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MicroRNA-503 serves an oncogenic role in laryngeal squamous
cell carcinoma via targeting programmed cell death protein 4
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Abstract. Laryngeal squamous cell carcinoma (LSCC), the
most common form of laryngeal carcinoma, is an aggres-
sive malignancy that demonstrates the second highest rate
of morbidity of all head and neck squamous cell carcinomas.
The abnormal expression of microRNAs (miRs) has been
demonstrated in a number of types of human cancer, and they
have been demonstrated to be oncogenes or tumour suppressor
genes. miR-503 has been studied in various types of human
cancer; however, the expression level, roles and underlying
mechanisms in LSCC remain unknown. In the present study,
it was demonstrated that miR-503 was significantly upregu-
lated in LSCC tissues and cell lines. The level of miR-503 in
LSCC tissues was correlated with thyroid cartilage invasion,
Ilymph node metastasis, and tumour, node and metastasis
stage. In addition, down-regulation of miR-503 inhibited cell
proliferation and invasion in LSCC. Programmed cell death
protein 4 (PDCD4) was identified to be a direct target gene
of miR-503. PDCD4 overexpression could mimic the roles
of miR-503 underexpression in LSCC. Furthermore, PDCD4
was down-regulated in LSCC tissues and this correlated with
the miR-503 expression level. In conclusion, these results
suggested that miR-503 promotes tumour growth and inva-
sion by directly targeting PDCD4. The identification of the
miR-503/PDCD4 axis may provide novel targets for LSCC
treatment and improve prognosis.

Correspondence to: Professor Lun Zhang, Department of
Otorhinolaryngology and Maxillofacial Oncology, Tianjin Medical
University Cancer Institute and Hospital, Key Laboratory of Cancer
Prevention and Therapy, Tianjin Cancer Institute, National Clinical
Research Center of Cancer, 1 Huanhu West Road, Tianjin 300060,
P.R. China

E-mail: zhanglun_tijmu@163.com

“Contributed equally

Key words: laryngeal squamous cell carcinoma, programmed cell
death protein 4, microRNA-503, prognosis, therapy

Introduction

Head and neck cell carcinoma represents the seventh most
common type of cancer in the world, which is comprised of
oral cavity, oropharyngeal, hypopharyngeal and laryngeal
carcinomas (1,2). Laryngeal squamous cell carcinoma (LSCC),
the most common form of laryngeal carcinoma, accounts for
~25% of all head and neck squamous cell carcinomas (3).
LSCC is an aggressive malignancy that has the second
highest rate of morbidity of all head and neck squamous cell
carcinomas, particularly in the northern area of China (4).
Currently, the aetiology of LSCC remains poorly understood.
It is hypothesised that smoking, drinking alcohol, exposure to
harmful dust and human papilloma virus infection is involved
in the initiation and progression of LSCC (5). Despite the
development of therapeutic treatments for LSCC, including
surgery, chemotherapy and radiotherapy, the 5-year overall
survival rate of patients with this disease has not significantly
improved over the past 10 years (6).

Therefore, a complete understanding of the mechanisms
underlying carcinogenesis and progression in LSCC may
provide novel therapeutic strategies to improve the prognosis
of patients with LSCC.

MicroRNAs (miRs) are a group of endogenous, short
and noncoding RNAs that negatively regulate gene expres-
sion through base pairing with the 3'-untranslated regions
(3'UTRs) of their target genes forming a stable duplex through
Watson-Crick complementarities (7,8). By recruiting and
incorporating with the RNA-induced silencing complex, trans-
lation of the target mRNA transcript is inhibited and/or the
mRNA is subject to degradation (9,10). Thus far, >900 mature
miRs have been identified in the human genome and may
modulate the expression level of >30% protein-coding genes
in humans (11). Numerous studies have demonstrated that
miR serves a significant role in diverse biological processes,
including cell proliferation, cell cycle progression, apoptosis,
survival, motility, invasion, metastasis, angiogenesis and
morphogenesis (12-14). In addition, the abnormal expression
of miRs has been demonstrated in a number of types of human
cancer, as they have been demonstrated to be oncogenes or
tumour suppressor genes (15,16). These results suggested that
miRs may be novel therapeutic targets for cancer therapy.
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miR-503 has been studied in various types of human
cancer (17-20); however, the expression level, role and under-
lying mechanism in LSCC remains unknown. The purpose
of the present study is to investigate the expression level
and biological roles of miR-503 in regulation of LSCC cell
proliferation and invasion. Another aim is to investigate the
underlying mechanism of miR-503 in LSCC.

Materials and methods

Tissue samples. The present study was approved by the Ethics
Committee of Tianjin Medical University Cancer Institute
and Hospital (Tianjin, China). Informed consent was also
obtained from all patients with LSCC prior to tissue sample
collection. LSCC tissues and adjacent normal tissues were
obtained from 48 patients who were treated with total or
partial laryngectomy at Tianjin Medical University Cancer
Institute and Hospital between February 2012 and November
2014. The age and sex distribution of patients involved in the
present study is illustrated in Table I. None of these patients
received chemotherapy or radiotherapy prior to surgery. All
tissues were immediately frozen in liquid nitrogen and then
stored at -80°C.

Cell lines and culture condition. LSCC (AMC-HN-8 and
Tu-177), normal human keratinocyte (HaCaT) and human
embryonic kidney (HEK293T) cell lines were purchased from
the American Type Culture Collection (Manassas, VA, USA).
Cells were cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) supplemented with 10% foetal bovine serum
(FBS; Gibco; Thermo Fisher Scientific, Inc.) and antibiotics
(100 U/ml penicillin and 100 mg/ml streptomycin) at 37°C in a
humidified atmosphere with 5% CO,.

Transient transfection. Cells were seeded into 6-well plates
at a density of 60-70% confluence in DMEM containing
10% FBS without antibiotics at 37°C. Following overnight
incubation, cells were transfected with an miR-503 inhibitor
(100 pmol), an miR inhibitor negative control (NC) inhibitor
(100 pmol), pcDNA3.1-programmed cell death protein 4
(PDCD4; 2,500 ng) or pcDNA3.1 (all Chinese Academy of
Sciences, Changchun, Jilin, China) using the Lipofectamine®
2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
The miR-503 inhibitor sequence was 5'-CUGCAGAAC
UGUUCCCGCUGCUA-3' and the NC inhibitor sequence
was 5'-ACUACUGAGUGACAGUAGA-3'. Following 6-8 h
incubation, the medium was replaced with a culture medium
containing 10% FBS. The Cell Counting kit-8 (CCKS8) assay,
reverse transcription-quantitative polymerase chain reaction
(RT-gPCR), Transwell invasion assay and western blot anal-
ysis were performed at 24, 48, 48 and 72 h post-transfection,
respectively.

RT-qPCR. Total RNA was extracted using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) from cells and
tissues. The total concentration of RNA was detected using
an ND-2000 spectrophotometer (NanoDrop Technologies;
Thermo Fisher Scientific, Inc., Wilmington, DE, USA),
according to the manufacturer's protocol. The relative
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expression of miR-503 was determined using the One Step
SYBR® PrimeScript™ miRNA RT-PCR kit (Takara Bio,
Inc., Otsu, Japan). The thermocycling conditions for gPCR
were as follows: 42°C for 5 min, 95°C for 10 sec, followed
by 40 cycles of 95°C for 5 sec, 55°C for 30 sec and 72°C for
30 sec. For PDCD4 mRNA expression, reverse transcription
was performed using the Moloney murine leukaemia virus
reverse transcriptase (M-MLV RT; Promega Corporation,
Madison, WI, USA). The temperature protocol for reverse
transcription was as follows: 95°C for 2 min, followed by
20 cycles of 94°C for 1 min, 55°C for 1 min and 72°C for
2 min, then a final extension at 72°C for 5 min. This reaction
included 1 pl Oligo (dT)12-18 (500 ug/ml), 2 ul total RNA,
1 ul1 10 mM ANTP Mix, 4 ul 5X First-Strand Buffer, 2 ul
0.1 M DTT, 1 ul RNaseOUT™ Recombinant Ribonuclease
Inhibitor (40 units/ul), 1 ul (200 units) of M-MLV RT and 7 pl
distilled water. Relative expressions of PDCD4 mRNA were
measured using SYBR Premix Ex Taq™ kits (Takara Bio
Inc.). Amplification was performed with the following ther-
mocycling conditions: 5 min at 95°C, followed by 40 cycles
of 95°C for 30 sec and 65°C for 45 sec. The expressions of
miR-503 and PDCD4 mRNA were normalised against the
relative expression of RNU6-1 and GAPDH, respectively. The
primers were designed as follows: miR-503, 5'-GCGTAGCAG
CGGGAACAGT-3' (forward) and 5'-CCAGTGCGTGTCGTG
GAGT-3' (reverse); U6, 5'-GCTTCGGCAGCACATATACTA
AAAT-3' (forward) and 5'-CGCTTCACGAATTTGCGTGTC
AT-3' (reverse); PDCD4, 5'-~AAAGGCGACTAAGGAAAA
ACTCATC-3' (forward) and 5-GCCTATCCAGCAACCTTC
CCT-3' (reverse); and GAPDH, 5-AGTGCCAGCCTCGTC
TCATAG-3' (forward) and 5'-CGTTGAACTTGCCGTGGG
TAG-3' (reverse). Relative expression levels were calculated
according to the 2-2*“4 method (21).

CCKS assay. Transfected cells were collected and re-seeded
into 96-well plates (1x10° cells/well). The CCK8 (Dojindo
Molecular Technologies, Inc., Kumamoto, Japan) assay was
performed at various time points (24, 36, 48 and 72 h). In
total, 10 u1 CCKS solution was added to each well and incu-
bated at 37°C for an additional 4 h. The absorbance values
at 450 nm were detected using a microplate reader (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Transwell® invasion assay. The invasion assay was performed
using Transwell chambers (8-ym pore size; BD Biosciences,
Franklin Lakes, NJ, USA) pre-coated with a Matrigel®
matrix (BD Biosciences). Transfected cells were harvested at
48 h post transfection. The upper chamber was seeded with
5x10* cells in 300 ul FBS-free culture medium. Then 500 ul
culture medium containing 20% FBS was added into the lower
chamber. Following 48 h incubation at 37°C, cells remaining
on the top of the chamber were wiped away with cotton wool.
The invading cells were fixed in 4% paraformaldehyde for
20 min at room temperature, stained with 0.5% crystal violet
for 10 min at room temperature, washed with PBS and counted
under an inverted microscope (5 fields/chamber). Each assay
was repeated in three independent experiments.

Bioinformatic analysis. The potential target genes of
miR-503 were analysed using the algorithms from TargetScan
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Table I. Association between miR-503 expression level and
clinicopathological features of laryngeal squamous cell
carcinoma.

miR-503
expression
level
Clinical features Cases High Low P-value
Age, years 0.776
<60 22 13 9
=60 26 14 12
Sex distribution 0.560
Male 20 10 10
Female 28 17 11
Primary location 0.383
Supraglottic 23 11 12
Glottic 25 16 9
Thyroid cartilage invasion 0.023
No 25 10 15
Yes 23 17 6
Pathological differentiation 0.771
Moderate-high 28 15 13
Poor 20 12 8
Lymph node metastasis 0.019
Negative 24 9 15
Positive 24 18 6
TNM stage 0.040
I-1I 21 8 13
HI-1v 27 19 8

TMN, tumour node and metastasis.

(targetscan.org), PicTar (pictar.mdc-berlin.de) and miRanda
(www.microrna.org/microrna/home.do).

Western blot analysis. Total protein was isolated using
radioimmunoprecipitation assay buffer (Beyotime Institute
of Biotechnology, Haimen, China). A BCA assay (Nanjing
KeyGen Biotech Co., Ltd., Nanjing, China) was used to
measure total protein concentration. Equal amounts of
protein (20 ug/lane) were separated via SDS-PAGE on 10%
gels, transferred onto polyvinylidene difluoride membranes
(EMD Millipore, Billerica, MA, USA) and then blocked in 5%
non-fat milk for 1 h at room temperature. The membranes were
incubated with mouse anti-human monoclonal PDCD4 anti-
body (1:1,000; cat. no. sc-376430; Santa Cruz Biotechnology,
Inc., Dallas, TX, USA) and mouse anti-human monoclonal
GADPH antibody (1:1,000; cat. no. sc-166574; Santa Cruz
Biotechnology, Inc.), at 4°C overnight. Following washing,
the membranes were incubated with goat anti-mouse horse-
radish peroxidase (HRP)-conjugated secondary antibody (cat.
no. sc-2005; 1:2,000; Santa Cruz Biotechnology, Inc.) at room
temperature for 2 h. Protein bands were visualised using the
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EMD Millipore Immobilon™ Western Chemiluminescent
HRP Substrate (EMD Millipore).

Luciferase reporter assay. HEK293T cells were
seeded into 24-well plates and co-transfected
with pmirGLO-PDCD4-3'UTR wild type (Wt) or
pmirGLO-PDCD4-3'UTR mutant (Mut) (both Chang
Jing Bio-Tech, Ltd., Changsha, China), and an miR-503
or NC inhibitor, using Lipofectamine 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol. Cells were harvested 48 h post-transfection.
Luciferase activity was determined using Dual-Luciferase®
Reporter Assay system (Promega Corporation) according to
the manufacturer's protocol. Firefly luciferase activity was
normalised to the Renilla luciferase activity.

Statistical analysis. Data were expressed as the mean + stan-
dard deviation and analysed using SPSS (version 15.0; SPSS
Inc., Chicago, IL, USA). Statistical comparisons between
groups were analysed using Student's t-test or one-way
analysis of variance (ANOVA) plus multiple comparisons.
Student-Newman-Keuls test was used as a post hoc test
following the ANOVA. Spearman's rank correlation coeffi-
cient analysis was used to investigate the association between
miR-503 and PCDC4 in LSCC tissues. P<0.05 was considered
to indicate a statistically significance difference.

Results

miR-503 is upregulated in LSCC tissues and cell lines.
miR-503 expression was measured in LSCC and the adjacent
normal tissues by RT-qPCR. The results demonstrated that
miR-503 was significantly upregulated in the LSCC tissues
compared with the adjacent normal tissues (P<0.05; Fig. 1A).
The expression level of miR-503 in the LSCC cell lines was
significantly increased compared with the HaCaT cell line
(P<0.05; Fig. 1B). These results suggested that miR-503 serves
an important role in LSCC carcinogenesis and progression.

Association between miR-503 expression and LSCC clini-
copathological features. The association between miR-503
expression and the clinicopathological features of LSCC
patients was investigated. As illustrated in Table I, miR-503
expression level in LSCC demonstrated a significant asso-
ciation with thyroid cartilage invasion (P=0.023), lymph node
metastasis (P=0.019) and tumour, node and metastasis (TNM)
stage (P=0.040). However, no significant association was iden-
tified between the expression of miR-503 and other clinical
features including age (P=0.776), sex (P=0.560), primary
location (P=0.383) and pathological differentiation (P=0.771).

miR-503 regulates cellular proliferation and invasion of LSCC
in vitro. To evaluate the roles of miR-503 in LSCC, its expres-
sion was silenced in AMC-HN-8 cells. AMC-HN-8 cells were
transfected with a miR-503 inhibitor or a NC inhibitor. As illus-
trated in Fig. 2A, there was decreased expression of miR-503 in
the miR-503 inhibitor-transfected AMC-HN-8 cells (P<0.05).
The results of the CCK8 assay indicated that down-regulation
of miR-503 inhibited the proliferation of AMC-HN-8 cells at
72 h (P<005; Fig. 2B). In addition, significantly fewer invasive
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Figure 1. Analysis of the expression levels of miR-503 in LSCC tissues and
cell lines. (A) The relative expression levels of miR-503 in LSCC tissues and
adjacent normal tissues measured using the reverse transcription-quantitative
polymerase chain reaction. (B) miR-503 expression in HaCaT, AMC-HN-8
and Tu-177 cell lines. "P<0.05 vs. the respective control. LSCC, laryngeal
squamous cell carcinoma; miR, microRNA.

cells were observed in the AMC-HN-8 cells transfected with
the miR-503 inhibitor (P<005; Fig. 2C). Therefore, miR-503
acts as an oncogene in LSCC.

PDCD4 is a direct target of miR-503. The function of miRs
in human cancer is dependent on their target genes, so it is
important to identify the targets of miR-503. Bioinformatic
analysis was used to analyse the potential targets. As illus-
trated in Fig. 3A, a highly-conserved miR-503 targeting
sequence was predicted in the 3'UTR of PDCD4, which indi-
cates that PDCD4 is a potential target of miR-503. To confirm
this hypothesis, a luciferase reporter assay was performed in
HEK?293T cells transfected with pmirGLO-PDCD4-3'UTR
Wt or pmirGLO-PDCD4-3'UTR Mut, along with a miR-503
or NC inhibitor. The results indicated that a significant upreg-
ulation of luciferase activity was observed in the presence of
the miR-503 inhibitor in the HEK293T cells co-transfected
with the pmirGLO-PDCD4-3'UTR Wt (P<0.05), but not
with the pmirGLO-PDCD4-3'UTR Mut (Fig. 3B). RT-qPCR
and western blotting were then performed to detect PDCD4
expression in AMC-HN-8 cells transfected with miR-503
or NC inhibitor. As demonstrated in Fig. 3C and D,
down-regulation of miR-503 increased PDCD4 expression at
the mRNA (P<0.05) and protein level in AMC-HN-8 cells.
These results suggested that miR-503 negatively regulates
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Figure 2. Investigation of miR-503 inhibition in AMC-HN-8 cells.
(A) Relative expression of miR-503 in AMC-HN-8 cells transfected with a
miR-503 or NC inhibitor. (B) Absorbance at 450 nm of AMC-HN-8 cells
transfected with a miR-503 or NC inhibitor. (C) Cell invasive ability of
AMC-HN-8 cells transfected with a miR-503 or NC inhibitor was evalu-
ated using a Transwell invasion assay (magnification, x200). "P<0.05 vs. the
respective control. miR, microRNA; NC, negative control.

PDCD4 expression through directly binding to the 3'UTR of
PDCD4 gene.

PDCD4 overexpression exhibits similar effects to that of
miR-503 underexpression in LSCC cells. The above results indi-
cated that miR-503 negatively regulated PDCD4 expression and
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Figure 3. Investigation of the interaction between PDCD4 and miR-503. (A) The putative miR-503-binding sites in the 3'UTR of PDCD4 and the corre-
sponding mutant binding sites. (B) The relative luciferase activity of luciferase reporter vectors containing Wt or Mut PDCD4-3'UTR in HEK293T cells,
which were co-transfected with the miR-503 inhibitor or NC inhibitor. (C) The mRNA levels of PDCD4 in AMC-HN-8 cells transfected with miR-503
inhibitor or NC inhibitor. (D) The protein levels of PDCD4 determined by western blot analysis in AMC-HN-8 cells transfected with miR-503 inhibitor or
NC inhibitor. "P<0.05 vs. the respective control. miR, microRNA; NC, negative control; PDCD4, programmed cell death protein 4; UTR, untranslated region;

hsa, homo sapiens; Mut, mutant; Wt, wild type.

was involved in LSCC progression. Therefore, it was hypoth-
esised that the effects of the down-regulation of miR-503 on
AMC-HN-8 cells would be exhibited by PDCD4 re-expression.
To confirm this hypothesis, pcDNA3.1-PDCD4 was transfected
into AMC-HN-8 cells to increase PDCD4 protein expression
(Fig.4A). The CCK8 and transwell invasion assays demonstrated
that increasing expression of PDCD4 inhibited the proliferation
at 72 h (P<0.05; Fig. 4B) and invasion (P<0.05; Fig. 4C) of
AMC-HN-8 cells. These results further demonstrated that
PDCD4 is a direct functional target of miR-503 in LSCC.

PDCD4 is downregulated in LSCC tissues and is inversely
correlated with miR-503 expression. PDCD4 mRNA in
LSCC and adjacent normal tissues was detected using
RT-qPCR. The results demonstrated that PDCD4 mRNA in
LSCC tissues was significantly down-regulated compared
with the adjacent normal tissues (Fig. 5A; P<0.05).
Spearman's rank correlation coefficient analysis illustrated
that that the expression level of PDCD4 was inversely corre-
lated with miR-503 expression in LSCC tissues (r=-0.6021;
P<0.001; Fig. 5B). Therefore, low PDCD4 mRNA expression
in LSCC tissues was correlated with increased miR-503
expression.

Discussion

In the past two decades, a number of miRNAs were demon-
strated to serve important roles in cellular processes, including
proliferation, differentiation, metastasis, tumourigenesis and
morphogenesis (7,22). In the present study, miR-503 was
observed to be upregulated in LSCC tissues and cell lines.
miR-503 expression level in LSCC was correlated with
thyroid cartilage invasion, lymph node metastasis and TNM
stage. Transfection of LSCC cells with miR-503 inhibitor
was demonstrated to inhibit cell proliferation and invasion
by CCKS8 and transwell invasion assay. Notably, PDCD4 was
identified as a direct target gene of miR-503 in LSCC. These
results demonstrated the expression level and roles of miR-503
in LSCC progression and suggested that miR-503 may serve as
a prognostic and therapeutic target for LSCC.

A large number of studies have indicated that miR-503
was abnormally expressed in a number of types of human
cancer. For example, in hepatocellular carcinoma, miR-503
expression was reduced in the primary tumour tissues and
cell lines (23). In endometrioid endometrial cancer, the
expression level of miR-503 was decreased and correlated
with survival time of patients (24). In non-small cell lung
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Figure 4. PDCD4 overexpression inhibits cell proliferation and invasion in
laryngeal squamous cell carcinoma. (A) Western blot analysis was performed
to measure PDCD4 protein expression in AMC-HN-8 cells transfected with
pcDNA3.1-PDCD4 or pcDNA3.1. (B) Absorbance at 450 nm of AMC-HN-8
cells transfected with pcDNA3.1-PDCD4 or pcDNA3.1 (C) Transwell inva-
sion assay to evaluate the invasion ability of AMC-HN-8 cells transfected
with pcDNA3.1-PDCD4 or pcDNA3.1 (magnification, x200). “P<0.05 vs.
the respective control. miR, microRNA; PDCD4, programmed cell death
protein 4.

cancer (NSCLC), miR-503 expression was down-regulated
in tumour tissues and correlated with lymphatic invasion,
distant metastasis, TNM stage, and tumour grade. In addition,
Kaplan-Meier analysis revealed that patients with NSCLC
with decreased expression of miR-503 exhibited a poor
prognosis compared with patients with increased miR-503
expression. Additionally, multivariate analysis indicated
that miR-503 expression in NSCLC was an independent
prognostic factor for overall survival (25). miR-503 was also
demonstrated to be down-regulated in glioma (26,27), gastric
cancer (28), osteosarcoma (17) breast (18), prostate (19) and
cervical cancer (20). However, in oesophageal (29) and
colorectal cancer (30), expression levels of miR-503 were
increased in tumour tissues and associated with a poor

SHUANG et al: miR-503 IN LARYNGEAL SQUAMOUS CELL CARCINOMA

6
*
E v
2 LA A
a2 v
o 4 —_—
; MAETAS ¥
g v
v v
Y ¥ v
5 5 ¥ 2 ¥ : ¥V
z i VUvyYY' ovvv
= Y.
: v'
=2 v
wwYovv
0 : 2yt
Adjacent normal tissues LSCC tissues

379 r=-0.6021
P<0.001

Relative expression of PDCD4

15 20 25 30 35 40
Relative expression of miR-503

Figure 5. PDCD4 association with miR-503 expression in LSCC tissues.
(A) The relative expression of PDCD4 mRNA in LSCC tissues and adja-
cent normal tissues was measured using reverse transcription-quantitative
polymerase chain reaction. (B) The correlation between PDCD4 mRNA and
miR-503 expression level was analysed in LSCC tissues by Spearman's rank
correlation coefficient analysis. “P<0.05 vs. the respective control. LSCC,
laryngeal squamous cell carcinoma; miR, microRNA; PDCD4, programmed
cell death protein 4.

prognosis. These results suggested that the dysregulation of
miR-503 was a frequent event in numerous types of human
cancer and may be a prognostic marker.

miR-503 has been demonstrated to be involved in various
biological processes associated with tumourigenesis and
tumour development. Zhou et al (23) reported that, in hepato-
cellular carcinoma, miR-503 re-expression inhibited tumour
angiogenesis in vitro as well as in vivo via direct targeting of
fibroblast growth factor 2 and vascular endothelial growth
factor A. Xiao et al (31) revealed that miR-503 overex-
pression reduced cell growth through directly targeting
insulin-like growth factor 1 receptor (IGF-1R). Xu er al (24)
demonstrated that the restoration of expression of miR-503
targeted G1/S-specific cyclin-D1 to decrease cell viability,
colony formation efficiency, cell-cycle progression in vitro
and cell-derived xenograft viability in vivo. Yang et al (32)
demonstrated that enforced miR-503 expression inhibited
cell proliferation and metastasis of NSCLC in vitro and
in vivo via inhibition of phosphoinositol 3-kinase (PI3K),
PI3K regulatory subunit o and inhibitor of nuclear factor k-B
kinase subunit 3. Zhang et al (27) illustrated that abnormal
expression of miR-503 attenuated cell proliferation by
inducing GO/Gl1 cell cycle arrest and apoptosis, and decreased
cell migration, and invasion through negative regulation
of IGF-1R. In oesophageal carcinoma, down-regulation of
miR-503 suppressed the proliferation and invasion of tumour
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cells by negative regulation of interleukin-2 and interferon-y
expression (33). These results suggested that miR-503 has a
potential application in the treatment of a number of types of
human cancer.

Identification of the miR target genes is important for
understanding the role of miR in carcinogenesis. In the
present study, an important molecular link between miR-503
and PDCD4 was observed in LSCC. Bioinformatic analysis
predicted that PDCD4 is a potential target of miR-503. A lucif-
erase reporter assay demonstrated that the 3'UTR of PDCD4
could be directly targeted by miR-503. RT-qPCR and western
blot analysis indicated the regulatory effects of miR-503 on
PDCD4 expression in LSCC. PDCD4 overexpression exhibits
similar effects to that of miR-503 down-regulation in LSCC
cells. PDCD4 is down-regulated in LSCC tissues and is
inversely correlated with miR-503 expression level in LSCC
tissues.

PDCD4 inhibits protein translation through binding
to the translation eukaryotic initiation factor 4A-III, or via
translation elongation by direct or indirect binding to the
coding region of specific RNAs (34). Previous studies in
tumour biology have demonstrated that PDCD4 expression
was reduced in multiple types of human cancer, including
hepatocellular carcinoma (35), gastric (36) and breast
cancer (37). PDCD4 serves a pivotal role in the occurrence
and development of LSCC. Wang et al (38) reported that
PDCD4 expression was reduced in LSCC tissues compared
with the normal laryngeal mucosa tissues. In addition, low
PDCD4 expression was associated with different grading
and lymphatic metastasis of patients with LSCC. In addition,
PDCD4 expression was correlated with proliferation and
apoptosis of LSCC cells (39). Li er al (40) also demonstrated
that PDCD4 overexpression reduced the capacity of cellular
metastasis in LSCC. These results suggested that targeting
the miR-503/PDCD4 signaling pathway in LSCC may be
promising in improving the efficacy of treatment and the
clinical outcome.

In conclusion, the present study highlighted the regula-
tory mechanism by which miR-503-induced-loss of PDCD4
enhanced the proliferation and invasion of LSCC cells, and
indicated that miR-503 could be investigated as a therapeutic
target for the treatments of patients with this disease.
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