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Abstract: Objective: To explore the effect of CDOKN2B antisense RNA 1 (CDKN2B-AS1) on the proliferation, clone
formation, and invasion of nasopharyngeal carcinoma (NPC) cells by regulating miR-98-5p/E2F transcription factor
2 (E2F2) axis. Methods: The expressions of CDKN2B-AS1, miR-98-5p, and E2F2 in NPC tissues and cell lines (SUNE-
1, 5-8F, 6-10B, and HK-1) as well as in peritumoral normal tissues and cell line NP69 were determined by qRT-PCR.
Subcellular localization of CDKN2B-AS1 was detected using the fluorescence in situ hybridization assay. The target-
ing relationships between CDKN2B-AS1 and miR-98-5p as well as between miR-98-5p and E2F2 were analyzed
by the dual-luciferase reporter assay and RNA binding protein immunoprecipitation assay. The proliferation, clone
formation and invasion of 5-8F cells were measured using the CCK-8 assay, Clone formation assay, and transwell
assay, respectively. Results: CDKN2B-AS1 was highly expressed in NPC tissues and cells, whereas the expression
of miR-98-5p decreased in the NPC tissues and cells. Silencing of CDKN2B-AS1 inhibited the proliferation, clone
formation, and invasion of NPC cells (all P<0.05). CDKN2B-AS1 acted asceRNA of miR-98-5p, and miR-98-5p inhibi-
tor could partially reverse the inhibitory effect of silencing CDKN2B-AS1 on NPC cells (all P<0.05). CDKN2B-AS1
upregulated E2F2 by inhibiting miR-98-5p, and the upregulation of E2F2 partially reversed the inhibitory effect of
miR-98-5p overexpression on the NPC cells (all P<0.05). Conclusion: CDKN2B-AS1, as a IncRNA, can regulate E2F2
by sponging miR-98-5p to promote the proliferation, clone formation, and invasion of NPC cells.
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Introduction system has been implemented currently as
guidance for treatment [6]. According to TNM
staging, patients with NPC can be classified
into four stages to receive stratified treatment.
However, studies have reported that even
though patients with NPC at the same stage
receive similar treatment, the clinical outcome
can vary among them. This finding indicates
that TNM staging cannot fully reveal the biolog-
ic heterogeneity of tumors and cannot accu-
rately predict the risks for treatment failure in
patients with NPC. Therefore, in order to solve
the limitation of TNM staging, various biomark-
ers, including EBV-DNA, miRNA, and gene profil-
ing, have been suggested to predict prognosis
of NPC. However, more studies need to be con-

Nasopharyngeal carcinoma (NPC) is a highly
prevalent head and neck cancer. The tumor is
mainly located on the lateral wall and the top of
the nasopharyngeal cavity [1, 2]. The incidence
of NPC in Southeast Asia is high, and that
region accounts for 40% of the new cases
worldwide every year. Although the combina-
tion of magnetic resonance imaging, intensity-
modulated radiotherapy, and concurrent che-
motherapy can significantly improve the prog-
nosis of NPC, about 30% of NPC patients can
still experience recurrence or tumor metastasis
[3-5]. Hence, it is of great significance to iden-
tify the predictive biomarkers and elucidate the

mechanism of the disease for developing indi-
vidualized therapy for NPC.

NPC treatment depends on accurate progno-
sis, and the tumor metastasis (TNM) staging

ducted to verify biomarkers and treatment
targets.

Long non-coding RNA (IncRNA), which is over
200 nucleotides in length, is a subclass of non-
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Table 1. Primer sequences

stream gene expression. We first used the

bioinformatics tool to identify the miRNAs

Gene Primer Sequence (5’-3’)

CDKN2B-AS1 Forward CAACCTTGAACTCCCAGGCTC
Reverse TGGCCAATCTGCAGTTTGTCT

miR-98-5p Forward TGAGGTAGTAGTTTGTGCTGTT
Reverse  GCGAGCACAGAATTAATACGAC

E2F2 Forward CCGACTTCCACAGAGTGCTTCA
Reverse  GCTCGTGCCTGTCATCTCAACA

GAPDH Forward ACCACAGTCCATGCCATCAC
Reverse TCCACCACCCTGTTGCTGTA

ue Forward GCUUCGGCAGCACAUAUACUAAAAU
Reverse CGCUUCACGAAUUUGCGUGUCAU

to which CDKN2B-AS1 binds. Based on
relevant literature, we then chose miR-98-
5p for this study. miR-98-5p has been
widely studied in different cancers includ-
ing lung cancer, liver cancer, and prostate
cancer and has been demonstrated to
exert an anti-cancer effect [14-16].
However, there have been no reports on
the anti-cancer effect of miR-98-5p in
NPC. We speculated that miR-98-5p and
CDKN2B-AS1 may participate in NPC pro-

Note: CDKN2B-AS1: CDKN2B antisense RNA 1; E2F2: E2F tran-

scription factor 2.

coding RNA [7, 8]. In recent years, it has been
found that the aberrant regulation of IncRNA
serves an essential role in the pathogenesis of
NPC. For instance, IncRNA HOXA-AS2 can pro-
mote NPC progression by sponging miR-519
[9]. CCHE1 can enhance the proliferation,
migration, and invasion of NPC cells by inhibit-
ing the MEK/ERK/c-Myc pathway [10]. However,
research on the role of IncRNAs in tumorigene-
sis, especially on progression of NPC, is still in
the early stages. Therefore, elucidating the
mechanism of IncRNA-mediated gene regula-
tion is essential to identify prognostic markers
for NPC and guide individualized treatment.

According to the IncRNA disease database, it
has been reported that the single nucleotide
polymorphism (rs3217992, A>G; rs1063192,
C>T) on CDKN2B antisense RNA 1 (CDKN2B-
AS1) can increase the susceptibility to NPC
[11, 12]. Thus, we speculated that inhibiting
CDKN2B-AS1 expression may affect the pro-
gression of NPC. In addition, it has been
revealed that CDKN2B-AS1 is highly expressed
in advanced NPC and the knockdown of
CDKN2B-AS1 can significantly suppress the
proliferation and transformation of NPC cells.
CDKN2B-AS1 can promote the malignant pro-
gression of NPC by inducing the proliferation of
the cancer cells and reprogramming glucose
metabolism in cells [13]. In this study, we spec-
ulated that CDKN2B-AS1 may be a treatment
target for NPC, and the mechanism of CDKN2B-
AS1 in NPC needs to be further investigated.

IncRNA can indirectly regulate gene coding by
sponging miRNA, thus affecting the down-
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gression at the same time.

Subsequently, we searched the bioinfor-

matics database to find the possible
downstream targets of miR-98-5p. After con-
ducting Gene Ontology (GO) and pathway analy-
sis, E2F transcription factor 2 (E2F2) was iden-
tified. E2F2, as an E2F family member, can
regulate cell proliferation and division and is
closely correlated with the cancer cell activity
of various tumors and cancer progression [17].
Therefore, we speculated that miR-98-5p may
regulate tumor growth by suppressing E2F2.

We aimed to investigate the effect of the
CDKN2B-AS1/miR-98-5p/E2F2 axis on cell
proliferation, clone formation, and invasion of
NPC cells, to find treatment targets and prog-
nostic markers for NPC patients.

Materials and methods
Bioinformatic tools

The following tools were used in this study:
(1) starBase (http://starbase.sysu.edu.cn/star-
base2/) and IncRBase (http://carolina.imis.
athena-innovation.gr/diana_tools/web/index.
php?r=Incbasev2/index) for predicting the miR-
NA-IncRNA interactions; (2) RNA22 (http://cm.
jefferson.edu/rna22/) and miRWalk (http://
mirwalk.umm.uni-heidelberg.de/) for predicting
miRNA target genes; (3) Venny (https://bio-
infogp.cnb.csic.es/tools/venny/index.html) for
plotting Venn diagram; (4) DAVID (https://david.
ncifcrf.gov/) for GO enrichment and pathway
enrichment analysis; (5) ggplot2 for creating
bubble chart for GO enrichment and pathway
enrichment analysis; (6) DisGeNET database
(https://www.disgenet.org/) for finding pub-
lished disease genes; (7) string database
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Figure 1. Expression level of CDKN2B-AS1. A: Relative expression levels of CDKN2B-AS1 in NPC tissues (n=38); B:
Relative expression levels of CDKN2B-AS1 in normal cells and NPC cells; C: Kaplan-Meier overall survival curve in
association with the CDKN2B-AS1 expression levels; D: ROC curve of CDKN2B-AS1 in the diagnosis of NPC. Com-
pared to the cell line NP69, "P<0.05. CDKN2B-AS1: CDKN2B antisense RNA 1; NPC: nasopharyngeal carcinoma;

ROC: receiver operating characteristic.

(https://string-db.org/) for finding the interac-
tions between the candidate genes and dis-
ease risk genes on the protein level.

Tissue collection

Thirty-eight fresh frozen NPC tissues and nor-
mal peritumoral nasopharynx tissues (2-5 cm
away from the tumor edge) were collected from
the patients admitted in our hospital between
June 2018 and February 2020. Their tissue
samples were kept at -80°C.

Inclusion criteria: (1) Patients pathologically
diagnosed with NPC; (2) Patients who did not
receive any anti-tumor treatment before the
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surgery; (3) Patients diagnosed with NPC for
the first time.

Exclusion criteria: Patients with other types of
tumors, immune system diseases, or heart,
liver, or kidney dysfunction.

The study was approved by the Ethics
Committee of our hospital (approval number
2021KN176), and all participants signed a writ-
ten informed consent.

Cell culture

Human immortalized nasopharyngeal epithe-
lial cell line (NP69, ATCC, USA) and NPC cell
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Table 2. Effect of expression levels of CDKN2B-AS1 on the clinical

characteristics of patients with NPC (n=38)

AS1 and miR-NC), si-CDKN2B-
AS1 + miR-inhibitor group (5-

CDKN2B-AS1 CDKN2B-AS1

8f cells transfected with si-

Characteristic (r?jgg) low expression high expression P _CDKNQB‘AS_l and miR—.98.—5p
(n=7) (n=31) inhibitor), miR-98-5p mimic +
Gender E2F2 group (5-8F cells trans-
Male 21 5 16 0.4267 fected with miR-98-5p mimic
Female 17 5 15 and pcDN.A?'a.l-E2F2), and miR-
Age (vears old) 98-5p mimic + vector grqup
(5-8F cells transfected with
<55 25 8 7 02955 MiR-98-5p mimic and blank
>55 13 3 10 vector).
TNM stage
-1 18 6 12 0.0381 The sequences and transfec-
-V 20 1 19 tion vectors were from Gene-
EA-IgA positive Pharrpa, Shanghai, China. The
<1:10 15 2 13 0.6807 ?e”ts ;” each grf,“pfwetre tr,a“f’h;
ected usin ipofectamine
=1:10 23 ° 18 3000 ﬂherio Fisher Scients-
VCA-lgA positive fic, USA) in accordance with
<1:80 7 45 2 0.0008 the manufacturer’s protocol. To
21:80 31 2 29 construct the E2F2 overex-
Pathological type pression vector, the cDNA was
Non-keratinizing 33 5 28 0.2227 amplified and cloned into the
Keratinizing 5 2 3 pcDNA3.1 vector, and the
Lymphatic metastasis empty vector was the nega-
No 12 6 6 0.0020 tive control. Other transfection
Yes 26 1 25 sequences used in the experi-

ment were: si-CDKN2B-AS1

Note: CDKN2B-AS1: CDKN2B antisense RNA 1; NPC: nasopharyngeal carcinoma;

TNM: tumor metastasis.

lines (SUNE-1, 5-8F, 6-10B, and HK-1, ATCC,
USA) were cultured in RPMI1640 medium
(Solarbio Science & Technology, Beijing, China)
containing 10% fetal bovine serum and
placed in a humidified incubator at 37°C in 5%
Co,,.

Grouping and transfection

According to the manufacturer’s instructions,
vectors and control vectors were constructed
after regulating the levels of CDKN2B-AS1,
miR-98-5p, and E2F2 in the NPC cells. The cells
were divided into the following groups: blank
group (blank control), si-NC group (5-8F cells
transfected with a negative control sequence
of si-CDKN2B-AS1), miR-NC group (5-8F cells
transfected with a negative control sequence
of miR-98-5p), si-CDKN2B-AS1 group (5-8F
cells transfected with si-CDKN2B-AS1), miR-
98-5p mimic group (5-8F cells transfected with
mMiR-98-5p mimic), si-CDKN2B-AS1 + miR-NC
group (5-8f cells transfected with si-CDKN2B-

13409

(5'-GUGCGUACAGUGCUGUACA-

GCAU-3’), si-NC (5-UACGCU-

CAGCAUGUGUCACUC-3’), miR-
98-5p mimic (5-UCGUUCGUGAGCACUUGCG-
ACG-3’), miR-inhibitor (5-AGCCUUGCUGCAGG-
UGCGCAU-3’), and miR-NC (5-UGCCUUACUG-
ACGGUCGGAGA-3’).

qRT-PCR

The total RNA was isolated from the tissue
samples and the cells using the Trizol reagent
(Beyotime Biotechnology, Shanghai, China).
The purity and concentration of the RNAs were
determined with the UV spectrophotometer
(Lab-Spectrum Instruments, Shanghai, China).
The RNAs were reverse transcribed into cDNAs
following the manufacturer’s protocol of the
one-step reverse transcription kit (Solarbio
Science & Technology, Beijing, China). The
reaction system and conditions of PCR were
set up according to the manufacturer’s instruc-
tions of real-time quantitative PCR kit (Takara,
Japan). The relative expression level of the
genes was calculated using the 222t method

Am J Transl Res 2021;13(12):13406-13422
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Figure 2. Effect of COKN2B-AS1 knockdown on NPC cells. A: Knockdown efficiency of CDKN2B-AS1; B: Cell prolif-
eration measured by CCK-8 assay; C, D: Results of clone formation; E, F: Cell invasion measured by Transwell assay
(100x). Compared to the si-NC group, "P<0.05. CDKN2B-AS1: CDKN2B antisense RNA 1; NPC: nasopharyngeal

carcinoma; CCK-8: cell counting kit-8; OD: optical density.

with U6 as the internal reference for miRNA and
GAPDH as the internal reference for IncRNA
and mRNA. The primers are displayed in Table
1.

Cell counting kit-8 (CCK-8) assay

The cells were seeded into a 96-well plate
(1*10° per well), and 10 pL of CCK-8 solution
(Beyotime Biotechnology, Shanghai, China) was
added into each well at 24 h, 48 h, and 72 h.
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The cells were then incubated at 37°C for 2 h.
The optical density was measured at 450 nm.

Clone formation assay

The NPC cells were inoculated into a 6-well
plate (1*10° per well) and incubated at 37°C for
15 days. Afterward, the cells were washed in
PBS (Beyotime Biotechnology, Shanghai, China)
and fixed with 4% paraformaldehyde (Beyotime
Biotechnology, Shanghai, China) followed by

Am J Transl Res 2021;13(12):13406-13422
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Figure 3. miR-98-5p is a target of CDKN2B-AS1. A: The common miRNA binding sites on CDKN2B-AS1 predicted
by starBase and IncRBase; B: Subcellular localization of CDKN2B-AS1 detected by FISH assay (400x); C: miR-98-
5p binding sites on CDKN2B-AS1; D: DLR assay results; E: RIP assay results; F: Expression levels of miR-98-5p in
various tumors; G: Expression levels of miR-98-tp in the NPC tissues (n=38); H: ROC curve of miR-98-5p in the diag-
nosis of NPC; I: Correlation between the expression level of CDKN2B-AS1 and the expression level of miR-98-5p; J:
Expression of miR-98-5p in the NPC cell line; K: Expression level of miR-980tp in NPC. Compared with the NP69 cell
line, "P<0.05. CDKN2B-AS1: CDKN2B antisense RNA 1; NPC: nasopharyngeal carcinoma; OD: optical density; FISH:
fluorescence in situ hybridization; DLR: dual-luciferase reporter; RIP: RNA immunoprecipitation.

hematoxylin staining. The cell colonies were
observed and photographed under a micro-
scope (Olympus, Japan).

Transwell assay

The upper side of the Transwell insert was pre-
coated with Matrigel (Solarbio Science &
Technology, Beijing, China) and 200 of pL
serum-free medium (N6010, Solarbio Science
& Technology, Beijing, China) containing 1*10°
cells was added to the insert. Meanwhile, 600
uL of RPMI1640 medium (Solarbio Science &
Technology, Beijing, China) containing 10%
fetal bovine serum was placed in the lower
chamber. The cells were incubated at 37°C in
5% CO, for 24 hours. The non-invasive cells
were removed from the Transwell upper cham-
ber. After being fixed with 4% paraformal-
dehyde (Beyotime Biotechnology, Shanghai,
China) and stained with hematoxylin, the invad-
ing cells were observed and counted under an
optical microscope (Olympus, Japan).

Fluorescence in situ hybridization (FISH)

The subcellular localization of CDKN2B-AS1
was detected using the FISH kit (BersinBio,
Guangzhou, China). According to the manufac-
turer’s protocol, the cells were first incubated in
a 24-well plate covered by a glass cover slide
for 24 hours. After immobilization and infiltra-
tion, the cells were hybridized with CDKN2B-
AS1 or UB-FISH probe mix (ribbio) labeled with
20 um of Cy3. Next, the cells were stained with
DAPI and observed under a confocal laser
scanning microscope.

RNA immunoprecipitation (RIP)

The EZ-Magna RIP kit (Haoran Biotechnology,
Shanghai, China) was used for RNA detection.
According to the manufacturer’s instructions,
the cells at 24 h of transfection were collected
with Ago2 antibody for RIP assay. IgG was used
as the negative control, and the coprecipitated
RNA was determined by qRT-PCR.
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Dual-luciferase reporter (DLR) assay

The full-length sequences of CDKN2B-AS1 and
E2F2 3'-UTR with or without mutant mir-98-5p
binding site were cloned into pmiR-reporter
plasmids. Afterward, the wild type and mutant
reporter plasmids along with miR-98-5p mimic
or control vectors were co-transfected into the
NPC cells. At 48 h of transfection, the lucifer-
ase activity of the NPC cells was detected using
the DLR assay kit (Solarbio Science &
Technology, Beijing, China).

Statistical analysis

SPSS (18.0) was used for statistical analysis.
Measured data are expressed as mean + stan-
dard deviation. Independent samples t-test
was performed for comparison between two
groups; one-way analysis of variance was per-
formed for comparison among multiple groups;
LSD test was performed for pairwise compari-
son among multiple groups. Counted data were
analyzed by Fisher’'s exact test. P<0.05 was
considered a significant difference.

Results

Level of CDKN2B-AS1 was upregulated in the
NPC tissues and NPC cell lines

Compared to the corresponding para-cancer-
ous tissues (n=38), the level of CDKN2B-AS1
was higher in NPC tissues (Figure 1A, P<0.05);
compared with the normal cell line (NP69), the
levels of CDKN2B-AS1 were higher in the NPC
cell lines (SUNE-1, 5-8F, 6-10B, HK-1, Figure
1B, all P<0.05). We also found that the me-
dian survival time of NPC patients with high lev-
els of CDKN2B-AS1 was 60 months, which was
shorter than those with low levels of CDKN2B-
AS1 (Figure 1C, P<0.05). ROC analysis indicat-
ed that the area under the curve (AUC) of
CDKN2B-AS1 was 0.8373 (Figure 1D). Accord-
ing to the ROC curve, the cut-off value was
6.053 (sensitivity + specificity - 100%). Based
on the cut-off value, the patients were divided

Am J Transl Res 2021;13(12):13406-13422
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Figure 4. The effect of CDKN2B-AS1 on NPC cells could be partially reversed by miR-98-5p. A: Expressions of miR-
98-tp in each group detected by qRT-PCR; B: Cell proliferation measured by CCK-8 assay; C, D: Results of clone for-
mation; E, F: Cell invasion measured by Transwell assay (100x). Compared to the si-NC group, ¥P<0.05. Compared
to the CDKN2B-AS1 + miR-NC group, *P<0.05. CDKN2B-AS1: CDKN2B antisense RNA 1; NPC: nasopharyngeal

carcinoma; CCK-8: cell counting kit-8; OD: optical density.

into a high expression group (n=31) and the low
expression group (n=7). As displayed in Table 2,
the level of CDKN2B-AS1 was associated with
TNM staging, positive VCA-IgA antibody test,
and lymph node metastasis in NPC (all P<0.05),
indicating that the aberrant expression of
CDKN2B-AS1 may participate in the NPC
progression.

CDKN2B-AS1 promoted proliferation, clone
formation, and invasion of NPC cells

The knockdown efficiency of CDKN2B-AS1 was
examined. As displayed in Figure 2A, the
expression of CDKN2B-AS1 decreased signifi-
cantly in the si-CDKN2B-AS1 group compared
with the si-NC group, indicating that CDKN2B-
AS1 knockdown was successful. Subsequently,
we performed the CCK-8 assay and found
that knockdown of CDKN2B-AS1 significantly
reduced the proliferation ability of the NPC
cells (Figure 2B, P<0.05) in comparison with
the si-NC group. The colony-forming ability of
the cells in the si-CDKN2B-AS1 group was
much lower than that in the si-NC group (Figure
2C, 2D, P<0.05). The number of invasive cells
in the 5-8F cell line also was reduced substan-
tially by the down-regulation of CDKN2B-AS1
(Figure 2E, 2F). These results suggest that
CDKN2B-AS1 can promote the proliferation,
clone formation, and invasion of the NPC cells.

CDKN2B-AS1 functions as ceRNA and com-
petitively sponges miR-98-5p

During the investigation of the molecular mech-
anism of CDKN2B-AS1 in NPC pathogenesis,
we found that IncRNA could indirectly regulate
gene coding by acting as a molecular sponge to
absorb miRNA, thereby affecting the down-
stream gene expression. Thus, we used the
starBase and IncRBase tools to predict the
miRNAs that might bind to CDKN2B-AS1 (Fi-
gure 3A). miR-98-5p has been widely studied in
different cancers such as lung cancer, prostate
cancer, and liver cancer and has been revealed
to have an anti-cancer effect [14-16]. However,
since there have been no relevant reports on
the effect of miR-98-5p in NPC, we aimed to
investigate this miRNA in our study.
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To clarify the role of CDKN2B-AS1 and miR-98-
5p in NPC, we performed a FISH assay and
found that the subcellular localization of
CDKN2B-AS1 was mainly in the cytoplasm
(Figure 3B). Several binding sites of miR-98-5p
on CDKN2B-AS1 were found using the bioinfor-
matic website (Figure 3C). DLR assay showed
that compared with the cells transfected with
miR-NC and CDKN2B-AS1-wt, the lucifera-
se activity of 293 T cells transfected with
CDKN2B-AS1-wt and miR-98-5p mimic was
much lower (P<0.05, Figure 3D). RIP assay
showed that CDKN2B-AS1 and miR-98-5p were
markedly enriched in the Ago2 binding group
(Figure 3E, both P<0.05).

The dbDEMC database showed that miR-98-5p
can be highly expressed in the head and neck
tumors (Figure 3F). However, our study results
showed a low level of miR-98-5p in the NPC tis-
sues (Figure 3G, P<0.05), and the AUC of miR-
98-5p was 0.8293 (Figure 3H). The expression
of miR-98-5p was negatively correlated with
CDKN2B-AS1 in the NPC tissues (Figure 3l).
The expression of miR-98-5p was downregu-
lated in the NPC cells, whereas the knockdown
of CDKN2B-AS1 could increase the expression
of miR-98-5p (Figure 3J, 3K, P<0.05). The
results confirm that CDKN2B-AS1 is a ceRNA of
miR-98-5p, and the aberrant expressions of
CDKN2B-AS1 and miR-98-5p are involved in
the pathogenesis of NPC.

miR-98-5p inhibitor partially reverses the ef-
fect of silencing CDKN2B-AS1 on NPC

To investigate the effect of CDKN2B-AS1 regu-
lating miR-98-5p on the NPC cells, si-CDKN2B-
AS1 and miR-inhibitor were co-transfected into
the 5-8F cells. qRT-PCR showed that the level
of miR-98-5p in the si-CDKN2B-AS1 + miR-
inhibitor group was lower than that in the si-
CDKN2B-AS1 + miR-NC group (Figure 4A,
P<0.05). CCK-8 assay results demonstrated
that compared to the si-CDKN2B-AS1 + miR-NC
group, the proliferation ability of the NPC cells
increased in the si-CDKN2B-AS1 + miR-inhibi-
tor group (Figure 4B, P<0.05). The colony-form-
ing ability of the NPC cells in the si-CDKN2B-
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Figure 5. Targets of CDKN2B-AS1/miR-98-5p. A: The common target genes of miRNA predicted by RNA22, miRDB,
Targetscan, and miRWalk; B: Bubble chart of GO enrichment analysis of miRNA target genes; C: Bubble chart of
pathway analysis of miRNA target genes; D: Protein interaction network of the candidate genes and the published
disease risk genes; candidate genes are indicated by red dots, and disease risk genes are indicated by blue dots.

CDKN2B-AS1: CDKN2B antisense RNA 1; GO: gene ontology.

AS1 group was lower than that of the si-NC
group, and the colony-forming ability in the si-
CDKN2B-AS1 + miR-inhibitor group was higher
than that of the si-CDKN2B-AS1 + miR-NC
group (Figure 4C, 4D, both P<0.05). Transwell
assay showed that the NPC cell invasion ability
in the si-CDKN2B-AS1 + miR inhibitor group
was greater than that in the si-CDKN2B-AS1 +
miR-NC group (Figure 4E, 4F, P<0.05). These
results reveal that the effect of CDKN2B-AS1
downregulation on NPC can be partially
reversed by miR-98-5p inhibitor.

Screening of targets of COKN2B-AS1/miR-98-
5p

RNA22 and miRWalk databases were used to
predict the possible downstream targets of
miR-98-5p. By controlling the parameters and
taking the common results predicted by each
tool, we found 200 target genes of miR-98-5p
with high reliability (Figure 5A). GO and path-
way analyses were performed for these 200
genes. The GO analysis showed few significant-
ly enriched GO terms (Figure 5B), whereas the
pathway analysis showed that high-confidence
target genes of miR-98-5p were significantly
enriched in cancer-related pathways. Even
though the false discovery rates (FDRs) of the
differential genes in the cancer-related path-
ways were not significant, there may be still bio-
logic significance (enrichment: 2.5, P=0.0098,
FDR=0.20, Figure 5C).

We defined the genes involved in the cancer-
related pathway as candidate genes and
searched the DisGeNET database (https://
www.disgenet.org) for the published NPC
(C2931822) risk genes. According to the GDA
score, we chose the top 10 disease risk genes
as the published high-confidence NPC risk
genes and searched the String database to
find protein interactions between the candidate
genes and the published NPC risk genes. Of
the candidate genes, E2F2 was found to have
moderate protein interaction with the NPC risk
genes (Figure 5D), suggesting that miR-98-5p
may regulate tumor growth by inhibiting E2F2.
Therefore, COKN2B-AS1 may indirectly upregu-
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late the level of E2F2 by sponging miR-98-5p,
thus promoting the occurrence and develop-
ment of tumor.

CDKN2B-AS1 regulates miR-98-5p to upregu-
late E2F2

By searching the UALCAN database (http://ual-
can.path.uab.edu), we observed that the rela-
tive expression levels of E2F2 in the head and
neck tumors were higher than those in normal
head and neck tissues (Figure 6A). Our study
results showed that compared to normal tis-
sues, E2F2 was highly expressed in NPC tis-
sues (Figure 6B, P<0.05). In the 5-8F cell line,
E2F2 expression could be downregulated by
silencing CDKN2B-AS1 or miR-98-5p overex-
pression (Figure 6C, 6D, both P<0.05). miR-98-
5p knockdown increased E2F2 expression,
whereas this effect could be partially revers-
ed by si-CDKN2B-AS1 (Figure 6E, P<0.05).
Correlation analysis exhibited that the E2F2
level in NPC was negatively correlated with the
miR-98-5p level (Figure 6F) and was positively
correlated with the CDKN2B-AS1 level (Figure
6G). The Targetscan website (http://www.tar-
getscan.org/vert72/) helped us to identify the
miR-98-5p binding sites on E2F2 (Figure 6H).
DLR assay displayed that miR-98-5p could sig-
nificantly reduce the luciferase activity of the
vector containing E2F2 wild type 3'UTR
sequence, but had no marked effect on vectors
containing E2F2 mutant 3’'UTR sequence, indi-
cating that miR-98-5p can bind to E2F2 (Figure
6l). RIP assay results showed that both E2F2
and miR-98-5p were enriched by Ago2 immuno-
precipitation (both P<0.05, Figure 6J). These
results indicate that E2F2 is a target gene of
miR-98-5p, and CDKN2B-AS1 can upregulate
E2F2 expression by regulating miR-98-5p.

E2F2 could partially reverse the effect of miR-
98-5p overexpression on NPC cells

Compared with the miR-NC group, the transfec-
tion of miR-98-5p mimic increased the level of
miR-98-5p in the 5-8F cells (Figure 7A, P<0.05).
miR-98-5p mimic was co-transfected with E2F2
or vector, and the level of E2F2 in the miR-98-
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Figure 6. CDKN2B-AS1 sponges miR-98-5p to upregulate E2F2 expression. A: Expression level of E2F2 in head and
neck squamous cell carcinoma reported by UALCAN database; B: Expression level of E2F2 in NPC tissues (n=38);
C: Effect of silencing CDKN2B-AS1 on E2F2 expression; D: Effect of miR-98-5p overexpression on E2F2; E: Effect
of silencing both miR-98-5p and CDKN2B-AS1 on E2F2; F: Correlation of E2F2 expression level with miR-98-5p
expression level in NPC; G: Correlation of E2F2 expression level with CDKN2B-AS1 expression level in NPC; H: miR-
98-5p binding sites on E2F2; I: DLR assay results; J: RIP assay results. COKN2B-AS1: CDKN2B antisense RNA 1;
NPC: nasopharyngeal carcinoma; OD: optical density; DLR: dual-luciferase reporter; RIP: RNA immunoprecipitation;

E2F2: E2F transcription factor 2.

5p mimic + E2F2 group was higher than that in
the miR-98-5p mimic + vector group (Figure
7B, P<0.05). CCK-8 assay showed that NPC cell
proliferation ability decreased markedly in the
mMiR-98-5p mimic group compared with the
miR-NC group and increased markedly in the
miR-98-5p mimic + E2F2 group compared with
the miR-98-5p mimic + vector group (Figure
7C, both P<0.05). The colony-forming ability of
the NPC cells inhibited in the miR-98-5p mimic
+ vector group were partially reversed in the
miR-98-5p mimic + E2F2 group (Figure 7D, 7E,
P<0.05). Transwell assay indicated that the
NPC cell invasion ability in the miR-98-5p mimic
+ E2F2 group was greater than that in the miR-
98-5p mimic group (Figure 7F, 7G, P<0.05).
Therefore, the effect of miR-98-5p overexpres-
sion on NPC could be partially reversed by
E2F2.

Discussion

Evidence has demonstrated that aberrant
expression of IncRNA and miRNA play impor-
tant roles in the occurrence and progression of
various cancers [18-20]. Through searching the
database and conducting experiments, we
found that IncRNA CDKN2B-AS1 expression
was significantly upregulated, whereas the miR-
98-5p expression was downregulated in the
NPC tissues and cells. CDKN2B-AS1 could
enhance E2F2 expression through sponging
miR-98-5p, thus promoting the proliferation,
invasion, and clone formation of NPC cells.
These findings suggest that CDKN2B-AS1, miR-
98-5p, and E2F2 serve essential roles in regu-
lating the pathogenesis of NPC and can be
used as prognostic markers for NPC.

Clinically, the anatomy-based TNM staging sys-
tem cannot accurately predict the risks of
recurrence and tumor metastasis in NPC
patients [21, 22]. Therefore, it is critical to find
biomarkers that can predict the occurrence
and prognosis of NPC and affect the progres-
sion of cancer. Increasing evidence supports
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the idea of constructing a IncRNA-miRNA-
MRNA interaction network in order to identify
regulatory factors related to the prognosis of
cancer patients and provide novel molecular
markers for cancer treatment, which should
help develop a personalized treatment for
patients [23, 24]. In this study, we identified
that CDKN2B-AS1 can act as a ceRNA of miR-
98-5p to regulate E2F2 expression, thereby
participating in the pathogenesis of NPC.

Previous studies have reported that the overex-
pression of CDKN2B-AS1 can promote the
growth of NPC [11, 12]. In the present study, we
observed that the expression of CDKN2B-AS1
was increased in NPC, and the survival rate of
NPC patients with high expression of CDKN2B-
AS1 was lower. CDKN2B-AS1 can promote the
proliferation, invasion, and clonal formation of
NPC cells, thus working as a tumor-promoting
factor in NPC.

LncRNAs have been demonstrated to be able
to regulate the expression and activity of miR-
NAs in recent years [25, 26]. In this study, we
used the starBase and IncRBase to predict
the miRNA that targets CDKN2B-AS1 and
selected mir-98-5p. Since miR-98-5p is down-
regulated in a variety of tumors and works as
a tumor suppressor, we speculated that miR-
98-5p may also have an antitumor effect in
NPC [14-16]. In this study, we found that miR-
98-5p was downregulated in NPC, which inhib-
ited the proliferation, invasion, and clone for-
mation of NPC cells. Moreover, CDKN2B-AS1
could negatively regulate the level of miR-98-
5p in NPC, and miR-98-5p could partially
reverse the ability of CDKN2B-AS1 to promote
the malignant progression of NPC. These
results indicate that CDKN2B-AS1 promotes
NPC progression by sponging miR-98-5p, and
miR-98-5p acts as a tumor suppressor in NPC.

The function of IncCRNA, a ceRNA, normally
depends on the binding sites on miRNAs [27,
28]. In this study, we first predicted the down-
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Figure 7. Effect of miR-98-5p overexpression on NPC cells was partially reversed by E2F2. A, B: Expressions of
miR-98-5p and E2F2 in each group determined by qRT-PCR; C: Cell proliferation measured by CCK-8 assay; D, E:
Results of clone formation; F, G: Cell invasion measured by Transwell assay (100x). Compared with the miR-NC
group, *P<0.05; compared with the miR-98-5p mimic + vector group, #P<0.05. CCK-8: cell counting kit-8; OD: optical

density; E2F2: E2F transcription factor 2.
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Figure 8. Mechanism of the regulation of COKN2B-AS1 through miR-98-5p/
E2F2 axis in NPC progression. COKN2B-AS1: CDKN2B antisense RNA 1;
NPC: nasopharyngeal carcinoma; E2F2: E2F transcription factor 2.

tially reversed by the upregula-
tion of E2F2 expression. All
these findings indicate that
the CDKN2B-AS1/miR-98-5p/
E2F2 axis may be a key path-
way in regulating the prolifera-
tion, invasion, and clone for-
mation of NPC cells.

In conclusion, CDKN2B-AS1 is
an NPC-inducing factor. CDK-
N2B-AS1, as a ceRNA, can
sponge miR-98-5p to upregu-
late E2F2 expression, thereby

stream target genes of miR-98-5p using sever-
al databases and then conducted GO and path-
way analysis to search for the genes that can
be studied. We identified that high-confidence
target genes of miR-98-5p were significantly
enriched in the cancer-related pathways. In this
pathway, we found E2F2, a regulatory factor in
cell cycle, cellular apoptosis, and DNA damage,
as a target gene. E2F2 is related to poor prog-
nosis of patients with various malignant tu-
mors, including gastric cancer, breast cancer,
and non-small cell lung cancer [29-31]. In addi-
tion, E2F2 has been widely studied in NPC.
Some studies have demonstrated that E2F2,
as a tumor-promoting factor, participates in the
proliferation and metastasis of NPC regulated
by PPAR-y, and NPC is also regulated by the
E2F2 pathway [32-34]. Databases show that
the levels of E2F2 in head and neck tumors are
much higher than those in normal head and
neck tissues. We confirmed that E2F2 is a
downstream target gene of miR-98-5p using
DLR assay and RIP assay. In addition, E2F2
expression in NPC was positively correlated
with CDKN2B-AS1. Overexpressing miR-98-5p
inhibited E2F2 mRNA expression, whereas
silencing miR-98-5p and downregulating CDK-
N2B-AS1 resulted in decreased expression of
E2F2, suggesting that CDKN2B-AS1 can com-
petitively bind to miR-98-5p to regulate E2F2
expression. The inhibitory effect of miR-98-5p
overexpression on the proliferation, invasion,
and clone formation of NPC cells could be par-
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promoting the proliferation,

invasion, and clone formation
of NPC cells (Figure 8). However, the sample
size in our experiment was small and in vivo
experiment was not performed to verify the
effect of CDKN2B-AS1/miR-98-5p/E2F on
NPC. Moreover, other possible signaling mole-
cules and pathways regulated by CDKN2B-
AS1/miR-98-5p/E2F2 CDKN2B-AS1/miR-98-
5p/E2F in NPC need to be further in-
vestigated.

CDKN2B-AS1/miR-98-5p/E2F2 axis plays an
essential role in the occurrence and progres-
sion of NPC, which may be a treatment target
and prognostic marker for NPC patients.
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