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MicroRNA-138 inhibits proliferation
and induces apoptosis of laryngeal
carcinoma via targeting MAPKG6
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Abstract. — OBJECTIVE: To explore wheth-
er microRNA-138 could regulate the incidence
and progression of laryngeal carcinoma through
modulating proliferation and apoptosis of laryn-
geal carcinoma cells via MAPKB6.

PATIENTS AND METHODS: MicroRNA-138
expression in laryngeal carcinoma tissues and
paracancerous tissues were detected by gRT-
PCR (Quantitative Real-Time Polymerase Chain
Reaction). The regulatory effects of microR-
NA-138 on proliferation and apoptosis of laryn-
geal carcinoma cells were detected by colony
formation assay and flow cytometry, respective-
ly. Target gene of microRNA-138 was predicted
by online software and verified by luciferase re-
porter gene assay. Corresponding plasmids of
microRNA-138 and the target gene were con-
structed. Rescue experiments were conducted
to explore the regulatory effect of microRNA-138
on the target gene.

RESULTS: MicroRNA-138 was downregulat-
ed in laryngeal carcinoma tissues than that of
paracancerous tissues. MicroRNA-138 knock-
down resulted in increased proliferation and de-
creased apoptosis of laryngeal carcinoma cells.
MAPKG6 was predicted as the target gene of mi-
croRNA-138. Luciferase reporter gene assay fur-
ther verified that MAPK6 could directly bind to
microRNA-138. Both mRNA and protein levels of
MAPKG6 were downregulated after microRNA-13
overexpression in laryngeal carcinoma cells.
Rescue experiment results indicated that in-
creased proliferation and decreased apoptosis
of laryngeal carcinoma cells resulted from mi-
croRNA-13 knockdown were partially reversed
by MAPK®6 overexpression.

CONCLUSIONS: MicroRNA-138 is downregu-
lated in laryngeal carcinoma patients. MicroR-
NA-138 knockdown promotes proliferation and
inhibits apoptosis of laryngeal carcinoma cells
via inhibiting MAPK6 expression.
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Introduction

Laryngeal carcinoma is the second most com-
mon malignancy in head and neck, accounting
for 13.9% of head and neck tumors and 2.1% of
systemic malignancies!. Smoking, alcohol con-
sumption, and human papilloma virus are the
major risk factors for the development of laryn-
geal carcinoma®. At present, multidisciplinary
comprehensive treatment is the ideal treatment
for laryngeal carcinoma, which effectively im-
proves life quality, reduces recurrence, and pre-
serves the pronunciation and respiratory function
of the laryngeal sinus. Novel chemotherapeutic
drugs and target therapies remarkably increase
radiotherapy sensitivity and alleviates side effects
of chemotherapy**. However, total laryngectomy
is still the preferred treatment for advanced and
recurrent laryngeal carcinoma’®. Laryngeal car-
cinoma and other head and neck squamous cell
carcinomas are considered as the results of gene
mutations. Potential genetic instability, loss of
chromosome heterozygosity, and dysregulation of
oncogenes or tumor suppressor genes have been
confirmed as the pathogenic factors for laryngeal
carcinoma. It is reported that some genes, inclu-
ding p53, cyclin D2, and PTEN could regulate
progression of laryngeal carcinoma. Other factors
and their corresponding receptors have also been
proved to participate in the early development and
metastasis of laryngeal carcinoma, such as vascu-
lar endothelial growth factor, fibroblast growth
factor, and 1L-86.

MicroRNAs are a series of small, non-coding,
single-stranded RNAs with 18-25 nt in length. Mi-
croRNAs degrade mRNAs and inhibit their tran-
slation via directly binding to their corresponding
mRNAs. A wide range of biological behaviors
are precisely regulated by microRNAs, inclu-
ding cell proliferation, apoptosis, migration, and
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immune responses’. It has been found that dysre-
gulation of some microRNAs may contribute to
tumor development®'. In recent years, differen-
tially expressed microRNAs and their biological
functions in laryngeal carcinoma have been well
studied. For example, downregulation of let-7 and
microRNA-34c in laryngeal carcinoma inhibit
tumor development via regulating expressions
of ras, c-myc, and c-met''2, On the contrary, mi-
croRNA-21 promoted the proliferation of laryn-
geal carcinoma cells by negatively regulating
BTG2 expressionl3. Relative investigations'*!
have shown that microRNA-138 is downregula-
ted in head and neck squamous cell carcinoma.
The specific role of microRNA-138 in laryngeal
carcinoma, however, has not been fully elucida-
ted. Hence, it is of clinical significance to explore
the biological role of microRNA-138 in the inci-
dence, progression, and metastasis of laryngeal
carcinoma. Our study provide new directions in
better improving the diagnosis, prognosis, and
treatment of laryngeal carcinoma.

Patients and Methods

Sample Collection

A total of 9 laryngeal carcinoma patients tre-
ated in The Ist Affiliated Hospital of Henan
University of Science and Technology from July
2012 to July 2017 were collected. Laryngeal car-
cinoma patients did not receive any preoperative
treatment. All patients were pathologically dia-
gnosed as laryngeal carcinoma without a family
history. Specifically, laryngeal carcinoma tissues
(necrosis areas were avoided) and paracancerous
tissues (5 cm away from cancer tissues) were sur-
gically resected and preserved in liquid nitrogen
immediately. This study was approved by the
Ethics Committee of The 1st Affiliated Hospital
of Henan University of Science and Technology.
Signed written informed consents were obtained
from all participants before the study.

Cell Culture and Transfection

Laryngeal carcinoma cell lines (TU212, M2E,
MA4E, and Hep-2 cells) were obtained from Ame-
rican Type Culture Collection (ATCC, Manassas,
VA, USA). Cells were cultured in DMEM (Dul-
becco’s Modified Eagle Medium, Gibco, Grand
Island, NY, USA) containing 10% FBS (fetal bo-
vine serum), 100 U/mL penicillin and 100 pg/mL
streptomycin (Hyclone, South Logan, UT, USA).
Cells were incubated in a 5% CO2 incubator at
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37°C. For cell transfection, cells in logarithmic
growth phase were seeded in the 6-well plates.
Cells were transfected with corresponding pla-
smids when the confluence was up to 80% fol-
lowing the instructions of Lipofectamine2000
(Invitrogen, Carlsbad, CA, USA). Culture me-
dium was replaced 6 h later. MicroRNA-138 mi-
mic, microRNA-138 inhibitor, pcDNA-MAPKS6,
and negative control (NC) were constructed by
Gene Pharma (Shanghai, China).

RNA Extraction and qRT-PCR
(Quantitative Real-Time Polymerase
Chain Reaction)

Total RNA in treated cells was extracted
using TRIzol method (Invitrogen, Carlsbad, CA,
USA) for reverse transcription according to the
instructions of PrimeScript RT reagent Kit (Ta-
KaRa, Otsu, Shiga, Japan). PCR reaction was
performed following the instructions of miScript
SYBR Green PCR Kit. The total reaction sy-
stem was 10 pL. QRT-PCR reaction parameters
were as follows: denaturalization at 94°C for
15 s, extension at 55°C for 30 s, and annealing
at 72°C for 30 s, for a total of 40 cycles. Pri-
mers used in the study were: MicroRNA-138,
F:  5-AGCTGGTGTTGTGAATCAGGCCG-3’,
R: 5-TGGTGTCGTGGAGTCG-3’; MAPKS6,
F: 5’-ACTTGGTGCTGAAGATAG-3’, R:
5>"TGAGAAGCTCCTGACGAT-3’; GAPDH, F:
5’-AGCCACATCGCTCAGACAC-3’, R: 5’-GCC-
CAATACGACCAAATCC-3; U6, F: 5-CTC-
GCTTCGGCAGCAGCACATATA-3’, R: 5-AA-
ATATGGAACGCTTCACGA-3’.

Colony Formation Assay

Laryngeal carcinoma cells in logarithmic
growth phase were washed with PBS (phosphate
buffered saline), digested with trypsin and centri-
fuged at 100 rpm/min for 3 min. After cell density
was adjusted to 1x104/L, cells were seeded in the
6-well plates with 2000 cells per well. Cells were
fixed with 4% methanol for 30 min and stained
with 0.1% crystal violet for another 30 min (Sig-
ma-Aldrich, St. Louis, MO, USA), followed by
the detection of colony formation.

Cell Apoptosis Detection

Laryngeal carcinoma cells were digested with
Ethylene Diamine Tetraacetic Acid (EDTA)-free
trypsin (Thermo Fisher Scientific, Waltham, MA,
USA) and centrifuged at 1000 rpm/min for 5 min.
Cells were resuspended in 100 pL of 1xAnnexin
at a density of 1x 105/ mL. Subsequently, 1 pL
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of propidium iodide (PI) and 5 pL of Annexin
V-FITC (fluorescein isothiocyanate) were added
in 100 pL of cell suspension, and incubated at
room temperature without light for 15 min. Final-
ly, cell apoptosis was analyzed by flow cytometry
(Partec AG, Arlesheim, Switzerland). Each expe-
riment was repeated in triplicate.

Dual-Luciferase Reporter Gene Assay

The 3’'UTR sequence of MAPK6 was downlo-
aded from NCBI (National Center for Biotechno-
logy Information, Bethesda, MD, USA) for con-
struction of wild-type MAPK6 (MAPK6 WT)
and mutant-type MAPK6 (MAPK6 MUT). M4E
cells were co-transfected with 50 pmol/L microR-
NA-138 mimic or NC and 80 ng of MAPK6 WT
or MAPK6 MUT, respectively. Luciferase activi-
ty was detected after transfection for 48 h.

Western Blot

Total protein was extracted from treated cells
by radioimmunoprecipitation assay (RIPA) so-
lution (Beyotime, Shanghai, China). The protein
sample was separated by electrophoresis on 10%
SDS-PAGE (sodium dodecyl sulphate-polyacryla-
mide gel electrophoresis) and then transferred
to PVDF (polyvinylidene difluoride) membrane
(Millipore, Billerica, MA, USA). After membra-
nes were blocked with skimmed milk, they were
incubated with primary antibodies (Cell Signaling
Technology, Danvers, MA, USA) overnight at 4°C.
The membranes were then washed with TBS-T

(Tris-buffered Saline with Tween 20) and followed
by the incubation of secondary antibody at room
temperature for 1 h. The protein blot on the mem-
brane was exposed by chemiluminescence.

Statistical Analysis

Statistical Product and Service Solutions (SPSS)
19.0 statistical software (IBM, Armonk, NY, USA)
was used for data analysis. Measurement data were
expressed as mean + standard deviation (X+s) and
compared using the #-test. p<0.05 considered the
difference was statistically significant.

Results

MicroRNA-138 Was Downregulated in
Laryngeal Carcinoma

We detected microRNA-138 in laryngeal car-
cinoma tissues and paracancerous tissues by
gRT-PCR. Lower expression of microRNA-138
in laryngeal carcinoma tissues was observed
than those of paracancerous tissues (Figure 1A).
Our results also showed that microRNA-138 was
downregulated in laryngeal carcinoma cell lines
(TU212, M2E, M4E, and Hep-2 cells) compared
with that of normal laryngeal cell lines (Figure
2B). We selected M4E cells for the following in
vitro experiments. MicroRNA-138 mimic and
inhibitor were constructed and their transfection
efficacies were verified by qRT-PCR (Figure 1B
and 1C).
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Figure 1. MicroRNA-138 was downregulated in laryngeal carcinoma. 4, Lower expression of microRNA-138 in laryngeal
carcinoma tissues were observed than those of paracancerous tissues. B, MicroRNA-138 was downregulated in laryngeal
carcinoma cell lines (TU212, M2E, M4E, and Hep-2 cells) compared with that of controls. C, Transfection efficacies of mi-

croRNA-138 mimic and inhibitor were verified by qRT-PCR.
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MicroRNA-138 Overexpression Inhibited
Proliferation and Induced Apoptosis of
Laryngeal Carcinoma Cells

Colony formation assay was conducted to de-
tect the effect of microRNA-138 on the prolifera-
tion of laryngeal carcinoma cells. MicroRNA-138
overexpression remarkably inhibited prolifera-
tion of M4E cells (Figure 2A). Subsequently, cell
apoptosis was detected after transfection with
microRNA-138 mimic or inhibitor, respectively.
Flow cytometric results showed that overexpres-
sion of microRNA-138 remarkably induces apop-
tosis of M4E cells (Figure 2B).

MicroRNA-138 Directly Bound to MAPK6
and Degraded Its Expression

The target gene of microRNA-138 was predi-
cted by bioinformatics and MAPK6 was scree-
ned out. We first constructed MAPK6 WT and
MAPK6 MUT plasmids (Figure 3A). The mRNA
level of MAPK6 was remarkably reduced after

A

miR-mimics-NC miR-mimics

miR-inhibitor-NC  miR-inhibitor

microRNA-138 mimic transfection in M4E cells
(Figure 3B). Similar results were also observed in
detecting protein level of MAPKG6 (Figure 3C and
3D). Subsequently, we performed luciferase re-
porter gene assay to verify the binding condition
between microRNA-138 and MAPK6. The data
demonstrated that the luciferase activity in M4E
cells co-transfected with microRNA-138 mimic
and MAPK WT was remarkably decreased com-
pared to those co-transfected with microRNA-138
mimic and MAPK MUT (Figure 3E). The abo-
ve data all indicated that microRNA-138 direct-
ly targets MAPK6 and further downregulates its
expression.

MAPK6 Reversed the Regulatory Effect of
microRNA-138 on Laryngeal Carcinoma
To further explore the regulatory effect of mi-
croRNA-138 on MAPK6, we performed the fol-
lowing rescue experiments. The results demon-
strated that increased proliferation and inhibited
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Figure 2. MicroRNA-138 overexpression inhibited proliferation and induced apoptosis of laryngeal carcinoma cells. A,
MicroRNA-138 overexpression remarkably inhibited proliferation of M4E cells. B, Flow cytometric results showed that ove-
rexpression of microRNA-138 remarkably induces apoptosis of M4E cells.
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Figure 3. MicroRNA-138 directly bound to and degraded MAPK6. 4, MAPK6 WT and MAPK6 MUT plasmids were con-
structed. B, The mRNA level of MAPK6 was remarkably reduced after microRNA-138 mimic transfection in M4E cells. C-D,
Protein level of MAPKG6 was remarkably reduced after microRNA-138 mimic transfection in M4E cells. E, Luciferase reporter
gene assay results demonstrated that the luciferase activity in M4E cells co-transfected with microRNA-138 mimic and MAPK
WT was remarkably decreased compared to those co-transfected with microRNA-138 mimic and MAPK MUT.

apoptosis of laryngeal carcinoma cells induced by
microRNA-138 knockdown were partially reversed
by MAPKG6 overexpression (Figure 4A and 4B).

Discussion

Laryngeal carcinoma is a common malignancy
in the ear, nose, and throat. Globally, the mortali-
ty and mobility of laryngeal carcinoma have risen
each year®. The early stage of laryngeal carci-
noma can be greatly recovered or even comple-
tely cured under standard anti-cancer treatment.
However, 70% of laryngeal carcinoma patients
are already in the advanced stage when first dia-
gnosed because of the insidious onset and obscu-
re symptoms'’. Higher metastasis and recurrence
rates of laryngeal carcinoma result in unsatisfied
clinical outcomes. The 5-year survival rate of
laryngeal carcinoma patients is as low as 50%.

MicroRNA is a small-molecule single-stran-
ded RNA that is widely expressed in animals and

plants'®. Functionally, microRNA could regulate
expression and translation of genes by interacting
with 3’UTR of the target gene. It has been found
that about one-third of human genes are regulated
by microRNAs'%. MicroRNA participates in the
development and progression of various diseases,
including tumors. MicroRNA-138 is located on
chromosome 5 of the human genome. It is con-
sidered as a tumor suppressor gene in head and
neck squamous cell carcinoma, cervical cancer,
ovarian cancer, non-small cell lung cancer, oste-
osarcoma, bladder cancer, and other malignan-
cies’ . The microRNA-138 expression is nega-
tively correlated to tumor metastasis, indicating
that microRNA-138 could be served as a tumor
suppressor gene.

Mitogen-activated protein kinases (MAPKs)
are a group of serine/threonine kinases that can
be activated by multiple stimuli. MAPKs are hi-
ghly conserved in evolution. MAPKG6 pathway is
one of the important signaling pathways. It is con-
firmed to participate in the inflammatory respon-
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Figure 4. MAPKG6 reversed the regulatory effect of microRNA-138 on laryngeal carcinoma. A4-B, Increased proliferation (A)
and inhibited apoptosis (B) of laryngeal carcinoma cells induced by microRNA-138 knockdown were partially reversed by

MAPKG6 overexpression.

se, cell growth, differentiation, proliferation, and
migration®*. The MAPKG6 transmits extracellular
stimulation signals to the nucleus, further regula-
ting biological processes?’.

In the present work, microRNA-138 was down-
regulated in laryngeal carcinoma tissues and cell
lines. MicroRNA-138 knockdown resulted in
increased proliferation and inhibited apoptosis
of laryngeal carcinoma cells. Furthermore, bio-
informatics results predicted that MAPK®6 is the
target gene of microRNA-138, which was further
verified by luciferase reporter gene assay. Both
mRNA and protein levels of MAPK6 were redu-
ced after microRNA-138 overexpression, indica-
ting the regulatory effect of microRNA-138 on
MAPKS6. Further rescue experiments also demon-
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strated that increased proliferation and inhibited
apoptosis of laryngeal carcinoma cells induced by
microRNA-138 knockdown were partially rever-
sed by MAPK6 overexpression. Our study con-
firmed that microRNA-138 inhibited laryngeal
carcinoma development via negatively regulating
MAPKG6.

Conclusions

We demostrated that microRNA-138 was
downregulated in laryngeal carcinoma patients.
MicroRNA-138 knockdown promotes prolifera-
tion and inhibits apoptosis of laryngeal carcinoma
cells via suppressing MAPKG6 expression.
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