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Abstract. Long noncoding RNA SLC9A3 antisense RNA 1 
(SLC9A3‑AS1) plays a central role in lung cancer; yet, 
its functions in nasopharyngeal carcinoma (NPC) have 
not been elucidated. The present study revealed the roles 
of SLC9A3‑AS1 in NPC and dissected the mechanisms 
downstream of SLC9A3‑AS1. SLC9A3‑AS1 levels in NPC 
were assessed by applying RT‑qPCR. The modulatory role 
of SLC9A3‑AS1 interference on NPC cells was examined 
using numerous functional experiments. High expression of 
SLC9A3‑AS1 was observed in NPC samples. Patients with 
NPC with a high level of SLC9A3‑AS1 experienced a shorter 
overall survival than those with a low SLC9A3‑AS1 level. 
Loss of SLC9A3‑AS1 reduced NPC cell proliferation, colony 
formation, migration, and invasion but induced cell apoptosis 
in vitro. Animal experiments further revealed that the deple‑
tion of SLC9A3‑AS1 hindered NPC tumour growth in vivo. 
As a competitive endogenous RNA, SLC9A3‑AS1 sponged 
microRNA‑486‑5p (miR‑486‑5p), consequently upregu‑
lating E2F transcription factor 6 (E2F6). Finally, the effects 
of SLC9A3‑AS1 silencing on NPC cells were reversed by 
inhibiting miR‑486‑5p or overexpressing E2F6. In summary, 
SLC9A3‑AS1 exerted carcinogenic effects on NPC cells by 
adjusting the miR‑486‑5p/E2F6 axis. Accordingly, the newly 
identified SLC9A3‑AS1/miR‑486‑5p/E2F6 pathway may offer 
attractive therapeutic targets for future development.

Introduction

Nasopharyngeal carcinoma (NPC), originating from the naso‑
pharyngeal epithelium, is the most prevalent type of head and 

neck cancer in Southeast Asian populations (1). It is character‑
ized by local aggressiveness and early distant metastasis (2). 
In China, approximately 60,600 new NPC cases are diagnosed 
every year, accounting for 40% of the global cases (3). Currently, 
intensity‑modulated radiation therapy combined with neoad‑
juvant chemotherapy is the primary therapeutic strategy for 
NPC (4). Efforts focused on cancer diagnosis and treatment 
have significantly improved the long‑term clinical outcomes 
of patients with early‑stage NPC. However, numerous patients 
are diagnosed with NPC at an advanced stage and have a 
poor prognosis (5). Local or regional relapse and metastasis 
are the most common reasons for the management failure (6). 
Although the mechanisms of NPC oncogenesis and progres‑
sion are complicated, they are mainly attributed to genetics, 
viral infections, and environmental factors (7). However, the 
detailed underlying mechanisms remain poorly understood. 
Therefore, clarification of the mechanisms of NPC pathogen‑
esis is urgent and necessary for identifying effective anticancer 
therapies.

Long noncoding RNAs (lncRNAs), whose length is more 
than 200 nucleotides, are emerging as cancer drug targets (8). 
They belong to a subset of noncoding RNA molecules that are 
not translated into proteins but modulate gene expression (9). 
Formerly, lncRNAs were considered transcriptional ‘noise’ 
or cloning artefacts (10). However, they have recently been 
revealed to be significant regulators of various physical and 
pathological phenotypes (11). The dysregulation of lncRNAs is 
closely associated with various processes in NPC oncogenesis 
and progression (12,13). Numerous lncRNAs are dysregulated 
in NPC and exert promoting or inhibitory effects on cancer 
regulation (14,15).

MicroRNAs (miRNAs) are a group of short noncoding 
transcripts with a length of 17‑21 nucleotides  (16). They 
are confirmed as vital gene modulators and work through 
complementary pairing with the 3'‑untranslated regions 
(UTRs) of their target genes, ultimately triggering mRNA 
degradation or reducing translation (17). Numerous miRNAs 
are abnormally expressed in NPC and are essential in 
inducing malignancy and tumorigenesis (18‑20). The theory 
of competitive endogenous RNA (ceRNA) proposed by 
Salmena  et  al  (21) has accelerated research on lncRNA 
mechanisms. LncRNAs function as sponges for miRNA, 
subsequently abating the inhibitory effects of miRNAs on 
their targeted mRNAs (21).
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According to a previous study, SLC9A3 antisense RNA 1 
(SLC9A3‑AS1) was revealed to play a central role in lung 
cancer (22). However, researchers have not clearly determined 
whether SLC9A3‑AS1 exhibits clinical value in NPC and how 
it performs its specific functions in NPC. Its underlying mecha‑
nisms require further study. Thus, SLC9A3‑AS1 was selected as 
the focus of the present study. SLC9A3‑AS1 expression in NPC 
was analysed, and roles of SLC9A3‑AS1 in NPC were inves‑
tigated. Furthermore, mechanistic experiments were used to 
dissect the downstream mechanisms of SLC9A3‑AS1 in NPC.

Materials and methods

Patient tissues. The present study was approved by the 
Ethics Committee of the People's Hospital of Rizhao 
(Rizhao, China). The experimental procedures were 
performed in strict compliance with the Declaration of 
Helsinki (2013 version). In addition, all participants provided 
written informed consent. A total of 46 NPC tissues were 
acquired from patients (28 males and 18 females; age range, 
32‑65 years) at our hospital (People's Hospital of Rizhao) 
between May 2014 to December 2015. The inclusion criteria 
of NPC were as follows: i) Diagnosed as NPC; ii) had not 
been treated with preoperative anticancer treatments and 
iii) agreed to participate in the study. In addition, 15 normal 
nasopharyngeal epithelial tissues were provided by healthy 
volunteers (9 males and 6 females; age range, 28‑57 years) at 
our hospital. The inclusion criteria of the healthy volunteers 
were as follows: i) Have not been diagnosed as NPC; and 
ii) agreed to participate in the study. Patients with other types 
of human malignancies and patients who had undergone any 
form of anticancer therapy were excluded from this study. 
All the excised tissues were immediately flash‑frozen and 
maintained in liquid nitrogen.

Cell lines. The normal nasopharyngeal epithelial cell 
line NP69 and three NPC cell lines (SUNE1, C666‑1 
and 6‑10B) were purchased from the Laboratory of Cell 
Biology, Modern Analysis and Testing Center, Central 
South University (Changsa, China). NP69 cells were grown 
in keratinocyte serum‑free medium (Gibco; Thermo Fisher 
Scientific, Inc.) containing 30 µg/ml bovine pituitary extract 
(BD Biosciences). NPC cells were cultured in RPMI‑1640 
medium supplemented with 10% fetal bovine serum (FBS), 
and 1% penicillin/streptomycin mixture (Gibco; Thermo 
Fisher Scientific, Inc.). All the cells were grown in saturated 
humidity with 5% CO2 at 37˚C.

Cell transfection. Small interfering RNAs (siRNAs) 
synthesized against SLC9A3‑AS1 (si‑SLC9A3‑AS1) and 
a corresponding negative control (NC) siRNA (si‑NC) 
were obtained from Shanghai GenePharma Co., Ltd. The 
si‑SLC9A3‑AS1#1 sequence was 5'‑CAC​ATG​TTT​TTT​ATA​
ATA​AAA​CA‑3'; the si‑SLC9A3‑AS1#2 sequence was 5'‑ATG​
TTT​TTT​ATA​ATA​AAA​CAT​AG‑3'; and the si‑NC sequence 
was 5'‑CAC​GAT​AAG​ACA​ATG​TAT​TT‑3'. The miR‑486‑5p 
mimic, miR‑486‑5p inhibitor, and the matching controls 
(NC mimic and NC inhibitor, respectively) were prepared 
by Guangzhou RiboBio Co., Ltd. The miR‑486‑5p mimic 
sequence was  5'‑GAG​CCC​CGU​CGA​GUC​AUG​UCC​U‑3' 

and the NC mimic sequence was 5'‑UUG​UAC​UAC​ACA​AAA​
GUA​CUG‑3'. The miR‑486‑5p inhibitor sequence was 5'‑CUC​
GGG​GCA​GCU​CAG​UAC​AGG​A‑3' and the NC inhibitor 
sequence was 5'‑ACU​ACU​GAG​UGA​CAG​UAGA‑3'. The 
pcDNA3.1‑E2F6 plasmid was constructed by cloning the E2F6 
cDNA into pcDNA3.1 (GenScript Biotech Corporation). The 
transfection of siRNA (100 pmol), miRNA oligonucleotides 
(100 pmol) or plasmids (4 µg) was performed at room tempera‑
ture with Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.). At 24 h post‑transfection, Cell Counting Kit‑8 
(CCK‑8), colony‑forming and cell migration and invasion 
assays were performed. Reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR), flow cytometry and 
western blotting were carried out after 48 h of culture. 

RT‑qPCR. A mirVana™ miRNA Isolation kit (Ambion; 
Thermo Fisher Scientific, Inc.) was employed for isolating 
small RNA, which was then reverse transcribed into comple‑
mentary DNA by applying miRcute miRNA First‑Strand 
cDNA Synthesis Kit (Tiangen Biotech Co., Ltd.) according 
to the manufacturer's instructions. The expression of 
miR‑486‑5p was detected using PCR amplification with 
a miRcute miRNA qPCR Detection Kit SYBR‑Green 
(Tiangen Biotech Co., Ltd.) according to the manufacturer's 
instructions, with small nuclear RNA U6 as an internal 
reference. The thermocycling conditions were as follows: 
95˚C for 15 min; and 94˚C for 20 sec and 60˚C for 34 sec, 
for 45 cycles. The extraction of total RNA was performed 
using TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.). 
For SLC9A3‑AS1 and E2F6 quantification, reverse tran‑
scription was conducted using a PrimeScript reagent Kit 
with gDNA Eraser (Takara Biotechnology Co., Ltd.). Then, 
complementary DNA was subjected to quantitative PCR by 
using PrimeScript™ RT Master Mix (Takara Biotechnology 
Co., Ltd.). The thermocycling conditions were as follows: 
95˚C for 30  sec, 95˚C for 3  sec and 60˚C for 30  sec, for 
40 cycles; 95˚C for 15 sec, 60˚C for 60 sec and 95˚C for 
15 sec. SLC9A3‑AS1 and E2F6 levels were normalized to 
GAPDH. All gene expression levels were analysed with the 
2‑ΔΔCq method (23).

The primers were designed as follows: SLC9A3‑AS1, 
5'‑CGA​GAG​AGG​GCA​GCG​GCT​AGT​‑3'(forward) and 
5'‑TAA​CTT​TCC​AAG​GCA​CCC​AGC​A‑3' (reverse); E2F6, 
5'‑TGT​GTC​CAT​GAG​AAA​AGC​TCT​AAA​A‑3' (forward) 
and 5'‑ACC​TTG​TTT​AAG​TCA​AGA​ATA​CCC​C‑3' (reverse); 
GAPDH, 5'‑ACC​TGA​CCT​GCC​GTC​TAG​AAA​A‑3' (forward) 
and 5'‑TTG​AAG​TCA​GAG​GAG​ACC​ACC​TG‑3' (reverse); 
miR‑486‑5p, 5'‑TCG​GCA​GGU​CCU​GUA​CUG​AG‑3' (forward) 
and 5'‑CAC​TCA​ACT​GGT​GTC​GTG​GA‑3' (reverse); U6, 
5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' (forward) and 5'‑AAC​GCT​
TCA​CGA​ATT​TGC​GT‑3' (reverse).

CCK‑8 assay. The transfected NPC cells were harvested 
and counted separately after being inoculated in 96‑well 
plates. Each well covered 100 µl cell suspension harbouring 
3,000 cells. Cells were cultured in saturated humidity with 
5% CO2 at 37˚C. For cell proliferation measurement, 10 µl of 
CCK‑8 solution (Beyotime Institute of Biotechnology) were 
added and incubated at 37˚C for 2 h. Subsequently, the cells 
were counted at 450 nm with an ELISA plate reader. The assay 
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was executed every 24 h until 72 h, and acquired data was 
applied for plotting a growth curve. 

Colony‑forming assay. The transfected NPC cells were 
harvested and counted separately. Then, 2  ml of the cell 
suspension containing 1,000 cells per well was seeded on 
6‑well plates. After 2 weeks of incubation at 37˚C, the cells 
were washed with phosphate‑buffered saline (PBS), and then 
they were fixed using 4% paraformaldehyde at room tempera‑
ture for 30 min and stained using 0.5% crystal violet at room 
temperature for 30  min. Ultimately, the formed colonies 
(>50 cells) were counted under an inverted light microscope 
(Leica Microsystems GmbH).

Flow cytometry. Transfected cells were detached with 
EDTA‑free trypsin and centrifuged at room temperature with 
1,000 x g for 5 min. The percentage of apoptotic cells was 
determined employing eBioscience™ Annexin V Apoptosis 
Detection Kit FITC (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's instructions. After one 
rinse with PBS and one rinse with 1X binding buffer, the 
cells were collected and resuspended in 100 µl of 1X binding 
buffer. Then, fluorochrome‑conjugated Annexin V (5 µl) and 
propidium iodide (5 µl) was appended to the cell suspension 
and cultured for 20 min at 20‑25˚C under darkness. Finally, 
the cell apoptosis rate was assayed with a FACSCalibur flow 
cytometer (BD Biosciences). CellQuest software (version 2.9; 
BD Biosciences) was utilized for data abalysis. 

Cell migration and invasion assays. Transwell chambers 
(8 µm; Corning Inc.) were utilized to uncover the cell migra‑
tory and invasive capacities. For the determination of cell 
migration, 200 µl of FBS‑free medium carrying 5x104 cells 
were seeded to the upper chambers. In the lower chambers, 
600 µl of RPMI‑1640 medium mixed with 20% FBS was plated 
and used as the chemoattractant. Subsequent to 24‑h culture, 
the non‑migrated cells were gently removed from the upper 
chamber, while the migrated cells were fixed with 4% parafor‑
maldehyde at room temperature for 30 min, stained with 0.5% 
crystal violet at room temperature for 30 min, and observed 
and counted under an inverted light microscope (x200, magni‑
fication; Leica Microsystems GmbH). The invasion test used 
Matrigel (Corning Inc.) precoated‑Transwell chambers and the 
same subsequent experimental procedure as the migration assay.

Lentivirus production and infection. Lentiviruses were 
produced using a second‑generation lentiviral system. 
The short hairpin RNA (shRNA) for SLC9A3‑AS1 
(sh‑SLC9A3‑AS1) and NC shRNA (sh‑NC; Shanghai 
GenePharma Co., Ltd.) were cloned into the pLKO.1 plasmid. 
The sh‑SLC9A3‑AS1 sequence was 5'‑CCG​GAT​GTT​TTT​
TAT​AAT​AAA​ACA​TAG​CTC​GAG​CTA​TGT​TTT​ATT​ATA​
AAA​AAC​ATT​TTT​TG‑3' and sh‑NC sequence was 5'‑CCG​
GCA​CGA​TAA​GAC​AAT​GTA​TTT​CTC​GAG​AAA​TAC​ATT​
GTC​TTA​TCG​TGT​TTT​TG‑3'. The constructed plasmids 
were transfected into 293T cells (National Collection of 
Authenticated Cell Cultures, Shanghai, China) with the 
psPAX2 packaging plasmid and pMD2. G envelope plasmid 
to generate lentiviruses. The ratio of lentiviral plasmid: 
psPAX2: pMD2.G: pLKO.1 was 1:1:2, and a total of 30 µg 

plasmids were used for lentivirus package. After 48 h of incu‑
bation at 37˚C, lentiviruses overexpressing sh‑SLC9A3‑AS1 
or sh‑NC were collected and mixed with polybrene (5 µg/ml; 
Sigma‑Aldrich; Merck KGaA) and culture medium. Then, 
the mixture was added into SUNE1 cells with an MOI=5 for 
lentivirus infection. The infected cells were treated at 37˚C 
with puromycin (2 µg/ml; Sigma‑Aldrich) for 10 days to 
obtain SUNE1 cells with stable SLC9A3‑AS1 depletion. The 
maintenance concentration was 0.3 µg/ml. 

Animal studies. All experiments involving animals were 
approved by the Animal Ethics Committee of The People's 
Hospital of Rizhao. A total of 6 male BALB/c nude mice aged 
4‑6 weeks (weight, 20 g; Hunan SJA Laboratory Animal Co., 
Ltd.) received a subcutaneous injection of SUNE1 cells with 
stable SLC9A3‑AS1 knockdown to generate tumours. All mice 
were housed under specific pathogen‑free conditions at 25˚C 
and 50% humidity, with a 10:14 light/dark cycle and ad libitum 
access to food and water. The tumours were measured with 
Vernier callipers every 5 days to calculate the tumour volume 
using the following formula: Tumour volume=0.5x length 
x width2. On day 35, the mice were euthanized by cervical 
dislocation, and the tumour xenografts were processed for 
weighing, RT‑qPCR and western blotting.

Immunohistochemistry. Tumor xenografts were fixed in 4% 
neutral formalin at room temperature for 48 h, soaked in 
4% paraffin, and were cut into 4‑µm‑thick sections. Xylene 
was applied for deparaffinising. Next, rehydration was 
implemented with an ethanol gradient. After culture with 
0.3% H2O2 for 30 min and blocking with 5% bovine serum 
albumin (R&D Systems) for 45 min at 37˚C, the slides were 
incubated all night with E2F6 (product code ab53061; 1:1,000 
dilution) or Ki‑67 (product code ab15580; 1:1,000 dilution; 
both from Abcam) at 4˚C, followed by 45 min of treatment at 
room temperature with a horseradish peroxidase‑conjugated 
secondary antibody (cat.  no.  ab205718; Abcam; 1:500 
dilution). Then, 3,3'‑diaminobenzidine (DAB) color reagent 
was applied to detect the antibody binding, and tumor xeno‑
grafts were counterstained with 1% hematoxylin at room 
temperature for 10 min and dehydrated in ethanol. Finally, 
image acquisition was implemented utilizing a light micro‑
scope (x200, magnification). 

Subcellular fractionation assay. The nuclear and cytoplasmic 
fractions of NPC cells were separated using a PARIS kit 
(Thermo Fisher Scientific, Inc.), according to the manufac‑
turer's instructions. Next, total RNA was isolated from each 
fraction for RT‑qPCR to quantify SLC9A3‑AS1 in the nuclear 
and cytoplasmic fractions. 

Bioinformatics analysis. The binding between SLC9A3‑AS1 
and miR‑486‑5p was predicted applying ENCORI (star‑
Base 3.0; http://starbase.sysu.edu.cn/) and miRDB (http://
www.mirdb.org/). Two bioinformatics tools, ENCORI and 
TargetScan version  7.2 (http://www.targetscan.org), were 
adopted to identify the potential targets of miR‑486‑5p.

Luciferase reporter assay. The SLC9A3‑AS1 and E2F6 
fragments harbouring the predicted wild‑type (WT) binding 
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site (Shanghai GenePharma Co., Ltd.) were cloned into the 
pmirGLO luciferase plasmid (Promega Corporation) to create 
the reporter plasmids WT‑SLC9A3‑AS1 and WT‑E2F6. 
Mutant (MUT) reporter plasmids, MUT‑SLC9A3‑AS1 and 
MUT‑E2F6, were also constructed. NPC cells were seeded 
into 24‑well plates and co‑transfected with the reporter plas‑
mids alongside miR‑486‑5p mimic or NC mimic applying 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). Subsequently, 48 h later, the transfected cells were lysed 
to detect their luciferase activity employing a dual‑luciferase 
reporter assay system (Promega Corporation). Renilla lucif‑
erase activity was applied to normalize the firefly luciferase 
activity.

RNA immunoprecipitation (RIP). RIP was implemented with an 
EZ‑Magna RIP™ RNA‑Binding Protein Immunoprecipitation 
Kit (cat. no. 03‑110; EMD Millipore) according to the manu‑
facturer's instructions. NPC cells were lysed with RIP lysis 
buffer. After centrifugation at 1,000 x g for 10 min at 4˚C, 
10% of the cell lysate was regarded as the positive control 
(input). The remaining lysate was cultured at 4˚C overnight 
with magnetic beads, which were already conjugated with an 
anti‑Argonaute 2 (Ago2) or IgG antibody (negative control) 
(both from cat. no. 03‑110; dilution, 1:5,000; EMD Millipore). 
Subsequently, the immunoprecipitated RNA was purified and 
analysed using RT‑qPCR.

Western blotting. Total protein was extracted from the cells 
lysed with RIPA lysis buffer supplemented with phenylmeth‑
ylsulfonyl fluoride (both from Sangon Biotech Co., Ltd.). The 
quantification of total protein was conducted with a BCA 
Protein Assay Kit (Sangon Biotech Co., Ltd.). Equal amounts 
of proteins (20 µg) were separated by 10% SDS‑PAGE gels, 
followed by transferring onto PVDF membranes. After being 
blocked with 5% fat‑free milk at room temperature for 2 h, 
the blots were probed with primary antibodies targeting 
E2F6 (product code ab155978; 1:1,000 dilution) or GAPDH 
(product code ab181602; 1:1,000 dilution; both from Abcam) 
overnight at 4˚C. The blots were treated with a horseradish 
peroxidase‑conjugated secondary antibody (product code 
ab205718; 1:5,000 dilution; Abcam) at room temperature 

for 2 h and then visualized with the Immobilon ECL Ultra 
Western HRP Substrate (Merck Millipore; Merck KGaA).

Statistical analysis. The results from three independent exper‑
iments were expressed as the means ± standard deviations. 
Multigroup comparisons were conducted applying one‑way 
analysis of variance (ANOVA), and Tukey's test was used for 
post hoc comparisons. Both paired and unpaired Student's 
t‑tests were used to contrast the differences between the two 
groups. The survival of patients with NPC was examined 
using Kaplan‑Meier method, and the overall survival curves 
were compared using the log‑rank test. Pearson's correlation 
analysis was carried out to assess correlations between the 
expression of various genes. P<0.05 was considered to indicate 
a statistically significant difference.

Results

SLC9A3‑AS1 is upregulated in NPC and correlated with a poor 
clinical outcome. To investigate the pattern of SLC9A3‑AS1 
expression in NPC, SLC9A3‑AS1 level in 46 NPC tissues and 
15 normal nasopharyngeal epithelial tissues was measured 
utilizing RT‑qPCR. Compared with normal nasopharyngeal 
epithelial tissues, SLC9A3‑AS1 was expressed at a higher 
level in NPC tissues (Fig. 1A). Additionally, all three NPC 
cell lines exhibited higher SLC9A3‑AS1 expression compared 
with NP69 (Fig. 1B). In addition, all patients with NPC were 
assigned to a low‑SLC9A3‑AS1 (n=23) or high‑SLC9A3‑AS1 
(n=23) group according to the median value of SLC9A3‑AS1. 
The overall survival in the low‑SLC9A3‑AS1 group was signifi‑
cantly increased compared with that in the high‑SLC9A3‑AS1 
group (Fig.  1C). Based on these data, SLC9A3‑AS1 may 
participate in the genesis and development of NPC.

Inhibition of SLC9A3‑AS1 supresses the malignant processes 
of NPC cells in vitro. Next, the functions of SLC9A3‑AS1 
in NPC cells were delineated. SUNE1 and C666‑1 cells 
expressed the highest SLC9A3‑AS1 expression level among 
the three NPC cells; therefore, these cell lines were selected 
for functional experiments. First, SLC9A3‑AS1 was depleted 
in SUNE1 and C666‑1 cells by transfecting si‑SLC9A3‑AS1. 

Figure 1. SLC9A3‑AS1 is overexpressed in NPC and negatively associated with patient prognosis. (A) SLC9A3‑AS1 expression in NPC tissues was detected 
using RT‑qPCR. (B) SLC9A3‑AS1 level in NPC cell lines was assayed using RT‑qPCR. (C) The relationship between SLC9A3‑AS1 level and overall survival 
in NPC patients. **P<0.01. SLC9A3‑AS1, SLC9A3 antisense RNA 1; NPC, nasopharyngeal carcinoma; RT‑qPCR, reverse transcription‑quantitative poly‑
merase chain reaction. 
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Two siRNAs targeting SLC9A3‑AS1 were used to avoid 
off‑target effects; both siRNAs significantly silenced 
SLC9A3‑AS1 expression (Fig. 2A). The proliferative capacity 

of NPC cells was suppressed after SLC9A3‑AS1 deple‑
tion (Fig. 2B). Furthermore, transfection with si‑SLC9A3‑AS1 
significantly decreased the formation of NPC cell colonies 

Figure 2. SLC9A3‑AS1 depletion suppresses the malignant phenotype of NPC cells. (A) NPC cells were transfected with si‑SLC9A3‑AS1 or si‑NC; the siRNA 
interference efficiency was determined using reverse transcription‑quantitative polymerase chain reaction. (B and C) The effects of SLC9A3‑AS1 knockdown 
on NPC cell proliferation and colony‑forming was measured by CCK‑8 and colony formation assays, respectively. (D) The apoptosis of NPC cells with 
SLC9A3‑AS1 knockdown was assayed by flow cytometry. (E and F) The migratory and invasive capacities were measured in SLC9A3‑AS1 deficient‑NPC 
cells. **P<0.01. SLC9A3‑AS1, SLC9A3 antisense RNA 1; NPC, nasopharyngeal carcinoma; si‑, small interfering; NC, negative control. 
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(Fig. 2C). Additionally, flow cytometric data revealed that the 
apoptosis of SLC9A3‑AS1‑deficient NPC cells was signifi‑
cantly increased (Fig. 2D). Furthermore, migration (Fig. 2E) 
and invasion (Fig. 2F) activities were inhibited in NPC cells 
with SLC9A3‑AS1 knockdown. Thus, SLC9A3‑AS1 exerted 
tumour‑promoting effects on NPC cells.

SLC9A3‑AS1 directly sponges miR‑486‑5p in NPC. The 
mechanism of SLC9A3‑AS1 was further dissected by inves‑
tigating the subcellular distribution of SLC9A3‑AS1 in NPC 
cells. SLC9A3‑AS1 was primarily localized in NPC cell 
cytoplasm (Fig. 3A), suggesting a role for SLC9A3‑AS1 as a 
miRNA sponge. The putative target miRNAs of SLC9A3‑AS1 
were predicted using starBase and miRDB, and three overlap‑
ping miRNAs from the queries were identified (Fig. 3B). The 
targeting relationships between SLC9A3‑AS1 and the miRNAs 
were examined by assessing the levels of the three overlapping 
miRNAs in SLC9A3‑AS1‑silenced NPC cells using RT‑qPCR. 
Loss of SLC9A3‑AS1 expression increased miR‑486‑5p 
expression but exerted no effect on the levels of miR‑506‑5p 

and miR‑760 (Fig. 3C). In addition, miR‑486‑5p was consider‑
ably downregulated in NPC tissues (Fig. 3D), and a modest 
but significant inverse relationship was validated between 
SLC9A3‑AS1 and miR‑486‑5p expression levels (Fig. 3E). As 
depicted in Fig. 3F, miR‑486‑5p contained sequences comple‑
mentary to SLC9A3‑AS1. Next, the target interaction between 
miR‑486‑5p and SLC9A3‑AS1 in NPC cells was verified 
employing a luciferase reporter assay. miR‑486‑5p upregula‑
tion (Fig. 3G) induced by the miR‑486‑5p mimic significantly 
reduced the luciferase activity driven by WT‑SLC9A3‑AS1; 
however, the modulatory effect was abolished when its binding 
site for SLC9A3‑AS1 was mutated (Fig. 3H). Furthermore, the 
RIP results confirmed that compared with the IgG group, the 
enrichment of miR‑486‑5p and SLC9A3‑AS1 was increased in 
the Ago2 group (Fig. 3I). Based on these results, SLC9A3‑AS1 
was revealed to sponge miR‑486‑5p in NPC.

E2F6 is a downstream target of miR‑486‑5p in NPC. The 
roles of miR‑486‑5p were studied by overexpressing it in 
SUNE1 and C666‑1 cells and performing gain‑of‑function 

Figure 3. SLC9A3‑AS1 sponges miR‑486‑5p in NPC. (A) The location of SLC9A3‑AS1 in SUNE1 and C666‑1 cells was confirmed by performing a subcel‑
lular fractionation assay. (B) The starBase and miRDB databases were searched for putative target miRNAs of SLC9A3‑AS1, and the three intersecting 
miRNAs are presented. (C) The levels of 3 candidate miRNAs in SLC9A3‑AS1‑silenced NPC cells were measured using RT‑qPCR. (D) miR‑486‑5p expres‑
sion level in NPC tissues was determined by applying RT‑qPCR. (E) An inverse relationship between miR‑486‑5p and SLC9A3‑AS1. (F) The WT and MUT 
binding sequences of miR‑486‑5p within SLC9A3‑AS1. (G) RT‑qPCR was conducted for the confirmation of miR‑486‑59 overexpression in NPC cells when 
miR‑486‑5p mimic was transfected. (H) The luciferase activity of miR‑486‑5p overexpressed‑NPC cells driven by WT‑SLC9A3‑AS1 or MUT‑SLC9A3‑AS1. 
(I) The enrichment of SLC9A3‑AS1 and miR‑486‑5p in different groups was determined using a modified RIP assay. **P<0.01. SLC9A3‑AS1, SLC9A3 
antisense RNA 1; miRNA or miR, microRNA; NPC, nasopharyngeal carcinoma; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; 
WT, wild‑type; MUT, mutant; si‑small interfering; NC, negative control. 
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assays. Compared to the NC mimic group, the proliferative 
(Fig. 4A) and colony‑forming (Fig. 4B) capacities of NPC cells 
were restrained after miR‑486‑5p overexpression. In addition, 
exogenous miR‑486‑5p caused a significant increase in NPC 
cell apoptosis (Fig. 4C). Moreover, the migration and inva‑
sion of NPC cells overexpressing miR‑486‑5p were supressed 
(Fig. 4D and E). Then, the mechanisms involving miR‑486‑5p 
in NPC cells were studied. According to the bioinformatics 
prediction, the 3'‑UTR of E2F6 contained potential binding 
sequences for miR‑486‑5p (Fig. 4F). E2F6 expression levels 
were reduced in miR‑486‑5p overexpressed‑NPC cells 
(Fig. 4G and H). The RT‑qPCR data revealed the upregula‑
tion of E2F6 in NPC tissues (Fig.  4I), which presented a 
negative relationship with miR‑486‑5p expression (Fig. 4J). 

Furthermore, the luciferase activity driven by WT‑E2F6 
was downregulated by the miR‑486‑5p mimic in NPC cells; 
but, the luciferase activity of MUT‑E2F6 was unaltered in 
response to miR‑486‑5p reintroduction (Fig. 4K). In summary, 
miR‑486‑5p was revealed to directly target E2F6 in NPC.

SLC9A3‑AS1 indirectly regulates E2F6 expression in NPC 
cells by controlling miR‑486‑5p. Since the relationships of 
miR‑486‑5p with its upstream regulator SLC9A3‑AS1 and its 
downstream target E2F6 were confirmed, the regulatory inter‑
actions among the three RNAs were further analysed. E2F6 
expression levels (Fig. 5A and B) were significantly suppressed 
in NPC cells transfected with si‑SLC9A3‑AS1. Additionally, 
a positive relationship between SLC9A3‑AS1 and E2F6 

Figure 4. E2F6 is a direct target of miR‑486‑5p. (A and B) Cell proliferation and colony formation was assessed in miR‑486‑5p‑overexpressing NPC cells. 
(C) The apoptosis was detected in NPC cells overexpressing miR‑486‑5p. (D and E) The effects of miR‑486‑5p overexpression on NPC cell migration and 
invasion were assessed. (F) The WT and MUT binding sites of miR‑486‑5p within E2F6 3'‑UTR. (G and H) E2F6 levels were measured in NPC cells which 
were treated with miR‑486‑5p mimic or NC mimic. (I) Reverse transcription‑quantitative polymerase chain reaction was implemented for the measurement 
of miR‑486‑5p level in NPC tissues. (J) An inverse relationship between miR‑486‑5p and E2F6 levels in NPC tissues. (K) NPC cells were co‑transfected with 
WT‑E2F6 or MUT‑E2F6 and miR‑486‑5p mimic or NC mimic, and their respective luciferase activities were measured. **P<0.01. E2F6, E2F transcription 
factor 6; miR, microRNA; NPC, nasopharyngeal carcinoma; WT, wild‑type; MUT, mutant; NC, negative control. 
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expression levels were observed in NPC cells (Fig.  5C). 
Notably, compared with the IgG group, the enrichment of 
SLC9A3‑AS1, miR‑486‑5p, and E2F6 was considerably 
enhanced in the Ago2 group (Fig. 5D). Rescue experiments 
were implemented to assess whether miR‑486‑5p elicited the 
modulatory roles of SLC9A3‑AS1 on E2F6. RT‑qPCR verified 
the efficiency of the miR‑486‑5p inhibitor transfection and 
revealed that it considerably decreased miR‑486‑5p expression 
(Fig. 5E). Then, miR‑486‑5p inhibitor or NC inhibitor were 
transfected into SLC9A3‑AS1 depleted‑NPC cells, followed 
by the detection of E2F6 expression. Treatment of miR‑486‑5p 
inhibitor significantly restored the E2F6 (Fig.  5F  and  G) 
expression, which was previously reduced by SLC9A3‑AS1 
silencing. Therefore, SLC9A3‑AS1 functioned as a ceRNA for 
miR‑486‑5p, thus upregulating E2F6 expression in NPC.

miR‑486‑5p downregulation or E2F6 overexpression 
attenuates the influences of si‑SLC9A3‑AS1 on the biological 
functions of NPC cells. Rescue experiments were actualized to 
ascertain whether the miR‑486‑5p/E2F6 axis was indispensable 
for the si‑SLC9A3‑AS1‑mediated inhibition of malignancy in 

NPC. The inhibition of miR‑486‑5p reversed the suppressive 
effect of si‑SLC9A3‑AS1 on NPC cell proliferation (Fig. 6A) 
and colony formation (Fig. 6B). In addition, NPC cell apop‑
tosis was increased by the silencing of SLC9A3‑AS1 but this 
effect was reversed after miR‑486‑5p inhibitor co‑transfection 
(Fig. 6C). Similarly, the migration and invasion (Fig. 6D) of the 
si‑SLC9A3‑AS1‑transfected NPC cells were impaired, but these 
changes were abolished upon miR‑486‑5p downregulation. The 
overexpression efficiency of pcDNA3.1‑E2F6 was confirmed 
by western blotting (Fig. 7A). The inhibition of proliferation 
(Fig. 7B) and colony formation (Fig. 7C) of the cells with 
silenced SLC9A3‑AS1 was restored by the transfection of 
pcDNA3.1‑E2F6. Moreover, si‑SLC9A3‑AS1‑induced NPC 
cell apoptosis was reversed by E2F6 overexpression (Fig. 7D). 
Furthermore, migration and invasion (Fig. 7E) were suppressed 
in NPC cells after SLC9A3‑AS1 interference but recovered after 
the introduction of E2F6. In summary, SLC9A3‑AS1 promoted 
carcinogenesis in NPC cells by targeting the miR‑486‑5p/E2F6.

Interference with SLC9A3‑AS1 restrains NPC tumour growth 
in vivo. SUNE1 cells overexpressing sh‑SLC9A3‑AS1 were 

Figure 5. SLC9A3‑AS1 upregulates E2F6 in NPC cells by sequestering miR‑486‑5p. (A and B) E2F6 levels were measured in NPC cells with SLC9A3‑AS1 
knockdown. (C) The positive relationship between SLC9A3‑AS1 and E2F6 expression in NPC tissues. (D) The enrichment of SLC9A3‑AS1, miR‑486‑5p, and 
E2F6 in the IgG, Ago2, and input groups was assessed with the RIP assay. (E) miR‑486‑5p level in NPC cells transfected with the miR‑486‑5p inhibitor or 
NC inhibitor was quantified using RT‑qPCR. (F and G) E2F6 level was quantified in NPC cells co‑transfected with si‑SLC9A3‑AS1 and miR‑486‑5p inhibitor 
or NC inhibitor. **P<0.01. SLC9A3‑AS1, SLC9A3 antisense RNA 1; E2F6, E2F transcription factor 6; miR, microRNA; NPC, nasopharyngeal carcinoma; 
si‑, small interfering; NC, negative control. 
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subcutaneously inoculated into nude mice to establish a 
mouse xenograft model. The xenograft tumours originating 
from sh‑SLC9A3‑AS1 were smaller in size (Fig.  8A) and 
volume (Fig. 8B) than sh‑NC group. The tumours were also 
lighter in the sh‑SLC9A3‑AS1 group (Fig. 8C). In addition, 
SLC9A3‑AS1, miR‑486‑5p, and E2F6 expression levels in 
xenograft tumours were analysed, revealing that SLC9A3‑AS1 
was expressed at a low level (Fig. 8D), whereas miR‑486‑5p 

was overexpressed (Fig. 8E) in the tumours injected with 
sh‑SLC9A3‑AS1‑transfected cells. Moreover, E2F6 protein 
level was downregulated in the SLC9A3‑AS1‑silencing group 
(Fig.  8F). In addition, as demonstrated by immunohisto‑
chemistry, xenograft tumours in the sh‑SLC9A3‑AS1 group 
expressed E2F6 and Ki‑67 at lower levels (Fig. 8G). These data 
confirmed that the depletion of SLC9A3‑AS1 suppressed NPC 
tumour growth in vivo.

Figure 6. miR‑486‑5p inhibitor treatment abolishes the anti‑oncogenic effects of si‑SLC9A3‑AS1 on NPC cells. (A and B) SLC9A3‑AS1‑silenced NPC cells 
were treated with the miR‑486‑5p inhibitor or NC inhibitor; their proliferative and colony‑forming capacities were assayed. (C) Flow cytometric analysis 
was implemented for the apoptosis quantification in SLC9A3‑AS1‑silenced NPC cells which were further treated with miR‑486‑5p inhibitor or NC inhibitor. 
(D) The motility of NPC cells which received the aforementioned treatment. **P<0.01. miR, microRNA; si‑, small interfering; SLC9A3‑AS1, SLC9A3 anti‑
sense RNA 1; NPC, nasopharyngeal carcinoma; NC, negative control. 
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Discussion

Based on accumulating evidence, aberrantly expressed lncRNAs 
in tumours perform significant functions in oncogenesis and 
cancer progression (24‑26). Extensive lncRNAs are aberrantly 
expressed in NPC and participate in the malignant processes 
of NPC (27‑29). More than 50,000 lncRNAs are present in 
the human genome (30); however, most of them have not been 
investigated in the context of NPC and thus require further 
exploration. To the best of our knowledge, the present study 

is the first to analyse the expression and biological roles of 
SLC9A3‑AS1 in NPC. The related mechanisms underlying the 
role played by SLC9A3‑AS1 in NPC were also investigated.

SLC9A3‑AS1 has been revealed as an overexpressed 
lncRNA and has been proposed as a biomarker for lung 
cancer  (22). However, little is known about whether 
SLC9A3‑AS1 regulates NPC. The present research revealed 
high SLC9A3‑AS1 expression in NPC. Patients with NPC 
with a high level of SLC9A3‑AS1 presented a shorter 
overall survival than patients with a low SLC9A3‑AS1 level. 

Figure 7. The inhibitory actions of si‑SLC9A3‑AS1 on NPC are offset by E2F6 overexpression. (A) The upregulation of E2F6 by pcDNA3.1‑E2F6 was 
demonstrated. (B and C) SLC9A3‑AS1‑silenced NPC cells were transfected with pcDNA3.1‑E2F6 or pcDNA3.1, and subjected to the determination of cell 
proliferation and colony formation. (D) The apoptosis of si‑SLC9A3‑AS1‑transfected NPC cells underwent pcDNA3.1‑E2F6 or pcDNA3.1 treatment was 
assessed using flow cytometry. (E) The motility of NPC cells which received the aforementioned treatment was detected. **P<0.01. si‑, small interfering; 
SLC9A3‑AS1, SLC9A3 antisense RNA 1; NPC, nasopharyngeal carcinoma; E2F6, E2F transcription factor 6; NC, negative control. 
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Functionally, loss of SLC9A3‑AS1 produced anti‑carcinogenic 
effects in NPC, and participated in the regulation of cell 
proliferation, colony formation, apoptosis, migration and 
invasion in vitro. Animal experiments further revealed that 
the interference of SLC9A3‑AS1 hindered the growth of NPC 
tumours in vivo. Collectively, the aforementioned observations 
highlight SLC9A3‑AS1 as an effective diagnostic biomarker 
and treatment target in NPC.

The localization of lncRNAs determines their mecha‑
nisms of action (31). LncRNAs that are primarily distributed 
in the cytoplasm function as miRNA sponges by directly 
interacting with miRNAs through miRNA response elements, 
subsequently weakening the inhibition of target genes by 
miRNAs (32). Numerous lncRNAs are reported to have roles 
in NPC as ceRNAs. For instance, a lncRNA called MEG3 
facilitates NPC cell autophagy and apoptosis by working as a 
ceRNA for miR‑21 and subsequently upregulating PTEN (33).

The molecules involved in the mechanisms of SLC9A3‑AS1 
in NPC which have remained largely ambiguous have been 
identified in the present study. Subcellular fractionation assays 
verified the theoretical basis for SLC9A3‑AS1 as a ceRNA in 
the present study. According to bioinformatics predictions, 
SLC9A3‑AS1 possessed complementary binding sequences 
for miR‑486‑5p. The direct target interaction between 
SLC9A3‑AS1 and miR‑486‑5p in NPC was confirmed by 
applying luciferase reporter assay. A downstream target of 
miRNA is essential for the ceRNA network (34). Further mech‑
anistic investigation revealed that E2F2 was directly targeted 
and negatively controlled by miR‑486‑5p. SLC9A3‑AS1 was 
revealed to sponge miR‑486‑5p away from E2F6; thus, the 
silencing of SLC9A3‑AS1 decreased E2F6 expression in NPC 
cells. Moreover, the RIP assay indicated that SLC9A3‑AS1, 
miR‑486‑5p, and E2F6 all directly interacted with Ago2 in 
NPC cells, implying the coexistence of the three RNAs in 
an RNA‑induced silencing complex. Furthermore, a positive 
expression relationship between SLC9A3‑AS1 and E2F6 and 

an inverse relationship between E2F6 and miR‑486‑5p were 
observed in NPC tissues. In other words, the correlations 
among SLC9A3‑AS1, miR‑486‑5p and E2F6 have allowed us 
to propose a new ceRNA pathway in NPC cells.

Notably, miR‑486‑5p is dysregulated in numerous human 
cancers. For example, miR‑486‑5p is highly expressed and has 
a carcinogenic role in non‑small cell lung (35), prostate (36), and 
pancreatic (37) cancers. Conversely, miR‑486‑5p is expressed 
at low levels in osteosarcoma (38), colorectal cancer (39), and 
thyroid cancer (40) and is described to have an anti‑oncogenic 
function. Therefore, miR‑486‑5p expression and function 
exhibit notable tissue specificity in human cancers. However, 
further studies are required to understand whether miR‑486‑5p 
contributes to the malignancy of NPC. Decreased miR‑486‑5p 
level was observed in NPC, and overexpressed miR‑486‑5p 
exerted tumour‑inhibiting effects during NPC progression. 
Furthermore, E2F6, a member of the nuclear transcription 
factor E2F family, served as a crucial mediator of miR‑486‑5p 
action in NPC. E2F6 is regulated by multiple miRNAs in human 
cancer (41‑43), and the present study identified a similar trend 
for E2F6 in NPC. Notably, the final rescue experiments revealed 
that the modulatory activities of SLC9A3‑AS1 silencing on 
NPC cells could be reversed by miR‑486‑5p downregulation or 
E2F6 reintroduction. In summary, the miR‑486‑5p/E2F6 axis 
is a crucial downstream effector through which SLC9A3‑AS1 
exerted oncogenic regulation in NPC.

The phenotypic studies of NP69 compared to NPC cells 
with the manipulation of SLC9A3‑AS1 expression could 
help to further understand the contribution of SLC9A3‑AS1 
during NPC progression. However, our study did not execute 
the phenotypic studies, and it was a limitation of our research, 
which will be addressed in the future. 

The present study revealed that SLC9A3‑AS1 
exerted carcinogenic effects on NPC cells. SLC9A3‑AS1 
functioned as a ceRNA to sequester miR‑486‑5p, subse‑
quently inducing E2F6 overexpression and regulating the 

Figure 8. SLC9A3‑AS1 silencing hinders tumour growth in vivo. (A) Xenograft tumours obtained from groups sh‑SLC9A3‑AS1 or sh‑NC. (B) Tumour 
volume was measured with 5‑day intervals and plotted to construct growth curves. (C) At the end of the experiment, tumours were collected and weighed. 
(D and E) SLC9A3‑AS1 and miR‑486‑5p levels in the xenograft tumours were measured. (F) E2F6 protein level in xenograft tumours was detected via 
western blotting. (G) Immunohistochemical staining for E2F6 and Ki‑67 in xenografts. **P<0.01. SLC9A3‑AS1, SLC9A3 antisense RNA 1; sh‑, short hairpin; 
NC, negative control; miR, microRNA; E2F6, E2F transcription factor 6. 
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malignant characteristics of NPC. Therefore, the newly identi‑
fied SLC9A3‑AS1/miR‑486‑5p/E2F6 axis may provide novel 
targets for therapeutic development in the future.
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