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Long non-coding RNA HOXA-AS2 promotes the expression
levels of hypoxia-inducible factor-1a and programmed
death-ligand 1, and regulates nasopharyngeal
carcinoma progression via miR-519
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Abstract. Nasopharyngeal carcinoma (NPC) is a rare
malignancy arising from the nasopharyngeal epithelium and
belongs to the group of head and neck cancer types, which
are usually associated with viral and/or environmental influ-
ences, as well as heredity causes. A recent study reported that
the long non-coding RNA (IncRNA) HOXA cluster antisense
RNA 2 (HOXA-AS2) may be a prognostic biomarker in NPC;
however, the specific mechanisms underlying NCP progres-
sion are yet to be determined. The aim of the present study
was to investigate the biological role of HOXA-AS2 in NPC.
In the present study, the gene expression levels of HOXA-AS2,
miR-519, hypoxia-inducible factor (HIF-1a) and programmed
death-ligand 1 (PD-L1) were detected using reverse tran-
scription-quantitative PCR (RT-qPCR) analysis and western
blotting. Bioinformatics analysis and a dual luciferase reporter
assay were performed to predict and confirm the direct inter-
actions between HOXA-AS2 and microRNA (miR)-519, as
well as between miR-519 and HIF-1a. A MTT assay was used
to detect the cell viability, while cell migratory and invasive
abilities were assessed using wound healing and Transwell
assays. HOXA-AS2 and HIF-1a were found to be significantly
upregulated in NPC tumor tissues, as well as in NPC cell lines.
The overexpression of HOXA-AS2 significantly enhanced
NPC progression, including the cell proliferative, migratory
and invasive abilities. HOXA-AS?2 was identified to directly
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bind to miR-519, whereas a miR-519 inhibitor significantly
rescued the HOXA-AS2 knockdown-attenuated progression
of NPC. Moreover, miR-519 could bind to HIF-1a and PD-L1.
Overexpression of HIF-1a and PD-L1 significantly promoted
NPC progression and partially recovered the phenotype of NPC
cells attenuated by HOXA-AS2 knockdown. In conclusion, the
present study demonstrated that HOXA-AS2/miR-519/HIF-1a
and/or HOXA-AS2/miR-519/PD-L1 may be a novel mecha-
nism regulating the progression of NPC, which may facilitate
the development of targeted clinical therapy.

Introduction

Nasopharyngeal carcinoma (NPC) is a type of head and
neck squamous cell carcinoma which had an incidence of
3.26/100,000 in China in 2013 (1). Previous studies have
revealed that multiple factors synergistically affect the origin
and progression of NPC, including viruses (specifically
Epstein-Barr virus), genetic changes and environmental
factors (2-4). In addition, an increased understanding of the
underlying molecular mechanisms may lead to the develop-
ment of more effective clinical therapies.

Long non-coding RNAs (IncRNAs) lack a protein-coding
capacity, but serve crucial roles in controlling gene expression
during cell development and differentiation (5). HOXA cluster
antisense RNA 2 (HOXA-AS2) has been implicated in a variety
of cancer types, such as gastric cancer, colorectal cancer and
pancreatic cancer (6-8). However, to the best of our knowledge,
there is currently no research on HOXA-AS2-mediated NPC
progression.

MicroRNAs (miRNAs/miRs) are short non-coding
RNAs with a length of ~22 nucleotides, which may act as
tumor suppressors to target important oncogenes or act as
oncogenes to target crucial tumor suppressors (9). Numerous
miRNAs, such as miR-101, miR-19, miR-127 and miR-98,
have been identified to be involved in the progression of
various cancer types, such as hepatocellular carcinoma and
non-small cell lung cancer miR-519 has been extensively
investigated, particularly its interaction with ELAV like



2 WANG et al: HOXA-AS2 PROMOTES NASOPHARYNGEAL CARCINOMA PROGRESSION

RNA binding protein 1 expression in regulating cancer cell
progression (10-12). Moreover, Yu et al (13) reported that
miR-519 suppressed NPC cell proliferation by targeting
URG4/URGCP. However, studies on miR-519-related
mechanisms in cancer, particularly NPC, are currently
lacking.

Hypoxia-inducible factor 1 (HIF-1) is a heterodimeric
protein that consists of two proteins, HIF-1a and HIF-1f (14).
HIF-1a activates the transcription of genes that are involved in
crucial aspects of cancer biology, including angiogenesis, cell
survival, glucose metabolism and invasion (15). Xie et al (16)
found that HIF-1a was associated with poor overall survival,
poor progression-free survival, a higher rate of lymph
node metastasis and a more advanced tumor stage in NPC.
Furthermore, Cha er al (17) observed that miR-519 could
suppress HIF-1a expression and tumor angiogenesis, which
suggested that may be a potential direct interaction between
miR-519 and HIF-1a in NPC cells.

Programmed death-ligand 1 (PD-L1) serves an
immune-suppressive role by binding to its receptor PD-1 and
blocking T-cell activation (18,19). It was recently revealed
that PD-L1 expression is closely associated with NPC prog-
nosis and metastasis (20,21). For example, Zhou et al (22)
demonstrated that PD-L1 predicted poor prognosis of NPC. In
addition, Fei et al (23) observed that PD-L1 activated epithe-
lial-to-mesenchymal transition in NPC cells via PI3K/AKT
signaling pathway.

The aim of the present study was to investigate the
biological role of HOXA-AS2 in NPC. To the best of our
knowledge, the present study was the first to investigate the
role of the HOXA-AS2/miR-519/HIF-1a or PD-L1 axis in
regulating NPC progression, using bioinformatics analysis
and relevant in vitro experiments. The current findings may
provide a basis for the development of HOXA-AS2-targeted
clinical therapy.

Materials and methods

Clinical specimens and cell lines. Under the approval of
the Ethics Committee of the Zhuji People's Hospital of
Zhejiang Province, 15 paired tumor tissues and adjacent
healthy tissues were collected from 15 patients with NPC
(9 males and 6 females) with a mean age of 43 years (age
range, 31-59 years) between March 2012 and August 2014
from Weifang Traditional Chinese Hospital (Weifang,
China) and written informed consent was obtained from
the participants. Tumor tissues were obtained using fiber-
optic nasopharyngoscopy at the tumor growth site, and the
adjacent side (2-cm away from the tumor) with an observed
normal mucosal morphology was used for the adjacent
healthy tissues. None of the patients with NPC had received
chemotherapy, immunotherapy or radiotherapy prior to
surgery.

NPC cancer cell lines (SUNE1 and SUNE2) and a normal
nasopharyngeal epithelial cell line (NP69) were purchased
from BeNa Culture Collection, as was the 293T cell line, for
in vitro experiments. The cell lines were cultured in DMEM
(Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with
10% FBS (Thermo Fisher Scientific, Inc.), and placed at 37°C
in a humidified incubator containing 5% CO,.

Stable cell line generation and transfection. The short
hairpin (sh)RNA specific to HOXA-AS2 (shHOXA-AS2;
5'-UCAGCUGAUGGCGUAUCCAUGAU-3") and its nega-
tive control (shNC; 5'-GAUUCCCCGGACUUCUCA
CAG-3'"), miR-519-mimics (5'-GUGAUGAAACAACCU
GUACUU-3") and its negative control (NC mimics; 5'-UAC
CACUGACAAUCGCUACUG-3"), and miR-519-inhibitor
(5'-ACCCUUAAUCGACGUCGGGAG-3') and its negative
control (NC inhibitor; 5'-GAGUAGAAGUUGUAAUCU
GUC-3") were synthesized by TsingKe Biotechnology Co.,
Ltd. The full length of HIF-1la or PD-L1 was subcloned
into pcDNA3.1 (Shanghai GenePharma Co., Ltd.) to over-
express HIF-1a or PD-L1, with empty pcDNA3.1 serving
as the control. Transfection of the cells with shHOXA-AS2
(10 nM) or shNC (10 nM) and the miR-519-mimics (10 nM)
or NC mimics (10 nM) and miR-519-inhibitor (10 nM) or
NC inhibitor (10 nM) was conducted with Lipofectamine
2000 transfection reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). All functional experiments were performed
48 h post-transfection.

Bioinformatic analysis and dual luciferase reporter assays.
StarBase version 2.0 (http://starbase.sysu.edu.cn) was used
to predict the downstream target of HOXA-AS2 or miR-519.
A dual luciferase reporter assay was used to assess the
direct binding site between HOXA-AS2 and miR-519,
as well as between miR-519 and HIF-la. Briefly, 293T
cells were transfected with the pmirGLO reporter vectors
(Promega Corporation) containing wild-type or mutant
HOXA-AS2 and 3'-untranslated region (UTR) of HIF-1a,
using Lipofectamine® 2000 (Thermo Fisher Scientific,
Inc.). Subsequently, 293T cells were co-transfected with the
pmirGLO reporter vectors and miR-519 mimic or miR-519
inhibitor. After 48 h incubation at 37°C with 5% CO,,
luciferase activity was evaluated using the Dual-Luciferase
Reporter Analysis system (Promega Corporation). Firefly
luciferase activity was normalized to Renilla luciferase
(Promega Corporation) gene activity.

RNA isolation, reverse transcription-quantitative PCR
(RT-gPCR) and quantification. Total RNA from tissues and
cell lines was extracted using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufac-
turer's instructions. RT was conducted using the Takara
PrimeScript kit (Takara Biotechnology Co., Ltd.) at 37°C for
15 min. Subsequently, the RT-qPCR assay was performed
using the ViiATM 7 Real-Time PCR system (Thermo Fisher
Scientific, Inc.) with SYBR-Green Master Mix to detect gene
expression levels. The following amplification conditions
were used: Pre-denaturation at 95°C for 15 sec, followed
by 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. Relative
gene expression was calculated using the 2244 method (24).
GAPDH and U6 were set as an internal control. The primer
sequences were as follows: HOXA-AS2 forward, 5'-CCC
GTAGGAAGAACCGATGA-3' and reverse, 5-TTTAGG
CCTTCGCAGACAGC-3'; miR-519 forward, 5'-CATGCT
GTGACCCTCCAAAG-3' and reverse, 5-GAGAAAACA
AACAGAAAGCGCT-3'; PD-L1 forward, 5"TGCGGACTA
CAAGCGAATCA-3" and reverse, 5'-GATCCACGGAAA
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TTCTCTGGTT-3'; HIF-1a forward, 5'-ACTTGGACGCTC
TGCCTATG-3' and reverse, 5"-TTGCGGGGGTTGTAGA-3';
GAPDH forward, 5'-GAAGAGAGAGACCCTCACGCTG-3'
and reverse, 5" ACTGTGAGGAGGGGAGATTCAGT-3'; and
U6 forward, 5'-CTCGCTTCGGCAGCACATATACTA-3' and
reverse, 5'-~ACGAATTTGCGTGTCATCCTTGCG-3'.

Western blotting. Proteins were extracted using RIPA buffer
(Beyotime Institute of Biotechnology). Protein concentration
was measured with the bicinchoninic acid assay (Beyotime
Institute of Biotechnology). Following denaturation, 10 ug
protein/lane was separated by 10% SDS-PAGE. Proteins were
transferred onto PVDF membranes and blocked in 5% non-fat
milk for 2 h at room temperature. The membranes were
incubated with primary antibodies against HIF-1a (1:1,000;
cat. no. sc-13515; Santa Cruz Biotechnology, Inc.), PD-L1
(1:1,000; cat. no. ab205921; Abcam) and GAPDH (1:1,000;
cat. no. sc-47724; Santa Cruz Biotechnology, Inc.) overnight
at 4°C. Following primary incubation, membranes were
incubated with horseradish peroxidase-conjugated secondary
antibodies (1:1,000; goat anti-mouse IgG; cat. no. ab205719
and goat anti-rabbit IgG; cat. no. ab205718; both Abcam) for
2 h at room temperature. Protein bands were visualized using
the Pierce ECL Western Blotting kit (Pierce; Thermo Fisher
Scientific, Inc.). Protein expression was quantified using
Image-Pro® Plus software (version 6.0; Media Cybernetics,
Inc.). GAPDH was used as an endogenous control for data
normalization.

MTT assay. Transfected cells were seeded into 96-well
plates at 3x10° cells/well and cultured at 37°C. Following
incubation for 0, 24, 48 and 72 h, 20 ul MTT (Sigma-Aldrich;
Merck KGaA) was added into each well and incubated for a
further 4 h at 37°C according to the manufacturer's instruc-
tions. Subsequently, the medium was removed and 150 ul
dimethyl sulfoxide (Sigma-Aldrich; Merck KGaA) was
added to dissolve the formazan crystals. The absorbance was
measured at 450 nm using a microplate reader (Molecular
Devices LLC).

Wound healing assay. Transfected SUNEI and SUNE2
cells were cultured in RPMI-1640 (Gibco; Thermo Fisher
Scientific, Inc.) supplemented without serum at a density of
1x10* cells/ml in a humidified atmosphere of 5% CO, at 37°C,
and grown to a fully confluent monolayer. After 6 h, culture
medium was replaced with serum-free medium and a sterile
tip was used to create a single-line scratch. The plates were
then washed twice with PBS to remove detached cells. After
24 h, the medium was replaced with PBS, and the wound gap
was observed. Images of the migrating cells were acquired
at 0 and 24 h using a light microscope (Nikon Corporation;
magnification, x200) and measured using ImageJ software
version 1.8 (National Institutes of Health).

Cell invasion assay. Cell invasion was determined using
Transwell chambers (8 ym pore size; EMD Millipore)
precoated with 100 pl Matrigel (BD Biosciences) for 1 h at
room temperature. SUNE1 and SUNE2 cells (1x10* cells)
were added to the top chamber containing 150 ul
RPMI-1640 without FBS. An extra 550 ul RPMI-1640

medium with 10% FBS was added to the bottom chamber.
After 24 h, 4% paraformaldehyde was added to fix the cells
at room temperature for 20 min, followed by staining with
0.1% crystal violet (Sigma-Aldrich; Merck KGaA) for 20 min
at room temperature. The invading cells were placed under a
light microscope (Nikon Corporation; magnification, x200)
and photographed.

Statistical analysis. The software package SPSS 22.0
(IBM Corp.) was used for subsequent statistical analysis.
Each experiment was repeated =3 times and the data are
presented as the mean + SD. Comparisons between NPC
tissues and adjacent healthy tissues were performed using
a paired Student's t-test, while comparisons between the
experimental and control groups were performed using
an unpaired Student's t-test. Comparisons among multiple
groups were performed using one-way ANOVA followed by
Tukey's test. P<0.05 was considered to indicate a statistically
significant difference.

Results

miR-519 inhibitor rescues HOXA-AS2 knockdown-attenuated
progression of NPC. The expression of HOXA-AS2 was
first examined in both tissues and cell lines. Consistent
with previous studies, the RT-qPCR results demonstrated a
significantly higher expression of HOXA-AS2 in NPC tissues
compared with the adjacent healthy tissues (Fig. 1A). The
same result was also observed in NPC cell lines (SUNE1 and
SUNE2) compared with the normal nasopharyngeal epithe-
lial cell line (Fig. 1B). Thus, the aberrant expression pattern
between tumor and healthy specimens indicated the important
role of HOXA-AS2 in NPC progression.

starBase was used to identify miRNA-IncRNA interac-
tions, and it was found that there was a complementary binding
site between HOXA-AS2 and miR-519, which suggested that
miR-519 could bind to the 3'-untranslated region (UTR) of
HOXA-AS2 (Fig. 1C). The wild-type and mutant type of
HOXA-AS2 were constructed and transfected into 293T cells,
and then miR-519 mimics or inhibitor were introduced into
293T cells. Subsequently, a dual luciferase reporter assay
was performed to assess these findings. It was demonstrated
that the miR-519 failed to bind to the 3'-UTR mutant type
of HOXA-AS2, which did not affect luciferase activity.
However, in wild-type HOX A-AS2-transfected 293T cells, the
luciferase activity was significantly decreased by adding exog-
enous miR-519 mimics to 293T cells, whereas the luciferase
activity was significantly increased by the miR-519 inhibitor
(Fig. 1D). Collectively, bioinformatics analysis and dual lucif-
erase reporter assay results suggested that HOXA-AS2 could
directly interact with miR-519.

The possible impact of the interaction between HOXA-AS2
and miR-519 on NPC progression was further investigated. The
RT-qPCR results demonstrated that HOXA-AS2 expression
was significantly downregulated in shHOXA-AS2-transfected
SUNEI1 and SUNE2 cells compared with sh negative control
(shNC; Fig. 1E). In addition, the co-transfection with the
miR-519 inhibitor abolished HOXA-AS2 knockdown-medi-
ated promoting effects on the expression of miR-519 in SUNEI1
and SUNE2 cells (Fig. 1F). The MTT assay identified that the
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Figure 1. miR-519 inhibitor rescues HOXA-AS?2 knockdown-attenuated progression of NPC. (A) RT-qPCR analysis of HOXA-AS2 expression in NPC tumor
tissues (n=15) and the adjacent healthy tissues (n=15). (B) RT-qPCR analysis of HOX A-AS2 expression in the normal nasopharyngeal epithelial cell line (NP69)
and the NPC cancer cell lines (SUNE1 and SUNE2). (C) Bioinformatics analysis identified the binding site between miR-519 and HOXA-AS2. (D) Dual lucif-
erase reporter assay demonstrated the direct interaction between miR-519 and HOXA-AS2. (E) RT-qPCR analysis of the expression of HOXA-AS2 in SUNE1
and SUNE2 cells transfected with shNC and shHOXA-AS2. (F) RT-qPCR analysis of miR-519 expression in cells transfected with shNC, shHOXA-AS2
and shHOXA-AS2 + miR-519 inhibitor. (G) MTT assay results of viability of cells transfected with shNC, shHOXA-AS2 and shHOXA-AS2 + miR-519
inhibitor at 0, 24, 48 and 72 h. (H) Wound healing assay and quantification demonstrated the migratory abilities of cells transfected with shNC, shHOXA-AS2
and shHOXA-AS2 + miR-519 inhibitor at O and 24 h. (I) Transwell invasion assay and quantification of the invasive abilities of cells transfected with
shNC, shHOXA-AS2 and shHOXA-AS2 + miR-519 inhibitor. Data are presented as the mean + SD. "P<0.05. miR, microRNA; NPC, nasopharyngeal
carcinoma; HOXA-AS2, HOXA cluster antisense RNA 2; sh, short hairpin RNA; NC, negative control; RT-qPCR, reverse transcription-quantitative PCR;
OD, optical density.

miR-519 inhibitor partly recovered the cell viability attenuated
by shHOXA-AS2 (Fig. 1G). Moreover, co-transfection with
miR-519 inhibitor significantly enhanced the migratory and
invasive abilities of sShHOXA-AS2-transfected SUNEI and
SUNE?2 cells, as detected using wound healing and Transwell
assays (Fig. 1H and I).

miR-519 directly binds to HIF-1a. It was demonstrated that
HOXA-AS2 could directly bind with miR-519 to regulate

NPC cancer cell progression. However, further research
was required to elucidate the role of their interaction in
NPC. Therefore, the potential targets of miR-519 were also
detected using starBase and dual luciferase reporter assay
to confirm their direct associations. There were a number of
potential targets (such as forkhead box Q1, PD-L1 and RCCl1
domain-containing protein 1) of miR-519, and it was identified
that an important oncogene, HIF-1a, had a complementary
binding site with miR-519 (Fig. 2A). miR-519 could not bind
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NC, negative control; HIF-1a, hypoxia-inducible factor-1a.

to the mutant type of HIF-1a and did not affect the luciferase
activity, while the luciferase activity decreased significantly
by introducing miR-519 mimics into the wild-type 3'-UTR
of HIF-la-transfected 293T cells compared with miR-NC
(Fig. 2B).

Subsequently, the expression of miR-519 was significantly
increased or decreased in NPC cells transfected with miR-519
mimics or miR-519 inhibitor (Fig. 2C). RT-qPCR analysis and
western blotting were used to examine HIF-1a expression. The
results indicated that the mRNA and protein expression levels
of HIF-1a were significantly lower in miR-519 mimics-trans-
fected NPC cells, and significantly higher in miR-519
inhibitor-transfected NPC cells compared with the miR-NC
(Fig. 2C and D). Collectively, these results suggested that
miR-519 was able to directly bind to HIF-1a and significantly
inhibit its expression.

HIF-1a overexpression partially recovers HOXA-AS2-
regulated NPC progression. Next, it was examined whether
HOXA-AS2 can exert its oncogenic effects on NPC progression
via the miR-519/HIF-1a axis. RT-qPCR results demonstrated
that the expression of HIF-1a was significantly increased in
SUNEI and SUNE?2 cells transfected with HIF-1a overexpres-
sion plasmid (Fig. 3A). HIF-1a overexpression plasmid was
introduced into shHOXA-AS2-expressing SUNE1 and SUNE2
cells and the results indicated that HIF-1a overexpression abol-
ished the inhibitory effect of HOXA-AS2 knockdown on the
expression of HIF-1a (Fig. 3B). The MTT assay demonstrated
that overexpression of HIF-1a (shHOXA-AS2 + HIF-1a) was
able to partially recover the cell proliferative ability attenu-
ated by shHOXA-AS?2 alone (Fig. 3C). It was further indicated

that overexpression of HIF-1a in shHOXA-AS2-transfected
cells enhanced cell migratory and invasive abilities, which
were significantly decreased by shHOXA-AS2 alone
(Fig. 3D and E). Therefore, HIF-1o. may act as a potential
downstream effector for HOXA-AS2/miR-519 in NPC cells.

PD-LI acts as a downstream effector for HOXA-AS2/miR-519
in NPC. miR-519 was also predicted to interact with a key
immune checkpoint, PD-L1, using the online program starBase
(Fig. 4A). Luciferase activity was significantly downregulated
by miR-519 in wild-type 3'-UTR of PD-L1-transfected 293T
cells, whereas no significant differences were observed in
the relative luciferase activity in mutant PD-L1 (Fig. 4B).
Moreover, RT-qPCR was used to examine PD-L1 expression,
and found that PD-L1 mRNA expression was negatively
regulated by miR-519 (Fig. 4C).

RT-qPCR results indicated that the expression of PD-L1
was significantly increased in SUNEI and SUNE2 cells trans-
fected with PD-L1 overexpression plasmid (Fig. 4D). Western
blotting demonstrated that PD-L1 protein expression was mark-
edly decreased in cells with shHOXA-AS2, while this effect
was reversed by PD-L1 overexpression (Fig. 4E). Moreover,
PD-L1 overexpression significantly promoted the cell prolif-
erative ability that was attenuated by HOXA-AS2 knockdown
(Fig. 4F). It was also identified that overexpression of PD-L1 in
shHOXA-AS2-transfected NPC cells significantly enhanced
cell migration and invasion compared with NPC cells trans-
fected with siHOXA-AS2 alone (Fig. 4G and H). Collectively,
these findings suggested that PD-L1 was also a critical down-
stream biomolecule regulating HOXA-AS2-mediated NPC
progression.
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Figure 3. HIF-1a overexpression partially recovers HOXA-AS2-regulated nasopharyngeal carcinoma progression. (A) RT-qPCR analysis demonstrated the
expression of HIF-1a in SUNE1 and SUNE2 cells transfected with pcDNA3.1 and pcDNA3.1/HIF-1a, or (B) transfected with shNC, shHOXA-AS2 and
shHOXA-AS2 + HIF-1a. (C) MTT assay results demonstrated the cell viability of cells transfected with shNC, shHOXA-AS2 and shHOXA-AS2 + HIF-1a at 0,
24,48 and 72 h. (D) Wound healing assay and quantification of migratory abilities of cells transfected with shNC, shHOXA-AS2 and shHOXA-AS2 + HIF-1a
at 0 and 24 h. (E) Transwell invasion assay and quantification of invasive abilities of cells transfected with shNC, shHOXA-AS2 and shHOXA-AS2 + HIF-1a.
Data are presented as the mean = SD. "P<0.05. HOXA-AS2, HOXA cluster antisense RNA 2; sh, short hairpin RNA; NC, negative control; RT-qPCR, reverse
transcription-quantitative PCR; OD, optical density; HIF-1a, hypoxia-inducible factor-1a.

Discussion

Continued advances in genomics and transcriptomics
have accelerate the discovery and emergence of potential
biomarkers of various diseases (25). Furthermore, molecular
therapies based on these key genes or pathways are becoming
increasingly important in clinical therapy. Compared with
other common cancer types, NPC is rare but often difficult to
diagnose early (26). While the global incidence of NPC appears
to be lower compared with that of other types of cancer, it
is more frequently encountered in Asia (27). Considering the
limitations of the current research on NPC, it is important to
study the molecular mechanisms underlying NPC initiation,
progression and metastasis in greater depth.

IncRNAs and miRNAs often exert their oncogenic
or tumor-suppressive effects on cancer cells via multiple
mechanisms. For example, HOXA-AS2 can promote the
progression of breast cancer, osteosarcoma, papillary thyroid
cancer and hepatocellular carcinoma by interacting with
miR-520c (28-31). In the present study, it was demonstrated
that a high expression level of HOX A-AS2 was associated with

an increased cell viability, as well as significantly promoted
NPC cell migration and invasion; as HOXA-AS2 knockdown
reduced these effects.

miRNAs generally function in RNA silencing and
post-transcriptional regulation of gene expression, and
several miRNAs, such as miR-273, miR-127 and miR-136,
are evolutionarily conserved (32). Jalali et al (33) revealed
that IncRNAs potentially interact with other classes of
non-coding RNAs, including miRNAs, and modulate their
regulatory role via interactions. Therefore, in the present
study starBase was used to predict the potential targets of
HOXA-AS2, and miR-519 was selected. The results identi-
fied a direct interaction between HOXA-AS2 and miR-519.
Moreover, it was found that overexpression of miR-519
inhibited HOXA-AS2 expression, thus inhibiting NPC
progression.

HIF-1a is a well-known functional gene and it has been
extensively investigated. HIF-1o was reported to participate
in inflammation (34) and is associated with the response to
hypoxia (35). It has been previously shown that HIF-1a is
important in tumor progression and cancer therapy (36-38).
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Figure 4. PD-L1 acts as downstream effector for HOXA-AS2/miR-519 in NPC. (A) Bioinformatics analysis identified the binding site between miR-519 and
PD-LI. (B) Dual luciferase reporter assay of the luciferase activity of wild-type and mutant 3'-untranslated region of PD-L1 in 293T cells transfected with
NC, miR-519 mimics and miR-519 inhibitor. (C) Reverse transcription-quantitative PCR results of PD-L1 expression in SUNEI and SUNE?2 cells transfected
with NC, miR-519 mimics and miR-519 inhibitor, or (D) transfected with pcDNA3.1 and pcDNA3.1/PD-L1. (E) Western blotting results of PD-L1 expression
in cells transfected with shNC, shHOXA-AS2 and shHOXA-AS2 + PD-L1. GAPDH was the loading control. (F) MTT assay results of cell viability of cells
transfected with shNC, shHOXA-AS2 and shHOXA-AS2 + PD-L1 at 0, 24, 48 and 72 h. (G) Wound healing assay and quantification of migratory abilities of
cells transfected with shNC, shHOXA-AS2 and shHOXA-AS2 + PD-L1 at 0 and 24 h. (H) Transwell invasion assay and quantification of invasive abilities of
cells transfected with shNC, shHOXA-AS2 and shHOXA-AS2 + PD-L1. Data are presented as the mean + SD. "P<0.05. HOXA-AS2, HOXA cluster antisense
RNA 2; sh, short hairpin RNA; NC, negative control; OD, optical density; PD-L1, programmed death-ligand 1.

The current results suggested that miR-519 could directly
bind to and significantly inhibit the expression of HIF-1a. In
addition, the in vitro experiments demonstrated that overex-
pression of HIF-1a could recover NPC cancer cell progression
attenuated by miR-519.

As well as HIF-la, the immune checkpoint pathway
PD-L1/PD-1 was identified to be involved in HOXA-AS2- and
miR-519-mediated NPC progression in the present study.
Previous studies indicated that abnormal expression of PD-L1
was associated with NPC prognosis and metastasis (20,21). The
current findings were in agreement with the aforementioned

previous studies. However, considering the complex mecha-
nism involved in tumorigenesis, other potential downstream
effectors should be investigated and in vivo experiments must
be performed in future studies.

In conclusion, the results of the present study suggested
a novel HOXA-AS2/miR-519/HIF-1a axis that may be
underlying NPC progression, and provided additional
insights into the development of HOXA-AS2-based clinical
therapy. However, some limitations remain to be further
addressed: Firstly, the lack of microdissection and immu-
nohistochemistry is a weakness of the study. Secondly,
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whether other miRNAs or downstream effectors are crucial
to HOXA-AS2-regulated phenotypes of NPC must be
elucidated in future studies.
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