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LINCOO114 promoted nasopharyngeal carcinoma
progression and radioresistance in vitro and in
vivo through regulating ERK/JNK signaling
pathway via targeting miR-203
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Abstract. - OBJECTIVE: Nasopharyngeal
carcinoma (NPC) is a malignancy and is prone
to distant metastasis and radioresistance. Long
non-coding RNAs (IncRNAs) play vital roles in
human cancers. The purpose of this study was
to explore the role and the action mechanism of
intergenic IncRNA (LINC00114) in NPC.

MATERIALS AND METHODS: The expres-
sion of LINC00114 and microRNA-203 (miR-203)
was measured by quantitative real-time poly-
merase chain reaction (qRT-PCR). NPC cells
were exposed to X-ray as radiation treatment.
Cell proliferation, migration, cell survival frac-
tion and apoptosis were assessed by 3-(4, 5-di-
methyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazoli-
um bromide (MTT), transwell, colony formation,
and flow cytometry assays, respectively. The
expression of Cleaved-cas-3, Cleaved-cas-9,
phosphor-ERK (p-ERK) and phosphor-JNK
(p-JNK) was quantified by Western blot. The in-
teraction between miR-203 and LINC00114 was
predicted by bioinformatics tool microRNA.org
and verified by dual-luciferase reporter assay.
Tumor formation assay in nude mice was con-
ducted to examine the role of LINC00114 in vivo.

RESULTS: LINC00114 was upregulated in se-
rums from NPC patients, tissues and cell lines
of NPC. LINC00114 knockdown inhibited pro-
liferation, migration, and radioresistance of
NPC cells. MiR-203 was a target of LINC00114,
and miR-203 inhibition eliminated the effects of
LINC00114 knockdown. Besides, the extracellu-
lar signal-regulated kinases (ERK)/c-Jun N-ter-
minal kinases (JNK) pathway was inactivated by
LINC00114 knockdown but recovered by miR-
203 inhibition. Moreover, LINC00114 knockdown
suppressed tumor growth and radioresistance
in vivo.

Corresponding Author: Bin Yan, MD; e-mail: xvkzel@163.com

CONCLUSIONS: LINCO00114 contributed to
NPC development and radioresistance through
the regulation of ERK/JNK signaling pathway
and the mediation of miR-203, suggesting that
LINC00114 was a promising biomarker to de-
fense NPC progression and radioresistance.
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Introduction

Nasopharyngeal carcinoma (NPC) is a univer-
sal head and neck malignancy that derives from
the nasopharyngeal epithelium'. NPC is not a
common tumor worldwide and it has a low inci-
dence?. NPC is related to ethnicity and geograph-
ic distribution-specific cancer’ and frequently
occurs in southern China, Southeast Asia, and
North Africa’. The combination of radiotherapy
and chemotherapy is an effective treatment for
NPC, and most NPC patients at the early stage
have been effectively cured due to the improve-
ment of diagnostic techniques and therapies’.
However, the survival rate within five years of the
NPC patients at the advanced stage is unsatisfac-
tory because of drug resistance, radioresistance,
distant metastases and localized regional recur-
rence®’. Therefore, it is necessary to explore nov-
el molecular mechanisms and targets to counter
the progression and radioresistance of NPC.
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More and more functions of long non-cod-
ing RNAs (IncRNAs) have been concerned
and explored, such as chromatin modification,
transcriptional regulation, and post-transcrip-
tional regulation'®. LncRNAs are a class of >
200 nucleotides RNA molecules with no or
limited protein-coding capacity'®. The involve-
ment of IncRNAs in the development of human
cancers has been widely reported, including
that in NPC. Besides, IncRNA AFAPI1-ASI
contributed to NPC migration and invasion
by activating Rho/Rac pathway via target-
ing miR-423-5p". LncRNA DANCR could en-
hance the expression of HIF-1a through com-
bining with NFO0/NF45 complex, resulting in
the progression of HPC'?, LncRNA FAM225A
facilitated the occurrence and metastasis of
NPC by acting as a competing endogenous
RNA (ceRNA) of miR-590-3p and miR-1275
to increase the abundance of ITGB3". These
findings indicated the implication of several
IncRNAs in NPC. Intergenic IncRNAs (lin-
cRNAs) originate from the region between
two protein-coding genes'*. LINC00114 is one
of the lincRNAs that maps on chr2l. It was
previously identified between low metastatic
NPC cells and high metastatic NPC cells by
microarray expression profiling's. However,
the potential role of LINC00114 in NPC has
not been investigated yet.

MicroRNAs (miRNAs) are small non-coding
RNAs with about 22 nucleotides'>. MiRNAs
take part in a majority of biological processes
through interacting with the 3’ untranslated
region (3> UTR) of target message RNAs (mR-
NAs), which is regarded as the canonical ac-
tion mechanism'’. Likewise, the involvement of
miRNAs in the development of human cancers
attracts widespread attention. In NPC, dozens
of miRNAs had been reported to be associ-
ated with the progression, such as EBV-miR-
BARTS8-3p, miR-9 and miR-506"%2°. Among
these miRNAs, miR-203 was distinguished as
a tumor inhibitor with diverse functions in hu-
man cancers, including ovarian cancer, prostate
cancer and breast cancer?>. Unfortunately, the
function of miR-203 in NPC is inadequate, and
the related mechanism is lacking. Hence, the
role of miR-203 and associated action mecha-
nism were investigated in this paper.

In the present study, the expression analysis
of LINCO00114 was performed in NPC tissues
and cells. The endogenous level of LINC00114
was knocked down to determine its potential
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role. Besides, the target miRNAs of LINC00114
were identified. The purpose of this study was to
figure out the role of LINC00114 and underlying
mechanism in the development and radioresis-
tance of NPC.

Materials and Methods

Collection of Serums and Tissues

Patients and volunteers were recruited from
Urumgqi Eye and ENT Specialist Hospital, and a
total of 70 serum specimens from NPC patients,
50 serum specimens from healthy volunteers, 70
paired cancer tissues and adjacent normal tissues
were collected. NPC tissues were divided into 2
groups according to the tumor-node-metastasis
(TNM) stage, including advanced stage (III and
IV) and early stage (I and II). Serum specimens
were isolated from blood samples after centrifu-
gation at 2,000 x g for 10 min. All serums and tis-
sues were frozen in liquid nitrogen and stored at
-80°C condition. Informed consent was obtained
from each subject. This research was authorized
by the Ethics Committee of Urumqi Eye and ENT
Specialist Hospital.

Cell Lines

NPC cell lines (5-8F and SUNE-1) and human
nasopharyngeal epithelium cells (NP69) were
purchased from Tongwei Biotechnology (Shang-
hai, China). All cells were maintained in 90%
Roswell Park Memorial Institute-1640 (RPMI
1640; Sigma-Aldrich, St. Louis, MO, USA) con-
taining 10% fetal bovine serum (FBS; Sigma-Al-
drich) at 37°C condition with 5% CO,.

Cell Transfection

Small interference RNA against LINC00114
(si-LINCO0O0114) and its negative control (si-NC)
were assembled by Genepharma (Shanghai,
China). MiR-203 mimic (miR-203), miR-203 in-
hibitor (anti-miR-203), and their corresponding
controls (miR-NC and anti-NC) were obtained
from Ribobio (Guangzhou, China). Lentiviral
vector (lenti-short hairpin sh-LINCO00114) and
its negative control (sh-NC) were obtained from
Genechem (Shanghai, China). Cell transfection
was carried out in 5-8F and SUNE-1 cells using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA). Following experiments were conducted at
48 h post-transfection.
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Cell Treatment with Radiation

5-8F and SUNE-1 cells with different transfec-
tion were exposed in X-ray radiation at a dose of
0,2, 4, 6 or 8 Gy at room temperature.

Quantitative Real-Time Polymerase
Chain Reaction (GRT-PCR)

Total RNA was separated from NPC tissues
and cells using Total RNA Extractor (Sangon
Biotech, Shanghai, China). Then, the HiScript
IIT 1st Strand cDNA Synthesis Kit (Vazyme,
Nanjing, China) or miRNA 1st Strand cDNA
Synthesis Kit (Vazyme) was used to synthesize
complementary DNA (cDNA) for LINC00114
or miR-203. Next, qRT-PCR was conducted
using SYBR qPCR Master Mix (Vazyme) on
a CFX96 touch q-PCR system (Bio-Rad, Her-
cules, CA, USA). The relative expression was
calculated using the 2724t method and nor-
malized by glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) or small nuclear RNA Ué.
All primers were listed as follows: LINC00114,
forward (F): 5-CAATATACCTACAGTTTCCT-
GGGC-3’ and reverse (R): 5-CATATCTG-
GAAATGGCCCAGG-3’; GAPDH, F: 5-CCAT-
GAGAAGTATGACAACAGC-3’ and R: 5°-AT-
GGACTGTGGTCATGAGTC-3; miR-203, F:
5’-GGGGTGAAATGTTTAGGAC-3 and R:
5-CAGTGCGTGTCGTGGAGT-3’; U6, F: 5°-GC-
UUCGGCAGCACAUAUACUAAAAU-3’ and R:
5-CGCUUCACGAAUUUGCGUGUCAU-3".

3-(4, 5-Dimethyl-2-Thiazolyl)-
2,5-Diphenyl-2-H-Tetrazolium
Bromide (MTT) Assay

To assess cell proliferation, 5-8F and SUNE-1
cells with different transfection were plated in-
to 96-well plates at a density of 5 x 10° cells
per well. Then 10 uL. MTT solution (Beyotime,
Shanghai, China) was added into each well at the
indicated time points (0 h, 24 h, 48 h and 72 h) for
another 4 h at 37°C. Afterwards, 100 pL dimethyl
sulfoxide (DMSO; Beyotime) was pipetted into
each well to dissolve the formazan for another 10
min. The optic density (OD) value was detected
at 490 nm under a microplate reader (Bio-Rad,
Hercules, CA, USA).

Transwell Assay

The 6-well transwell chambers (BD Biosci-
ences, Franklin Lakes, NJ, USA) were adapted
to observe cell migration. Briefly, 5-8F and
SUNE-1 cells (1 x 10° cells/mL) in fresh Dul-
becco’s Modified Eagle’s Medium (DMEM)

containing 10% FBS were placed into the top of
chambers. Meanwhile, DMEM containing 10%
FBS was added into the bottom of chambers.
After reaction for 24 h, the migrated cells in the
lower surface were fixed with formaldehyde and
stained with 5% crystal violet (Beyotime). The
cells were counted using a microscope (Olym-
pus, Tokyo, Japan).

Colony Formation Assay

To monitor the effects of radiation on cell
survival, 5-8F and SUNE-1 cells with different
transfection were exposed to different doses
of radiation with a dose rate of 200 cGy/min.
Afterwards, cells were collected into 12-well
plates (300 cells/well) and cultured for 10
days. Subsequently, treated cells were fixed
with methanol and stained with 0.01% crystal
violet (Beyotime). The number of clones was
observed through a microscope (Olympus), and
survival fraction was calculated as (number of
colonies) / (number of cells seeded) x (plating
efficiency).

Flow Cytometry Assay

Annexin V-fluorescein isothiocyanate (FITC)/
propidium iodide (PI) Apoptosis Detection Kit
(Vazyme) was used for cell apoptosis assay.
In brief, 5-8F and SUNE-1 cells with differ-
ent transfection were seeded into 6-well plates,
treated with 0.25% trypsin and washed with pre-
cooled phosphate-buffered saline (PBS). There-
after, cells (2 x 10°) were resuspended by 100 puL
1 x binding buffer, followed by staining with 10
pL Annexin V-FITC and 5 pL PI for 10 min with-
out light. Finally, the apoptotic cells were sorted
using Attune NXT Flow Cytometer (Invitrogen,
Carlsbad, CA, USA).

Western Blot

Western blot analysis was executed in line with
previous description (24). The primary antibod-
ies against Cleaved Caspase-3 (Cleaved-cas-3)
(@b2302; 1:1000; Abcam, Cambridge, MA. USA),
Cleaved Caspase-9 (Cleaved-cas-9) (ab2324;
1:1000; Abcam), extracellular signal-regulated
kinases (ERK) (#9102; 1:1000; Cell Signaling
Technology; Danvers, MA, USA), phosphor-ERK
(p-ERK) (#9101; 1:1000; Cell Signaling Technol-
ogy), c-Jun N-terminal kinases (JNK) (#9252;
1:1000; Cell Signaling Technology), phos-
phor-JNK (p-JNK) (#9251; 1:1000; Cell Signal-
ing Technology), GAPDH (ab9485; 1:2500; Ab-
cam) and goat anti-rabbit secondary antibodies
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(@b205718; 1:5000; Abcam) were used in this
study.

Bioinformatics Analysis and
Dual-Luciferase Reporter Assay

The online bioinformatics tool microRNA.org
(http://www.microrna.org/microrna/getDown-
loads.do) was utilized to forecast the potential
targets of LINCO00114 and specific binding sites.

Dual-luciferase reporter assay was carried out
to ensure the association between LINC00114 and
miR-203. In brief, the sequences of LINCO00114
wild type (WT) containing the binding sites with
miR-187-3p and corresponding LINCO00114 mu-
tant (MUT) sequences mutated according to its
WT sequences were amplified and inserted into
the pmirGLO vector (Promega, Madison, WI,
USA), named as LINC00114 WT and LINC00114
MUT. Then, LINC00114 WT and LINCO00114
MUT were introduced into 5-8F and SUNE-1
cells with miR-187-3p or miR-NC transfection,
respectively. After 48 h, the luciferase activity
was determined using the Dual-Luciferase Re-
porter Assay Kit (Promega, Madison, WI, USA)
in line with the instruction.

Tumor Formation Assay In Vivo

A total of 20 BALB/c nude mice (male,
6-week-old) were purchased from Beijing HFK
Bioscience Co., Ltd. (Beijing, China) and kept
in standard growth conditions. Animal experi-
ments obtained the approval of the Animal Care
and Use Committee of Urumqi Eye and ENT
Specialist Hospital. 5-8F cells were transfected
with the sh-LINCO00114 or sh-NC. Meanwhile, a
part of transfected 5-8F cells was exposed to 4Gy
X-ray radiation, divided into sh-LINC00114+4Gy
group and sh-NC+4Gy group. Subsequently, sta-
bly transfected 5-8F cells were subcutaneously
inoculated into the left flank of the groin. After
inoculation for one week, the tumor volumes were
summarized once a week following the formula:
volume (mm?) = width? x length x 0.5. After 35
days, all mice were killed, and tumor tissues were
removed for weighing and other analyses.

Statistical Analysis

Data were processed by SPSS 21.0 (SPSS Inc.,
Armonk, NY, USA), and exhibited as mean =+
standard deviation (SD). The difference between
the two groups was performed by Student’s #-test
or among multiple groups by one-way analysis
of variance (ANOVA) followed by Tukey’s test.
Diagnostic value of LINC00114 was estimated by
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building ROC curves. Overall survival rate was
assessed by Kaplan-Meier analysis and log-rank
test. Spearman’s correlation analysis was utilized
to ascertain the correlation between LINCO00114
and miR-203 expression. All experiments were
repeated at least three times. p-value < 0.05 was
regarded as statistically significant.

Results

LINCO0O0114, Aberrantly Upreqgulated in
NPC, was an Independent Diagnostic
Marker of NPC

To determine whether LINC00114 was in-
volved in the development of NPC, the expression
level of LINCO00114 was detected by qRT-PCR.
The expression of LINC00114 was significantly
increased in serum specimens from NPC patients
(n=70) compared with that from healthy subjects
(n=50) (Figure 1A). Receiver operating char-
acteristic (ROC) curve was plotted to evaluate
the potential diagnostic value of LINC00114 in
NPC, and the result showed that the area under
ROC curve (AUC) was 0.7894 with 95% con-
fidence interval (CI), ranging from 0.7806 to
0.9353 (Figure 1B). In addition, the expression of
LINCO00114 in NPC tissues was notably higher
than that in adjacent normal tissues (Figure 1C).
Additionally, the expression of LINC00114 was
prominently enhanced in tumor tissues at TNM
stage III and IV relative to tumor tissues at TNM
stage [ and II (Figure 1D). Besides, the expression
of LINCO0114 was pronouncedly increased in
tumor tissues with distant metastasis compared
with that without metastasis (Figure 1E). More-
over, Kaplan-Meier log-rank analysis revealed
that the overall survival of NPC patients with high
LINCO00114 expression was poorer than that with
low LINCO00114 expression (Figure 1F). These
data suggested that dysregulation of LINC00114
was associated with NPC, and LINC00114 could
serve as an independent diagnostic and prognos-
tic factor.

LINCO0O0114 was Upregulated in NPC Cell
Lines, and its Knockdown Inhibited Cell
Proliferation and Migration

To investigate the role of LINC00114 in NPC
cells in vitro, the endogenous level of LINC00114
was knocked down. Prior to this, we found that
the expression of LINC00114 was strengthened
in 5-8F and SUNE-1 cells relative to NP69 cells
(Figure 2A). Then, the efficiency of LINCO00114
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Figure 1. LINC00114 was upregulated in NPC serums and tissues. A, The expression of LINC00114 in serums from NPC
patients and healthy volunteers was detected by qRT-PCR. B, ROC curve was plotted to evaluate the potential diagnostic value
of LINCO00114. C, The expression of LINC00114 in NPC tissues and adjacent normal tissues was detected by qRT-PCR. D, The
expression of LINC00114 in NPC tissues with different stages was detected by qRT-PCR. E, The expression of LINC00114
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knockdown was examined, and the result indi-
cated that the LINCO00114 expression was sig-
nificantly decreased in 5-8F and SUNE-1 cells
transfected with si-LINCO00114 (Figure 2B).
Next, MTT assay manifested that the prolifera-
tion of 5-8F and SUNE-1 cells was suppressed
with the knockdown of LINCO00114 (Figure 2C
and 2D). Besides, transwell assay concluded
that the ability of cell migration was markedly
blocked with si-LINC00114 transfection (Figure
2E). The data indicated that LINC00114 knock-
down inhibited cell proliferation and migration
in NPC.

LINCOO0114 Knockdown Enhanced the
Radiosensitivity of NPC Cells

To monitor the role of LINC00114 on the
radiosensitivity, 5-8F and SUNE-1 cells were
subjected to radiation at different doses. The
survival fractions were compared in 5-8F and
SUNE-1 cells transfected with si-LINC00114
or si-NC with the indicated dose of irradiation
(0 Gy, 2 Gy, 4 Gy, 6 Gy or 8 Gy) treatment.
The result of colony formation experiment pre-
sented that the survival fraction was notably
suppressed by si-LINC00114 compared with
si-NC in a dose-dependent manner (Figure 3A
and 3B). Besides, the inhibition rate of cell sur-
vival was gradually prominent at 4 Gy groups.
Hence, 5-8F and SUNE-1 cells induced with 4
Gy radiation were used for the following ex-
periments. After treatment of 4 Gy radiation,
the apoptosis rate of 5-8F and SUNE-1 cells
transfected with si-LINC00114 was remarkably
elevated compared with si-NC (Figure 3C).
Furthermore, the levels of Cleaved-cas-3 and
Cleaved-cas-9 detected by western blot were
obviously increased in 5-8F and SUNE-1 cells
transfected with si-LINCO00114 relative to si-NC
following the treatment of 4 Gy radiation (Fig-
ure 3D). The analyses implied that knockdown
of LINCO00114 promoted the radiosensitivity of
NPC cells.

MiR-203 was Identified as a Target of
LINCOOT114

To explore the underlying action mechanism
of LINCO00114 in NPC, the putative targets of
LINCO00114 were predicted and verified. MiR-
203 was predicted as a target of LINC00114 by
microRNA .org, and there was a specific binding
site between miR-203 and LINCO00114 (Figure
4A). Then, LINC00114 MUT was mutated based
on LINCO00114 WT for dual-luciferase report-
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er assay, and the consequence exhibited that
the luciferase activity was remarkably declined
in 5-8F and SUNE-1 cells co-transfected with
LINCO00114 WT and miR-203 relative to miR-
NC, while the luciferase activity was unchanged
in cells with LINC00114 MUT and miR-203
transfection relative to miR-NC (Figure 4B and
4C). Next, we discovered that miR-203 was sig-
nificantly down-regulated in 5-8F and SUNE-1
cells compared with that in NP69 cells (Figure
4D). Besides, the expression of miR-203 was
enhanced with the knockdown of LINCO00114
(Figure 4E). Moreover, the expression of miR-
203 was also reduced in NPC tissues (n=70)
compared with adjacent normal tissues (n=70)
(Figure 4F). Spearman correlation analysis un-
covered that miR-203 expression was negatively
correlated with LINCO00114 expression (Figure
4G). Above data elucidated that LINCO00114
targeted miR-203 and regulated its expression.

Inhibition of miR-203 Abolished the
Effects of LINCOO114 Knockdown on
NPC Cells

To further determine the interaction between
miR-203 and LINCO00114, 5-8F and SUNE-I1
cells were introduced with si-LINC00114 and
si-LINCOO0114+anti-miR-203, respectively, si-
NC or si-LINCO00114+anti-NC as the control.
Firstly, the inhibitory efficiency of miR-203 was
examined, and the result showed that miR-203
was substantially down-regulated in 5-8F and
SUNE-1 cells with anti-miR-203 transfection
(Figure 5A). Moreover, the proliferation of 5-8F
and SUNE-1 cells, depleted by si-LINC00114
transfection, was obviously recovered by si-
LINCO00114+anti-miR-203 transfection (Figure
5B and 5C). Besides, the inhibitory metastasis
of 5-8F and SUNE-1 cells caused by LINC00114
knockdown was rescued by miR-203 inhibition
(Figure 5D). Next, the transfected 5-8F and
SUNE-1 cells exposed to radiation were used
to monitor the effects of miR-203 inhibition
on radiosensitivity. The colony formation assay
presented that miR-203 inhibition reinforced the
cell survival fraction that was suppressed by
LINCO00114 knockdown under the treatment of
different concentrations of radiation (Figure SE
and 5F). The apoptosis rate was stimulated in
5-8F and SUNE-1 cells with si-LINC00114 trans-
fection but weakened with si-LINCO00114+anti-
miR-203 transfection (Figure 5G). Additionally,
the levels of Cleaved-cas-3 and Cleaved-cas-9
were quantified in radiation-induced 5-8F and
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Figure 3. LINC00114 knockdown enhanced radiosensitivity. A-B, The cell survival fraction in different doses X-ray treated-5-
8F and SUNE-1 cells with si-LINC00114 was investigated by colony formation assay. C, Cell apoptosis in 4Gy X-ray-treated-cells
was detected by flow cytometry. D, The levels of Cleaved-cas-3 and Cleaved-cas-9 were examined by Western blot. *p < 0.05.

SUNE-1 cells. The result showed that the ex-
pression levels of Cleaved-cas-3 and Cleaved-
cas-9 were promoted by LINC00114 knockdown
but abolished by miR-203 inhibition (Figure 5H
and 5I). Collectively, miR-203 inhibition could
reverse the impacts of LINC00114 knockdown
on the development and radiosensitivity of NPC
cells.

LINCO00114 Knockdown Inactivated
ERK/JINK Signaling Pathway by
Regulating miR-203

To further explore the action mechanism of
LINCO00114 in NPC, the attention on the signaling
pathways was aroused. 5-8F and SUNE-1 cells
with si-LINCO00114, si-NC, si-LINC00114+anti-
miR-203 or si-LINCO00114+anti-NC transfection
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were exposed to 4Gy radiation. The analysis of
western blot indicated that the levels of p-ERK
and p-JNK were inhibited in the si-LINC00114
transfection group relative to the si-NC group.
However, the levels of p-ERK and p-JNK were el-
evated in the si-LINCO00114+anti-miR-203 group
relative to the si-LINC00114 group in cells with
or without radiation treatment (Figure 6A and
6B). The data suggested that LINC00114 knock-
down inactivated ERK/JINK pathway through the
mediation of miR-203.

LINCOO114 Knockdown Impeded Tumor
Growth and Radioresistance in Vivo

To ascertain the role of LINCOO0114 in vi-
vo, the tumor formation assay in nude mice
was performed. The tumor volume was cal-
culated once a week at 7th day after injection,
and the result elucidated that the tumor volume
in the sh-LINCO00114 group was significantly
lower than that in the sh-NC group, and the
tumor volume in the sh-LINC00114+4Gy group
was notably weaker relative to that in the sh-
NC+4Gy group (Figure 7A). After keeping for
35 days, all tumors were removed and weighed.
LINCO00114 knockdown prominently reduced the
tumor weight and strengthened the effects of
4Gy radiation treatment (Figure 7B). Besides,
the expression of LINCO00114 in tumor tissues
with sh-LINCO00114 or sh-LINC00114+4Gy in-
jection was significantly declined compared with
than in sh-NC or sh-NC+4Gy group (Figure 7C).
While the expression of miR-203 in these groups
was on the contrary with LINCO00114 expression
(Figure 7D). Additionally, the levels of p-ERK
and p-JNK in tumor tissues were declined with
LINCO00114 knockdown compared with sh-NC,
and the levels of p-ERK and p-JNK were re-
markably reduced in the sh-LINCO00114+4Gy
group compared to that in the sh-NC+4Gy group
(Figure 7E). These data testified that LINC00114
knockdown inhibited tumor growth and radiore-
sistance through inactivating ERK/JINK signal-
ing pathway by modulating miR-203.

Discussion

NPC is a more radiosensitive tumor relative
to other head and neck tumors, and metastasis
is the leading cause in the treatment failure and
poor prognosis of NPC*26, Therefore, it is for-
ward-looking to explore novel mechanisms to
combat NPC progression and radioresistance. In
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our exploration, we found LINC00114 expressed
with a high level in NPC tissues and cells.
LINCO00114 knockdown inhibited cell prolifera-
tion and migration and promoted radiosensitivity
through the impediment of colony formation and
the facilitation of cell apoptosis. It was confirmed
that miR-203 was a target of linc00114, and
miR-203 inhibition could eliminate the effects
of LINCO00114 knockdown. Besides, ERK/INK
pathway was involved in LINC00114/miR-203
regulatory axis. The role of LINC00114 was also
examined in nude mice in vivo.

Cancer is a complex disease involving multiple
expression changes in a variety of genes, leading
to the modulation of cell metastasis, prolifera-
tion, cycle, invasion, angiogenesis, radioresistance
and chemoresistance. The exploration of ncRNAs
provides new insights into the field of cancer and
suggests the link between their expression and
cancer development?’. LINCO00114, also known as
C2lorf24%, is poorly investigated in human can-
cers. In a previous report, a series of differentially
expressed genes were obtained between high- and
low-metastasis cells of NPC by microarray ex-
pression analysis. ENST00000448579 (gene sym-
bol: LINCO00114) was one of these differentially
expressed genes with up-regulation. Besides, the
validation of qRT-PCR was consistent with the
result of microarray'®. In our study, we quantified
the expression level of LINC00114 in NPC. Com-
pared with the serum from healthy volunteers,
the expression of LINCO00114 was significantly
higher in serum from NPC patients. Likewise, the
expression of LINCO00114 in NPC tumor tissues
was notably enhanced than that in adjacent normal
tissues. Additionally, we found that advanced NPC
had a higher expression of LINC00114 than early
NPC. Functional analysis revealed that LINC00114
knockdown suppressed cell proliferation, metasta-
sis and radioresistance in vitro and in vivo.

Research on miR-203 in cancer has made some
progresses. The enrichment of miR-203 weak-
ened the effects of epithelial-mesenchymal tran-
sition (EMT) in NPC and maintained the regular
phenotype of nasopharyngeal epithelial cells®.
Besides, a report concluded that JUN, a signifi-
cantly up-regulated gene in radioresistant NPC,
was targeted by miR-203%. Qu et al*' detected a
remarkably down-regulated miR-203 from radio-
resistant NPC cells through microarray analysis
and proved that miR-203 mimics reduced the
radioresistant of NPC cells in vivo and in vitro.
Consistent with these findings, we also concluded
that the expression of miR-203 was reduced in
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measured by qRT-PCR. E, The levels of p-ERK and p-JNK in tumor tissues were detected by Western blot. *p < 0.05.

NPC tissues and cells, and miR-203 inhibition
reversed the effects of LINC00114 knockdown on
NPC progression and radioresistance. These con-
clusions elucidated that miR-203 played a crucial
role in the antagonism of NPC development and
radioresistance.

In mammals, the mitogen-activated protein ki-
nases (MAPKSs) family contains three well-char-
acterized subfamilies: extracellular signal-regu-
lated kinases (ERK), c-Jun N-terminal kinases
(JNK) and p38 kinases*. In cancer cells, the ac-
tivation of MAPKS regulates numerous cellular
activities, such as proliferation, differentiation,
cell death and survival®. Besides, miR-134 was
up-regulated in ovarian cancer and contributed
to tumor growth and chemosensitivity through
the activation of ERK/JINK signaling*. Inter-
leukin-33 overexpression was closely linked to
poor prognosis of ovarian cancer and accelerat-
ed growth and migration of cancer cells through
strengthening the phosphorylation of ERK and
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JNK*. Caffeic acid phenethyl ester (CAPE) in-
hibited cell proliferation and invasion by partly
enhancing the expression of ERK and JNK in
NPC?*. These observations showed that the ac-
tivation of ERK and JNK signaling was closely
associated with tumorigenesis and development.
In our study, we found LINCO00114 knockdown
suppressed the phosphorylation of ERK and
JNK, while miR-203 inhibition restored this
effect, suggesting LINCO00114 regulated ERK/
JNK signaling pathway by targeting miR-203.

Conclusions

Taken together, LINC00114 was upregulated in
NPC and was an independent diagnostic mark-
er. Functional analysis revealed that LINCO00114
knockdown suppressed proliferation and migration,
increased radiosensitivity in vitro, and impeded tu-
mor growth in vivo. Mechanism analysis concluded
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that LINCO00114 contributed to the progression and
radioresistance of NPC by activating ERK/JNK
signaling pathway via targeting miR-203. Our study
provided a novel theoretical basis for NPC treatment
and antagonism to radioresistance.
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