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Abstract. Long non‑coding RNAs (lncRNAs) have been 
shown to function as crucial regulators in the progres‑
sion of various types of cancer, including nasopharyngeal 
carcinoma (NPC). The aim of the present study was to 
investigate the mechanisms underlying the role of the 
FBXL19‑AS1/microRNA (miR)‑431/prostate and breast 
cancer overexpressed 1 (PBOV1) axis in the progression of 
NPC. The expression levels of FBXL19‑AS1, miR‑431 and 
PBOV1 were assessed by reverse transcription‑quantitative 
PCR. The Cell Counting Kit‑8 assay was utilized to detect cell 
viability. Cell migration and invasion were determined using 
a Transwell assay. The associations between FBXL19‑AS1 
and miR‑431 or miR‑431 and PBOV1 were verified via bioin‑
formatics analysis, dual‑luciferase and RNA‑binding protein 
immunoprecipitation assays. It was demonstrated that the 
expression levels of FBXL19‑AS1 and PBOV1 were upregu‑
lated in NPC tissues and cells, whereas miR‑431 expression 
was downregulated. FBXL19‑AS1 directly interacted with 
miR‑431. FBXL19‑AS1 silencing inhibited the viability, 
migration and invasion of C666‑1 and SUNE1 cells, whereas 
these effects could be alleviated by suppressing miR‑431. 
miR‑431 could target the 3'‑untranslated region of PBOV1. 
Overexpression of PBOV1 neutralized the miR‑431‑mediated 
suppression of NPC progression. Moreover, FBXL19‑AS1 
could regulate PBOV1 by sponging miR‑431 in NPC cells. 
In conclusion, the lncRNA FBXL19‑AS1 accelerated NPC 
progression via the miR‑431/PBOV1 axis, suggesting that it 

may serve as a potential therapeutic target for patients with 
NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is a malignant and aggres‑
sive tumor originating in the nasopharyngeal epithelium, 
which is characterized by a high incidence rate in Southern 
China (1‑3). Despite the great advances achieved in the treatment 
of NPC, patients with NPC generally have a poor prognosis (4). 
Previous studies indicated that Epstein‑Barr virus infection is 
a major pathogenic factor for NPC (5). With the development 
of second‑generation sequencing, a large number of genes or 
non‑protein‑coding transcripts, such as long non‑coding RNAs 
(lncRNAs) and microRNAs (miRNAs/miRs) have been identi‑
fied in NPC, and they may serve as biomarkers for the diagnosis, 
treatment and prognosis of NPC (6‑8).

lncRNAs are a family of non‑coding RNAs that are 
>200 nucleotides (nt) in length and lack protein‑coding 
ability (9). Accumulating evidence has demonstrated the regula‑
tory functions of lncRNAs in multiple types of cancer, including 
NPC (10). For example, the depletion of ZFAS1 suppressed the 
development of NPC by regulating miR‑135a (11). The knock‑
down of SOX2 overlapping transcript suppressed the viability, 
migration and invasion of NPC via the miR‑146b‑5p/hetero‑
geneous nuclear ribonucleoproteins A2/B1 axis (12). Small 
nucleolar RNA host gene 5 accelerated NPC progression by 
adsorbing miR‑1179 (13). DLX6‑AS1 upregulated the level of 
hypoxia‑inducible factor‑1α and facilitated the progression of 
NPC via sponging miR‑199a‑5p (14). FBXL19‑AS1 has been 
identified as an oncogene in various human cancers, such as 
colorectal (15), lung (16) and breast (17) cancers. However, the 
function of FBXL19‑AS1 in NPC remains unknown.

miRNAs are small non‑coding RNAs that are ~22 nt in 
length (18,19). Numerous studies have revealed that the aber‑
rant expression of miRNAs is implicated in the progression 
of various tumors, including NPC (20,21). For example, 
miR‑449b‑5p inhibited cell viability, migration and invasion by 
regulating tumor protein D52 in NPC (22). miR‑432 repressed 
the migration and invasion of NPC cells by modulating tran‑
scription factor E2F3 expression (23). miR‑100 suppressed 
cell viability and growth by modulating homeobox protein 

FBXL19‑AS1 promotes the progression of nasopharyngeal 
carcinoma by acting as a competing endogenous RNA 

to sponge miR‑431 and upregulate PBOV1
HONGJUN DONG*,  CHAO HUANG*  and  JINGJING HUANG

Department of Otorhinolaryngology, Zhangjiagang TCM Hospital Affiliated to  
Nanjing University of Chinese Medicine, Zhangjiagang, Jiangsu 215600, P.R. China

Received December 24, 2020;  Accepted April 1, 2021

DOI: 10.3892/mmr.2021.12286

Correspondence to: Dr Chao Huang, Department of 
Otorhinolaryngology, Zhangjiagang TCM Hospital Affiliated to 
Nanjing University of Chinese Medicine, 77 Changannan Road, 
Zhangjiagang, Jiangsu 215600, P.R. China
E‑mail: huangchao_526@163.com

*Contributed equally

Key words: FBXL19‑AS1, microRNA‑431, prostate and breast 
cancer overexpressed 1, nasopharyngeal carcinoma

https://www.spandidos-publications.com/10.3892/mmr.2021.12286


DONG et al:  lncRNA FBXL19‑AS1 PROMOTES THE PROGRESSION OF NASOPHARYNGEAL CARCINOMA2

Hox‑A1 expression (24). miR‑431 has been reported to inhibit 
the development and progression of various cancers, such as 
melanoma (25), hepatocellular carcinoma (26) and papillary 
thyroid carcinoma (27). However, the involvement of miR‑431 
in the development of NPC remains unclear.

The present study was undertaken to investigate whether 
FBXL19‑AS1 contributes to the progression of NPC via the 
miR‑431/prostate and breast cancer overexpressed 1 (PBOV1) 
axis, in the hope that the findings may uncover novel targets 
for NPC treatment.

Materials and methods

Clinical specimens. A total of 30 NPC and 30 adjacent normal 
tissue samples (distance from tumor margin, 2 cm) were 
obtained from patients with NPC (age range, 33‑67 years) at 
Zhangjiagang TCM Hospital Affiliated to Nanjing University 
of Chinese Medicine (Zhangjiagang, China) between 
March 2016 and September 2019. The inclusion criteria were 
as follows: Patients were diagnosed as NPC with no history 
of other tumor. The exclusion criteria were as follows: i) diag‑
nosed with other diseases; and ii) patients who had received 
preoperative radiotherapy, chemotherapy or other adjuvant 
treatments prior to admission. All fresh specimens were 
immediately frozen in liquid nitrogen and stored at ‑80˚C 
until RNA extraction. Written informed consent was obtained 
from each participant. The protocol of the present study was 
approved by the ethics committee of Zhangjiagang Hospital 
of Traditional Chinese Medicine. The clinical information of 
patients with NPC is presented in Table I.

Cell culture. Human NPC cell lines (C666‑1, SUNE1, 5‑8F 
and 6‑10B) and nasopharyngeal epithelial cells (NP69) were 
obtained from Shanghai Institutes for Biological Sciences, 
Chinese Academy of Sciences. All cells were cultured in 
RPMI‑1640 medium (Thermo Fisher Scientific, Inc.) supple‑
mented with 10% FBS (Invitrogen; Thermo Fisher Scientific, 
Inc.) at 37˚C with 5% CO2.

Cell transfection. Short hairpin RNA (shRNA) targeting 
FBXL19‑AS1 (sh‑FBXL19‑AS1; 5'‑GCA GGC CCA UCU ACG 
GUG UGU‑3') and control (sh‑NC; 5'‑AAU UAG CCG CAU 
GCG UCA CAU‑3'), miR‑431 mimics (5'‑UGC AAU GUU AGA 
UGG UGU GAG G‑3'), negative control (NC mimics; 5'‑GAC 
UCC UUA CUC GCU CUA CUG‑3'), miR‑431 inhibitor (5'‑UUC 
ACC GGA UCU GUC ACG UAU‑3') and control (NC inhibitor; 
5'‑CAG UAG AGA UUG AAA GUU GUC‑3') were obtained from 
Shanghai GenePharma Co., Ltd. To establish FBXL19‑AS1 or 
PBOV1‑overexpression plasmids (pcDNA3.1‑FBXL19‑AS1 or 
pcDNA3.1‑PBOV1), the full‑length FBXL19‑AS1 or PBOV1 
sequence was inserted into pcDNA3.1 vector (Thermo Fisher 
Scientific, Inc.), with pcDNA3.1 as a control. Lipofectamine® 
2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was 
used for transfection of C666‑1 and SUNE1 cells (1x105) with 
sh‑FBXL19‑AS1 (10 nM), sh‑NC (10 nM), miR‑431 mimics 
(10 nM), NC mimics (10 nM), miR‑431 inhibitor (10 nM), 
NC inhibitor (10 nM) pcDNA3.1‑FBXL19‑AS1 (10 nM), 
pcDNA3.1‑PBOV1 (10 nM) or pcDNA3.1 (10 nM) at room 
temperature for ~30 min. At 48 h post‑transfection, subsequent 
experiments were performed.

Reverse transcription‑quantitative PCR (RT‑qPCR) analysis. 
Total RNA was extracted from NPC tissues and cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
Then, cDNA was established from total RNA using the 
PrimeScript™ 1st strand cDNA Synthesis Kit (cat. no. 6110A; 
Takara Biotechnology Co., Ltd.) according to the manu‑
facturer's protocol. qPCR was performed using SYBR 
Green Taq ReadyMix (Sigma‑Aldrich; Merck KGaA) on an 
Applied Biosystems 7500 Real‑Time PCR System (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The following 
thermocycling conditions were used for qPCR: Initial denatur‑
ation at 95˚C for 15 sec; 40 cycles of denaturation at 94˚C for 
30 sec, annealing at 60˚C for 20 sec and extension at 72˚C for 
40 sec. The expression of genes was detected using the 2‑ΔΔCq 
method (28). GAPDH or U6 were used as the internal controls 
for FBXL19‑AS1 and PBOV1 or miR‑431, respectively. The 
primer sequences were as follows: FBXL19‑AS1 forward, 
5'‑GGT ACA ACT ACG GAT ATG A‑3' and reverse, 5'‑TAC GTC 
TCG ACC ATT ACG CA‑3'; miR‑431 forward, 5'‑TGT CTT 
GCA GGC CGT CAT G‑3' and reverse, 5'‑GCT GTC AAC GAT 
ACG CTA CCT A‑3'; PBOV1 forward, 5'‑TGA GTC CCC TCT 
CGG TAA TG‑3' and reverse, 5'‑GCC CCG AGT TAA GAA 
CAT CA‑3'; GAPDH forward, 5'‑ACC ACA GTC CAT GCC ATC 
AC‑3' and reverse, 5'‑TCC ACC ACC CTG TTG CTG TA‑3'; and 
U6 forward, 5'‑ATT GGA ACG ATA CAG AGA AGA TT‑3' and 
reverse, 5'‑GGA ACG CTT CAC GAA TTT G‑3'.

Cell Counting Kit‑8 (CCK‑8) assay. Cell viability was 
examined using a CCK‑8 assay (Dojindo Molecular 
Technologies, Inc.). The transfected C666‑1 and SUNE1 cells 
(1x105 cells/well) were plated into 96‑well plates for 48 h. Then, 
CCK‑8 reagent was added to each well at 0, 24, 48 and 72 h 
and incubated at 37˚C for 4 h. The absorbance at 450 nm was 
detected by a microplate reader (Olympus Corporation).

Transwell assay. The Transwell assay was performed using 
Transwell chambers (8.0‑µm pore size; EMD Millipore). For 
the migration assay, transfected C666‑1 and SUNE1 cells 
(1x105) in serum‑free culture RPMI‑1640 medium (Thermo 
Fisher Scientific, Inc.) were added to the upper chamber. 
Subsequently, RPMI‑1640 medium with 10% FBS was added 
to the lower chamber. After 24 h, 4% paraformaldehyde and 
0.1% crystal violet solution was used to fix and stain the cells, 
respectively, that had migrated to the lower surface of the 
membrane for 20 min at room temperature, and the cells were 
counted under a light microscope (magnification, x200). For 
cell invasion, the upper chamber was pre‑coated with Matrigel 
for 1 h at room temperature. The remaining steps were consis‑
tent with those for the cell migration assay.

Dual‑luciferase reporter assay. Starbase (version 2.0; 
starbase.sysu.edu.cn/) was used to predict the binding sites 
between FBXL19‑AS1 and miR‑431. TargetScan (www.
targetscan.org/vert_72/) was used to predict the binding 
sites between miR‑431 and PBOV1. The mutated 3'‑UTR 
was generated using the QuikChange II Site Directed 
Mutagenesis kit (Agilent Technologies, Inc.). The 3'‑untrans‑
lated region (UTR) of wild‑type (WT) and mutant (Mut) 
FBXL19‑AS1 (WT‑FBXL19‑AS1 and Mut‑FBXL19‑AS1) or 
PBOV1 (WT‑PBOV1 and Mut‑PBOV1) were inserted into the 
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pmiR‑GLO vector (Promega Corporation). Then, all plasmids 
(0.6 µg) were transfected into C666‑1 and SUNE1 cells (1x105) 
with 10 nM miR‑431 mimics or 10 nM NC mimics using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). After 48 h, the luciferase activities were detected using 
the Dual‑Luciferase Reporter System (Promega Corporation). 
Firefly luciferase activity was normalized to Renilla luciferase 
gene activity.

RNA‑binding protein immunoprecipitation (RIP) assay. 
A RIP assay was utilized with Magna RIP RNA‑Binding 
Protein Immunoprecipitation Kit (EMD Millipore). The 
transfected C666‑1 and SUNE1 cells were dissolved in RIP 
lysis buffer (Beyotime Institute of Biotechnology), and then 
cell lysate was centrifuged at 40,000 x g at 4˚C for 10 min 
and incubated with 50 µl magnetic beads bound with the 5 µg 
Ago2 antibody (cat. no. 2897; Cell Signaling Technology, 
Inc.). IgG (5 µg; cat. no. PP64B; EMD Millipore) was used as 
a control group. Then, immunoprecipitated RNA was detected 
via an RT‑qPCR assay.

Statistical analysis. All experiments were repeated three 
times. All data were analyzed using GraphPad Prism 7 
(GraphPad Software, Inc.) and presented as the mean ± SD. 
Paired/unpaired Student's t‑test or one‑way ANOVA, followed 
by Tukey's post hoc test were used to evaluate the differences. 
The correlation between FBXL19‑AS1 and PBOV1 expression 
was assessed by a Pearson's correlation analysis. P<0.05 was 
considered to indicate a statistically significant difference.

Results

FBXL19‑AS1 is significantly upregulated, whereas miR‑431 
is downregulated in NPC tissues and cells. To explore the 
function of FBXL19‑AS1 and miR‑431 (derived from 5' of 
pre‑miR‑431) in NPC, RT‑qPCR was performed to detect 
the levels of FBXL19‑AS1 and miR‑431 in NPC tissues. 
The data indicated that FBXL19‑AS1 was increased and 
miR‑431 was decreased in NPC tissues (n=30; Fig. 1A and B), 
and that FBXL19‑AS1 expression was inversely correlated 
with miR‑431 expression (Fig. 1C). Moreover, the levels 
of FBXL19‑AS1 and miR‑431 in NPC cell lines (C666‑1, 
SUNE1, 5‑8F and 6‑10B) and NP69 cells were detected. 
Consistent with previous results, FBXL19‑AS1 expression was 
upregulated in NPC cells, whereas miR‑431 expression was 
downregulated, particularly in C666‑1 and SUNE1 cell lines 
(Fig. 1D and E). These data suggested that FBXL19‑AS1 may 
act as an oncogene and miR‑431 as a tumor suppressor in the 
progression of NPC. Since C666‑1 and SUNE1 exhibited the 
highest and lowest expression of FBXL19‑AS1 and miR‑431, 
respectively, these two cell lines were selected for subsequent 
experiments.

FBXL19‑AS1 interacts with miR‑431. A growing body of 
evidence has demonstrated that lncRNAs can interact with 
miRNAs to modulate cancer development (29,30). In the 
present study, it was observed that FBXL19‑AS1 acted as a 
molecular sponge for miR‑431 (Fig. 2A). Moreover, the lucif‑
erase activity of FBXL19‑AS1‑WT was reduced by miR‑431 
mimics in C666‑1 and SUNE1 cells, whereas the activity of 
FBXL19‑AS1‑Mut was not changed (Fig. 2B). Furthermore, 
the RIP assay revealed that FBXL19‑AS1 and miR‑431 were 
markedly enriched in the Ago2 group compared with the IgG 
group (Fig. 2C). To confirm whether FBXL19‑AS1 could 
modulate the level of miR‑431, pcDNA3.1‑FBXL19‑AS1 or 
sh‑FBXL19‑AS1 was transfected into C666‑1 and SUNE1 
cells to overexpress or suppress FBXL19‑AS1, respectively 
(Fig. 2D), following which the expression of miR‑431 was 
determined. The results indicated that overexpression of 
FBXL19‑AS1 suppressed miR‑431 expression and depletion 
of FBXL19‑AS1 enhanced miR‑431 expression (Fig. 2E). 
These results suggested that FBXL19‑AS1 interacts with and 
negatively regulates the level of miR‑431.

FBXL19‑AS1 depletion suppresses the progression of 
NPC. To further explore the function of FBXL19‑AS1 in 
the development of NPC, C666‑1 and SUNE1 cells were 
transfected with sh‑FBXL19‑AS1 or sh‑NC. The CCK‑8 
assay indicated that the interference of FBXL19‑AS1 led to 
the inhibition of C666‑1 and SUNE1 cell viability (Fig. 3A). 
Moreover, FBXL19‑AS1 depletion markedly suppressed the 
migration and invasion of NPC cells (Fig. 3B and C). Thus, 
FBXL19‑AS1 knockdown may inhibit the occurrence of 
NPC.

FBXL19‑AS1 overexpression counteracts the ef fects 
of miR‑431 on NPC cells. To investigate whether 
pcDNA3.1‑FBXL19‑AS1 can abolish the inhibition of NPC 
progression mediated by miR‑431 mimics, the expression of 
miR‑431 was assessed in C666‑1 and SUNE1 cells transfected 

Table I. Clinicopathological characteristics of patients with 
nasopharyngeal carcinoma.

Clinicopathological Number
characteristics of patients (n=30)

Age, years 
  <50 14
  ≥50 16
Sex 
  Male 15
  Female 15
Tumor size, cm 
  <5 12
  ≥5 18
Lymph node status 
  N0 11
  N1‑3 19
Distant metastasis 
  No 10
  Yes 20
TNM stage 
  I‑II 6
  III‑IV 24 

TNM, tumor node metastasis.
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with NC mimics, miR‑431 mimics, miR‑431 mimics + 
pcDNA3.1, and miR‑431 mimics + pcDNA3.1‑FBXL19‑AS1. 
The results indicated that the addition of FBXL19‑AS1 
diminished miR‑431 expression (Fig. 4A). Further studies 
revealed that the overexpression of miR‑431 inhibited the 
viability, migration and invasion of C666‑1 and SUNE1 cells, 
which was partially reversed by pcDNA3.1‑FBXL19‑AS1 
transfection (Fig. 4B‑D). These results suggested that the 

FBXL19‑AS1/miR‑431 axis may be implicated in NPC 
progression.

PBOV1 is directly targeted by miR‑431. A putative miR‑431 
binding site located in the 3'‑UTR of PBOV1 mRNA was 
predicted by TargetScan (Fig. 5A). As shown in Fig. 5B, miR‑431 
mimics led to a significant reduction in relative luciferase 
activity of PBOV1‑WT, but not in PBOV1‑Mut. miR‑431 and 

Figure 2. FBXL19‑AS1 interacts with miR‑431. (A) The predicted binding sites of FBXL19‑AS1 and miR‑431. (B) The luciferase activity of C666‑1 and 
SUNE1 cells co‑transfected with the miR‑431 mimics and FBXL19‑AS1‑WT or FBXL19‑AS1‑Mut was detected. (C) The interaction between FBXL19‑AS1 
and miR‑431 were detected via a RNA‑binding protein immunoprecipitation assay. The expression levels of (D) FBXL19‑AS1 and (E) miR‑431 in C666‑1 
and SUNE1 cells transfected with pcDNA3.1‑FBXL19‑AS1 or sh‑FBXL19‑AS1 were detected via reverse transcription‑quantitative PCR. *P<0.05. miR, 
microRNA; WT, wild‑type; Mut, mutant; sh, short hairpin RNA; NC, negative control.

Figure 1. FBXL19‑AS1 is significantly upregulated, whereas miR‑431 is downregulated in NPC tissues and cells. The expression levels of (A) FBXL19‑AS1 
and (B) miR‑431 in NPC tissues (n=30) and adjacent normal tissues (n=30) were measured via RT‑qPCR. *P<0.05 as indicated. (C) The correlation between 
FBXL19‑AS1 and miR‑431 expression was detected by Pearson's correlation analysis. The expression levels of (D) FBXL19‑AS1 and (E) miR‑431 in NPC cells 
were detected via RT‑qPCR. *P<0.05 vs. NP69 cells. miR, microRNA; NPC, nasopharyngeal carcinoma; RT‑qPCR, reverse transcription‑quantitative PCR.
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PBOV1 were markedly enriched by Ago2, while IgG enrich‑
ment was not obvious (Fig. 5C). Next, RT‑qPCR results showed 
that miR‑431 expression was reduced by transfecting miR‑431 
inhibitor in NPC cells (Fig. 5D). Moreover, the overexpression 
of miR‑431 inhibited PBOV1 expression and the knockdown of 

miR‑431 enhanced PBOV1 expression (Fig. 5E). Furthermore, 
PBOV1 was markedly enhanced in NPC tissues compared with 
normal tissues (Fig. 5F). In addition, PBOV1 expression was 
negatively correlated with miR‑431 expression (Fig. 5G). These 
results suggested that PBOV1 is a direct target of miR‑431.

Figure 4. FBXL19‑AS1 overexpression partially reverses the effects of miR‑431 on nasopharyngeal carcinoma cells. (A) The expression levels of miR‑431 in 
C666‑1 and SUNE1 cells transfected with NC mimics, miR‑431 mimics, miR‑431 mimics + pcDNA3.1 and miR‑431 mimics + pcDNA3.1‑FBXL19‑AS1 were 
detected via reverse transcription‑quantitative PCR. (B) Cell Counting Kit‑8 assay was used to detect the viability of C666‑1 and SUNE1 cells transfected 
with NC mimics, miR‑431 mimics, miR‑431 mimics + pcDNA3.1 and miR‑431 mimics + pcDNA3.1‑FBXL19‑AS1. Transwell assay was performed to measure 
(C) migration and (D) invasion of C666‑1 and SUNE1 cells transfected with NC mimics, miR‑431 mimics, miR‑431 mimics + pcDNA3.1 and miR‑431 
mimics + pcDNA3.1‑FBXL19‑AS1. *P<0.05. miR, microRNA; NC, negative control.

Figure 3. FBXL19‑AS1 knockdown suppresses the progression of nasopharyngeal carcinoma. (A) Cell Counting Kit‑8 assay was performed to detect cell 
viability of C666‑1 and SUNE1 cells transfected with sh‑FBXL19‑AS1 or sh‑NC. Transwell assay was used to detect cell (B) migration and (C) invasion of 
C666‑1 and SUNE1 cells transfected with sh‑FBXL19‑AS1 or sh‑NC. *P<0.05. miR, microRNA; sh, short hairpin RNA; NC, negative control.

https://www.spandidos-publications.com/10.3892/mmr.2021.12286
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FBXL19‑AS1 regulates PBOV1 by sponging miR‑431 in NPC 
cells. To further study the association between PBOV1 and 
miR‑431 in NPC, the expression of PBOV1 was detected in C666‑1 
cells transfected with NC mimics, miR‑431 mimics, miR‑431 
mimics + pcDNA3.1 and miR‑431 mimics + pcDNA3.1‑PBOV1. 
The transfection efficiency of PBOV1‑overexpression plasmid 
was confirmed by observing the upregulation of PBOV1 in 
C666‑1 cells (Fig. 6A). pcDNA3.1‑PBOV1 partially reversed the 
suppressive effects of miR‑431 mimics on PBOV1 expression 
(Fig. 6B). Moreover, the overexpression of miR‑431 suppressed 
the viability, migration and invasion of C666‑1 cells, which 
was counteracted following pcDNA3.1‑PBOV1 transfection 
(Fig. 6C‑E). FBXL19‑AS1 expression was positively correlated 
with PBOV1 expression (Fig. 6F). Furthermore, C666‑1 cells 
were treated with sh‑NC, sh‑FBXL19‑AS1, sh‑FBXL19‑AS1 
+ NC inhibitor and sh‑FBXL19‑AS1 + miR‑431 inhibitor, and 
the expression of PBOV1 was detected in transfected cells. The 
results demonstrated that FBXL19‑AS1 knockdown decreased 
the expression of PBOV1, whereas these effects could be abol‑
ished by miR‑431 inhibitor transfection in NPC cells (Fig. 6G). 
Taken together, the aforementioned results indicated that 
FBXL19‑AS1 may drive the progression of NPC via modulation 
of the miR‑431/PBOV1 axis.

Discussion

Previous studies have revealed that aberrant expression levels of 
lncRNAs are involved in the progression of various malignan‑
cies, including NPC (31,32). The present study demonstrated 
that FBXL19‑AS1 interference may suppress the progression 
of NPC via sponging miR‑431 and inhibiting PBOV1. To 
the best of our knowledge, the present study was the first to 
demonstrate that the FBXL19‑AS1/miR‑431/PBOV1 axis may 
be implicated in the regulation of NPC.

FBXL19‑AS1 has been identified as an oncogene in various 
cancers. For example, FBXL19‑AS1 accelerated cell viability 
and suppressed cell apoptosis by regulating miR‑876‑5p in 
breast cancer (33). FBXL19‑AS1 accelerated the progression 
of lung adenocarcinoma by inhibiting miR‑203a (34). In the 
present study, FBXL19‑AS1 was found to be upregulated 
in NPC tissues and cells. Functionally, the depletion of 
FBXL19‑AS1 inhibited the viability, migration and invasion 
of NPC cells. These results indicated that FBXL19‑AS1 may 
function as an oncogene in NPC.

lncRNAs may act as competing endogenous RNAs 
(ceRNAs) by specifically adsorbing miRNAs, and then regu‑
lating the levels of target genes (35,36). Multiple lncRNAs, 

Figure 5. PBOV1 is directly targeted by miR‑431. (A) The putative binding sites of miR‑431 and PBOV1. (B) The luciferase activity of C666‑1 and SUNE1 cells 
co‑transfected with the miR‑431 mimics and PBOV1‑WT or PBOV1‑Mut was detected. (C) The RNA‑binding protein immunoprecipitation assay was utilized 
to analyze the interaction between miR‑431 and PBOV1. (D) The expression of miR‑431 in NPC cells transfected with NC inhibitor and miR‑431 inhibitor 
was detected via RT‑qPCR. (E) The expression of PBOV1 in C666‑1 and SUNE1 cells transfected with miR‑431 mimics or miR‑431 inhibitor were detected 
via RT‑qPCR. (F) The expression of PBOV1 in NPC tissues (n=30) and adjacent normal tissues (n=30) were measured via RT‑qPCR. (G) The correlation 
between PBOV1 and miR‑431 expression was analyzed using Pearson's correlation analysis. *P<0.05. PBOV1, prostate and breast cancer overexpressed 1; miR, 
microRNA; WT, wild‑type; Mut, mutant; NC, negative control; RT‑qPCR, reverse transcription‑quantitative PCR; NPC, nasopharyngeal carcinoma.
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Figure 6. FBXL19‑AS1 regulates PBOV1 by sponging miR‑431 in nasopharyngeal carcinoma cells. (A) The expression of PBOV1 in C666‑1 cells transfected 
with pcDNA3.1 and pcDNA3.1‑PBOV1 was detected via RT‑qPCR. (B) The expression of PBOV1 in C666‑1 cells transfected with NC mimics, miR‑431 
mimics, miR‑431 mimics + pcDNA3.1 and miR‑431 mimics + pcDNA3.1‑PBOV1 was detected via RT‑qPCR. (C) Cell Counting Kit‑8 assay was used to 
detect the viability of C666‑1 cells transfected with NC mimics, miR‑431 mimics, miR‑431 mimics + pcDNA3.1 and miR‑431 mimics + pcDNA3.1‑PBOV1. 
Transwell assay was performed to measure the (D) migration and (E) invasion of C666‑1 cells transfected with NC mimics, miR‑431 mimics, miR‑431 
mimics + pcDNA3.1 and miR‑431 mimics + pcDNA3.1‑PBOV1. (F) The correlation between PBOV1 and FBXL19‑AS1 expression was analyzed using 
Pearson's correlation analysis. (G) The expression of PBOV1 in C666‑1 cells transfected with sh‑NC, sh‑FBXL19‑AS1, sh‑FBXL19‑AS1 + NC inhibitor and 
sh‑FBXL19‑AS1 + miR‑431 inhibitor was detected via RT‑qPCR. *P<0.05. PBOV1, prostate and breast cancer overexpressed 1; miR, microRNA; NC, negative 
control; RT‑qPCR, reverse transcription‑quantitative PCR; sh, short hairpin RNA.
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such as PVT1 (37), ZNF667‑AS1 (38) and MSC‑AS1 (39), have 
been reported to serve as ceRNAs in the development of NPC. 
The present study confirmed that miR‑431 contained predicted 
binding sites for FBXL19‑AS1. It was previously demonstrated 
that miR‑431 plays a key role in human malignancies. For 
example, miR‑431 was found to suppress breast cancer progres‑
sion via regulating fibroblast growth factor 9 (40). In addition, 
the upregulation of miR‑431 markedly suppressed colon 
cancer development via targeting autophagy related 3 (41). 
Furthermore, miR‑431 repressed lung cancer progression 
via regulating RAF proto‑oncogene serine/threonine‑protein 
kinase (16). In the present study, the expression of miR‑431 was 
decreased in NPC tissues and cells, and it was a downstream 
target of FBXL19‑AS1. The overexpression of FBXL19‑AS1 
inhibited miR‑431 expression and interference of FBXL19‑AS1 
enhanced miR‑431 expression. The transfection of miR‑431 
mimics suppressed the progression of NPC, which was coun‑
teracted following pcDNA3.1‑FBXL19‑AS1 transfection. The 
aforementioned data demonstrated that FBXL19‑AS1 promoted 
the progression of NPC by regulating the expression of miR‑431.

PBOV1 is a human protein‑coding gene with a 2,501‑bp 
single‑exon mRNA (42). PBOV1 has been reported to be 
upregulated in several cancers. For example, the overexpression 
of PBOV1 accelerated the tumorigenicity of prostate cancer 
cells (43). PBOV1 facilitated the viability and metastasis of 
hepatocellular carcinoma cells in vitro (44). Moreover, PBOV1 
may be valuable as a biomarker for the treatment of prostate 
cancer (45). In the present study, PBOV1 was directly targeted 
by miR‑431 and PBOV1 expression was found to be nega‑
tively associated with miR‑431 expression. Overexpression 
of miR‑431 inhibited the viability, migration and invasion of 
NPC cells, whereas these effects could be abolished by upreg‑
ulating PBOV1 in NPC. Furthermore, the suppressive effects 
of FBXL19‑AS1 silencing on PBOV1 expression were partly 
neutralized by miR‑431 inhibitor transfection in NPC cells.

However, there were several limitations to the present study. 
Firstly, there may be other downstream targets of miR‑143, 
which may also act as crucial regulators in the pathogenesis of 
NPC. Secondly, increasing the patient sample size may further 
verify the conclusion that FBXL19‑AS1 is highly expressed 
and acts as an oncogene in NPC.

To the best of our knowledge, the present study was the 
first to demonstrate the molecular mechanism underlying the 
role of FBXL19‑AS1 in NPC. The findings demonstrated that 
FBXL19‑AS1 was upregulated in NPC tissues and cells, and 
FBXL19‑AS1 silencing suppressed viability, migration and 
invasion of NPC cells, which suggested the oncogenic role 
of FBXL19‑AS1 in NPC. In addition, accumulating studies 
have indicated that lncRNAs can serve as tools in the diag‑
nosis, treatment and prognosis of NPC (46,47). Therefore, the 
FBXL19‑AS1/miR‑431/PBOV1 axis may be a novel promising 
therapeutic strategy for patients with NPC.
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