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Downregulation of miR-34a contributes to the proliferation and
migration of laryngeal carcinoma cells by targeting cyclin D1
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Abstract. Laryngeal carcinoma is one of the most common
head and neck cancers. MicroRNAs are a class of small
non-coding RNAs 18-25 nucleotides in length that post-
transcriptionally regulate gene expression and have a
pivotal role in many biological processes including cancer
development. In this study, we investigated the role of
miR-34a in laryngeal carcinoma and confirmed the regulation
of cyclin DI (CCNDI) by miR-34a. We examined miR-34a
expression levels in 71 laryngeal carcinoma patient specimens
by quantitative reverse transcription-PCR, and analyzed the
clinicopathological significance of the obtained data. Then,
functional assays were performed to investigate the potential
effects of miR-34a on cancer cell proliferation and migration.
In addition, western blotting, luciferase reporter assay and
several algorithms were conducted to confirm that CCNDI1
is directly regulated by miR-34a. We demonstrated that the
miR-34a expression level was significantly downregulated in
laryngeal carcinoma clinical specimens compared with that
observed in their paired adjacent normal tissues. Additionally,
miR-34a expression was also inversely correlated with lymph
node metastasis and clinical stage. Functional assays showed
that ectopic expression of miR-34a inhibited cell proliferation
and migration in laryngeal carcinoma cells. Bioinformatic
analysis identified CCNDI as a potential target of miR-34a.
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Moreover, we confirmed that miR-34a inhibited the expression
of CCNDI by directly binding to its 3'-untranslated region.
Silencing of CCNDI induced effects similar to those of
miR-34a ectopic expression, and in laryngeal carcinoma
tissues, miR-34a and CCNDI were inversely correlated. Our
data suggest that tumor suppressor miR-34a could serve as a
new potential diagnostic marker and that ectopic expression
of miR-34a may be used as a therapeutic target for laryngeal
carcinoma.

Introduction

Laryngeal carcinoma is one of the most commonly diagnosed
head and neck cancers worldwide. Owing to advances in
both diagnostic techniques and comprehensive treatment, the
therapeutic efficacy is good in early stage disease. However,
the survival rate of advanced stage laryngeal carcinoma
patients has not significantly improved over recent years (1).
Once recurrence or distant metastasis presents, conventional
therapy is almost ineffective. Therefore, research has focused
on the development of novel molecular mechanisms under-
lying laryngeal carcinoma progression and on the exploration
of effective schemes for diagnosis and therapy of this disease.

MicroRNAs (miRNAs) are endogenous non-coding small
RNAs, roughly 18-25 nucleotides in length that contribute
to the translation inhibition or degradation of their cognate
target genes through an imperfect sequence complemen-
tarity-dependent manner by which to pair the 3'-untranslated
region (3'-UTR) of a target mRNA (2). Studies have demon-
strated that each miRNA may regulate hundreds of target genes
and half of miRNAs are located in cancer-associated genomic
regions (3). In fact, miRNAs are involved in entire signaling
networks to regulate several cellular processes, including
proliferation, differentiation and apoptosis (4). Evidence has
shown that a number of miRNAs are involved in tumorigen-
esis and function either as oncogenes or tumor suppressors
during tumor progression (5,6). Therefore, aberrant expres-
sion profiles of miRNAs have considerable potential for the
diagnosis, classification, clinical prognostic information, and
therapy of cancer (7-9).

Previous studies of miRNA profiles have confirmed
miR-34a as a key regulator of tumor suppression, and miR-34a
is downregulated in many solid and hematological malignan-
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cies, including laryngeal carcinoma (10-12). miR-34a is an
important component of the p53 tumor suppressor network,
whose gene resides on chromosome 1p36.23, and is always
deregulated by gene deletion, CpG methylation or muta-
tion of p53 (13). Ectopic expression of miR-34a can induce
apoptosis, cell cycle arrest, senescence, differentiation, and
self-renewal, by regulating several target mRNAs, such as
c-Myc, E2F, CDK4, CDKG6, Bcl-2, SIRT1, ¢c-MET and CD44,
to inhibit cancer proliferation and metastasis in various types
of cancers (14-21). Our study showed that miR-34a was down-
regulated in laryngeal carcinoma tissues, and a bioinformatic
analysis predicted CCNDI as a potential target of miR-34a.

CCNDI is an established human oncogene that is frequently
overexpressed as a result of copy number variation, mutation,
or as a consequence of the deregulation of miRNAs (22).
The fundamental function of CCNDI is to promote tumor
progression through activation of the cyclin-dependent
kinases (CDKs) CDK4 and CDK6 and inactivation of the
retinoblastoma protein and release of E2F (23,24). Various
human cancers, including breast cancer, colon cancer, lung
cancer, melanoma, prostate cancer, hematopoietic malignan-
cies and laryngeal carcinoma, overexpress CCNDI (25). In
laryngeal carcinoma, overexpression of CCNDI is associated
with unfavorable clinicopathological features and represents
an independent significant predictor of patient prognosis (26).
miR-34a was found to induce cell cycle arrest through regula-
tion of CCNDI1 in non-small cell lung cancer (17,27). However,
the potential mechanisms by which CCND1 affects the malig-
nant phenotype of laryngeal carcinoma cells remain largely
unknown.

In this study, we investigated the role of miR-34a in the
development and progression of laryngeal carcinoma. We
examined the expression levels of miR-34a in laryngeal carci-
noma cells and clinical samples and tested its effects on cell
proliferation, apoptosis and migration. In addition, we identi-
fied that CCNDI1 was overexpressed in laryngeal carcinoma
and predicted that CCNDI1 was a target of miR-34a, by 3'-UTR
luciferase assays and western blot analysis. Furthermore, we
validated CCNDI as the main functional target of miR-34a
through knockdown and rescue expression of CCNDI in
laryngeal carcinoma. Our study demonstrated that miR-34a
acts as a tumor suppressor by the direct targeting of CCNDI1
in laryngeal carcinoma, suggesting that miR-34a is a potential
diagnostic biomarker and has therapeutic value for laryngeal
carcinoma therapy.

Materials and methods

Patient tissues. Seventy-one cases of human laryngeal
squamous cell carcinoma (LSCC) tissue specimens (tumor
tissues with corresponding normal adjacent tissues) were
obtained at the time of surgical resection from the Third
Affiliated Hospital of Sun Yat-sen University (Guangzhou,
Guangdong, China) between January 2011 and September
2014. Written informed consent was obtained from all patients
for the use of their specimens before surgery. The specimens
were conserved in RNAlater (Ambion, Austin, TX, USA)
immediately after surgical resection and transferred into
-80°C freezer until use. The histological characterization
and clinicopathological staging of the LSCC tissues were
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determined according to the current International Union
Against Cancer (UICC) pathological staging criteria. Use
of the human tissues was approved by the Clinical Research
Ethics Committee of the Third Affiliated Hospital of Sun
Yat-sen University.

Cell culture. The human laryngeal carcinoma cell line HEp-2
was obtained from the American Type Culture Collection
(ATCC, Manassas, VA, USA) and was freshly recovered from
liquid nitrogen (less than 3 months). HEp-2 cells were main-
tained in RPMI-1640 medium (Invitrogen, Beijing, China).
Media were supplemented with 10% fetal bovine serum (FBS;
Gibco, Cappinas, Brazil). All cells were cultured in a humidi-
fied incubator (Thermo Electron Corp., New Castle, DE, USA)
at 37°C with 5% CO,.

Bioinformatics. The potential target gene of miR-34a and its
conserved miRNA-binding site was analyzed by the algorithms
of TargetScan 5.1 (http://www.targetscan.org) and miRanda
(http://www.microrna.org). According to these algorithms, we
selected the CCDNI gene as a potential target of miR-34a for
further study.

Transient transfection of miRNA and siRNA. The miR-34a
mimics, miR-Ctrl (miRNA negative control with non-specific),
small interfering RNA duplexes targeting human CCNDI
(CCNDI1-siRNA, sense strand, 5-GGAGAACAAACAGAUC
AUCTTdTdT-3" and antisense strand, 5'-GAUGAUCUGUUU
GUUCUCCTCATAT-3") and scrambled control siRNA
(Ctrl-siRNA) (sense strand, 5'-UUCUCCGAACGUGUCAC
GUdTdT-3' and antisense strand, 5'-~ACGUGACACGUUCG
GAGAAdTdT-3") were purchased from RiboBio, Co., Ltd.
(Guangzhou, China). Cells were transfected at ~60-70%
confluence using Lipofectamine 2000 reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA) with miRNA mimics or
siRNA duplexes at working concentrations of 50 nM in
Opti-MEM (Invitrogen Life Technologies) according to the
protocol as previously described (w).

RNA extraction, reverse transcription and quantitative
real-time PCR (qPCR). The total RNA extraction, reverse
transcription and qPCR procedure were executed as previously
described (20). In brief, total RNA from the cultured cells and
surgical LSCC tissues were extracted by TRIzol® reagent
(Invitrogen Life Technologies). To quantitate the expression
level of miR-34a, reverse transcription was carried out by a
specific stem-loop real-time PCR miRNA kit (RiboBio, Co.,
Ltd.). After reverse transcription at 42°C for 60 min followed
by denaturation at 70°C for 10 min,qPCR was carried out using
the Platinum SYBR Green qPCR SuperMix-UDG system
(Invitrogen Life Technologies) on an ABI 7900HT Real-Time
PCR system (Applied Biosystems Life Technologies, Foster
City, CA, USA). Data were analyzed by ABI SDS version 2.3
(Applied Biosystems Life Technologies). All procedures were
performed according to the protocols of the manufacturer. Each
sample was analyzed in triplicate and normalized to internal
controls, 5S ribosomal RNA, and the fold changes were calcu-
lated according to the relative quantification method (RQ =
2-AACTy The results are expressed as fold-change in the expres-
sion levels in the cells or tissues.



392

The primers of miR-34a and 5S rRNA used for stem-loop
real-time PCR are listed as follows: miR-34a stem-loop RT,
5'-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACT
GGATACGAAGGGCAG-3"; miR-34a forward, 5'-GCGGC
CAATCAGCAAGTATACT-3"; miR-34a reverse, 5'-GTGCA
GGTCCGAGGT-3" 5S rRNA stem-loop RT, 5-GTCGTATC
CAGTGCAGGGTCCGAGGTATCGCACTGGATACGACC
AGGCG-3"; 5S rRNA forward, 5'-CTGGTTAGTACTTGG
ACGGGAGAC-3"; 5S rRNA reverse, 5-GTGCAGGGTCCG
AGGT-3'.

MTT assay. The cell growth and proliferation of the HEp-2
cells transfected with miRNAs or siRNAs were assessed by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay (Sigma-Aldrich, St. Louis, MO, USA). The
cells were plated in 96-well plates at 5x10° cells/well and
transfected with miRNAs or siRNAs. After incubation at the
appropriate time points, the culture medium was replaced by
100 pl of fresh DMEM. And 25 pl of MTT (5 g/l in phosphate-
buffered saline) was added to each well, to obtain a working
concentration of MTT, 1 g/1. Then, incubation was carried out
for an additional 4 h, the medium was replaced with dimethyl
sulfoxide (DMSO; Sigma-Aldrich), and the absorbance
was determined using a SpectraMax M5 microplate reader
(Molecular Devices, LLC, Sunnyvale, CA, USA) at 570 nm.
The cell viability was normalized to the cells without transfec-
tion of the miRNA or siRNA. Three independent experiments
(triplicate in each) were analyzed.

Apoptosis assays. To determine cell apoptosis in vitro, we used
the Annexin V-fluorescein isothiocyanate apoptosis detection
kit (KeyGen, Nanjing, China) according to the manufacturer's
instructions. Briefly, after a 48-h transfection, the cells were
collected by trypsinization and washed with PBS, and resus-
pended in binding buffer at a concentration of 1x10° cells/ml.
Next, the cells were incubated with 2 ul of propidium iodide
and 2 ul of Annexin V-fluorescein isothiocyanate for 15 min,
washed and resuspended in 500 1 PBS. Flow cytometric anal-
ysis was carried out by a FACSCalibur (Becton-Dickinson,
San Jose, CA, USA).

Transwell invasion assay. To evaluate cell migration in vitro,
Transwell chambers (8 ym; BD Biosciences, San Jose, CA,
USA) were used according to the manufacturer's instructions.
Briefly, the transfected cells were collected, re-suspended
(5x10* cells/well) in 200 ul serum-free medium, and added
to the top chamber. In the bottom chamber, culture medium
containing 10% FBS served as a chemoattractant. After
incubation for 24 h at 37°C, the cells that did not migration
through the pores were carefully removed by cotton swabs.
Then the invasive cells were fixed and stained with 0.5% crystal
violet (Sigma-Aldrich) for 30 min, counted with an inverted
microscope (Olympus IX71; Olympus Corp., Tokyo, Japan),
and the relative number of migratory cells was calculated from
five random fields from digital images (x200). The data are
expressed as the means + SD of three independent experiments.

Plasmid. The 3'-UTR sequences of human CCNDI containing
the putative miR-34a binding sites were obtained from healthy
and disease-free volunteer gDNA using PCR amplification
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and cloned into the pGL3 luciferase reporter plasmid
(Promega, Corp., Madison, WI, USA), which was termed as
wild-type 3'-UTR (wt 3'-UTR). The point mutations were
created by the Quick-Change Site-Directed Mutagenesis
kit (Stratagene, La Jolla, CA, USA), according to the
manufacturer's instructions. The resultant product served as
the mutated 3'-UTR (mut 3'-UTR). Both inserted fragment
sequences were confirmed by DNA sequencing.

To overexpress CCNDI, the cDNA of CCNDI containing
the putative miR-34a binding sites was cloned into the
pcDNA3.1 vector (Invitrogen Life Technologies), which was
termed as wild-type 3'-UTR-CCNDI1 (wt 3'-UTR-CCNDI).
The mut 3'-UTR-CCNDI was obtained as described above.
Cells were co-transfected with 50 nM of miRNA mimics and
500 ng of plasmid in a 6-well plate for the rescue experiment.

Luciferase assays. For the luciferase reporter assay, HEp-2
cells (6x10%) were seeded in triplicate in 24-well plates 24 h
before transfection. Vectors, as described above, and the control
vector pRL-TK (Promega, Corp.) coding for Renilla luciferase
(for normalization) were co-transfected with miRNA in trip-
licate by Lipofectamine 2000. The cells were harvested and
lysed 48 h after transfection, and the luciferase activity was
measured using the Dual-Glo luciferase assay kit (Promega,
Corp.). The firefly luciferase values were normalized to
Renilla, and the relative ratios of firefly to Renilla activity are
shown. Three independent experiments were carried out, and
the data are represented as the mean + SD.

Western blot analysis. According to standard western blot
analysis procedures, briefly, after culturing for 72 h, the
transfected cells were harvested on ice using RIPA lysis and
extraction buffer [25 mM Tris-HCI pH 7.6, 150 mM NaCl,
1% NP-40, 1% sodium deoxycholate, 0.1% SDS, protease
inhibitor cocktail (Pierce, Rockford, IL, USA)]. Then, 10 ug
protein of each sample was separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) on 10% poly-
acrylamide gels, and then transferred to polyvinlidene fluoride
membranes (PVDF; Millipore, Billerica, MA, USA). After
blocking for 1 h at room temperature and incubation overnight
at 4°C in Tris-buffered saline containing 0.05% Tween (TBST)
with 5% milk, the membranes were incubated with mouse
monoclonal antibody against human CCNDI (Cell Signaling
Technology, Danvers, MA, USA) or tubulin (Sigma-Aldrich)
as a protein loading control, followed by horseradish peroxi-
dase (HRP)-conjugated goat-anti-mouse IgG (Abcam), and
the bands were detected using the Supersignal West Pico
ECL chemiluminescence kit (Pierce) and Kodak X-ray film
(Eastman Kodak Co, Rochester, NY, USA).

Statistical analysis. SPSS 13.0 software was used for statis-
tical analysis. All experiments were performed independently
three times, and all samples were in triplicate. The data are
expressed as the mean + SEM unless otherwise mentioned;
two-tailed Student's t-test was used for statistical analysis
when only two groups were tested. A one-way analysis of
variance was used to compare multiple groups. Spearman's
correlation analysis was used to determine the correlation
between miR-34a and CCNDI expression. P-values of <0.05
were considered to indicate statistical significance.
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Table I. Relationship between miR-34a expression and clini-
copathological parameters of the laryngeal cancer cases.

Clinicopathological No.of Median expression
parameters cases of miR-34a P-value
Gender
Male 56 0.3432+0.0533  0.6160
Female 15 0.3487+0.0616
Age (years)
<60 33 0.3854+0.0631  0.5328
>60 38 0.3225+0.0535
Primary location
Supraglottic 29 0.3024+0.0567  0.2869
Glottic 42 0.3579+0.0566
Lymph node metastasis
Negative 43 0.5028+0.0551  0.0006
Positive 28 0.2202+0.0441
Differentiation
Well 45 0.3990+0.0562  0.0079
Moderate and low 26 0.2317+0.0430
T classification
T1+T2 44 0.4029+0.0576  0.0380
T3+T4 27 0.2641+0.0460
Clinical stage
I+11 39 0.5250+0.0578  0.0001
JIIEDAY 32 0.2202+0.0392

Results and Discussion

miR-34a is downregulated in human LSCC specimens and
is inversely associated with advanced stage and lymph node
metastasis in the patients. To investigate the expression of
miR-34a and its significance in LSCC, we first examined the
expression levels of miR-34a in 71 pairs of primary LSCC
and their corresponding normal adjacent tissues by stem-loop
RT-PCR. The correlation between the miR-34a expression
levels and the clinicopathological characteristics of the LSCC
patients, including gender, age, primary location, lymph node
status, T classification and clinical stage are summarized
in Table I. The data demonstrated no obvious correlations
between miR-34a expression and gender, age and primary
location. However, as shown in Fig. 1A, the comparative
analysis indicated that the median expression level of miR-34a
was lower in the LSCC tissues compared with the median
level in the paired normal adjacent tissues (median, 0.3432
and 0.9756, respectively; P<0.0001). In regards to lymph
node status, we separated 71 LSCC patients into two groups:
Ilymphatic node metastasis-positive or -negative. Notably,
miR-34a expression was significantly lower in the lymphatic
node metastasis-positive group than that in the negative group
(Table I and Fig. 1B; P=0.0006). Furthermore, the expression
of miR-34a was lower in the LSCC cases with advanced TNM
stage (stage IIT and IV), compared to that in early stage LSCC
patients (stage I and II; Table I and Fig. 1C). Collectively, these
data suggested that miR-34a was downregulated in LSCC and
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Figure 1. Expression levels of miR-34a in human LSCC specimens.
(A) Expression of miR-34a in 71 cases of LSCC and their paired normal
adjacent tissues; miR-34a expression was determined by qRT-PCR and nor-
malized to 5S rRNA. (B) The expression level of miR-34a is associated with
lymph node metastasis of LSCC (P=0.0006). (C) The expression levels of
miR-34a in LSCC patients with different clinical stages. Statistical analysis
was performed using the paired t-test (A) and the Student's t-test (B and C).
y-axis indicates relative miR-34a expression levels which were calculated
as the ratio of miR-34a to the internal control, 5S rRNA, according to the
relative quantification equation RQ = 242¢T, Data are expressed as the
mean + SD from three independent experiments. "P<0.05. NATSs, normal
adjacent tissues; LSCC, laryngeal squamous cell carcinomas.

a decreased expression of miR-34a could be attributed to the
progression and metastasis of LSCC.

miR-34a inhibits the proliferation, migration and induces
apoptosis in the HEp-2 cells. To explore the function of
miR-34a on LSCC cell proliferation, we transfected LSCC
HEp-2 cells with miR-34a mimics. The effectiveness of
miR-34a ectopic overexpression in the HEp-2 cells was tested
by quantitative real-time PCR. Compared with the negative
control (miR-Ctrl), the mimics significantly elevated the
expression of miR-34a (Fig. 2A). As shown in the MTT assay,
restoration of miR-34a inhibited the proliferation of HEp-2
cells, compared with the miR-Ctrl (Fig. 2B). Then, we observed
the morphologic images of the HEp-2 cells transfected with the
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of HEp-2 cells in response to miR-34a at 48 h, by FACS assay. (E) Analysis of the effect of miR-34a on the migration of HEp-2 cells by Transwell migration
assay. The data represent the mean values of three independent experiments. “P<0.05, with paired t-test.
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between miR-34a and CCNDI expression in the same set of LSCC tissues (Spearman's correlation analysis, r =-7604; P<0.0001). NATs, normal adjacent
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miR-34a mimics. The cells exhibited significantly reduced cell
numbers, compared with the miR-Ctrl-transfected cells (100
vs. ~40% confluence, respectively). These data were concor-
dant with the MTT assay. Meanwhile, the cells treated with
miR-34a displayed morphological changes characterized by
extension of the cytoplasmic portion and rounding of the cell
body, while the rest of the spindled cells showed conspicuous
shrinkage and extensive detachment (Fig. 2C).

It is well known that miR-34a is a key regulator of tumor
suppression, which can induce cancer cell apoptosis. In order
to explore the biological effect of miR-34a in HEp-2 cells,
flow cytometric analysis of Annexin V-FITC/PI staining
was used to detected apoptotics cells. As shown in Fig. 2D,
compared with miR-Ctrl, transfection with miR-34a mimics
obviously increased the number of apoptotic cells (1.95 vs.
23.39%; P<0.05). Therefore, ectopic expression of miR-34a
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may reduce cell growth of LSCC by inhibiting cell prolifera-
tion and inducing cell apoptosis. In addition, we investigated
the role of miR-34a in cell migration using Transwell assay.
As shown in Fig. 2E, ectopic expression of miR-34a obviously
reduced the cell migration, compared with the miR-Ctrl. Taken
together, miR-34a exhibited a tumor suppressor function, and
inhibited LSCC cell proliferation and migration.

miR-34a downregulates CCNDI expression by directly
targeting its 3'-UTR. To explore the molecular mechanism
underlying the ability of miR-34a to inhibit cancer cell
proliferation and migration, bioinformatic analysis was
used to identify the putative protein-coding gene targets of
miR-34a, especially for those oncogenes which involved in
proliferation, migration and potential therapeutic targets of
cancer. According to this principle, CCNDI was chosen as one
of the potential targets of miR-34a for further experimental
validation, which was strictly consistent among different
species and whose 3'-UTR of mRNA has one potential
complementary site for the seed region of miR-34a (Fig. 3A).
To test whether CCNDI is a direct target of miR-34a, the
target fragment sequence of CCNDI1 3'-UTR (wt 3'-UTR) and
the corresponding mutant counterpart sequence (mut 3'-UTR)
were cloned into a luciferase reporter vector (Fig. 3B). The
constructed reporter vectors as described were co-transfected
with miR-34a mimics or miR-Ctrl into the HEp-2 cells. As
expected, miR-34a reduced the luciferase activity of the
CCNDI wt 3'-UTR by ~50%, while the luciferase activity was
not obviously changed in the 3'-UTR with mutant binding site
construct. Meanwhile, miR-Ctrl did not attenuate the luciferase
activity of either the wt or mut 3'-UTR construct (Fig. 3C). In
addition, western blotting results showed that ectopic expres-
sion of miR-34a significantly reduced CCNDI expression to
~40% in the HEp-2 cells (Fig. 3D). These data indicated that
miR-34a suppressed CCNDI expression dependent on the
specific seed binding sites of the CCNDI 3'-UTR.

CCNDI is involved in the effects of miR-34a on prolif-
eration and migration. To evaluate the role of CCNDI in
LSCC, HEp-2 cells were transfected with CCNDI-specific
siRNAs (CCNDI1-siRNA) or negative control (siRNA-Ctrl).
After 48 h, proteins were collected and western blotting assay
showed that CCNDI1 protein in the cells transfected with
50 nM CCNDI-siRNA was significantly reduced (Fig. 4A).
The MTT assays demonstrated that the knockdown of CCND1
suppressed the proliferation of HEp-2 cells (Fig. 4B; P<0.05).
Furthermore, flow cytometric analysis indicated that the knock-
down of CCNDI induced the apoptosis of HEp-2 cells (Fig. 4C;
P<0.05). In addition, Transwell assays revealed that knockdown
of CCNDI inhibited the cell migration of HEp-2 cells (Fig. 4D;
P<0.05). Take together, the effects of the knockdown of CCND1
in HEp-2 cells had effects similar to those of miR-34a.

To determine whether or not CCNDI is the direct
functional regulator of the miR-34a effect in HEp-2 cells,
we co-transfected miR-34a mimics accompanied by
wt/mut 3'-UTR-CCNDI plasmid which contained wild-type
or mutant 3'-UTR-CCNDI cDNA into HEp-2 cells. MTT
results indicated that mut 3'-UTR-CCNDI slightly attenuated
the miR-34a-mediated effects in the HEp-2 cells, to regain the
proliferation, compared with the miR-Ctrl (Fig. 4E; P<0.05).
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These results suggest that CCNDI plays an important role in
the regulation of miR-34a in HEp-2 cells.

miR-34a and CCNDI are inversely correlated in LSCC
tissues. Finally, we examined whether miR-34a and downreg-
ulation-mediated CCNDI in clinical LSCC were correlation.
We measured the mRNA levels of CCNDI in 23 cases of
LSCC specimens and their corresponding normal adjacent
tissues by real-time PCR. These cases included 5 cases of
clinical stage I, 8 cases of stage II, 8 cases of stage III, and 2
cases of stage IV LSCC. The results indicated that the average
expression level of CCNDI1 was significantly higher in LSCC
specimens than that in the corresponding normal adjacent
tissues (Fig. 5A; P<0.05). We further correlated CCNDI with
the miR-34a expression levels in the same LSCC specimens.
As shown in Fig. 5B, a significant inverse correlation was
observed when CCNDI expression levels were plotted against
miR-34a expression levels (2-tailed Spearman's correlation,
r=-07604; P <0.0001).

Cancer is a group of diseases involving uncontrolled growth
of abnormal cells, which is caused not only by the change in a
series of important proteins but also by a global dysregulation
in the miRNA profile (9). miRNAs are conserved small
non-coding RNAs that participate in the regulation of a series
of fundamental biological processes, such as development,
proliferation, apoptosis, differentiation, survival and cell
death. In view of the pivotal function of miRNAs, their
alteration naturally promotes numerous cell physiological
and pathological processes, and are eventually involved in
the etiology of many human diseases, such as autoimmune,
cardiovascular disease, diabetes, and cancer. In this study, we
found that miR-34a was frequently downregulated in LSCC
tissues, and its expression level was inversely correlated with
lymph node metastasis and advanced clinical stage. Then,
restoration of miR-34a suppressed cancer cell proliferation,
migration and induced the apoptosis in HEp-2 cells in vitro.
Furthermore, we identified CCNDI, a putative therapeutic
target oncogene (25), as a direct and functional target of
miR-34a by binding to the specific 3'-UTR of CCNDI. Our
study indicated that miR-34a serves as a novel proliferation
and metastasis suppressor in LSCC.

As a tumor suppressor microRNA, miR-34a is one of
the most characterized miRNAs which has attracted much
attention in various cancers. Reduced expression of miR-34a,
triggers dysregulation of cell homeostasis, which could be
a selective advantage for cancer cells. Indeed, miR-34a is a
direct p53 target, and ectopic expression can recapitulate some
tumor suppressor biological functions of p53 such as apoptosis,
cell cycle arrest, inhibition of cancer stem cells viability and
metastasis formation (28). Shen et al showed that miR-34a was
downregulated in LSCC using real-time PCR analysis and its
levels were negatively correlated with histological differentia-
tion and were positively correlated with survival rate and might
be a potential biomarker of progression and prognosis for
LSCC. Ectopic expression of miR-34a significantly inhibited
cell proliferation by arresting cells at the GO/G1 phase through
targeting survivin in HEp-2 cells (10). However, the miR-34a
expression levels in clinical tissues and its definite mecha-
nism in LSCCare not completely understood. In the present
study, we demonstrated that miR-34a was downregulated in
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LSCC tissues and the reduced miR-34a expression level was
closely correlated to lymphatic node metastasis and advanced
TNM stage of LSCC, suggesting that a reduced expres-
sion level of miR-34a is associated with LSCC progression.
Taken together, these data suggest that miR-34a expression is
frequently downregulated in LSCC, and is responsible for the
formation and progression of LSCC. However, the exact func-
tion of miR-34a in LSCC is not completely elucidated.

Cell proliferation and migration are required for the
process of tumorigenesis and progression. miR-34a as an
important tumor suppressor miRNA participates in the regula-
tion of multiple steps of the process of cells (13). In the present
study, to determine the function of miR-34a in LSCC, we used
laryngeal carcinoma cell line HEp-2 as a model, and ectopic
expression of miR-34a significantly suppressed HEp-2 cell
proliferation and migration (Fig. 2). Our results indicate that
miR-34a is a potential therapeutic target for LSCC.

As an important oncogene, more than 100 proteins have
been identified to interact with CCNDI1 in human cancer (29).
These proteins are involved in cell cycle control, transcriptional
regulation, DNA repair, RNA metabolism, protein folding, cell
structure and cell organization. Therefore, the dyregulation of
CCNDI affects multiple cellular processes, which could have
oncogenic consequences. The overexpression of CCNDI1 has
been shown in 80% of head and neck squamous cell carci-
noma (30). A translocation that juxtaposes CCNDI1 with the
immunoglobulin heavy chain locus, CCNDI copy number
amplification, mutations in the 3'-UTR cause stabilization of
the CCNDI mRNA, and as a consequence causes oncogenic
activation of mitogenic signaling pathways leading to CCNDI1
overexpression (25). CCNDI overexpression is associated
with poor prognosis and increased metastasis. In this study,
we identified CCNDI as a target of miR-34a in LSCC, and
overexpression of CCNDI was inversely correlated with
miR-34a in LSCC clinical tissues. Meanwhile, we found that
knockdown of CCNDI caused inhibition of proliferation and
migration in HEp-2 cells, and restoration of CCNDI partially
abrogated the miR-34a-mediated effects in HEp-2 cells. These
results suggest that miR-34a serves as a tumor suppressor
miRNA by regulating CCNDI to suppress the proliferation
and metastasis of LSCC.

Taken together, our study demonstrated that miR-34a as
an important tumor suppressor miRNA is downregulated in
LSCC. Ectopic expression of miR-34a inhibited HEp-2 cell
proliferation and migration by directly targeting CCNDI.
These results suggest that the downregulation of miR-34a in
LSCC contributes to LSCC tumorigenesis and progression
and that miR-34a may be novel diagnostic biomarker and a
potential therapeutic target for LSCC.
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