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Nasopharyngeal carcinoma (NPC) is a kind of malignancy generated from the nasopharyngeal epithelium. Recently, long
noncoding RNA (lncRNA) has been shown to be involved in the regulation of many signaling pathways and is closely
associated with carcinogenesis and tumor progression. However, the precise role of lncRNA Opa-interacting protein 5 antisense
RNA 1 (OIP5-AS1) in NPC is not well understood. Here, we find that OIP5-AS1 is overexpressed in NPC patient specimens
and NPC cell lines. Further investigations reveal that knockdown of OIP5-AS1 significantly inhibits the proliferation, migration,
and invasion and accelerates the apoptosis of NPC cells in vitro. Consistent with these findings, NPC progression is significantly
slowed in mice when OIP5-AS1 is knocked down. Interestingly, there is a functional link between OIP5-AS1 and microRNA-
203 (miR-203), a tumor suppressor, in NPC cells. In conclusion, our data demonstrate that OIP5-AS1 plays an important role
in the development and progression of NPC by targeting miR-203 and therefore provide a promising target for the treatment of
NPC.

1. Introduction

Nasopharyngeal carcinoma (NPC) is a malignancy of the epi-
thelium located in the nasopharynx, which is very common in
South China and Southeast Asia, presenting a distinct geo-
graphical distribution in occurrence [1]. It is known that there
are three main factors, including genetic susceptibility,
Epstein-Barr virus infection, and environmental factors,
which could cause NPC [2]. A large amount of NPC patients
are diagnosed at an advanced stage due to the special anatom-
ical location and inconspicuous early symptoms [3]. At pres-
ent, radiation therapy alone or in combination with
chemotherapy is widely used to treat NPC [4]. Although the
overall survival rate is gradually improved, the side effects of
these strategies seriously affect the life quality of NPC patients

[5]. Therefore, it is important to deeply explore the biological
mechanism and find new therapeutic targets for NPC.

During the transcription and translation of genetic
information, about 98.5% of the RNAs do not have the
ability to be translated into proteins [6, 7]. Long noncoding
RNA (lncRNA) is one of these types of RNAs, with a length
greater than 200 nucleotides [8, 9]. Accumulating evidence
suggests that lncRNA plays an important role in regulating
various physiological or pathological processes by interact-
ing with cellular macromolecules, including DNA, RNA,
and protein [10]. Although several lncRNAs, such as
ANRIL, NEAT1, and HOTAIR, have been recognized to
be implicated in the pathogenesis of nasopharyngeal carci-
noma [11–13], the underlying mechanisms have not been
completely uncovered.
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Opa-interacting protein 5 antisense RNA 1 (OIP5-AS1)
is a newly recognized lncRNA that is located on the opposite
strand of the human OIP5 gene [14]. Recently, studies
reported that OIP5-AS1 plays a tumor-promoting role in
multiple types of cancers, such as hepatocellular carcinoma,
lung cancer, and oral squamous cell carcinoma [15–17]. Of
note, OIP5-AS1 promotes the development and progression
of these cancers through modulation of different pathways,
which is in line with the notion that the function of lncRNA
is highly heterogeneous in different tissues [18]. However,
the specific role and mechanism of OIP5-AS1 in NPC have
not been illustrated.

In this study, we first observed that OIP5-AS1 expression
level was significantly upregulated in nasopharyngeal carci-
noma tissues compared to normal tissues. In addition, the
upregulation of OIP5-AS1 was associated with poor progno-
sis in patients with nasopharyngeal carcinoma. Further
research showed that OIP5-AS1 facilitated the progression
of nasopharyngeal carcinoma via negative regulation of
miR-203. Overall, our data indicate that OIP5-AS1 plays a
carcinogenic role in NPC and may be a potential therapeutic
target.

2. Materials and Methods

2.1. General Materials. A total of 105 NPC patients who
underwent biopsy in our hospital from 2011 to 2015 were
enrolled in this study. Clinical NPC tissues and adjacent nor-
mal tissues were collected and then confirmed by pathologi-
cal examination. Neither the radiotherapy and chemotherapy
nor targeted drugs were given to any patients before opera-
tion. All tissues were immediately placed in liquid nitrogen
in a freezing tube following surgery and then stored at
-80°C until further experiments. All patients have signed
the written informed consent form. This study was autho-
rized by the Ethics Committee (the First Affiliated Hospital
of South China University).

2.2. Cell Culture. Nasopharyngeal epithelial cells NP69 and
human NPC cell lines (C666-1, 5-8F, HNE-1, S18, CNE-1,
and CNE-2) were obtained from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China) and then routinely
grown in RPMI-1640 medium (Gibco, Carlsbad, CA, USA)
containing 10% fetal bovine serum (FBS; Gibco) and
100U/ml penicillin/streptomycin (Life Technologies, USA).
All cells were kept in a humidified atmosphere with 5%
CO2 at 37

°C.

2.3. Lentivirus Transduction and Cell Transfection. The lenti-
virus expressing small hairpin RNA sh-OIP5-AS1 or negative
control (sh-NC) was obtained from Hanbio Co., Ltd. (Shang-
hai, China) and then transduced into NPC cell lines using
polybrene (Hanbio Co., Ltd.). miR-203-inhibitor or negative
control (GenePharma Co., Ltd., Shanghai, China) was trans-
fected into cells using Lipofectamine 3000 (Invitrogen, Carls-
bad, CA, USA) following the manufacturer’s instructions.
The sequence of sh-OIP5-AS1 is as follows: 5′-CAAACA
GGCUUUGUGUUCCUUAUCA-3′.

2.4. Quantitative RT-PCR (qRT-PCR). Total RNA was
extracted from samples using the RNAiso Plus reagent
(Takara Biotechnology Co., Ltd., Dalian). Then, 1μg of
RNA was converted to cDNA using the PrimeScript RT kit
(Takara, Tokyo, Japan). After that, gene expression was
quantified by qRT-PCR using the SYBR PremixEx Taq™ II
kit (Takara) and standardized to GAPDH. Primer sequences
are as follows: OIP5-AS1, forward 5′-GGTCGTGAAAC
ACCGTCG-3′ and reverse 5′-GTGGGGCATCCAGGGT-
3, and GAPDH, forward 5′-TGTTCGTCATGGGTGTGAA
C-3′ and reverse 5′-ATGGCATGGACTGTGGTCAT-3′.
The expression of miRNAs was measured using the mirVana
qRT-PCR miRNA Detection kit (Invitrogen). The primers of
miRNAs were purchased from Guangzhou RiboBio Co., Ltd.
(China). Small RNA U6 was used as an internal reference
gene. The following primers were used: miR-203, forward
5′-CGATGCTGTGAAATGTTTAGGGAC-3′ and reverse
5′-TATGGTTTTGACGACTGTGTGAT-3′; miR-342-3p,
forward 5′-AGGAGTCTCACACAGAAATCGCA-3′ and
reverse 5′-GTGCAGGGTCCGAGGT-3′; miR-422a, forward
5′-AAGCACTGGACTTAGGGTCA-3′ and reverse 5′
-GTGCAGGGTCCGAGGT-3′; miR-204-5p, forward 5′
-ACACTCCAGCTGGGTTCCCTTTGTCATCCTAT-3′ and
reverse 5′-CTCAACTGGTGTCGTGGA-3′; and U6 snRNA,
forward 5′-ATTGGAACGATACAGAGAAGATT-3′ and
reverse 5′-GGAACGCTTCACGAATTTG-3′.

2.5. Western Blotting. Total proteins were extracted with
RIPA Lysis (Thermo Fisher Scientific) and then separated
by 10% of SDS-PAGE and transferred into the PVDF mem-
branes (Millipore, Billerica, MA, United States). After block-
ing with bovine serum albumin (Sigma-Aldrich, St. Louis,
MO, United States) for 1 hour at 37°C, the membranes were
incubated with primary antibodies: cleaved (Cle) caspase-3
(Abcam, Cambridge, UK), caspase-3 (Abcam), cleaved (Cle)
caspase-9 (Cell Signaling Technology, Danvers, MA, USA),
caspase-9 (Cell Signaling Technology), ZEB2 (Abcam), E2F3
(Abcam), CDH6 (Abcam), and GAPDH (Abcam) at 4°C over-
night. Subsequently, the membranes were incubated with the
secondary antibodies andmeasured with the ECL Chemilumi-
nescence Detection System (Thermo Fisher Scientific, Roches-
ter, New York).

2.6. Colony Formation and Cell Proliferation Assays. For the
colony formation assay, 5 × 103 cells were seeded into 6-
well plates and incubated in RPMI-1640 containing 10%
FBS for 14 days. Subsequently, cells were fixed with 4% para-
formaldehyde and stained with 0.1% crystal violet (Beyotime,
Shanghai, China) for 30min. The number of colonies con-
taining more than 50 cells was counted. For the cell prolifer-
ation assay, cells were plated into 96-well plates at a density of
3 × 103/well. At indicated time (24-96 hours) after culture,
10μl of Cell Counting Kit-8 solution (CCK-8; Dojindo,
Kumamoto, Japan) was added into each well. After culturing
for another 2 hours at 37°C, the samples were detected by
using a microplate reader (Thermo Fisher Scientific, Wal-
tham, MA) set at 450nm.
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2.7. Cell Invasion and Migration Assays. Cell invasion and
migration assays were performed using the Transwell Matri-
gel Chambers (8μm pore size; Corning, Beijing, China) as
described previously [15]. The number of invaded or
migrated cells was counted using a microscope.

2.8. Flow Cytometric Analysis. For cell cycle analysis, cells
were collected and fixed in 70% ethanol overnight. After
being washed in phosphate-buffered saline (PBS) and
digested with RNase A, cells were stained with propidium
iodide (PI), followed by flow cytometric analysis. Cells apo-
ptosis was detected using the Annexin V-APC/7-AAD kit
(BioLegend, San Diego, CA, USA) following the manufac-
turer’s instructions. The samples were measured on a FACS-
Canto (BD Biosciences, San Diego, CA, USA) flow cytometer
and analyzed using the FlowJo 10.0 software (TreeStar, San
Carlos, CA, USA).

2.9. Luciferase Reporter Assay. The wild-type or mutant
OIP5-AS1 synthesized from Sangon Biotech (Shanghai,
China) were cloned into a psiCHECK-2 vector (Promega
Biotech Co., Ltd., Madison, Wisconsin, USA). Then, these
vectors, together with miR-203 mimic or control obtained
from GenePharma Co., Ltd., were cotransfected into 293T
cells using Lipofectamine 3000 (Invitrogen). The luciferase
activity was measured using the Dual-Luciferase Reporter

Assay Kit (Promega Biotech Co., Ltd.) after being transfected
for 48 hours. Renilla luciferase was used as an internal
reference.

2.10. Animal Experiments. BALB/C nude mice (male, 5-6
weeks old, weighing 18 ± 2 g) were purchased from Beijing
Biocytogen Co., Ltd. (China) and housed in a specific
pathogen-free environment at 22-24°C with a regular 12-
hour day/night cycle. And then, 1 × 107 cells infected with
or without sh-OIP5-AS1 were subcutaneously injected into
the mice. Tumor volume was measured with a caliper every
one week. At 5 weeks after implantation, all mice were eutha-
nized and tumor tissues were excised for weight evaluation
and other experiments. This study was authorized by the
Animal Care and Use Committee (the First Affiliated Hospi-
tal of South China University).

2.11. Statistical Analysis. All experiments were repeated for
three times independently. Student’s t-test was used to com-
pare the difference between two groups, and one-way
ANOVA was used to compare the difference among multiple
groups. Statistical data analysis was carried out using Graph-
Pad Prism 6.0 (GraphPad Software, Inc., La Jolla, CA) statis-
tical packages. Results were shown as the mean ±
standard deviation (SD). ∗p < 0:05 was defined as statistically
significant.
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Figure 1: OIP5-AS1 is overexpressed in NPC specimens and cell lines. (a) The relative expression of OIP5-AS1 in NPC specimens and
adjacent tissues obtained from 105 patients, determined by qRT-PCR. (b) The expression of OIP5-AS1 in NPC cell lines (C666-1, 5-8F,
HNE-1, S18, CNE-1, and CNE-2) and the nasopharyngeal epithelium cell NP69, determined by qRT-PCR. (c) The overall survival of NPC
patients with high or low OIP5-AS1 expression (based on the median expression levels). ∗p < 0:05, ∗∗p < 0:01.
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Figure 2: Continued.

4 BioMed Research International



3. Results

3.1. OIP5-AS1 Is Overexpressed in NPC Specimens and Cell
Lines. In order to explore the role of OIP5-AS1 in the devel-
opment and progression of NPC, 105 cases of NPC speci-
mens and adjacent noncancerous nasopharyngeal tissues
were collected. Then, qRT-PCR analysis revealed that
OIP5-AS1 expression was highly increased in NPC tissues
compared with the corresponding controls (Figure 1(a)). In
addition, the level of OIP5-AS1 was significantly higher in
several NPC cell lines than in the nasopharyngeal epithelium
cell NP69 (Figure 1(b)). Based on the finding that OIP5-AS1
was much higher in 5-8F and CNE-1 cells, these cells were
chosen to conduct the following experiments. On the other
hand, NPC patients were divided into a high group and a
low group according to the median of OIP5-AS1 expression.
Interestingly, the Kaplan-Meier survival analysis showed that
NPC patients with low OIP5-AS1 expression had longer sur-
vival times (Figure 1(c)). These results suggest that OIP5-AS1
may be involved in the pathogenesis of NPC.

3.2. Knockdown of OIP5-AS1 Inhibits the Proliferation of
NPC Cells. To determine whether OIP5-AS1 contributes to
the malignant phenotype of NPC, we knocked down OIP5-
AS1 expression in 5-8F and CNE-1 cells through lentiviral
transduction (Figure 2(a)). It was found that knockdown of
OIP5-AS1 significantly decreased colony formation and pro-
liferation of NPC cells in vitro (Figures 2(b) and 2(c)). More-
over, cell cycle progression was also inhibited in NPC cells
after knockdown of OIP5-AS1 by flow cytometric analysis
(Figure 2(d)). These data indicate that OIP5-AS1 may con-
trol the proliferation of NPC cells.

3.3. Knockdown of OIP5-AS1 Accelerates the Apoptosis and
Decreases the Migration and Invasion of NPC Cells. We
next evaluated whether knockdown of OIP5-AS1 also

affects NPC cell apoptosis. Flow cytometric analysis dis-
played that decreasing OIP5-AS1 expression significantly
accelerated the apoptosis of NPC cells (Figures 3(a)–
3(d)). Meanwhile, several proapoptotic proteins (including
cleaved caspase-3 and cleaved caspase-9) were upregulated
in NPC cells after OIP5-AS1 knockdown by western blot
analysis (Figure 3(d)). On the other hand, using Transwell
assays, we found that knockdown of OIP5-AS1 suppressed
the migration and invasion of NPC cells (Figures 3(e)–
3(h)), hinting that OIP5-AS1 may be involved in NPC cell
metastasis.

3.4. Knockdown of OIP5-AS1 Accelerates NPC Growth In
Vivo. To further confirm whether knockdown of OIP5-AS1
affects the tumorigenesis ability of NPC cells in vivo, we sub-
cutaneously injected sh-NC- or sh-OIP5-AS1-transfected 5-
8F cells into BALB/c nude mice. Consistent with the
in vitro observations, the tumor volume formed in the sh-
OIP5-AS1 group was substantially smaller than that in the
sh-NC group (Figures 4(a) and 4(b)). Meanwhile, the tumor
weight was also distinctly lower in the sh-OIP5-AS1 group
than in the sh-NC group 35 days after implantation
(Figure 4(c)). Then, the downregulated expression of OIP5-
AS1 in the tumor xenografts formed by sh-OIP5-AS1-trans-
fected 5-8F cells was also determined using qRT-PCR
(Figure 4(d)). Collectively, our data suggest that OIP5-AS1
plays an important role in NPC growth in vivo.

3.5. OIP5-AS1 Directly Binds to miR-203 and Suppresses Its
Expression. Accumulating evidences have shown that
lncRNA can serve as a sponge to bind to specific miRNAs;
we therefore hypothesized that OIP5-AS1 could inhibit some
antitumor miRNAs in NPC cells. Bioinformatics analysis
using starBase v3.0 (http://www.sysu.edu.cn) revealed that
some previously recognized antitumor miRNAs have a
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Figure 2: Knockdown of OIP5-AS1 inhibits the proliferation of NPC cells. (a) qRT-PCR analysis of the expression of OIP5-AS1 in 5-8F and
CNE-1 cells with or without knockdown of OIP5-AS1. (b) The colony formation of 5-8F and CNE-1 cells with or without knockdown of
OIP5-AS1. (c) The proliferation of 5-8F and CNE-1 cells with or without knockdown of OIP5-AS1, determined by the CCK-8 assay. (d)
Cell cycle analysis of 5-8F and CNE-1 cells with or without knockdown of OIP5-AS1, detected by flow cytometry. ∗∗p < 0:01.

5BioMed Research International

http://www.sysu.edu.cn


sh-NC sh-OIP5-AS1Control

3.44 1.42 11.80.793.23

93.3
−102

0

0

102

103

103

104

104 105 0 103 104 105 0 103 104 105

0 103 104 105 0 103 104 105 0 103 104 105

−102

0

102

103

104

−102

0

102

103

104

−102

0

102

103

104

−102

0

102

103

104

−102

0

102

103

104

0.62

2.85

2.74

Annexin V/APC

7-
A

A
D

CN
E-

1
5-

8F

0.82

92.6 3.84 92.7 3.49 80.9 5.88

12.01.403.050.76

91.9 3.87 80.5 6.28

(a)

Control

20

5-8F

15

10

A
po

pt
os

is 
ce

lls
 (%

)

5

0
sh-NC sh-OIP5-AS1 sh-OIP5-AS1Control

20

15

10

A
po

pt
os

is 
ce

lls
 (%

)

5

0
sh-NC

⁎⁎

CNE-1
⁎⁎

(b)

5-8F

Cle caspase-3

Cle caspase-9

Caspase-3

Caspase-3

GAPDH

CNE-1

Co
nt

ro
l

sh
-N

C

sh
-O

IP
5-

A
S1

Co
nt

ro
l

sh
-N

C

sh
-O

IP
5-

A
S1

(c)

4
5-8F

3

2
Re

la
tiv

e p
ro

te
in

 ex
pr

es
sio

n

1

0
Cle-caspase 3 Cle-caspase 9

⁎⁎

⁎⁎

Control
sh-NC
sh-OIP5-AS1

4
CNE-1

3

2

Re
la

tiv
e p

ro
te

in
 ex

pr
es

sio
n

1

0
Cle-caspase 3 Cle-caspase 9

⁎⁎ ⁎⁎

(d)

5-
8F

CN
E-

1

Control sh-NC sh-OIP5-AS1

(e)

Co
nt

ro
l

M
ig

ra
to

ry
 ce

ll 
nu

m
be

r

sh
-N

C

sh
-O

IP
5-

A
S1

Co
nt

ro
l

sh
-N

C

sh
-O

IP
5-

A
S1

⁎⁎
⁎⁎

5-8F

200

150

100

50

0

CNE-1

(f)

Figure 3: Continued.

6 BioMed Research International



5-
8F

CN
E-

1
Control sh-NC sh-OIP5-AS1

(g)

Co
nt

ro
l

In
va

siv
e c

el
l n

um
be

r

sh
-N

C

sh
-O

IP
5-

A
S1

Co
nt

ro
l

sh
-N

C

sh
-O

IP
5-

A
S1

⁎⁎

⁎⁎

5-8F

150

100

50

0

CNE-1

(h)
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potential binding site in OIP5-AS1, including miR-342-3p,
miR-422a, miR-204-5p, and miR-203 [19–22]. Interestingly,
we observed that only miR-203 was significantly increased in
NPC cells after OIP5-AS1 knockdown (Figure 5(a)). Mean-
while, the expression of miR-203 was lower in NPC tissues
than in normal tissues (Figure 5(b)), which was consistent
with a previous study [23]. Similarly, the expression of miR-
203 was also significantly downregulated in NPC cell lines
(Figure 5(c)). More importantly, miR-203 expression was neg-
atively correlated with the level of OIP5-AS1 in NPC tissues
(Figure 5(d)). In addition, several miR-203 target genes
(including ZEB2, E2F3, and CDH6), known to aggravate the
NPC phenotype [23–25], were downregulated in NPC cells
when OIP5-AS1 was knocked down (Figures 5(e) and 5(f)).
To further verify this concept, we performed the luciferase
reporter gene assay and found that OIP5-AS1 can directly
bind to miR-203 (Figure 5(g)). Therefore, our data illuminate
that OIP5-AS1 modulates NPC progression probably via
sponging miR-203.

3.6. OIP5-AS1/miR-203 Axis Modulates NPC Progression.
Finally, we tried to prove whether OIP5-AS1 promotes the
progression of NPC by inhibiting the expression of miR-203.
In fact, we noticed that the inhibition of miR-203 using a
miR-203-inhibitor significantly recovered the proliferation,
colony formation, cell cycle, migration, and invasion and
reduced the apoptosis of NPC cells with OIP5-AS1 knock-
down (Figures 6(a)–6(g)). Furthermore, miR-203 suppression
also markedly increased the expression of ZEB2, E2F3, and
CDH6 in OIP5-AS1-knockdown NPC cells (Figures 6(h)
and 6(i)). Taken together, our findings demonstrate that the
OIP5-AS1/miR-203 axis plays a critical role in modulating
the pathogenesis of NPC.

4. Discussion

Nasopharyngeal carcinoma is the most common malignancy
in the neck and head [26]. Despite the advances in diagnostic
and therapeutic strategies, the prognosis of this disease is not
very satisfactory due to the high relapse and distant metasta-
sis [27]. Therefore, a deep understanding of molecular mech-
anisms underlying the development and the progression of
NPC is needed. In this study, we report for the first that
OIP5-AS1 function as an oncogene and play a critical role
in NPC development and progression by targeting miR-203.

Many studies have implicated that lncRNA participates
in many biological processes and that the abnormal
expression of lncRNA is closely related to the occurrence
and development of a variety of human diseases, including
cancers [9, 28, 29]. However, because of the diversity of
species and heterogeneity of functions, many lncRNAs have
not been thoroughly investigated. It has been reported that
lncRNA OIP5-AS1 is involved in regulating the pathogenesis
of several cancers. For instance, OIP5-AS1 increases SOX4
expression to induce hepatocellular carcinoma through
sponging miR-363-3p [15]. Meantime, OIP5-AS1 affects oral
squamous cell carcinoma progression via modulating miR-
338-3p and targeting NRP [17]. However, its role in NPC
has not been explored. In the present study, we observed that
the OIP5-AS1 was overexpressed in NPC samples obtained
from patients with NPC and NPC patients with high expres-
sion of OIP5-AS1 had a lower survival rate, suggesting that
OIP5-AS1 may regulate the biology of NPC.

It has been well established that cancer cells are charac-
terized by uncontrolled cell proliferation and decreased apo-
ptosis [30, 31]. In this research, we found that OIP5-AS1
knockdown significantly suppressed the colony formation,
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proliferation, and cell cycle progression in vitro. In addition,
decreasing OIP5-AS1 expression evidently increased the
apoptosis of NPC cells, accompanied by the upregulation of
several critical proapoptotic proteins. On the other hand,
early lymph node metastasis is common in NPC patients
[32]. Indeed, Transwell assays showed that knockdown of
OIP5-AS1 suppressed the migration and invasion of NPC
cells. In accordance with these findings, knockdown of
OIP5-AS1 slowed the growth of tumors in nude mice. There-
fore, our results indicate that OIP5-AS1 is a critical protoon-
cogene in NPC.

miRNA is a kind of small non-protein-coding RNA with
a length of 21-24 bases [33]. As we know, miRNAs are widely
involved in regulating cell behaviors mainly through degrad-
ing target mRNA or inhibiting the translation of the target
gene [34]. In recent years, the function of miRNA in tumor
cells has been widely publicized. It is crucial that lncRNA,

as an endogenous competitive RNA, can specifically bind to
miRNAs and regulate their expression [35]. In our study,
we observed that knockdown of OIP5-AS1 led to a marked
increase in miR-203 expression in NPC cells. In fact, miR-
203 is an important tumor suppressor in NPC or other tumor
cells [36, 37]. It was reported that miR-203 can restrain the
proliferation and metastasis and promotes the apoptosis of
cancer cells [38, 39], which is consistent with our results.
Further investigations displayed that there was a negative
relationship between OIP5-AS1 and miR-203 in NPC tis-
sues. In addition, the miR-203 target genes (ZEB2, E2F3,
and CDH6) that have been reported to promote NPC pro-
gression were evidently decreased in NPC cells after OIP5-
AS1 knockdown. Specifically, the luciferase reporter assay
confirmed that OIP5-AS1 can sponge miR-203 and inhibit
its expression. Finally, inhibiting the expression of miR-
203 significantly recovered the proliferation, cell cycle,
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colony formation, invasion, and migration and reduced
the apoptosis in OIP5-AS1-knockdown NPC cells. These
results proved that OIP5-AS1 promotes the progression
of NPC, at least in part, by inhibiting miR-203. On the
one hand, considering that, lncRNA can regulate cell bio-
logical function in a variety of ways [40, 41]. Therefore,
we cannot deny that there may be other mechanisms
which also mediate partial function of OIP5-AS1 on NPC.

In summary, the findings presented in this study suggest
that OIP5-AS1 play an oncogenic role in NPC by negatively
modulating the tumor suppressor miR-203. Therefore, this
study further reveals the underlying mechanism of NPC
development and progression and provides a new target for
the treatment of NPC.

Data Availability

The dataset supporting the conclusions of this article is
included within the article.

Ethical Approval

This study was approved by the Ethics Committee of the First
Affiliated Hospital, University of South China.

Consent

The written informed consent form was signed by all
patients, and written informed consent for publication was
obtained from each participant.

Conflicts of Interest

The authors declare that they have no conflict of interest.

Authors’ Contributions

T.J. and F.C. designed the study, performed the experiments,
and drafted the paper. L.Y. and C.S. performed some
in vitro experiments and analyzed the data. J.X. and
X.W. participated in the animal experiments and data
analysis. X.H. conceived and supervised the study and revised
the manuscript. Jian Tang and Chengxiao Fu contributed
equally to the article.

Acknowledgments

This work was supported by the Natural Scientific Founda-
tion of Hunan Province (No. 2019JJ80035).

References

[1] D. D. Ma, L. L. Yuan, and L. Q. Lin, “LncRNA HOTAIR con-
tributes to the tumorigenesis of nasopharyngeal carcinoma via
up-regulating FASN,” European Review for Medical and Phar-
macological Sciences, vol. 21, no. 22, pp. 5143–5152, 2017.

[2] A. S. Nour, T. D. Weldehawariat, A. A. Woldemariam, and
D. G. Layo, “Nasopharyngeal Carcinoma: A Retrospective
Study on Imaging Patterns at Tikur Anbessa Specialized Hos-
pital, Addis Ababa, Ethiopia,” Ethiopian Journal of Health Sci-
ences, vol. 30, no. 2, pp. 215–222, 2020.

[3] D. Ou, X. Wang, M. Wu et al., “Prognostic value of post-
radiotherapy neutrophil-to-lymphocyte ratio in locally
advanced nasopharyngeal carcinoma,” Strahlentherapie und
Onkologie, vol. 196, no. 3, pp. 252–261, 2020.

[4] Z. Fei, X. Qiu, M. Li, C. Chen, Y. Li, and Y. Huang, “Prognosis
viewing for nasopharyngeal carcinoma treated with intensity-
modulated radiation therapy: application of nomogram and
decision curve analysis,” Japanese Journal of Clinical Oncology,
vol. 50, no. 2, pp. 159–168, 2020.

[5] F. Dwijayanti, A. Prabawa, Besral, and C. Herawati, “The Five-
Year Survival Rate of Patients with Nasopharyngeal Carci-
noma Based on Tumor Response after Receiving Neoadjuvant
Chemotherapy, Followed by Chemoradiation, in Indonesia: A
Retrospective Study,” Oncology, vol. 98, no. 3, pp. 154–160,
2020.

[6] Y. W. Tan, T. S. Fung, H. Shen, M. Huang, and D. X. Liu,
“Coronavirus infectious bronchitis virus non-structural pro-
teins 8 and 12 form stable complex independent of the non-
translated regions of viral RNA and other viral proteins,”
Virology, vol. 513, pp. 75–84, 2018.

[7] J. Beck and M. Nassal, “A sensitive procedure for mapping the
boundaries of RNA elements binding in vitro translated pro-
teins defines a minimal hepatitis B virus encapsidation signal,”
Nucleic Acids Research, vol. 24, no. 21, pp. 4364–4366, 1996.

[8] J. Yang, G. Sun, Y. Hu et al., “Extracellular Vesicle lncRNA
Metastasis-Associated Lung Adenocarcinoma Transcript 1
Released From Glioma Stem Cells Modulates the Inflamma-
tory Response of Microglia After Lipopolysaccharide Stimula-
tion Through Regulating miR-129-5p/High Mobility Group
Box-1 Protein Axis,” Frontiers in immunology, vol. 10, 2020.

[9] G. Wang, X. Li, L. Song, H. Pan, J. Jiang, and L. Sun, “Long
noncoding RNA MIAT promotes the progression of acute
myeloid leukemia by negatively regulating miR-495,” Leuke-
mia research, vol. 87, article 106265, 2019.

[10] L. Zhang, Y. Zhou, T. Huang et al., “The Interplay of LncRNA-
H19 and Its Binding Partners in Physiological Process and
Gastric Carcinogenesis,” International Journal of Molecular
Sciences, vol. 18, no. 2, p. 450, 2017.

[11] X. Hu, H. Jiang, and X. Jiang, “Downregulation of lncRNA
ANRIL inhibits proliferation, induces apoptosis, and enhances
radiosensitivity in nasopharyngeal carcinoma cells through
regulating miR-125a,” Cancer Biology & Therapy, vol. 18,
no. 5, pp. 331–338, 2017.

[12] N. Cheng and Y. Guo, “Long noncoding RNA NEAT1 pro-
motes nasopharyngeal carcinoma progression through regula-
tion of miR-124/NF-&kappa;B pathway,” OncoTargets and
therapy, vol. 10, pp. 5843–5853, 2017.

[13] W. Hu,W. Xu, Y. Shi, andW. Dai, “lncRNAHOTAIR upregu-
lates COX-2 expression to promote invasion and migration of
nasopharyngeal carcinoma by interacting with miR-101,” Bio-
chemical and Biophysical Research Communications, vol. 505,
no. 4, pp. 1090–1096, 2018.

[14] J. Dai, L. Xu, X. Hu et al., “Long noncoding RNA OIP5-AS1
accelerates CDK14 expression to promote osteosarcoma
tumorigenesis via targeting miR-223,” Biomedicine & Pharma-
cotherapy, vol. 106, pp. 1441–1447, 2018.

[15] J. Wang, Q. Tang, L. Lu et al., “LncRNA OIP5-AS1 interacts
with miR-363-3p to contribute to hepatocellular carcinoma
progression through up-regulation of SOX4,” Gene Therapy,
vol. 27, no. 10-11, pp. 495–504, 2020.

[16] M. Wang, X. Sun, Y. Yang, and W. Jiao, “Long non-coding
RNA OIP5-AS1 promotes proliferation of lung cancer cells

12 BioMed Research International



and leads to poor prognosis by targeting miR-378a-3p,” Tho-
racic cancer, vol. 9, no. 8, pp. 939–949, 2018.

[17] M. Li, J. Ning, Z. Li et al., “Long noncoding RNA OIP5-AS1
promotes the progression of oral squamous cell carcinoma
via regulating miR-338-3p/NRP1 axis,” Biomedicine & Phar-
macotherapy, vol. 118, article 109259, 2019.

[18] Y. Li, X. Han, H. Feng, and J. Han, “Long noncoding RNA
OIP5-AS1 in cancer,” Clinica Chimica Acta, vol. 499, pp. 75–
80, 2019.

[19] E. M. Lindholm, S. K. Leivonen, E. Undlien et al., “miR-342-5p
as a potential regulator of HER2 breast cancer cell growth,”
Microrna, vol. 8, no. 2, pp. 155–165, 2019.

[20] Y. Zou, Y. Chen, S. Yao et al., “MiR-422a weakened breast can-
cer stem cells properties by targeting PLP2,” Cancer Biology &
Therapy, vol. 19, no. 5, pp. 436–444, 2018.

[21] Y. Chu, M. Jiang, F. du et al., “miR-204-5p suppresses hepato-
cellular cancer proliferation by regulating homeoprotein SIX1
expression,” FEBS Open Bio, vol. 8, no. 2, pp. 189–200, 2018.

[22] L. S. Zhang, H. G. Ma, F. H. Sun, W.-C. Zhao, and G. Li, “MiR-
203 inhibits the malignant behavior of prostate cancer cells by
targeting RGS17,” European Review for Medical and Pharma-
cological Sciences, vol. 23, no. 13, pp. 5667–5674, 2019.

[23] J. Q. Qu, H. M. Yi, X. Ye et al., “MiRNA-203 reduces nasopha-
ryngeal carcinoma radioresistance by targeting IL8/AKT sig-
naling,” Molecular Cancer Therapeutics, vol. 14, no. 11,
pp. 2653–2664, 2015.

[24] Q. Jiang, Y. Zhou, H. Yang et al., “A directly negative interac-
tion of miR-203 and ZEB2 modulates tumor stemness and
chemotherapy resistance in nasopharyngeal carcinoma,”
Oncotarget, vol. 7, no. 41, article 11691, pp. 67288–67301,
2016.

[25] H. Yu, J. Lu, L. Zuo et al., “Epstein-Barr virus downregulates
microRNA 203 through the oncoprotein latent membrane
protein 1: a contribution to increased tumor incidence in epi-
thelial cells,” Journal of Virology, vol. 86, no. 6, pp. 3088–3099,
2012.

[26] A. D. King, A. T. Ahuja, P. Teo, G. M. K. Tse, and J. Kew,
“Radiation induced sarcomas of the head and neck following
radiotherapy for nasopharyngeal carcinoma,” Clinical Radiol-
ogy, vol. 55, no. 9, pp. 684–689, 2000.

[27] X. Zhou, X. Ou, Y. Yang et al., “Quantitative metastatic lymph
node regions on magnetic resonance imaging are superior to
AJCC N classification for the prognosis of nasopharyngeal car-
cinoma,” Journal of oncology, vol. 2018, Article ID 9172585, 10
pages, 2018.

[28] D. Zhao, Q. Peng, L. Wang et al., “Identification of a six-
lncRNA signature based on a competing endogenous RNA
network for predicting the risk of tumour recurrence in blad-
der cancer patients,” Journal of Cancer, vol. 11, no. 1,
pp. 108–120, 2020.

[29] Q. Zhang, Z. Ding, L. Wan et al., “Comprehensive analysis of
the long noncoding RNA expression profile and construction
of the lncRNA-mRNA co-expression network in colorectal
cancer,” Cancer Biology & Therapy, vol. 21, no. 2, pp. 157–
169, 2020.

[30] M. Kardan, A. Rafiei, M. Golpour, M. A. Ebrahimzadeh,
H. Akhavan-Niaki, and S. Fattahi, “Urtica dioica extract
inhibits cell proliferation and induces apoptosis in HepG2
and HTC116 as gastrointestinal cancer cell lines,” Anti-Cancer
Agents in Medicinal Chemistry, vol. 20, no. 8, pp. 963–969,
2020.

[31] H. Y. Lin, H. W. Han, Y. S. Wang et al., “Shikonin and 4-
hydroxytamoxifen synergistically inhibit the proliferation of
breast cancer cells through activating apoptosis signaling path-
way in vitro and in vivo,” Chinese Medicine, vol. 15, no. 1,
2020.

[32] Y. Zhang, Z. C. Zhang, W. F. Li, X. Liu, Q. Liu, and J. Ma,
“Prognosis and staging of parotid lymph node metastasis in
nasopharyngeal carcinoma: an analysis in 10,126 patients,”
Oral oncology, vol. 95, pp. 150–156, 2019.

[33] A. Buruiană, S. I. Florian, A. I. Florian et al., “The roles of
miRNA in glioblastoma tumor cell communication: diplo-
matic and aggressive negotiations,” International Journal of
Molecular Sciences, vol. 21, no. 6, 2020.

[34] Y. Bao, S. Li, Y. Ding et al., “MiRNA: a potential target for gene
diagnosis and treatment of atherosclerotic stroke,” The Inter-
national Journal of Neuroscience, pp. 1–6, 2020.

[35] L. Tao, L. Yang, X. Huang, F. Hua, and X. Yang, “Reconstruc-
tion and analysis of the lncRNA-miRNA-mRNA network
based on competitive endogenous RNA reveal functional
lncRNAs in dilated cardiomyopathy,” Frontiers in Genetics,
vol. 10, 2019.

[36] W. Lohcharoenkal, M. Harada, J. Lovén et al., “MicroRNA-203
inversely correlates with differentiation grade, targets c-MYC,
and functions as a tumor suppressor in cSCC,” The Journal
of Investigative Dermatology, vol. 136, no. 12, pp. 2485–2494,
2016.

[37] E. Sonkoly, J. Lovén, N. Xu et al., “MicroRNA-203 functions as
a tumor suppressor in basal cell carcinoma,” Oncogenesis,
vol. 1, no. 3, p. e3, 2012.

[38] Y. Xia, Y. Wang, Q. Wang et al., “Increased miR-203-3p and
reduced miR-21-5p synergistically inhibit proliferation,
migration, and invasion in esophageal cancer cells,” Anti-Can-
cer Drugs, vol. 30, no. 1, pp. 38–45, 2019.

[39] H. P. Liu, Y. Zhang, Z. T. Liu et al., “MiR-203 regulates prolif-
eration and apoptosis of ovarian cancer cells by targeting
SOCS3,” European Review for Medical and Pharmacological
Sciences, vol. 23, no. 21, pp. 9286–9294, 2019.

[40] D. L. Zhao and G. Shen, “Verification of expressions of
lncRNA FOXCUT in gastric adenocarcinoma patients and its
effects on cell biological function based on TCGA database,”
European review for medical and pharmacological sciences,
vol. 23, no. 14, pp. 6139–6147, 2019.

[41] Q. Lu, L. Li, A. Huang et al., “Molecular characterization and
biological function of a novel LncRNA CRNG in swine,” Fron-
tiers in pharmacology, vol. 10, 2019.

13BioMed Research International


	Long Noncoding RNA OIP5-AS1 Promotes the Disease Progression in Nasopharyngeal Carcinoma by Targeting miR-203
	1. Introduction
	2. Materials and Methods
	2.1. General Materials
	2.2. Cell Culture
	2.3. Lentivirus Transduction and Cell Transfection
	2.4. Quantitative RT-PCR (qRT-PCR)
	2.5. Western Blotting
	2.6. Colony Formation and Cell Proliferation Assays
	2.7. Cell Invasion and Migration Assays
	2.8. Flow Cytometric Analysis
	2.9. Luciferase Reporter Assay
	2.10. Animal Experiments
	2.11. Statistical Analysis

	3. Results
	3.1. OIP5-AS1 Is Overexpressed in NPC Specimens and Cell Lines
	3.2. Knockdown of OIP5-AS1 Inhibits the Proliferation of NPC Cells
	3.3. Knockdown of OIP5-AS1 Accelerates the Apoptosis and Decreases the Migration and Invasion of NPC Cells
	3.4. Knockdown of OIP5-AS1 Accelerates NPC Growth In Vivo
	3.5. OIP5-AS1 Directly Binds to miR-203 and Suppresses Its Expression
	3.6. OIP5-AS1/miR-203 Axis Modulates NPC Progression

	4. Discussion
	Data Availability
	Ethical Approval
	Consent
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

