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Abstract LncRNA-ROR has been reported to be involved in
many kinds of human cancers. However, whether LncRNA-
ROR is involved in gallbladder cancer progression remains
largely unknown. The objective of this study is to investigate
the role of LncRNA-ROR in gallbladder cancer. We found
that LncRNA-ROR expression level was upregulated in gall-
bladder cancer tissues (P < 0.05) and was significantly asso-
ciated with tumor sizes (P < 0.05) and lymph node metastasis
(P < 0.05). High expression of LncRNA-ROR was signifi-
cantly associated with poor prognosis in gallbladder cancer
patients (P < 0.05). Moreover, knockdown of LncRNA-
ROR inhibited cell proliferation, migration, and invasion.
The epithelial-mesenchymal transition (EMT) phenotype in-
duced by TGF-p1 was reversed after LncRNA-ROR
knocking down in SGC-996 and Noz cells. LncRNA-ROR
plays an important role in the development of gallbladder
cancer and mediates the EMT in gallbladder cancer.
LncRNA-ROR might act as a marker of prognosis and thera-
peutic target for gallbladder cancer.

Keywords Gallbladder cancer - LncRNA-ROR -
Epithelial-mesenchymal transition - Tumor invasion
Introduction

Gallbladder carcinoma (GBC) is a highly malignant disease
and rank as the fifth most common gastrointestinal malignan-
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cy worldwide [1]. Lack of reliable biomarkers for early diag-
nosis also contributed to poor prognosis [2, 3]. Therefore,
early diagnostic markers and novel therapeutic targets are ur-
gently needed to improve clinical management of gallbladder
cancer.

Long non-coding RNAs (LncRNAs), are genomically
transcribed noncoding transcripts longer than 200 nucleo-
tides, which have been shown to play a significant role in
cancer development and progression [4, 5]. In gallbladder
cancer, some studies reported that long noncoding RNA
HOTAIR [6], CCAT1 [7], and Malatl [8] were associated
with poor prognosis and promoted cancer progression in
gallbladder cancer. LncRNA-ROR was discovered in in-
duced pluripotent stem cells (iPSCs), where it was regu-
lated by the key pluripotency factors Oct4, Sox2, and
Nanog [9, 10]. A recent study has demonstrated that
LncRNA-ROR may function as a molecular sponge for
miR-145 to upregulate miR-145, and modulated the ex-
pression of OCT4, SOX2, and Nanog [9]. LncRNA-ROR
was highly expressed in HCC, knockdown of LncRNA-
ROR enhanced chemotherapy-induced apoptosis, and cy-
totoxicity [11]. Compared to normal mammary tissues,
LncRNA-ROR was upregulated in breast tumor tissues.
Ectopic overexpression of LncRNA-ROR in immortalized
human mammary epithelial cells induced epithelial-to-
mesenchymal transition (EMT) [12]. Until now, the bio-
logical function of LncRNA-ROR in GBC is unclear.

Epithelial to mesenchymal transition (EMT) is a process
where the conversion of epithelial cells to a mesenchymal
phenotype characterized by lost cellular polarity and adhesion,
which were proved to enhance invasive and migratory prop-
erties [13, 14]. In the process of EMT, the epithelial markers
(E-cadherin, occludin, claudin) are repressed and aberrant
mesenchymal markers (including N-cadherin, Vimentin, and
fibronectin) are upregulated [15, 16]. Deeper understanding
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Fig. 1 Expression levels of LncRNA-ROR in GBC tissues. a
LncRNA-ROR is significantly upregulated in gallbladder cancer tissues
compared with matched normal tissues. LncRNA-ROR expression was
examined by qRT-PCR and normalized to GAPDH expression. b
LncRNA-ROR expression is significantly associated with tumor sizes

Table 1  The clinical correction between expression of LncRNA-ROR
and clinical characteristics in 30 cases gallbladder cancer patients

LncRNA-ROR expression

Clinical characteristics Case number  Low  High P value

Gender 0.338
Female 21 10 11
Male 9 6 3

Age 0.626
<60 17 8
>60 13 6

Tumor size 0.012%*
<5cm 14 11 3
>5 cm 16 5 11

Histological grade 0.261
Well and moderately 14 5
Poorly and others 16 9

N status 0.001**
NO 16 13 3
N1/2 14 3 11

Clinical stage 0.206
-1 12 4
-1V 18 10

**P < 0.05
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expression is significantly associated with lymph node metastasis
(P < 0.05). d The overall survival time is evaluated by Kaplan—Meier
and log-rank test in gallbladder cancer patients. **P < 0.05

on the molecular mechanisms of EMT shed new light on early
detection.

We designed the present study to explore the role of
LncRNA-ROR in GBC. We found that LncRNA-ROR ex-
pression level was upregulated in gallbladder cancer tissues
and cells, and high expression of LncRNA-ROR indicated a
poor prognosis in GBC patients. In vitro, we found that
LncRNA-ROR was involved in cell proliferation, migration,
and invasion. These results demonstrated that LncRNA-ROR
might serve as a biomarker and a potential therapeutic target
for gallbladder cancer.

Materials and methods
Patients and samples

Thirty cases of GBC tissue samples and matched adjacent
normal gallbladder tissue samples were obtained from patients
who underwent surgery between Jan 2009 and Dec 2011 in
Eastern Hepatobiliary Surgery Hospital (Second Military
Medical University, Shanghai, China) and Xinhua Hospital
(Shanghai Jiao tong University School of Medicine,
Shanghai, China). The fresh tissue specimens were snap-
frozen in liquid nitrogen and then stored at —80 °C. None of
the patients had preoperative treatment history. The
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Fig. 2 Knockdown of LncRNA-ROR inhibits the cell proliferation in
SGC-996 and Noz cells. a Expression levels of LncRNA-ROR in three
GBC cell lines (SGC-996, GBC-SD, and Noz) and non-tumorigenic
human intra-hepatic biliary epithelial cell line H69, data were
normalized to GAPDH expression then presented as fold change vs.
H19. b QRT-PCR analysis of the efficacy of LncRNA-ROR
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Fig. 3 Cell-cycle analyses after knockdown of LncRNA-ROR in SGC-
996 and Noz cells. a Cell-cycle analyses after knockdown of LncRNA-
ROR in SGC-996 cells. b Statistical analyses of cell-cycle analyses after
knockdown of LncRNA-ROR in SGC-996 cells. ¢ Cell-cycle analyses
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interference in NOZ cells. Si-NC was used as negative control. ¢ After
knockdown of LncRNA-ROR, cell growth was evaluated by CCK8 assay
in SGC-996 cells. d After knockdown of LncRNA-ROR, cell growth was
evaluated by CCK8 assay in Noz cells. Error bars represent the
mean + SD of three independent experiments, **P < 0.05
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Fig. 4 Cell migration analyses after knockdown of LncRNA-ROR in
SGC-996 and Noz cells. a After knockdown LncRNA-ROR, cells
migration were evaluated by trans-well assay in SGC-996 cells. b
Statistical analyses of cells migration after knockdown of LncRNA-
ROR in SGC-996 cells. ¢ After knockdown LncRNA-ROR, cells

pathological stage was classified according to the tumor node
metastasis (TNM) staging system (7th edition) of the
American Joint Committee on Cancer (AJCC) staging system.
Complete clinicopathological follow-up data of the GBC pa-
tients were collected. Informed consent was obtained from all
individual participants included in the study. All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the institutional
and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable
ethical standards. This study was approved by the Human
Ethics Committee of Xinhua Hospital at Shanghai Jiao tong
University (Shanghai, China).

Cell culture

Three human GBC cell lines (SGC-996, GBC-SD, Noz) were
used in this study. GBC-SD and SGC-996 were purchased
from Cell Bank of the Chinese Academy of Science
(Shanghai, China). Noz was purchased from the Health
Science Research Resources Bank (Osaka, Japan). The non-
tumorigenic human intra-hepatic biliary epithelial cell line
H69 was purchased from the Health Prescience Resources
Bank. Cells were cultured in Dulbecco’s modified Eagle’s
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migration is evaluated by trans-well assay in Noz cells. ¢ Statistical
analyses of cells migration after knockdown of LncRNA-ROR in Noz
cells. Error bars represent the mean £ SD of three independent
experiments, **P < 0.05

medium (Invitrogen, Carlsbad, CA, USA) supplemented with
10 % fetal bovine serum (Invitrogen), 100 U/ml penicillin and
100 U/ml streptomycin (Invitrogen) and were incubated at
37°C with 5 % COs.

Cell growth assays

Cell growth was measured using CCK8 assay (Beyotime,
Shanghai, China) in SGC-996 and Noz cells. In brief, cells
were plated at 3 x 10* cells per well in 96-well plates with
three wells for each condition. After treatment, 450 nm absor-
bance was measured every 24 h to assess cell viability.

Recombinant human TGF-31 treatment

Recombinant human TGF-31 was purchased from PeproTech
Inc. (Rocky Hill, NJ). SGC-996 and Noz cells were cultured
in plates to 70 % confluence. Medium were replaced with
DMEM without serum, and then incubated for an additional
24 h to synchronized cells in a non-activating and non-
proliferating phase. All serum-starved cells were incubated
in DMEM supplement with TGF-31 (20 ng/ml) for 72 h, cells
were then harvested for further analyses.
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Fig. 5 Cells invasion analyses after knockdown of LncRNA-ROR in
SGC-996 and Noz cells. a After knockdown LncRNA-ROR, cells
invasion were evaluated by trans-well assay in SGC-996 cells. b
Statistical analyses of cells invasion after knockdown of LncRNA-ROR

RNA extraction and real-time quantitative PCR
(qRT-PCR)

Total RNA from tissue and cells was extracted using Trizol re-
agent (TaKaRa, Dalian, China). RNA was reverse transcribed
into cDNA using the cDNA template according to the manufac-
turer’s manual. Gene expression in each sample was normalized
to GAPDH expression. The primer sequences used were as fol-
lows: for GAPDH-F, 5'-CGGAGTCAACGGATTTGGTC
GTAT-3', GAPDH-R, 5-AGCCTTCTCCATGGTGGTGA
AGAC-3"; LncRNA-ROR-F, 5'-TCCCTACTGTTCGT
TCACCA-3'; LncRNA-ROR-R, 5'-CAGGTTTCCAGATG
CGATTT-3"; Twistl-F, 5-GGAGTCCGCAGTCTTACGAG-
3’, Twistl-R, 5'-CCAGCTTGAGGGTCTGAATC-3'; E-
cadherin-F, 5'-GACCGAGAGAGTTTCCCTACG-3'; E-
cadherin-R, 5'-TCAGGCACCTGACCCTTGTA-3";
Vimentin-F, 5'-AGATGGCCCTTGACATTGAG-3";
Vimentin-R, 5-CCAGAGGGAGTGAATCCAGA-3'. The re-
actions were incubated at 95 °C for 60 s, followed by 40 cycles
(95 °C for 5 s plus 60 °C for 34 s). Real-time reactions were
performed by the ABI7500 system (Applied Biosystems,
Carlsbad, CA, USA). Real-time PCRs was performed in tripli-
cate. The relative expression fold change of mRNAs was calcu-
lated by the 222 method.
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in SGC-996 cells. ¢ After knockdown LncRNA-ROR, cells invasion is
evaluated by trans-well assay in Noz cells. d Statistical analyses of cells
migration after knockdown of LncRNA-ROR in Noz cells. Error bars
represent the mean + SD of three independent experiments, **P < 0.05

Cell transfection

Two siRNA sequences for LncRNA-ROR specifically
targeting LncRNA-ROR were synthesized by Shanghai
Gene Pharma Co, Ltd., si-LncRNA-ROR-1, 5'-GGAA
GCCTGAGAGTTGGCATGAAT-3', si-LncRNA-ROR-2,5'-
GGTTAAAGACACA-GGGGAA-3',si-NC,sense,5'-
UUCUUCGAACGUGUCACGUTT-3',antisense,5'-
ACGUGACACGUUCGGAGAATT-3". Lipofectamine TM
2000 (Invitrogen, Carlsbad, CA, USA) was used for cell trans-
fection according to the manufacturer’s instructions.

Cell-cycle analysis

Cells were harvested and adjust to 1 x 10 cells per/sample for
further analysis. Cells were washed in PBS and fixed in ice-
cold 70 % ethanol overnight at 4 °C. Cells were then washed
twice in PBS and incubated in 500 uL propidium iodide for
30 min in dark at 37 °C. Cell cycle was examined by a flow
cytometer (FACSort; Becton). Cell cycle assay was performed
three times independently. Data were expressed as percentage
distribution of cells in G0/G1, S, and G2/M phases of the cell
cycle.
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Fig. 6 Established an EMT model in GBC cells that induced by TGF-
[31.a The RNA expression level of epithelial marker gene E-cadherin and
mesenchymal marker gene Vimentin were evaluated by qPCR in SGC-
996 cells after TGF-{31 treatment for 72 h. b The RNA expression level of
E-cadherin and Vimentin were evaluated by qPCR in Noz cells after
TGF-p1 treatment for 72 h. ¢ The protein expression level of E-

Trans-well migration and invasion assay

Cell migration and invasion was performed by trans-well
migration and invasive assay and used without and with
the Matrigel-coated (BD, Franklin Lakes, NJ, USA) filters
in 24-well plates according to the manufacturer’s instruc-
tion. And 1 x 10° cells/well had been transfected to seed
onto the upper chambers of the trans-wells in serum-free
DMEM medium for an invasion assay. DMEM medium
including 10 % fetal bovine serum was added to the lower
chambers. The plates were incubated at 37 °C with 5 %
CO, for 24 h, cells were viewed and photographed under
a phase-contrast microscope (Olympus, Tokyo, Japan) and
counted in 10 randomly microscopic fields.

Protein extraction and western blot analysis

Cells were washed and then lysed in RIPA buffer contain-
ing fresh protease and phosphatase inhibitor cocktails
(Sigma) incubated at 4 °C for 10 min. Equal quantities
of protein were electrophoresed through a 10 % SDS/
polyacrylamide gel and transferred to a PVDF membrane
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cadherin and Vimentin were evaluated by qPCR in SGC-996 cells after
TGF-B1 treatment for 72 h. d The protein expression level of E-cadherin
and Vimentin were evaluated by qPCR in Noz cells after TGF-{31
treatment for 72 h. Error bars represent the mean + SD of three
independent experiments, **P < 0.05

(Millipore, Billerica, MA). The membranes were incubat-
ed with antibody against GAPDH, (1:1500, Cell Signaling
Technology), Twistl (1:2000, Abcam), E-cadherin,
Vimentin (both 1:600, Santa Cruz Biotechnology Inc)
and incubated at 4 °C overnight on a shaker. Blots were
incubated in Horseradish peroxidase (HRP)-conjugated
secondary antibody (1:2000, Abcam) at room temperature
for 1.5 h. The protein concentration was determined using
the Bio-Rad assay system (Bio-Rad, Hercules, CA, USA).
Blots were developed using enhanced chemiluminescence
detection reagents and scanned with a Molecular Imager
system (Bio-Rad).

Statistical analysis

Derived values were presented as the means + SD.
Comparisons between two groups were conducted using
two-tail Student’s ¢ test with SPSS 13.0 software. Kaplan-
Meier analysis and the log-rank test were used to assess
the survival plots. P < 0.05 was considered to be
significant.
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Results

LncRNA-ROR is upregulated in gallbladder cancer
tissues

We measured the expression level of LncRNA-ROR in 30
cases of gallbladder cancer tissues by qRT-PCR. Compared
to matched normal tissues, LncRNA-ROR was significantly
overexpressed in gallbladder cancer tissues (n = 30; P < 0.01;
Fig. 1a). Furthermore, the expression level of LncRNA-ROR
was significantly associated with tumor sizes (P = 0.012,
Fig. 1b, Table 1) and lymph node metastasis (P = 0.001,
Fig.lc, Table 1), but was not significantly associated with
other characters, such as age, gender and so on (Table 1).
According to median ratio of relative LncRNA-ROR expres-
sion (2.81) in the 30 cases of tissues, patients were classified
into higher LncRNA-ROR group (n = 14, LncRNA-ROR
expression ratio > median ratio) and lower LncRNA-ROR
group (n = 16; LncRNA-ROR expression ratio < median ra-
tio). Kaplan-Meier analysis and the log-rank test verified that
higher expression of LncRNA-ROR had poorer overall

12873
25
.5 = [ si-NC
@ 201 B si-LincRNA ROR-2
S
>
w 1.5
2
E 104
@
2 0.5 *% *%
1]
Q
& ool
Twist1 E-cadhein Vimentin
Noz
D
si-NC si-LncRNA ROR-2
Twist] o
1.0 0.32
E-cadherin s -
1.0 2.2
Vimentin - e
1.0 0.44
GAPDH

Noz

EMT model of Noz cells. ¢ After knockdown of LncRNA-ROR, the
protein expression level of Twistl, E-cadherin and Vimentin were
evaluated by qPCR in TGF-f1 induced EMT model of SGC-996 cells.
d After knockdown of LncRNA-ROR, the protein expression level of
Twistl, E-cadherin, and Vimentin were evaluated by qPCR in TGF-f1
induced EMT model of Noz cells. Error bars represent the mean + SD of
three independent experiments, **P < 0.05

survival time in gallbladder cancer patients (log-rank = 6.471,
P =0.011; Fig. 1d).

Knocking down LncRNA-ROR inhibits the proliferation
in SGC-996 and Noz cells

We examined the expression levels of LncRNA-ROR in
three GBC cell lines (SGC-996, GBC-SD, Noz) and the
non-tumorigenic human intra-hepatic biliary epithelial cell
line H69 (Fig. 2a). SGC-996 and Noz were used for loss-
of-function studies for their high expression of LncRNA-
ROR. Two siRNA-LncRNA-ROR were transfected to
knocking down LncRNA-ROR, si-NC was used as nega-
tive control. LncRNA-ROR expression was effectively
knocked down by si-LncRNA-ROR-1 (60 %) or si-
LncRNA-ROR-2 (77 %) in Noz cell (Fig. 2b). The si-
LncRNA-ROR-2 was used for the following experiments
for its higher knockdown efficiency.

Then we evaluated the role of LncRNA-ROR in cell pro-
liferation, migration and invasion in gallbladder cancer.
LncRNA-ROR was silenced in SGC-996 and Noz cells.
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CCKS assay suggested that cell proliferation was inhibited by
silencing LncRNA-ROR in SGC-996 and Noz cells (Fig. 2¢
and Fig. 2d). In addition, cell-cycle analyses suggested that the
number of cells in S-phase was decreased significantly after
LncRNA-ROR was knocked down, indicating inhibition of
cell proliferation (Fig. 3a—d).

Silencing of LncRNA-ROR inhibits cell migration
and invasion in SGC-996 or Noz cells

Trans-well assay was used to evaluate the migration and
invasion ability of cells. After LncRNA-ROR knockdown,
the number of cell migration was significantly reduced in
SGC-996 and Noz cells (Fig. 4a—d). Next, the invasion
phenotype was examined by trans-well assay. After
LncRNA-ROR knockdown, the number of invasive cells
was significantly decreased compared with control groups
both with SGC-996 and Noz cells (Fig. 5a—d).

Silencing of LncRNA-ROR inhibits epithelial
to mesenchymal transition (EMT) in SGC-996 and Noz
cells

We established an in vitro EMT model in SGC-996 or Noz
cells by a well-characterized EMT inducer transforming
growth factor-$1 (TGF-1) (20 ng/ml). After 72 h induction
by transforming growth factor-31 (TGF-{31), the mRNA and
protein level of E-cadherin, an epithelial marker was down-
regulated, meanwhile the mesenchymal maker Vimentin was
upregulated in SGC-996 and Noz cells (Fig. 6a—d).

Then we asked whether LncRNA-ROR was involved in
the epithelial to mesenchymal transition (EMT) in gallbladder
cancer cells. LncRNA-ROR was silenced by siRNA in a
TGF-f31 treatment model, the mRNA expression of E-
cadherin was significantly increased in the SGC-996 and
Noz cells, but Twist]l and Vimentin were markedly decreased
(Fig. 7a, b). Western-blot results also confirmed that after
LncRNA-ROR knockdown, the protein level of E-cadherin
was significantly upregulated. Meanwhile, the protein expres-
sions of Twistl and Vimentin were markedly downregulated
in SGC-996 and Noz cells (Fig. 7c, d).

Discussion

In the present study, we reported that LncRNA-ROR was
upregulated in gallbladder cancer tissues and cells. Further
we confirmed that LncRNA-ROR was involved in cells pro-
liferation, migration and invasion in SGC-996 and Noz cells.
So we put forward that LncRNA-ROR might play important
role in tumor progression in gallbladder cancer cells.
LncRNAs have been reported to regulate gene expression
by a variety of mechanisms [17]. The LncRNA-ROR has been
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shown to be involved in modulation of hypoxia signaling
pathways in hepatocellular carcinoma (HCC) cells [18]. In
breast tumor samples, LncRNA-ROR was upregulated and
ectopic overexpression of LncRNA-ROR in immortalized hu-
man mammary epithelial cells induced epithelial-to-
mesenchymal transition and prevented the degradation of
mir-205 target genes, including the EMT related transcription
factor ZEB2 [12]. Moreover, LncRNA-ROR was dramatically
upregulated in Triple-negative (ER (—), HER2 (-), PR (-))
breast cancer (TNBC), and E-cadherin localization and affects
cell-cell adhesion was regulated by LncRNA-ROR/miR-145/
ARF6 axis [19]. In another report, knockdown of LncRNA-
ROR in pancreatic cancer could inhibit cell proliferation, in-
vasion, and tumorigenicity by modulating Nanog [20].

In contrast to tumor promotion function in majority publi-
cations, different expression pattern has been reported in gli-
oma [21], where LncRNA-ROR exerted a tumor suppressing
function. There has not been any report about the role of
LncRNA-ROR in GBC so far. Although we recently reported
that IncRNA H19 was upregulated and promoted cell prolif-
eration in GBC [22], relative research about H19 was broad
and deep. In contrast, LncRNA-ROR is relatively new and
deserves further study.

In conclusion, we found that high expression of LncRNA-
ROR indicated a poor prognosis in gallbladder cancer pa-
tients. Knockdown of LncRNA-ROR inhibited proliferation,
migration, and invasion in GBC cells. These findings suggest
that LncRNA-ROR might function as an oncogene in gall-
bladder cancer, and could be served as a potential prognostic
marker and therapeutic target for gallbladder cancer.
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