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Nasopharyngeal carcinoma (NPC) is one of the most common malignancies of the
head and neck. It arises from the nasopharynx epithelium and is associated with
high morbidity and mortality. Long non-coding RNA (IncRNA) have been reported
to regulate gene interaction and play critical roles in carcinogenesis and progres-
sion. LncRNA-ROR, a recently identified IncRNA, has been shown to be involved
in initiation, progression and metastasis of several tumors, including hepatocellu-
lar carcinoma, breast cancer and glioma. However, whether IncRNA-ROR is associ-
ated with the progression of NPC remains unknown. Resistance to radiotherapy
and chemotherapy is the primary cause of NPC patients’ death. In this study, we
found that IncRNA-ROR was significantly upregulated in NPC tissues compared
with normal tissues. Next, our study proved that IncRNA-ROR was highly associ-
ated with the proliferation, metastasis and apoptosis of NPC. The enrichment of
IncRNA-ROR played a critucal functional role in chemoresistance. The mechanism
by which NPC resists chemotherapy might be that IncRNA-ROR suppress p53
signal pathway. Taken together, these data suggested that IncRNA-ROR played
an important role in the progression of NPC; thereby it might become a therapeu-
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asopharyngeal carcinoma (NPC) is one of the most com-
mon malignancies of the head and neck.'” It is a unique dis-

ease with significantly different risk factors, pathogenesis,
clinical behaviors and treatment options than other head and
neck cancers.” NPC arises in the surface epithelium of the
nasopharynx and is associated with a high frequency of neck
lymph node metastasis and distant metastases.”’ Distinguished
by its unique clinical and pathologic characteristics, NPC is sen-
sitive to radiotherapy and chemotherapy.“” However, the major-
ity of patients appeared radioresistance and chemoresistance.
Some patients present with damage to adjacent normal tissues as
a result of radiation.” Although some progress has been
researched, the molecular mechanisms of radioresistance and
chemoresistance are poorly understood. Therefore, it is of great
clinical value to further reveal the molecular mechanisms of
NPC carcinogenesis and develop effective therapeutic strategies.
Long non-coding RNA (IncRNA) are non-protein coding
transcripts that are longer than 200 nucleotides.” Resent
research demonstrates that IncRNAs are involved in multilevel
regulation of gene expression including the epigenetic,
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tic target and reduce chemoresistance for NPC.

transcriptional and post-transcriptional levels.””” Dysregulated
IncRNA expression levels characterize the entire spectrum of
disease, and aberrant IncRNA function drives cancer through
the disruption of cell processes, typically by facilitating tran-
scriptional regulation.® Tt has been found that numbers of
IncRNA play pivotal roles in the cancer-related gene regula-
tory system, and the disorder of their expression can promote
cancer cell proliferation, invasion and metastasis.” However,
the expression and function of IncRNA in NPC have not been
studied intensively.

The IncRNA-ROR is emerging as an important player in
reprogramming differentiated cells turn into pluripotent stem
cells."” The LncRNA-ROR gene is 2.6 kb in length and con-
sists of four exons.'” Recently it has been reported to be
upregulated and promote the progression of hepatocellular car-
cinoma, breast cancer, mammary stem cells and glioma.(lz’m)
For example, IncRNA-ROR is a hypoxia-responsive IncRNA
which is functionally linked to hypoxia signaling in HCC
through miR-145-HIF-1 signaling module. LncRNA-ROR has
a key role in regulating breast cancer by preventing the
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activation of cellular stress pathways including the p53
response.'”’ Whereas the implications of IncRNA-ROR have
been studied in many tumors, the role of IncRNA-ROR in
NPC proliferation and metastasis remains unexplored.

In the present study, we found that the expression of
IncRNA-ROR increased in tumor tissues compared with non-
cancerous tissues. Inhibition of IncRNA-ROR suppressed the
proliferation and migration but improved the apoptosis of
CNE2 cells. The expression of IncRNA-ROR was correlated
with the concentration gradient of cis-Dichlorodiamineplatinum
(II) (DDP) in CNE2. In addition, down-expression of IncRNA-
ROR improved the expression of p53, especially after treatment
with DDP. These results suggested that IncRNA-ROR can regu-
late the proliferation, migration and chemoresistance of NPC.

Materials and Methods

Specimens and cell lines. Nasopharyngeal carcinoma tissue
specimens were obtained from the Affiliated Hospital of Nan-
tong University, China. The patients were diagnosed using
histopathological evidence. Samples were frozen in liquid
nitrogen immediately after surgical removal. The non-cancer
tissues were provided by patients who had nasal operations.
All human tissues were collected using the protocols approved
by the Ethics Committee of the Affiliated Hospital of Nantong
University.

All the cell lines (CNE2, CNEI, 5-8F and 6-18B) from our
laboratory were cultured in RPMI medium 1640 (Gibco BRL,
Grand Island, NY, USA) supplemented with 10% FBS (Gibco
BRL, Grand Island, NY, USA). 5-8F and 6-10B cells were
cultured in completed medium with 100 U/mL penicillin and
100 pg/mL streptomycin (Shanghai Genebase Gen-Tech,
Shanghai, China). The immortalized normal nasopharyngeal
epithelial cell line NP69 was cultured in Keratinocyte-SFM
medium supplemented with epidermal growth factor (Invitro-
gen, Carlsbad, NM, USA). All cells were cultured at 37°C
under 5% CO,.

Quantitative real-time PCR. LncRNA-ROR expression in NPC
compared with normal cells and tissues was measured with
SYBR quantitative real-time PCR (qQRT-PCR). Total RNA was
isolated from cancerous/non-cancerous specimens or cell lines
using TRIzol Reagent (Invitrogen, Shanghai, China) according
to the manufacturer’s instructions. LncRNA-ROR c¢DNA was
generated using the Reverse Transcription System Kit. qRT-
PCR reactions were performed using an ABI7500 System and
SYBR Green PCR Master Mix (Takara, Dalian, China). The pri-
mers were designed and synthesized by Guangzhou RiboBio
(Guangzhou, China). The primer sequences for IncRNA-ROR
were 5'-CTCCAGCTATGCAGACCACTC-3' (forward) and 5'-
GTGACGCCTGACCTGTTGAC-3' (reverse). Each assay was
performed in triplicate, and the average was calculated.
LncRNA-ROR expression levels were normalized to GAPDH.

Western blot analysis. Proteins were measured by western
blot analysis. Total protein was extracted from transfected cells
using the RIPA lysis buffer (Beyotime Institute of Biotechnol-
ogy, Nantong, China). For western blot analysis, equal
amounts of protein samples were separated by 10% SDS-
PAGE and transferred to PVDF membranes (Millipore, Biller-
ica, MA, USA). Membranes were incubated with the primary
antibodies. The antibodies used were as follows: anti-p53
(Abcam, UK; 1:2000 dilution), anti-p-ERK (Santa Cruz
Biotechnology, USA; 1:500 dilution), anti-ERK (Santa Cruz
Biotechnology, USA; 1:500 dilution) and mouse anti-f-actin
(Santa Cruz Biotechnology, USA; 1:1,000 dilution). Blots were
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then incubated with goat anti-rabbit or anti-mouse secondary
antibody conjugated to HRP (Santa Cruz Biotechnology, USA;
1:1000 dilution) and visualized by enhanced chemilumines-
cence (Cell Signaling Technology, Danfoss, USA). The values
are representative of at least three independent experiments.

Small interfering RNA and transfection. CNE2 cells were
transfected with either 50nMsiRNA targeting ROR or scram-
bled negative controls (RiboBio, Guangzhou, Shanghai,
China). Transfections were performed using Lipofectamine
2000 Reagent (Invitrogen) following the manufacturer’s proto-
col. Following culture for a further 48 h, total RNA and cellu-
lar protein lysates were collected and used for reverse
transcription-quantitative PCR (qRT-PCR) and western blot
analysis, respectively.

Cell viability assay (Cell Counting Kit-8). Cells were seeded
into 96-well plates, then transfected with siRNA ROR or
scrambled negative controls and were cultured for 6, 24, 48,
72 and 96 h. Cell viability was assessed by Cell Counting Kit-
8 assay (Beyotime Institute of Biotechnology, Shanghai,
China). The absorbance of each well was read on a microplate
reader (F-2500 florescence spectrophotometer; Hitachi, Tokyo,
Japan) at 450 nm. All of the experiments were independently
repeated at least three times.

Flow cytometric analysis of proliferation and apoptosis. CNE2
cells, transiently transfected with siRNA ROR, were harvested
48 h after transfection by trypsinization. After double staining
with an Annexin V-FITC Apoptosis Detection Kit (BD Bio-
sciences, Oxford, UK). The apoptotic cells were detected by
flow cytometry. All samples were assayed in triplicate.

At 48 h after transfection, the adhered cells were obtained
by trypsinization and pooled with the flating cells and cen-
trifuged at 300 g for 5 min. Then, the cells were ‘stained with
a’ Cell Cycle Detection Kit (KeyGene, Holland) according to
the manufacturer’s instructions. Finally, the samples were ana-
lyzed using the FACSCalibur Flow Cytometer (BD Bioscience,
USA) and BD CellQuest software (BD Bioscience, USA).

Wound healing assay. Cells were seeded in 6-well plates in
normal cell growth media and incubated to confluence. An artifi-
cial homogeneous wound was created on the monolayer using a
sterilized 200-pL micropipette tip when the cells reached
approximately 90% density. The medium was changed to 1640
containing 2% FBS. Duplicate wells for each condition were
examined, and each experiment was repeated in triplicate.

Matrigel invasion and migration assays. For the transwell
migration assays, CNE2 cells were plated in a serum-free med-
ium in the top chamber with a non-coated membrane (24-well
insert; 8-um pore size; Millipore) and a medium supplemented
with 10% serum was in the lower chamber. The Matrigel inva-
sion assay was done using the BD BioCoat Matrigel Invasion
Chamber (pore size, 8§ mm, 24-well; BD Biosciences, CA,
USA) following the manufacturer’s protocol. After 48 h, the
bottom of the chamber insert was stained with methanol and
0.1% crystal violet, imaged, and counted using an IX70
inverted microscope. Each Matrigel invasion assay was
conducted in at least three replicates.

Statistical analysis. Data are presented as mean £ SE; the
Student’s r-test was used for assessing the difference between
individual groups and P < 0.05 was considered statistically
significant.

Results
Overexpression of IncRNA-ROR in human nasopharyngeal carci-

noma tissues and cell lines. Recent data have indicated that
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IncRNA-ROR is overexpressed in several cancers and is criti-
cal in tumor progression (e.g in proliferation, migration and
invasion).(”’m’]S) First, we assessed the IncRNA-ROR expres-
sion level in clinical specimens by qRT-PCR. In a collection
of six pairs of randomly chosen samples of NPC, we found
that the IncRNA-ROR level was higher in cancerous tissues
compared with normal tissues (Fig. la). To confirm the over-
expression of IncRNA-ROR in NPC, we then measured the
expression of IncRNA-ROR in NPC cell lines. In agreement
with the data above, IncRNA-ROR expressed a higher level in
NPC cell lines (CNE2, CNE1, 5-8F and 6-10B) than in
nasopharyngeal epithelia cell NP69 (Fig. 1b). Taken together,
these findings suggest that IncRNA-ROR was upregulated in
NPC.

LncRNA-ROR promotes nasopharyngeal carcinoma cells prolifer-
ation by regulating the cell cycle. Of these NPC cell lines, the
highest expression level of IncRNA-ROR was found in CNE2.
Herein, CNE2 was selected to study the function of IncRNA-
ROR. The proliferation function of IncRNA-ROR in CNE2
was examined first. Three different siRNA targeted to
IncRNA-ROR was designed and the effect on IncRNA-ROR
was confirmed by qRT-PCR (Fig. 2a). As we expected, com-
pared with the scrambled negative controls, the intracellular
level of IncRNA-ROR was degraded after transcription with
siRNA ROR. In addition, siRNA-1 was chosen as the most
effective siRNA. Accordingly, the proliferation of transfected
CNE2 cells was measured by CCK-8 assay. As shown in Fig-
ure 2(b), cells transfected with siRNA-1 showed weak prolifer-
ation ability (Fig. 2b). Furthermore, flow cytometry was
carried out to evaluate the effect of IncRNA-ROR on cell
proliferation, and the results showed that IncRNA-ROR had
significant effects on the cell cycle (Fig. 2¢). Inhibition of the
expression of ROR increased the Gl phase population (from
59.91% to 70.11%), and at the same time decreased the S and
G2 phase population (from 40.01% to 29.89%) in the CNE2
cells (Fig. 2c). Western blot was then carried out to prove that
IncRNA-ROR promotes NPC cell proliferation by regulating
the cell cycle. After knockdown of IncRNA-ROR, the expres-
sion of PCNA (Proliferating cell nuclear antigen) and cyclin A
were clearly downregulated compared with scrambled siRNA
(Fig. 2d). Furthermore, we examined the effects of IncRNA-
ROR on the apoptosis of CNE2 cells transfected with siRNA-1
by flow cytometry. The results showed that transfection with
siRNA-1 increased the total apoptosis rate of CNE2 cells from
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10.81% to 20.57% compared to scrambled siRNA (Fig. 3a).
These results suggest that IncRNA-ROR can reduce the apop-
tosis of CNE2 and promote cell proliferation as a tumor regu-
lator through altering the cell cycle pathway in NPC.

LncRNA-ROR promotes nasopharyngeal carcinoma migration
and invasion by influencing the epithelial-mesenchymal transi-
tion program. Based on the different expression of IncRNA-
ROR, we proposed that this IncRNA might play an important
role in regulating cell migration and invasion of NPC cells. To
test this hypothesis, cell migration and invasion assays were
performed in CNE2 cells transfected with siRNA-1 and a neg-
ative control.The wound healing assay showed that cell migra-
tion was inhibited in ROR-knockdown NPC cells compared to
the negative control (Fig. 4a). Moreover, the transwell assay
indicated a significant reduction in cell migration and invasion
ability after siRNA-1 transfection into CNE2 cells (Fig. 4b).
Taken together, these results suggest that IncRNA-ROR may
act as a tumor promoter through promoting cell migration and
invasion. To verify the mechanism of invasion, we then exam-
ined the epithelial and mesenchymal markers using western
blotting. After transfection with siRNA-1, the epithelial mark-
ers E-cadherin were upregulated in CNE2 cells, whereas the
mesenchymal markers vimentin and N-cadherin were signifi-
cantly downregulated (Fig. 4c). Thus, molecular parameters
suggested that IncRNA-ROR may be able to drive the CNE2
cells from an epithelial to mesenchymal status. After transfec-
tion with siRNA-1, the expressions of several epithelial-mes-
enchymal transition (EMT) inducers (ZEB1 and ZEB2) were
downregulated (Fig. 3b). Together, these results suggest that
IncRNA-ROR may be a novel EMT inducer, and that it has a
role in NPC progression.

LncRNA-ROR promotes nasopharyngeal carcinoma chemother-
apy resistance ability by p53 pathways. Some published studies
have shown that IncRNA-ROR regulates many different kinds
of cancer cells, especially in DNA damage.""'"'® We speculate
that IncRNA-ROR can regulate the NPC cells with chemother-
apy. First, NPC cells were treated with DDP at 2.0 pg/mL for
24 h. The expression of ROR was then extracted. The results
indicated that the expression levels of IncRNA-ROR in four
different kinds of NPC cells treated with DDP were rising in
varying degrees(Fig. 5a). Then CNE2 was treated with DDP
concentration gradient and the expression of IncRNA-ROR
was highest in 2.0 ng/mL (Fig. 5b). DDP-induced cell death
was revealed in a dose-dependent manner (Fig. 3c). qRT-PCR
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Aberrant expression of INcRNA-ROR in human nasopharyngeal carcinoma (NPC) tissue samples and cell lines. (a) The expression levels of

INcRNA-ROR in NPC and non-cancer tissue were measured by qRT-PCR. T (human NPC tissues), N (non-cancer tissue). (b) gRT-PCR assays for
INcRNA-ROR expression in NPC cell lines (CNE2, CNE1, 5-8F and 6-10B). Relative levels compared with the nasopharyngeal epithelia cell NP69 for

qRT-PCR. Data are mean =+ SE. *P < 0.05.
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suggested that IncRNA-ROR could regulate chemotherapy.
Cells were treated with DDP at 2 pg/mL and then transfected
with siRNA-1 or negative control. The proliferation of trans-
fected CNE2 cells was measured using a CCK-8 assay
(Fig. 5¢). We found that IncRNA-ROR can promote the prolif-
eration of CNE2 cells with DDP. CNE2 cells were first treated
by DDP then transfected with negative control or siRNA-1 at
the indicated concentrations for 24 h before harvesting for flow
cytometry assays (Fig. 5d). Inhibition of the expression of
IncRNA-ROR significantly reduced cells’ ability to resist
chemotherapeutic drugs. The evidence indicates that p53 and
p21 translational regulation after chemotherapy may play an
important role in chemoresistance. Herein, we explored the
relationship between IncRNA-ROR and p53. CNE2 cells were
first transfected with negative control or siRNA-1 and then
treated with DDP at 2 pg/mL for 24 h before harvesting for
western blot (Fig. 5e). Of interest, knockdown of ROR leads
to an increase in the activation of p53 pathways. We show that
IncRNA-ROR functions as a negative regulator of p53.

Discussion

Mounting evidence indicates that eukaryotic transcriptomes
and genomes are not the simple substrates of protein-coding

© 2016 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
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performed in triplicate. *P < 0.05.

gene transcription that they were once thought to be, but rather
exhibit extensive non-coding RNA (ncRNA) expression.!” In
the past decade, the discovery of numerous IncRNA has dra-
matically altered our understanding of the biology of complex
diseases, including cancers. They have emerged as an impor-
tant player in cancer biology. Increasing evidence suggests that
IncRNA may function as oncogenes or tumor Suppressors.
Hundreds of IncRNA have been found frequently dysregulated
in cancer cells."® For example, some results have demon-
strated that high IncRNA-HOTAIR expression is associated
with NPC progression and predicts poor patient prognosis.”'”
LncRNA-ROR has been identified to play a role in promoting
survival in iPSC and ESC by preventing the activation of cel-
lular stress pathways.?” Recently, some genomewide associa-
tion studies have identified IncRNA-ROR as a risk locus for
several other cancers, including breast cancer, hepatocellular
carcinoma, and glioma.""*'* For example, IncRNA-ROR can
influence the metastasis of breast cancer by EMT and regulate
the (lgtll%mothresistance of hepatocellular carcinoma by
p53.0 7

Inspired by these lines of evidence, we investigated IncRNA-
ROR expression in NPC and considered its clinical significance
in the present study. We found that IncRNA-ROR expression is
significantly upregulated in NPC tissues compared with normal
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Fig. 5. LncRNA-ROR can improve the chemoresistance of nasopharyngeal carcinoma (NPC). (a) The expression levels of IncRNA-ROR in treated
CNE2 were measured by gRT-PCR. (b) qRT-PCR assays for IncRNA-ROR expression in CNE2 cultured with DDP concentration gradient. (c) CCK8
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tosis. (f) CNE2 cells were transfected with control siRNA or siRNA-1 for 6 h, treated with DDP in 2.0 pg/mL. The cells were harvested for western

blot at the indicated time points after DDP treatment. The same experiments were performed in triplicate. Data are mean + SE. *P < 0.01.

tissues and cells. This strongly suggests the possibility that
IncRNA-ROR can be used as a potential therapeutic target to
NPC. It also suggests that its overexpression may be an impor-
tant factor for NPC progression. Moreover, suppressed IncRNA-
ROR expression reduced the proliferation ability of CNE2 cells.
Flow cytometry and western blot indicated that IncRNA-ROR
may regulate the proliferation ability by influencing cell cycles.
Refractoriness to apoptosis is believed to be a possible cause of
cancer formation. We found that knockdown of IncRNA-ROR
can also increase NPC cell apoptosis. These data suggest that

Cancer Sci | September 2016 | vol. 107 | no.9 | 1221

IncRNA-ROR contributes to NPC development through regula-
tion of cell proliferation and apoptosis. We have demonstrated
that IncRNA-ROR is a critical positive regulator of EMT. EMT
has been recognized as an important process in normal organ
development, as well as in human pathology, including cancer
progression.(zl’zz) Increasing evidence indicates that EMT is a
crucial step for tumor infiltration and metastasis, and it has been
generally accepted that EMT is a key mechanism underlying
metastasis in many types of cancer. The wound healing assay
and transwell invasion assay showed that cell migration was
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inhibited in ROR-knockdown NPC cells compared to the nega-
tive controls. It potentiated NPC cell migration and invasion
in vitro. This suggested that ROR might promote tumor metas-
tasis through regulation of tumor cell adhesion and mobility.

Previous studies have revealed that IncRNA-ROR contributes
to various cellular events in many cancers, such as facilitated
cell proliferation and chemoresistance.'""'® Distinguished by
NPC-unique clinical and pathologic characteristics, NPC is
highly chemoradiotherapy sensitive.?> However, there are still
some NPC patients’ performance tolerating chemotherapy and
serious complications were occured in others after radiotherapy
and chemotherapy.”” Improving the efficacy of radiotherapy
and chemotherapy is very important. Some research has
reported that 853 regulates the expression of IncRNA upon
DNA damage.*® This study demonstrated that IncRNA-ROR is
a unique member of p53 negative regulators because IncRNA-
ROR is capable of suppressing the cellular p53 level after DNA
damage; this ROR-mediated p53 repression occurs, in part,
through translation regulation. Culturing NPC cells with DDP
after inhibition of IncRNA-ROR greatly reduces the prolifera-
tion and improves the apoptosis. Along with these findings, our
study provides further evidence that non-coding RNA, particu-
larly IncRNA-ROR in this case, are important interplayers in
the p53 mediated tumor suppression network.
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