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Abstract: Despite of the variety of combined modality treatments for laryngeal carcinoma have been introduced, the
distance recurrence rate and 5-year overall survival rate over the past decades are still the major issues, underlining
the importance to better understand the biological bases that contribute to disease progression. Here, we reported
that miR-423-3p overexpressed in primary laryngeal carcinoma cell line where it plays a critical role in tumor pro-
gression. Suppression of miR-423-3p expression resulted in decreasing cell proliferation, clonogenicity, cell migra-
tion and invasion. By using in silico prediction algorithms for target identification, AdipoR2 (adiponectin receptor
2) and DUSP4 (MAP kinase phosphatase 2) were identified to be potential targets of miR-423-3p. Overexpression
of miR-423-3p was associated with epigenetic silencing of AdipoR2 in human laryngeal carcinoma samples, which
have been previously implicated in suppression of tumor proliferation and angiogenesis. Luciferase reporter assays
and western blot further confirmed the direct interaction of miR-423-3p with AdipoR2. Our findings have demon-
strated that miR-423-3p plays an important oncogenic role in laryngeal carcinoma progression, and further suggest

that suppression of miR-423-3p expression might be useful for its clinical management.
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Introduction

Head and neck squamous cell carcinoma is the
sixth most common malignant tumour world-
wide [1]. Among of which, squamous cell carci-
noma of larynx contributes to the second most
common type [2]. Smoking and alcohol con-
sumption are the major risk factors and the
more commonly affected group is males and
aged over 40 years [3]. Because larynx has
many essential functions for speech, swallow-
ing and airway protection, the challenge of the
treatment is to provide best possible oncologic
control, while optimizing functional outcomes.
In recent decades, the treatment paradigm for
laryngeal cancer, particular for the advanced
disease has shifted from primary surgery,
toward non-surgical organ-preserving treat-
ment using radiotherapy or chemoradiotherapy
[3]. However, despite of the variety of combined
modality approaches that have been intro-
duced, the increased local recurrence rate and
a worried decreased 5-year overall survival (OS)

rates from 48% to 54% have been observed
over the past decades [4-6], underlining the
importance to better understand the mecha-
nisms that contribute to disease progression
and developing novel therapeutic strategies.

MicroRNAs (miRNAs) are a subclass of endoge-
nous non-coding RNAs, which play an essential
role in the negatively regulation of gene expres-
sion [7]. miRNAs have a pivotal role to regulate
a number of biological processes, including
development, differentiation, apoptosis and
cancer [8]. Recent studies indicate miRNAs can
function either as oncogenes or tumor suppres-
sors and have unique ability to regulate many
protein-coding genes [9]. Approximately one
third of the human genome is regulated by miR-
NAs, tumor cells exhibit abnormal miRNA
expression profiles compared with their normal
counterparts [10], suggesting possible role for
miRNAs in tumor formation and disease pro-
gression. miRNAs in human cancer have been
thoroughly investigated. Extensive evidence
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suggests that some miRNAs may act as selec-
tive tools for high-risk patients or miRNAs them-
selves can be considered as therapeutic tar-
gets [8]. However, the biological significance of
MiRNAs remains largely unknown. Herein, we
reported that overexpression of miR-423-3p in
human laryngeal cancer cells and identified
AdipoR2 and DUSP4 could be potential targets,
which may play important roles in laryngeal car-
cinoma biology. Furthermore, silencing of miR-
423-3p led to significant reduction of cell toxic-
ity, suppressed tumor cell migration and
invasion in vitro, which in turn, increased
AdipoR2 expression, repressed the anti-tumor
effects of Adiponectin on the growth of laryn-
geal cancer, highlighting the biological impor-
tance of miR-423-3p in laryngeal cancer
progression.

Materials and methods
Cells lines and reagents

Hep-2, the human laryngeal cancer cell line
was purchased from the China Center for Type
Culture Collection and maintained at 37°C, 5%
CO, in RPMI 1640 complete medium (Gibco,
USA) with 10% fetal bovine serum (FBS, Gibco,
USA). The normal human hypopharyngeal cells
(NHPs) were purchased commercially and cul-
tured in the recommended medium (Celprogen.
Inc.). All cells were maintained in a 37°C incu-
bator with humidified 5% CO,. Paired biopsy
samples were obtained from five patients with
locally advanced laryngeal carcinoma and adja-
cent normal. Half samples were snap-frozen
and stored at -80°C; another half were immedi-
ately fixed in 10% buffered-formalin for paraffin
embedded. This study was approval from the
Second Hospital of Jilin University.

Cell transfections

LipofectAMINE 2000 (Invitrogen) was used to
transfect the tumor cells with either scramble
(SC) negative control #1 or antimiR-423-3p (life
technologies) at a final concentration of 40
nmol/L by using the reverse transfection proto-
col, according to the manufacturer’s instruc-
tions.

Quantification of miRNAs and mRNAs expres-
sion

Total RNA was extracted from either cell lines,
or primary tumor tissues using RecoverAll Total
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Nucleic Acid Isolation kit (Ambion). miRNA
expression was detected using Tagman
MicroRNA Assay (Applied Biosystems). Briefly,
the RNA was reverse-transcribed with a
MultiScribe reverse transcriptase by using a
stem-loop RT primer specifically hybridizes with
a miRNA molecule, the RT products were then
subsequently amplified with sequence-specific
primers using the Applied Biosystems 7900 HT
Real-Time PCR system. RNU48 was used as an
endogenous control. For mRNAs expressions,
the reverse transcription was performed using
SuperScript 1ll Reverse Transcriptase (Invi-
trogen Corp.) according to the manufacturer’s
recommendations. gRT-PCR analyses were
performed using SYBR Green Master Mix
(Applied Biosystems) and the ABI PRISM 7900
Sequence Detection System (Applied Bio-
systems Inc., Foster City, CA, USA). The relative
fold change in mMRNA expression was calculat-
ed using the 224t method, where the average
of ACt values for the amplicon of interest was
normalized to that of an endogenous gene
(GAPDH), compared with control specimens.

Cell viability and clonogenic assays

The cell proliferation and cytotoxicity of intro-
ducing antagomiR, antimiR-423-3p to Hep-2
cells were assessed by using a 3-[4,5-dimethyl-
thiazol-2-yl]-2,5-diphenyltetrazolium  bromide
(MTT) staining kit (Sigma, USA) [11]. Cells were
reverse transfected with either SC control #1,
antimiR-423-3p or Lipofectamine 2000 and
seeded onto 96-well plates (5 x 103 cells/per
well). Cell viability was measured at 24, 48 and
72 hours post-transfection as described previ-
ously [guan 2013].

For colony formation assays, transfected Hep-2
cells were seeded into 12-well plates. 48 hours
later, cells were harvested, and 500 cells per
milliliter were reseeded into 6-well plates in
triplicate. After 11 days’ incubation, the plates
were fixed and stained, and the number of colo-
nies was then counted. The fraction of surviv-
ing cells was calculated by comparing with cells
treated with SC.

Cell migration and invasion assays

BD BioCoat Matrigel Invasion Chambers and
Control Inserts (BD Biosciences) were used to
assess cell migration and invasion. The cells
were transfected with either antimiR-423-3p or
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Figure 1. miR-423-3p expression in Hep-2 cell line. A. miR-423-3p expression was detected by real-time RT-PCR. The
results showed that expression level of miR-423-3p significantly increased in Hep-2 cell line, compared with normal
hypopharyngeal cells (NHPs). B. Depletion of miR-423-3p by utilizing antimiR-423-3p caused significant reduction
of miR-423-3p expression in Hep-2 cell line at 48 and 72 hours post-transfection. *P < 0.05; **P < 0.01.
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Figure 2. Suppression of miR-423-3p by transfection of antimiR-423-3p re-
duced cell viability and decreased clonogenic survival. A. Hep-2 cells were
transfected with scramble control (SC) antimiR-423-3p (40 nM). Cell viability
was measured by the MTT assay 24-72 hours post-transfection. B. Clonogen-
ic survival of Hep-2 cells was assessed 11 days after re-seeding cells treated

with SC or antimiR-423-3p (40 nM). *P < 0.05.

SC (40 nM), then seeded on either control
inserts (polyethylene terephthalate membrane)
or trans-well chambers with Matrigel. Two ml
RPMI supplemented with 15% FBS was added
to the lower chamber, served as the chemo-
attractant. 0.5 x 10* transfected cells were re-
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suspended in RPMI plus 1%
FBS, added to the upper
chamber (0.5 mls). Twenty
hours later, migrating or invad-
ing cells attached to the lower
surface of the membrane
insert were fixed and stained,
then counted under a micro-
scope. Relative migration was
calculated by comparison with
cells transfected with the neg-
ative control. The percentage
* invasion was calculated based
on the number of cells which
have invaded through the
Matrigel insert, divided by the
number of cells which have
migrated through the control

insert.
& SR
éw”m Immunohistochemistry and
& Western blotting

Immunohistochemistry  was
performed using a rabbit anti-
AdipoR2 antibody (HPAOA4-
3737; 1:10 dilution; Sigma-
Aldrich) and evaluated using
the Level-2 Ultra Streptavidin
System (Signet Laboratories)
with microwave antigen retrieval. For western
blot, the cells were transfected with either SC
or antimiR-423-3p. 72 hours post-transfection,
the cells were collected and lysed. As described
previously [12], protein extracts were prepared
and quantified using the BCA method. With 20
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pg of protein per well, 15% SDS-PAGE was per-
formed, and samples were then transferred
onto Hybond-C membranes (Amersham, USA).
Membranes were blocked in 5% milk in Tris-
buffered saline with 0.1% Tween-20 (TBST).
Blots were incubated with anti-AdipoR2 anti-
body (1:250) for overnight followed by incuba-
tion with the second antibodies (Abcam, USA)
labeled with horseradish peroxidase for 2
hours. Signals were visualized using the ECL
Western blotting substrate kit (Pierce, USA).

Luciferase reporter assay

The 3’ UTR region of AdipoR2 containing the
predicted miR-423-3p binding site was ampli-
fied using AmpliTag gold DNA polymerase
(Applied Biosystems). The PCR product was
purified, digested with Spel and Hindlll, then
cloned downstream of the fireflyluciferase gene
in the pMIR-REPORT vector (Ambion, Inc.). A
mutant sequence was also cloned as a valida-
tion plasmid. Either pMirluciferase or pMir-lucif-
erase-gene specific vectors were cotransfected
with antimiR-423-3p or SC in Hep-2 cells. pRL-
SV vector (Promega) containing Renilla lucifer-
ase was also transfected with each condition
as a reference control. At 48 hours post-trans-
fection, luciferase activity of Firefly and Renilla
luciferase activities were then measured using
the Dual-Luciferase Reporter Assay (Promega).
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Statistical analysis

All data was expressed as the mean = SD; a
P-value of less than 0.05 was considered to be
statistically significant. Statistical Analysis and
graphs were completed using Microsoft excel
and Graphpad Prism Software (Graphpad
Software, Inc.).

Results

miR-423-3p was over expressed in Hep-2 cell
line

The expression of miR-423-3p was assessed in
human laryngeal carcinoma Hep-2 cells. By
comparing with normal NHPs, miR-423-3p sig-
nificantly up-regulated in Hep-2 cells (Figure
1A). Two fold increasing of miR-423-3p expres-
sion were observed, consistent with a previ-
ously study [10]. Introduction of anti-miR inhibi-
tor, antimiR-423-3p caused significant re-
duction of miR-423-3p expression (Figure 1B).

Depletion of miR-423-3p caused significantly
reduction of cell viability and decreasing of
clonogenicity

The biological significance of depletion of miR-
423-3p was analyzed. Hep-2 cells were trans-
fected with 40 nmol/L scramble controls (SC)

Int J Clin Exp Pathol 2014;7(9):5683-5691
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Figure 4. miR-423-3p potential targets identification. A. Identification of two down-regulated genes as potential
targets of miR-423-3p. B. qRT-PCR assessment of AdipoR2 and DUSP4 expression in Hep-2 cell lines. *p < 0.05. C.
Immunohistochemistry staining showed lower cytoplasmic immunostaining for AdipoR2 in a human formalin -fixed
paraffin-embedded laryngeal carcinoma (T), comparing with surrounding normal (N). D. AdipoR2 and DUSP4 expres-
sion in 5 paired fresh frozen laryngeal carcinomas (tumor) vs. adjacent normal (AN).

or antimiR-423-3p. Transfection with antimiR-
423-3p into Hep-2 cells led to significantly
decreased cell viability compared to controls
starting from 24 hours post-transfection, con-
tinuously declined at 48 (60%) hours and 72
(58%) hours post-transfection (Figure 2A).
Depletion of miR-423-3p also resulted in sig-
nificant reduction in clonogenicity in Hep-2
cells, colonies formation ratio was 62% com-
pared to 100% of SC (Figure 2B).

miR-423-3p over-expression enhanced cell
migration and invasion

To determine whether miR-423-3p involve in
regulating cell migration and invasion, in vitro
trans-well migration and invasive assays were
performed. Compared with their corresponding
negative controls, transfection with antimiR-
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423-3p significantly reduced migrate abilities
of Hep-2 cells by 40% and resulted in reduction
of invasion of Hep-2 cells by 30%, as shown in
Figure 3A and 3B.

Identification of miR-423-3p directly mRNA
targets

The mechanism of miR-423-3p upregulation in
laryngeal carcinoma remains unclear. Here, we
used 6 miRNA target-prediction softwares--mi-
Randa, miRDB, miRWalk, PICTAR5, RNA22 and
TargetScan to predict potential miR-423-3p tar-
gets. 253 mRNAs have interactions with miR-
423-3p and were identified as potential tar-
gets. Based on their various biological effects
on cellular processes, two potential tumor sup-
pressor MRNAs were selected to further study,
AdipoR2, adiponectin receptor 2 and DUSP4
(MKP-2), as shown in Figure 4A.

Int J Clin Exp Pathol 2014;7(9):5683-5691
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Figure 5. miR-423-3p target validations. A. lllustration of the construction
of pmiR-report-AdipoR2 UTR and -DUSP4 UTR vectors. B. Relative luciferase
activity after co-transfection with either pmiR-AdipoR2 UTR/pmiR-pmiR-Ad-
ipoR2 Mutant vectors or pmiR-DUSP4 UTR/pmiR-DUSP4 UTR Mutant vec-
tors (100 ng for each vectors); scramble and antimiR-423-3p (40 nM), 48
hours post-transfection. Both experiments were performed on Hep-2 cells.
C. Western blotting of AdipoR2 in Hep-2 cells was determined 72 hours post-

transfection.

gRT-PCR analyses used to assess the basal
expression of AdipoR2 and DUSP4 in Hep-2
cells (Figure 4B). Both AdipoR2 and DUSP4
were significant down-regulated in the cancer
cells, compared with normal control (NC).
Immunohistochemistry staining showed weak
cytoplasmic staining in tumor cells than the
surrounding normal cells on 4 out of 5 samples,
a representative sample has been shown in
Figure 4C. Moreover, AdipoR2 and DUSP4
expression were analyzed in paired laryngeal
carcinomas and adjacent normal samples. As
showed in Figure 4D, AdipoR2 was significantly
down regulated in cancers than in normal, with
higher Ct value (P = 0.008). However, DUSP4
showed a border line expression changes
between cancer and normal (P = 0.06).
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Next, to determine whether
miR-423-3p regulates Adipo-
R2 and DUSP4 by binding to
its 3 UTR, we constructed
several reporter vectors carry-

B

DUSP4 ing the predicted binding
site(s) downstream of a firefly
AGCUCGGUC luciferase gene in the pMIR-

Report vector as previously
described [13]. For the lucifer-
ase assay, Hep-2 cells were
co-transfected with antimiR-
423-3p (or a scramble control)
and pmiR-AdipoR2-3" UTR (or
a mutated pmiR-AdipoR2-3’
UTR). The luciferase reporter
that contained the AdipoR2 3’
UTR was significantly incr-
eased by antimiR-423-3p,
whereas the mutated reporter
was not affected (Figure 5A
and 5B). However, we did not
observe significant luciferase
reporter changes by using
pmiR-DUSP4-3° UTR (or a
mutated pmiR-DUSP4-3’ UTR)
(Figure 5B). Finally, we further
confirmed that the directly
interaction between miR-423-
3p and AdipoR2 by Western
blotting. Overexpression of
miR-423-3p (scramble control
transfection) led to reduction
in AdipoR2 expression at the
protein level, while depletion
of miR-423-3p (antimiR-423-
3p transfection) resulted in
significant increasing AdipoR2 expression
(Figure 5C).

Discussion

Extensive studies indicate that miRNAs play
important roles in tumor initialization and pro-
gression, particular through the regulation of
their respective target genes, leading to overex-
pression of tumor-promoting genes, or down-
regulation of tumor-suppressing genes, thereby
driving tumor progression [9, 13, 14]. Herein,
we report for the first time that miR-423-3p was
significantly up-regulated in Hep-2 laryngeal
cancer cells, which promoted tumour cell prolif-
eration, migration and invasion. Furthermore,
AdipoR2 (adiponectin receptor 2) was identified

Int J Clin Exp Pathol 2014;7(9):5683-5691
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asadirecttarget of miR-423-3p. Overexpression
of miR-423-3p was associated with epigenetic
silencing of AdipoR2 in Hep-2 cells and human
laryngeal carcinoma samples, which in turn led
to relieve the suppressive effects of Adiponectin
on the growth of laryngeal cancer cells.

miR-423 is localized on chromosome 17q11, a
commonly amplified region in breast cancer.
Several genes (e.g. TNFAIP1/POLDIP2) in this
region strongly correlate with expression of
ERBB2 recurrent amplification [15]. miR-423
stays within the first intron of gene NSRP1
(nuclear speckle splicing regulatory protein 1),
which is associated with renal cell carcinoma
[16]. Pre-mature423 contains two mature tran-
scripts, miR-423-3p and miR-423-5p [17]. miR-
423-3p was first described as a mature miRNA
in 2004 in untreated HL-60 leukaemia cells fol-
lowing a induced differentiation experiments
[18]. Alterations of miR-423 have been report-
ed in multiple cancer types, including hepato-
cellular carcinoma, head and neck cancer, gas-
tric cancer, colorectal cancer and breast cancer
[10, 19-22]. However, the exact mechanistic
roles of miR-423 in carcinogenesis remain
unknown. miR-423 has been reported up-regu-
lation in hepatocellular carcinoma, but only
miR-423-3p contributes to the promotion of
cell growth and cell cycle progression [19], par-
ticular at the G(1)/S transition in hepatocellular
carcinoma cells [23]. p21Cip1/Wafl has been
identified as a downstream target of miR-423.
Therefore, over-expression of miR-423 pro-
motes hepatic carcinogenesis through the sup-
pression of tumor suppressor p21Cipl/Wafl
expression [23].

Studies have indicated that single nucleotide
polymorphisms (SNPs) in miRNAs might pro-
mote carcinogenesis by affecting miRNA func-
tion and are associated with the development
of multiple diseases, including cancer [24, 25].
The rs6505162 SNP, an A > C polymorphism
located in the pre-miRNA region of miR-423,
was found to be associated with a significant
overall risk of breast cancer [25]. Compared
with the homozygous wild-type genotype, the
rs6505162 SNP variants were significantly
associated with both overall survival and recur-
rence-free survival in colorectal cancer [22].
SNP variants in miR-423 further increased the
risk for developing OSCC together with environ-
mental smoke [26]. Hence, it is certainly possi-
ble that several different mechanisms can
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account for elevated miR-423 expression in
cancer. In our study miR-423-3p appears to
play an oncogenic role in laryngeal cancer.
Silencing of miR-423-3p significant reduced
tumour cell proliferation (Figure 2A), clonoge-
nicity (Figure 2B), cell migration and invasion
(Figure 3A and 3B), consistent with other
reports in human malignancies [23, 27]. The
novel finding in our study is that AdipoR2 was
identified as a target for miR-423-3p (Figures
4B, 5B, 5C). Adiponectin is an adipocyte-
derived cytokine that plays an important role
not only in lipid and glucose metabolism but
also in the progression of cancer. It has been
shown that adiponectin may have anti-cancer-
ous effects by suppressing tumor proliferation
and promoting apoptosis [28]. Recent studies
demonstrated the antiangiogenic and tumor
growth inhibiting properties of adiponectin
[29].

Adiponectin binds to two major receptors,
AdipoR1 and AdipoR2. Ensuing intracellular sig-
nalling pathways link adiponectin with carcino-
genesis, with the effect of stimulating AMP-
activated protein kinase (AMPK), nuclear
factor-kB (NF-«kB), peroxisome proliferators-
activated receptor (PPAR)-a and mammalian
target of rapamycin (mTOR) [30]. Accumulating
evidence indicates that adiponectin measure-
ments may serve as a useful prognostic screen-
ing tool for early detection of obesity related
cancers. The expression of adiponectin recep-
tors in tumor tissues has also been elucidated.
AdipoR1 and AdipoR2 were downregulated in
human gastric cancer, endometrial adenocarci-
noma [29, 31]. Knockdown of AdipoR1 and
AdipoR2 relieved the suppressive effects of
adiponectin on the growth of colon cancer cells
[32]. Furthermore, expression of AdipoR2 was
inversely associated with T category in oesoph-
ageal cancer [33]. Here, we demonstrate
decreased transcriptional and protein expres-
sion of AdipoR2 in laryngeal cancer cells as well
as in archival human laryngeal cancer tissues
(Figure 4B-D), providing a translational corrob-
oration between miR-423-3p and AdipoR2.
Moreover, we observed an inverse relationship
between miR-423-3p and AdipoR2 activation,
whereby suppression of miR-423-3p led to an
increase in AdipoR2 luciferase activity and pro-
tein expression (Figure 5B and 5C). These find-
ings illustrate the ability of the miR-423-3p to
interact with AdipoR2 directly.

Int J Clin Exp Pathol 2014;7(9):5683-5691
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In summary, we have shown that miR-423-3p
plays a novel oncogenic role in laryngeal cancer
through regulation of at least one of the adipo-
nectin receptors, AdipoR2, whereby higher
miR-423-3p suppresses AdipoR2, in turn reliev-
ing the suppressive effects of adiponectin on
the tumor growth, leading to increased laryn-
geal cell proliferation, invasion and migration.
These findings suggest an alternate mecha-
nism for AdipoR2, in laryngeal cancer develop-
ment and progression.
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