
and enhanced EMT of ovarian cancer cells

To investigate the function of LncRNA-ROR in ovarian cancer,
we performed the migration /invasion assays in SKOV3 and

Table 1. Clinicopathological correlation of LncRNA-ROR to
ovarian cancer

Characteristics Relative mRNA level of
LncRNA-ROR
. <50 12 0.451 +0.217
Age
>50 15 0.475 + 0.210
I-1I 9 0.316 + 0.1422
Clinical stages®
-1V 18 0.499 + 0.204
Gl 7 0.253 +0.126°
Grade? G2 11 0.429 + 0.162
G3 9 0.667 + 0.224

Data are mean + SD. 1, number of cases; ? Fisher’s Exact Test (two-
tailed); b one-way ANOVA (two-tailed); 1p =0.775, 2p = 0.025,
3 p =0.000.

3A0 cells. The result demonstrated that overexpression of
LncRNA-ROR (Fig. 1A) promoted migration and invasion
of SKOV3 cells and 3A0 cells (Fig. 1B), and down-regulated
LncRNA-ROR (Fig. 1D) could significant inhibit cells migra-
tion/invasion capability (Fig. 1E). Western blot assays showed
that high LncRNA-ROR could induce EMT (Fig. 1C) and
down-expression of LncRNA-ROR reversed EMT (Fig. 1F).

Reciprocal repression of IncRNA-ROR and miR-145 in ovarian
cancer cells

We detected the expression of LncRNA-ROR and miR-145
in normal ovarian tissues (n = 12) and epithelial ovarian
cancer tissues (n = 27), the results indicated that the ex-
pression of LncRNA-ROR in ovarian cancer tissues was
significantly higher than that in normal ovarian tissues
(Fig. 2A). In addition, the expression of LncRNA-ROR
is inversely correlated with the expression of miR-145 in
epithelial ovarian cancer tissues (Fig. 2B). Moreover, we
found LncRNA-ROR level was positively associated with
clinical stages and the grade of differentiation of malignant
cells (Table 1).

Recently, IncRNAs have been identified as ceRNAs by
interacting with miRNAs. Furthermore, miRNAs also
negatively regulate IncRNAs expression by binding with
IncRNAs. We used an miR-145 mimic to observe the altera-
tion of LncRNA-ROR expression in ovarian cancer cells.
miR-145 mimic could significantly decrease LncRNA-ROR
expression (Fig. 2C). The interactions between miRNA and
miRNA response ele-ments (MREs) inhibit the activity and
expression of RNA molecules (Su et al. 2013). Furthermore,
we used RNAHybrid software to predict that LncRNA-ROR
had MRE directly combined with miR-145 seed sequence,
suggested that LncRNA-ROR could be a ceRNA which
sponges miR-145. The luciferase reporter assay showed that
transfection of miR-145 significantly inhibited the luciferase
activity in cells transfected with ROR WT (wild-type vec-
tors), while no change of luciferase activity was found in ROR
MUT (mutant-type vectors vectors) transfected cells (Fig.
2D). RIP experiments indicated that Ago2 antibody enriched
more LncRNA-ROR and miR-145 than that of IgG antibody
(Fig. 2E, F). The results suggested that LncRNA-ROR had
ceRNA function and could competently bind to miR-145.
Therefore, we concluded that LncRNA-ROR and miR-145
form a reciprocal repression regulatory loop to regulate
ovarian cancer progression.

miR-145 directly targeted FLNB to inhibit EMT

We predicted putative target genes of miR-145 by searching the
TargetScan database (release 5.1, http://www.targetscan.org/),
and FLNB was chosen to be experimentally verified. Recent
studies have shown that FLNB play a key role in tumorigenesis,
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but there were few studies on the biological function of FLNB
in ovarian cancer, so we chose to focus on FLNB. The 3’-UTRs
region of FLNB containing the wild-type or mutant putative
miR-145 binding sites were cloned into a luciferase reporter
plasmid. The luciferase reporter assay showed that luciferase
activity was significantly inhibited in cells co-transfected
with miR-145 mimic and FLNB WT-3’ UTR vector, while no
changes of luciferase activity were detected in cells transfected
with miR-145 mimic and luciferase reporter plasmids contain-
ing mutant seeding sequence (Fig. 3A). Additionally, the result
showed that only protein level of FLNB was lessened by miR-
145 (Fig. 3B, C). Overexpression of FLNB could counteract
the blocking effect of miR-145 on EMT (Fig. 3D, E). In the
same way, we found overexpression of FLNB could attenuate
the inhibition of migration (Fig. 3F) and invasion (Fig. 3G) of
ovarian cancer cells by miR-145. These data indicated the direct
suppressive effect of miR-145 on FLNB expression.

LncRNA-ROR regulated FLNB by miR-145

In our study, we found LncRNA-ROR increased FLNB
expression and overexpression of miR-145 attenuated the
promotion of LncRNA-ROR on FLNB (Fig. 4A). Collectively,
these results revealed that LncRNA-ROR promoted EMT
through miR-145/FLNB pathways (Fig. 4B).

Discussion

LncRNA-ROR is a representative IncRNA that plays an
important regulatory role in human physiological and
pathological processes. In recent years, there has been an
increasing amount of study about LncRNA-ROR could en-
hance the malignant of numerous tumors though promote
cell reprogramming and the chemoresistance of several
cancers (Li et al. 2016; Rezaei et al. 2016).

EMT can be described as a process that produces
a complete loss of epithelial traits with the acquisition
of mesenchymal traits (Hay 2005). During the last two
decades, the EMT process has been regarded as the
significant initial step and the underlying process in the
tumor metastasis process (Fidler 1978; Birchmeier and
Behrens 1994). Our study certified that overexpression of
LncRNA-ROR promoted migration and invasion by cell
migration and invasion assay. By Western blot assays, we
found that high LncRNA-ROR could induce EMT and
down-expression of LncRNA-ROR reversed EMT. The
results consistent with previous studies (Fu et al. 2017; Li
etal. 2017a). In this study, we prove that LncRNA-ROR is
a positive regulator of EMT.

MiRNAs are small noncoding RNAs of 20-24-nucleotide
long which conduce to the post-transcriptional regulation
of gene expression. They take part in different biological
processes, such as cell differentiation, proliferation, apop-
tosis (Bartel 2004). Since raised miRNAs involved in cancer
formation, plenty of evidences manifest that miRNAs mis-
expression has been linked to cancer (Calin et al. 2002; He
et al. 2005). The interactions between miRNA and MREs
inhibit the activity and expression of RNA molecules (Su et
al. 2013). RNA molecules, including IncRNA, compete with
corresponding miRNA through common MREs and they
actas reciprocal ceRNA (Sardina et al. 2017). Our research
showed that LncRNA-ROR had MRE directly combined
with miR-145 seed sequence. It indicated that LncRNA-
ROR acts as a ceRNA which sponges miR-145 in ovarian
cancer tissues. At the same time, we found overexpression
of miR-145 inhibited LncRNA-ROR expression, but the mo-
lecular mechanism still needs to be further studied. Taken
together, our results uncovered that oncogenic LncRNA-
ROR and tumor suppressive miR-145 forms a reciprocal
repression regulatory loop to promote ovarian cancer cell
EMT (Fig. 4B).

A B
SKOV3 LncRNA-ROR

. miR-145 Figure 4. LncRNA-ROR regulated FLNB
; . by miR-145. A. Western blot showed
miR=145mimle - - & _I_ LncRNA-ROR increased FLNB expres-
sion and overexpression of miR-145
- attenuated the promotion of LncRNA-
ROR on FLNB. B. Schematic represen-
\l/ tation of the proposed mechanism of
B-actin LncRNA-ROR mediated ovarian cancer
EMT : rogression through the miR-145/

ROR = + + o . . prog g
ais— e B falls el &'""as'°")// FLNB pathway. FLNB, Filamin B; EMT,

— epithelial-mesenchymal transition.
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miR-145 blocked EMT by targeting FLNB. So far, these
was only one research reported that FLNB promotes EMT
in breast cancer (Li et al. 2018). The relationship between
miR-145 and FLNB in EMT process has not been reported.

To summarize, we affirm that LncRNA-ROR correlate
with the occurrence and development of ovarian cancer.
Through the LncRNA-ROR/miR-145/FLNB pathway,
LncRNA-ROR promotes the invasion and migration of
ovarian cancer by inducing EMT. Therefore, LncRNA-
ROR is likely a biomarker of ovarian cancer and might be
a candidate therapeutics for ovarian cancer therapy. In our
study, we have only carried out experiments at the tissue and
cytological level, and animal experiments will continue to
confirm the results in vivo. We will explore in other tumors
to see if LncRNA-ROR and miR-145 have the same regula-
tory mechanism in ovarian cancer.
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