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MicroRNAs (miRNAs) are known to play a regulatory role in various can-
cers including laryngocarcinoma. MiR-29a-3p is a potential tumor-suppres-
sive. miRNA, but its function in laryngocarcinoma is unknown. The
purpose of this study was to investigate the roles of miR-29a-3p in laryngo-
carcinoma. Promininl (PROMI) was predicted as a target gene of miR-
29a-3p and this was verified using a luciferase reporter assay. Transfection
of miR-29a-3p into two laryngocarcinoma cell lines indicated that miR-
29a-3p could decrease cell proliferation and enhance the chemotherapy
response by targeting PROM1. PROMI expression was up-regulated in the
laryngocarcinoma cells when miR-29a-3p was down-regulated. We found
miR-29a-3p expression levels were lower in laryngocarcinoma tissues than
in control tissues. We also found that miR-29a-3p expression was nega-
tively correlated with PROMI1 expression in laryngocarcinoma tissues. The
study demonstrates that miR-29a-3p suppresses cell proliferation in laryn-
gocarcinoma by targeting PROMI.

Laryngocarcinoma is a common type of cancer and
has a high incidence and mortality. The mortality of
laryngocarcinoma is decreasing in countries with
advanced healthcare systems, but the incidence is still
high in developing countries [1,2]. Therefore, it is very
important to elucidate the molecular pathogenesis
mechanism of laryngocarcinoma progression in order
to find new treatment strategies.

MicroRNAs (miRNAs) belong to a class of noncod-
ing mRNA, around 22 nucleotides in length. There is
accumulating evidence that miRNAs play an important
role in gene expression regulation by specifically binding
and cleaving mRNAs or inhibiting their translation
[2,3]. Deepening the knowledge of laryngocarcinoma
genomes will help to find new targets of therapy and
understand the molecular pathology of the disease. In
human laryngocarcinoma, a number of miRNAs have
been reported to be aberrantly expressed during its pro-
gression, including miR-210, miR-205, miR-301a-3p,
miR-34c-5p, miRNA-221, miR-21, miR-519a etc.

Abbreviations

[4-10]. MiR-29a-3p is reported as a tumor-suppressing
miRNA in breast and gastric cancers [11,12], but its role
in laryngocarcinoma is not clear.

In the present study, we hypothesize that miR-29a-
3p acts as a tumor suppressor in laryngocarcinoma.
We examine miR-29a-3p expression in laryngocarci-
noma tissues and cell lines and test its effects on cell
growth, colony formation, and drug response in vitro.
We also explore the mechanism of regulation on miR-
29a-3p in laryngocarcinoma cells.

Materials and methods

Laryngocarcinoma tissues

Informed consent was obtained from each patient, and the
research protocols were approved by the Ethics Committee
of Henan University of Science and Technology. Laryngo-
carcinoma tissues and their normal controls were obtained
from The First Affiliated Hospital (Luoyang, China). Both

miRNAs, MicroRNAs; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide; PROM1, prominin1; PVDF, polyvinylidene difluoride.
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tumor and normal tissues were histologically confirmed by
H&E (hematoxylin and eosin) staining.

Cell culture

Laryngocarcinoma cell lines including TU212, M4E, M2E,
and Hep-2 were maintained in Eagle’s Minimum Essential
Medium (Invitrogen, Carlsbad, CA, USA), supplemented with
10% FBS (HyClone, Logan, UT, USA) and 1% penicillin/
streptomycin (Invitrogen). Normal nasopharyngeal epithelial
cell line NP69 was primarily from ATCC and was maintained
in the RPM11640 medium containing 10% FBS and 1% peni-
cillin/streptomyecin (Invitrogen) at 37 °C, 5% CO,.

Luciferase assay

For measuring the effect of miR-29a-3p on the 3’-UTR of
Promininl (PROM1), we generated a luciferase expression
construct containing part of PROMI1 3-UTR. We ampli-
fied the wild-type fragment PROM1 mRNA that contained
potential miR-29a-3p-binding sites at position 534-540,
using the following primers: 5-CTGAGTTTCTATTTA
GACACTACAACA-3 (forward) and 5-ACAATTTGA
CATGTGGCATTAACG-3' (reverse). The PCR fragment
was inserted into the pGL4 Basic Vector (Promega, Madi-
son, WI, USA) using the Kpnl/Xhol endonuclease restric-
tion sites. Mutation of the PROMI 3-UTR (Mut) was
performed using a mutation kit (Stratagene, La Jolla, CA,
USA). For luciferase activity assays, cells were cotrans-
fected with 100 ng of wild-type or Mut RROM1 3-UTR
and 100 nMm miR-29a-3p or control mimics using Lipofec-
tamine 2000. Luciferase activity was assayed using lucifer-
ase assay kit from Promega referring to the manufacturer’s
protocol after 48 h transfection, luciferase activity was
measured and normalized to Renilla luciferase activity.

Real-time RT-PCR

Total RNA from the cells with miRNA mimics, inhibitors or
PROMI transfection was extracted using Trizol reagent (Invit-
rogen) following the manufacturer’s instructions. After that,
2 ng of RNA was taken and treated with DNase to remove
contaminating DNA prior to the reverse transcription to
cDNA using SYBR® PCR Kit (Takara, Japan). To measure
expression, real-time RT-PCR was performed using a sequence
detector (ABI-Prism, Applied Biosystems, Foster City, CA,
USA). The relative expression levels were calculated using Ct
method and all data were normalized to the internal controls.

MTT assay

The proliferation of laryngocarcinoma cells was examined
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bro-
mide (MTT) assay. Simply, 2 x 10° cells were seeded to a
96-well plate. At different time points, 10 pnL MTT solution

J. Su et al.

(5 mg~mL71, Sigma-Aldrich, St. Louis, MO, USA) was
added to each well and the cells were cultured for 4 h. After
the incubation, the supernatant was discarded and 150 pL
dimethyl sulfoxide was added to each well until crystal dis-
solved completely. The absorbance was measured using an
ELISA reader.

Apoptosis assay

Apoptosis analysis was performed using an Annexin
V-FITC Apoptosis Detection Kit II (BD Bioscience; San
Jose, CA, USA) according to the manufacturer’s instruc-
tions. Cells were analyzed by flow cytometry using a
FACSCalibur flow cytometer (BD Bioscience). The data
were analyzed using winmDI software (The Scripps
Research Institute, La Jolla, CA, USA).

Western blot analysis

Protein from the cells was collected, qualified and then sep-
arated by SDS/PAGE, and transferred to polyvinylidene
difluoride (PVDF) membranes (Millipore, Bedford, MA,
USA). The membranes were blocked in 5% nonfat dry
milk, the membranes were incubated with primary antibod-
ies overnight at 4 °C, and then incubated with secondary
antibodies conjugated with horseradish peroxidase in TBS
for 2 h at room temperature. Finally, protein bands were
visualized using ECL system on X-ray films.

Statistical analysis

All analyses were performed using the spss 16.0 statistical
software package (spss, Chicago, IL, USA) or Excel. Every
experiment was completed independently at least three
times. A P value < 0.05 was considered significant.

Results

MiR-29a-3p down-regulates PROM1 in
laryngocarcinoma cells

Four human laryngocarcinoma cell lines were selected
to detect miR-29a-3p expression. We found that in
two laryngocarcinoma cell lines, miR-29a-3p expressed
significantly lower than the normal cell line; however,
in another two cell lines, miR-29a-3p expressed not
much lower than the normal cells (Fig. 1A). To look
for the target genes of miR-29a-3p in laryngocarci-
noma cells, prediction software online [TARGETSCAN 7.0
(http://www.targetscan.org) and miRBase (http://www.
mirbase.org)] was used to search for the most promising
potential target genes. The findings showed that PROM 1
was a potential target gene of miR-29a-3p (Fig. 1B). To
determine whether PROMI1 expression in laryngo-
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Fig. 1. MiR-29a-3p down-regulates PROM1 expression in laryngocarcinoma cells. (A) Real-time PCR analysis of miR-29a-3p expression in
four laryngocarcinoma cell lines and normal cells. (B) The 3-UTR of the PROM1 gene contains binding sites for miR-29a-3p according to
bioinformatic analysis. (C) miR-29a-3p restoration down-regulated PROM1 in laryngocarcinoma cells. Cells were transfected with miR-29a-3p
or the control for 48 h, then collected for real-time PCR. (D) miR-29a-3p restoration down-regulated PROMT1 in laryngocarcinoma cells. Cells
were transfected with miR-29a-3p or the control for 48 h, then collected for western blotting analysis. (E) miR-29a-3p suppressed the
expression of a luciferase reporter gene harboring the 3-UTR of PROM1. TU212 cells were transiently cotransfected miR-29a-3p and
the indicated luciferase constructs, and luciferase activity was analyzed 48 h later. Data assessed from three independent experiments and

the P values were calculated by ttest (*P < 0.05; **P < 0.01).

carcinoma cells is regulated by miR-29a-3p, TU212 and
M2E cells were transiently transfected with miR-29a-3p
mimics and real-time RT-PCR or western blotting were
carried out. The data showed that endogenous PROM 1
mRNA levels decreased in the TU212 cells but not M2E
cells transfected with miR-29a-3p (Fig. 1C). PROMI1
protein decreased in the above two cell lines with miR-
29a-3p (Fig. 1D). Results from luciferase activity assay
showed that the luciferase activity of PROMI13'UTR
(wild-type) in TU212 cells was suppressed by miR-29a-
3p, and was unchanged for the mutated PROM1 3'UTR
(Fig. 1E).

MiR-29a-3p decreases laryngocarcinoma cell
proliferation

To explore the cellular function of miR-29a-3p in
laryngocarcinoma, TU212 and M2E cells were trans-
fected with miR-29a-3p or the control and miR-29a-3p
increased in the two cell lines (Fig. 2A). MTT assay
was used to examine the cell proliferation, the data
showed that miR-29a-3p could inhibit cell growth in
TU212 and M2E cells (Fig. 2B,C). We used colony
formation assay to evaluate cell proliferation, and the

results showed that miR-29a-3p could significantly
decrease colony formation rates in the above two cell
lines (Fig. 2D.E).

MiR-29a-3p enhanced the drug responses of
laryngocarcinoma by PROM1

Data from Fig. 1 showed that PROMI1 was a direct
target gene of miR-29a-3p, we proposed that miR-29a-
3p is related to the chemotherapy response via
PROMI. In order to elucidate the question, TU212
cells were transfected with miR-29a-3p or PROMI1
vector, cell survival was assayed by MTT in cells with
DDP treatment. The results indicated that miR-29a-3p
increased the therapy effect in laryngocarcinoma cells
(Fig. 3A,B). It was also demonstrated that miR-29a-3p
promoted cell apoptosis in the cells with drug treat-
ment (Fig. 3C,D).

MiR-29a-3p expression in clinical
laryngocarcinoma samples

Firstly, the expression of miR-29a-3p in human laryn-
gocarcinoma specimens was examined by real-time

FEBS Open Bio 7 (2017) 645-651 © 2017 The Authors. Published by FEBS Press and John Wiley & Sons Ltd. 647



MiR-29a-3p suppresses laryngocarcinoma

J. Su et al.

A 127 OControl @miR-29a-3p D TU212
2 101 T € 29
=2 L @ 100 x
& 87 80
& 5
¢ 61 ‘g 60 - "
£ E
e £ 401
k] 5 20
e 24 S i
0 - RN I S
TU212 M2E & F & &L
& R
B TU212 Q_n?‘q'
14 4 ——Control &
12 4 —m—miR-29a-3p
—+—PROM1 E
g L B il MEE Fig. 2. MiR-29a-3p decreases
g 81 & 1004 = laryngocarcinoma cell growth in vitro. (A)
O 61 T 804 miR-29a-3p expression in TU212 and M2E
44 3 & R cells with miR-29a-3p mimics. (B) Effect of
24 2 b miR-29a-3p on cell proliferation was
m
0 T T T T ! § 40 1 measured by MTT assay after miRNA
0 1 2 3 4 E 20 4 infection in TU212 cells. (C) Effect of miR-
Days 2 g 29a-3p on cell proliferation was measured
o b .
c S o & & by MTT assay after miR-29a-3p and
NeE & F & O PROMT transfection in M2E cells. (D)
15 - d ¥ & F
——Control & o Effect of miR-29a-3p on cell proliferation
—-mib-Saip o was measured by colony formation assay
—a—PROM1 &
S —+—miR-29a-3p+PROM1 & after miR-29a-3p and PROM1 transfection
L= in TU212 cells. (E) Effect of miR-29a-3p on
E cell proliferation was measured by colony
o e formation assay after miR-29a-3p and
PROMT1 transfection in M2E cells. Data
assessed from three independent
0 | experiments and the P values were

Days

RT-PCR. The levels of miR-29a-3p were lower in
laryngocarcinoma tissues than the normal samples
(Fig. 4A). The levels of miR-29a-3p in laryngo-
carcinoma tissues were analyzed and the result showed
that the levels of miR-29a-3p in the tumor tissues were
lower than in the normal tissues (Fig. 4B). These
results suggested that miR-29a-3p may act as an
inhibitor in the progression of human laryngocarci-
noma.

MiR-29a-3p is negatively related to PROM1
expression in laryngocarcinoma

The above data suggested that miR-29a-3p decreased
laryngocarcinoma cell proliferation and enhanced drug
responses by targeting PROMI1. In order to investigate
PROMI expression in laryngocarcinoma tissues, the
data from qRT-PCR showed that PROM1 mRNA
was more up-regulated in laryngocarcinoma tissues
than their normal ones (Fig. 5A). The clinic data

648

calculated by ttest (*P < 0.05;
**P < 0.01).

showed that miR-29a-3p was negatively associated
with PROM1 in laryngocarcinoma tissues (Fig. 5B).

Discussion

Many miRNAs are discovered in laryngeal cancers
and they act as important regulators in gene expres-
sion at post-transcriptional levels; however, there are
still unknown miRNAs. Previous reports indicated
that miR-29a-3p was a tumor-suppressive miRNA in
some types of cancer [11,12]. We found that the
expression of miR-29a-3p was significantly down-regu-
lated in laryngocarcinoma tissues or cell lines com-
pared with the normal controls. Introduction of miR-
29a-3p expression in laryngocarcinoma cells decreased
cell proliferation and increased drug sensitivity.
PROMI, an oncogene, was verified as a direct target
gene of miR-29a-3p in laryngocarcinoma cells. Our
data for the first time demonstrated that miR-29a-3p
inhibited laryngocarcinoma cell survival by targeting
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Fig. 3. MiR-29a-3p enhanced the drug responses of laryngocarcinoma by PROM1. (A-B) Effect of miR-29a-3p on cell proliferation was
measured by MTT assay after miRNA infection in TU212 and MZ2E cells and DDP treatment (10 um). (C-D) miR-29a-3p promoted
laryngocarcinoma cell apoptosis by PROM1. TU212 and M2E cells were transfected with miR-29a-3p or PROM1 lentivirus and then treated
with DDP (10 um). Cell apoptosis was analyzed by flow cytometry. Data assessed from three independent experiments and the P values

were calculated by t-test (*P < 0.05; **P < 0.01).

PROMI, which suggests that miR-29a-3p functions as
a tumor-suppressive miRNA.

Most previous studies indicate that miR-29a-3p
functions as a tumor-suppressing molecule in breast
cancer [11] and gastric cancer [12]. MiR-29-3p includes
miR-29a-3p, miR-29b-3p, and miR-29¢c-3p. Our study
focused on miR-29a-3p due to its low expression in
laryngocarcinoma. There were no significant differ-
ences of miR-29b-3p and miR-29¢c-3p levels in laryngo-
carcinoma cells and normal cells. Our study identified
that miR-29a-3p expression in laryngocarcinoma tis-
sues was down-regulated compared to their matched
normal adjacent tissues, which was also confirmed in
laryngocarcinoma cells. A lack in the expression of
miR-29a-3p was also significantly correlated with the
metastasis of laryngocarcinoma in clinical specimens.

In the face of cellular functions, miR-29a-3p decreased
cell viability, colony formation, proliferation, and pro-
moted apoptosis in laryngocarcinoma cells. So, all the
data suggest that miR-29a-3p acts as an inhibiting
miRNA in laryngocarcinoma.

Promininl plays an important role in the initiation
and progression of tumors [13-15]. PROMI1 was a
marker of stem cell or a potential diagnostic molecule
in cancers including nonsmall cell lung cancer [16,17],
glioma [18], medulloblastoma [19], and glioblastoma
[20]. In this study, we confirmed that PROMI1 was a
downstream target of miR-29a-3p, and it was also a
functional mediator of miR-29a-3p in laryngocarci-
noma cells. There was a complementary sequence of
miR-29a-3p in the 3-UTR of PROM1, which was ver-
ified the luciferase activity was inhibited, but there was

FEBS Open Bio 7 (2017) 645-651 © 2017 The Authors. Published by FEBS Press and John Wiley & Sons Ltd. 649
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