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The miR-136-5p/ROCKI1 axis suppresses invasion and migration,
and enhances cisplatin sensitivity in head and neck cancer cells
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Abstract. Laryngeal squamous cell carcinoma (LSCC) and
hypopharyngeal squamous cell carcinoma (HPSCC) are two
types of head and neck cancers with high incidence rates and
relatively poor prognoses. The aim of the present study was to
determine the effects of microRNA (miR/miRNA)-136-5p and
its downstream target, Rho-associated coiled-coil containing
protein kinase 1 (ROCK1), on LSCC and HPSCC progression
and cisplatin sensitivity. The miRNA and protein expression
levels in head and neck cancer cell lines were evaluated using
reverse transcription-quantitative PCR and western blotting,
respectively. MTT, wound healing assays, transwell assays
and flow cytometry analysis were performed to measure cell
properties. The binding between miR-136-5p and ROCK1 was
detected using a dual-luciferase reporter assay. Autophagy
double-labeled adenoviral infection assays were used to
assess cell autophagy. The results showed that miR-136-5p
was expressed in LSCC and HPSCC cells. Functional
experiments showed that the expression of miR-136-5p in
LSCC and HPSCC cells was negatively correlated with cell
viability, invasion and migration. Additionally, miR-136-5p
overexpression inhibited epithelial-mesenchymal transition,
whereas miR-136-5p knockdown had the opposite effect.
Dual-luciferase reporter assays confirmed the targeting
relationship between miR-136-5p and ROCKI1. miR-136-5p
overexpression increased the cisplatin sensitivity of LSCC and
HPSCC cells by reducing cell viability, as well as promoting
cell apoptosis and autophagy. miR-136-5p overexpression
decreased the expression levels of its downstream target
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ROCKI1 and attenuated activity of the Akt/mTOR signaling
pathway in cisplatin-treated LSCC and HPSCC cells.
Conversely, miR-136-5p knockdown increased ROCKI1 levels
and decreased cisplatin sensitivity of the LSCC and HPSCC
cells by increasing cell viability and inhibiting cell apoptosis,
which was reversed by ROCKI inhibition using the ROCK1
inhibitor, Y27632. Taken together, the results showed that the
miR-136-5p/ROCKI1 axis inhibits cell invasion and migration,
and increases the sensitivity of LSCC and HPSCC cells to
cisplatin.

Introduction

Head and neck cancer is one of the most common types
of cancer worldwide which includes the mouth, pharynx
(nasopharynx, oropharynx and hypopharynx), larynx and
paranasal sinus. According to the biological characteristics
of head and neck cancer, it can be divided into several
types. The most common type is head and neck squamous
cell carcinoma (HNSCC), which accounts for >95% of all
cases of head and neck cancer (1). HNSCC is the sixth most
common type of cancer worldwide, with 600,000 cases
diagnosed each year and a mortality rate of 40-50% (2,3). The
majority of patients with locally advanced HNSCC usually
develop a locoregional recurrence and/or distant metastases,
and only a few patients with a locoregional recurrence may
recover following treatment surgery and/or re-irradiation (3).
Overall, the 5-year survival rate for patients with HNSCC has
remained at 40-60% and is accompanied by a relatively poor
prognosis (1,4,5). Laryngeal squamous cell carcinoma (LSCC)
and hypopharyngeal squamous cell carcinoma (HPSCC) are
two types of HNSCC with high incidence rates and a relatively
poor prognosis following treatment (6-8). Although multiple
proteins and pathways have been shown to be associated
with the development of LSCC and HPSCC, the exact
molecular mechanisms of action and potential therapeutic
targets affecting proliferation and migration remain to be
elucidated (9).

MicroRNAs (miRNAs/miRs) are noncoding small
RNA molecules that regulate the expression of target genes
by binding to the 3'-untranslated region (UTR). miRNAs
are involved in various biological processes including cell
proliferation, apoptosis, invasion and migration (10). Various
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miRNAs exhibit altered expression levels in cancers and serve
crucial roles in the development of several types of cancer (11).
Previous studies have found that the expression levels of
miR-136 are significantly decreased at the tumor site and that
miR-136 acts as a tumor suppressor in various tumor types,
participating in the development of tumors by regulating
the expression levels of downstream apoptosis-related
genes (12,13). Additionally, miR-136 has also been found to
be associated with cisplatin resistance in human epithelial
ovarian and gastric cancers (14,15). Therefore, miR-136 may
be a potential target for cancer therapy.

A previous study reported the relationship between
miR-136 and Rho-associated coiled-coil containing protein
kinase (ROCK) 1 (16,17). ROCK1, one of the isoforms of the
ROCK, is a downstream effector of Rho A and is activated
when it selectively binds to GTP (18,19). Activated ROCK
interacts with the actin cytoskeleton to promote the formation
of stress fibers and focal adhesions, which in turn promote the
metastatic ability of tumor cells (20-22). ROCK overexpres-
sion has been reported to be associated with the progression
of various malignancies, including bladder cancer, liver cancer
and breast cancer (23,24). ROCK downregulation inhibits
tumor growth and metastasis, and enhances the efficacy of
cisplatin (25-27). In addition, the epithelial-mesenchymal
transition (EMT) is a key process which often precedes and
facilitates local invasion, vascular migration and distant
metastasis of tumors (28). A previous study has shown that
the ROCK pathway is not only involved in the proliferation,
migration, adhesion and morphological changes of various cell
types, but also in the EMT of tumor cells (22). ROCK serves
a key role in TGF-B-induced EMT, which promotes mesen-
chymal transformation by rapidly activating RhoA-dependent
signaling pathways (29). Therefore, ROCK serves a crucial
role in cancer development.

Based on the aforementioned points, the regulatory
mechanism of action behind the miR-136/ROCKI1 axis in
LSCC and HPSCC were investigated in the present study
and its role in cell invasion and migration, as well as cisplatin
sensitivity, were assessed.

Materials and methods

Cell cultures, transfection and treatment. FaDu cells were
purchased from Procell and cultured in an incubator at 37°C
and 5% CO, in minimum essential media (MEM,
Sigma-Aldrich; Merck KGaA) containing 10% FBS (Hyclone,
GE Healthcare Life Sciences). FD-LSC-1 cells were obtained
from Fudan University, China, and cultured in a BEBM (Lonza
Group, Ltd.) supplemented with 10% FBS and 1% L-glutamine
at 37°C with 5% CO,. To overexpress miR-136-5p, miR-136-5p
mimics or mimics-negative controls (NC) were transfected
into FaDu or FD-LSC-1 cells for 24 h at 37°C. To downregu-
late miR-136-5p expression, FaDu or FD-LSC-1 cells were
transfected with miR-136-5p inhibitor or inhibitor-NC for 24 h
at 37°C. The transfections were performed using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). For the cisplatin+miR-136-5p mimics/inhibitor/mimics
NC/inhibitor NC group and cisplatin+miR-136-5p
inhibitor+Y2763 group, after transfection with the miR-136-5p
mimics, inhibitor or NC for 24 h, FaDu and FD-LSC-1 cells

were immediately treated with cisplatin (2.6 uM,
Sigma-Aldrich; Merck KGaA) and/or Y2763 (25 uM,
MedChem Express, Ltd.) for 24 h. After transfection and treat-
ment, the cells were taken immediately for further experiments.
The sequences for the miRNA mimics and inhibitors were as
follows: hsa-miR-136-5p mimics, 5'-ACUCCAUUUGUUU
UGAUGAUGGA-3"; 5'-CAUCAUCAAAACAAAUGGAGU
UU-3"; NC mimics, 5-UUCUCCGAACGUGUCACGUTT-3,
5'-ACGUGACACGUUCGGAGAATT-3"; hsa-miR-136-5p
inhibitor, 5'-UCCAUCAUCAAAACAAAUGGAGU-3'; NC
inhibitor, 5'-UUGUACUACACAAAAGUACUG-3". The
sequences were purchased from Jintuosi Biological Technology
Co., Ltd.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from cells using a Total RNA extraction kit
(Tiangen Biotech, Co., Ltd.). cDNA was synthesized using an
RNase inhibitor (Tiangen Biotech, Co., Ltd.), Super M-MLV
reverse transcriptase (BioTeke Corporation), 5x PCR buffer
and ANTP (2.5 mM each). The miR-136-5p primer used for
reverse transcription was: 5-GTTGGCTCTGGTGCAGGGTC
CGAGGTATTCGCACCAGAGCCAACTCCATC-3'". The
temperature protocol that was used for reverse transcription
was: 37°C for 30 min, 42°C for 30 min and 70°C for 15 min.
To detect the expression levels of miRNA-136-5p, qPCR was
performed using PCR Master Mix (Tiangen Biotech, Co.,
Ltd.), SYBR-Green (Beijing Solarbio Science & Technology
Co., Ltd.) and specific primers for the target genes. The ther-
mocycling conditions used for gPCR were as follows: 94°C
for 4 min, 40 cycles of 94°C for 15 sec, 60°C for 20 sec and
72°C for 15 sec. The 2244 comparative method was used for
data analysis (30). 5S ribosomal RNA (rRNA) was used as the
internal control to normalize the expression levels of genes.
The value of each control was adjusted to 1 in each individual
repeat of the RT-qPCR assay, therefore the mean value of the
control is always 1. The primers were synthesized by GenScript.
The primer sequences were as follows: hsa-miR-136-5p
forward, 5'-ACTCCATTTGTTTTGATGATGGA-3' and
reverse, 5'-GCAGGGTCCGAGGTATTC-3"; and 5S rRNA
forward, 5'-GATCTCGGAAGCTAAGCAGG-3' and reverse,
5" TGGTGCAGGGTCCGAGGTAT-3"

Cell viability assay. MTT assays were performed to deter-
mine the cell viability. Briefly, cells were seeded in 96-well
plates at a density of 4x10° cells per well. Subsequently, MTT
(0.5 mg/ml) was added to each well. After incubating for 4.5 h
at 37°C in an incubator with 5% CO,, the supernatant was
removed and 150 1 DMSO was added to each well to dissolve
the purple crystals. Cells were immersed in the dark for 10 min
and the optical density values at 570 nm were measured using
a Microplate Reader (Biotek Instruments, Inc.).

Cell migration assay. Wound healing assays were performed
to assess cell migration. The cells of each group were cultured
to the fusion state (90% confluence). After transfection
for 24 h as aforementioned, FaDu cells were cultured in a
minimum essential media without serum and treated with
1 ug/ml mitomycin C (Sigma-Aldrich; Merck KGaA) for 1 h.
FD-LSC-1 cells were cultured in a BEBM without serum and
treated with 1 pg/ml mitomycin C for 1 h. Subsequently, the
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cells in each group were scratched with a 200 pl pipette tip and
washed with serum-free medium to remove cell debris. After
scratching, serum-free medium was used for cell culture and
pictures were taken under a light microscope (magnification,
x100; Olympus Corporation) to assess wound closure at O and
24 h.

Invasion assay. Cell invasion was detected using a Transwell
assay. Briefly, Transwell chambers (Corning, Inc.) pre-coated
with Matrigel were placed in 24-well plates. Culture medium
(MEM medium for FaDu cells and BEBM medium for
FD-LSC-1 cells, 800 pl) supplemented with 30% FBS was added
to the lower chamber. Cell suspension in 200 ul serum-free
media was added to the upper chamber at a density of 1.5x10*
cells/well. After incubation in a cell culture incubator at 37°C
with 5% CO, for 24 h, the transwell chambers were washed
three times with PBS to remove non-invading cells. The cells
on the lower chamber were fixed with 4% paraformaldehyde
at room temperature for 25 min and then stained with 0.4%
crystal violet solution for 5 min at room temperature. Cells
on lower chamber were counted under an inverted light
microscope (magnification, x200; Olympus Corporation). A
total of five fields were selected for each sample and the mean
cell numbers was presented.

Western blotting analysis. The protein expression levels were
detected using western blotting. Briefly, total protein was
extracted from cells using RIPA lysis buffer (Beijing Solarbio
Science & Technology Co., Ltd.) and phenylmethanesulfonyl
fluoride protease inhibitor (Beijing Solarbio Science &
Technology Co., Ltd.). Protein concentration in the lysate was
quantified using a BCA protein concentration assay kit (Beijing
Solarbio Science & Technology Co., Ltd.). Subsequently,
20 ug protein was loaded onto a 10% SDS-gel and resolved
using SDS-PAGE. After the protein was transferred to the
PVDF membranes (EMD Millipore), the membranes were
incubated with primary antibodies at 4°C overnight. The
primary antibodies used in the present study were: E-cadherin
(cat. no. 20874-1-AP, RRID:AB_10697811; 1:10,000;
ProteinTech Group, Inc.), N-cadherin (cat. no. 22018-1-AP,
RRID:AB_2813891; 1:5,000; ProteinTech Group, Inc.),
vimentin (cat. no. 10366-1-AP, RRID:AB_2273020; 1:5,000;
ProteinTech Group, Inc.), ROCKI1 (cat. no. 21850-1-AP,
RRID:AB_10953526; 1:1,000; ProteinTech Group, Inc.),
Akt (cat. no. AF6259, RRID: AB_2835120; 1:1,000; Affinity
Biosciences), phospho-(p-)-Akt (Ser473; cat. no. AF0016,
RRID: AB_2810275; 1:1,000; Affinity Biosciences), glycogen
synthase kinase-3p (GSK-3B) (cat. no. AF5016; RRID:
AB_2834935; 1:1,000; Affinity Biosciences), p-GSK-3p
(Ser9; cat.no. AF2016, RRID: AB_2834439; 1:1,000; Affinity
Biosciences), mTOR (cat. no. AF7803, RRID: AB_2844167,
1:1,000; Affinity Biosciences), p-mTOR (S2448; cat.
no. AF3308, RRID: AB_2834727; 1:1,000; Affinity
Biosciences), microtubule-associated protein 1 light chain 3
II/T (LC3II/I; cat. no. A7198; 1:1,000; ABclonal Biotech
Co., Ltd.), P62 (cat. no. 18420-1-AP, RRID: AB_10694431;
1:2,000; ProteinTech Group, Inc.), cleaved caspase-3
(cat. no. AF7022, RRID: AB_2835326; 1:1,000; Affinity
Biosciences), Bax (cat. no. 50599-2-Ig, RRID: AB_2061561;
1:5,000; ProteinTech Group, Inc.), Bcl-2 (cat. no. 12789-1-AP;
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RRID: AB_2227948; 1:2,000; ProteinTech Group, Inc.) and
[B-actin (cat. no. sc-47778; RRID: AB_2714189; 1:1,000; Santa
Cruz Biotechnology, Inc.). After incubating with horseradish
peroxidase-conjugated goat anti-rabbit/mouse secondary
antibodies (1:5,000; cat. nos. A0208 and A0216; Beyotime
Institute of Biotechnology) for 45 min at 37°C, signals were
visualized using enhanced chemiluminescence solution
(Beyotime Institute of Biotechnology). The expression
levels of protein were normalized to (3-actin. The value of
each control was adjusted to 1 in each individual repeat of
the western blot, therefore the mean value of the control is
always 1.

Dual-luciferase reporter assay. The binding site of miR-136-5p
and ROCKI1 was predicted using TargetScanHuman 7.2
(http://www.targetscan.org/vert_72/). miR-136-5p was
searched and the multiple genes that miR-136-5p may target
were obtained. UTRs were also searched between ROCK1 and
miR-136-5p to obtain the targeted binding sequence between
miR-136-5p and ROCK1.

For the verification of the relationship between miR-136-5p
and ROCK1, the wild-type (wt) ROCK1-3'-UTR sequence and
the mutant (mut) ROCK1-3'-UTR sequence were cloned into the
pmirGLO dual-luciferase reporter vectors (Genscript Biotech
Corporation) to construct pmirGLO-ROCK1-3'-UTR-wt and
pmirGLO-ROCK1-3'-UTR-mut plasmids. 293T cells were
harvested and seeded in 12-well plates. Subsequently, the plas-
mids were co-transfected with miR-136-5p mimics/mimic-NC
or miR-136-5p inhibitor/inhibitor-NC into 293T cells using
Lipofectamine® 2000 reagent. After 48 h of incubation, the
transfected cells were immediately harvested and assayed
for luciferase activity using the dual-luciferase reporter assay
system (Promega Corporation) according to the manufacturer's
protocol. Firefly luciferase activity was normalized to Renilla
luciferase activity.

Apoptosis assay. Apoptosis was detected using flow cytom-
etry analysis. The Annexin V- FITC apoptosis detection kit
(Beyotime Institute of Biotechnology) was used to detect
apoptosis. Cells were harvested and adjusted to a density of
1x10° cells/tube. Subsequently, cells were treated with 5 ul
Annexin V-FITC and 10 ul PI and incubated for 15 min at
room temperature in the dark. Finally, cells stained with
Annexin V-FITC and PI were detected using flow cytometry
(ACEA Bioscience, Inc.) and analyzed using NovoExpress
1.2.5 (ACEA Biosciences, Inc.).

Autophagy double-labeled adenovirus infection assay. Cells
were seeded in a 24-well plate (5x10* cells) and infected with
RFP-GFP-LC3-labeled adenovirus (Hanbio Biotechnology
Co., Ltd.) at a multiplicity of infection of 50. After incubating
for 24 h in an incubator at 37°C supplied with 5% CO,, the
supernatant of the medium containing the virus solution
was discarded and replaced with complete medium (MEM
medium containing 10% FBS for FaDu cells and BEBM
medium containing 10% FBS for FD-LSC-1 cells). After
incubating for 24 h in an incubator at 37°C, images were
taken using a laser-scanning confocal microscope equipped
with the FV10-ASW system (magnification, x400; Olympus
Corporation).
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Figure 1. The expression levels of miR-136-5p in LSCC and HPSCC cells. (A) The expression level of miR-136-5p in LSCC and HPSCC cells. Following
transfection of the cells with (B) miR-136-5p mimics, mimics-NC; or (C) miR-136-5p inhibitor or inhibitor-NC for 24 h, the expression levels of miR-136-5p
were measured using reverse transcription-quantitative PCR. Data are presented as the mean + SD, n=3. "P<0.05. HPSCC, head and neck squamous cell
carcinoma; LSCC, laryngeal squamous cell carcinoma; miR, microRNA; NC, negative control.

Statistical analysis. Unpaired t-tests were used to analyze
differences between two groups. Comparisons among multiple
groups were analyzed using a one-way ANOVA with Tukey's
multiple comparisons test. The experiments were performed
at least three times. Data are presented as the mean + SD and
analyzed using GraphPad version 8.0. P<0.05 was considered
to indicate a statistically significant difference.

Results

miR-136-5p suppresses the viability, invasion and migration
of LSCC and HPSCC cells. To detect the expression levels
of miR-136-5p in LSCC and HPSCC cells, RT-qPCR
was performed. The results showed that miR-136-5p was
expressed in FD-LSC-1 and FaDu cells (Fig. 1A). The effects
of miR-136-5p on LSCC and HPSCC cell functions were
further investigated. Cells were transfected with miR-136-5p
mimics, mimics-NC, miR-136-5p inhibitor or inhibitor-NC for
24 h. miR-136-5p mimics increased the expression levels of
miR-136-5p in FD-LSC-1 and FaDu cells, whereas miR-36-5p
inhibitor decreased miR-136-5p levels (Fig. 1B and C,
respectively; P<0.05). MTT assays were subsequently
performed to detect the viability of the transfected cells. The
results showed that miR-136-5p overexpression reduced the cell
viability of FD-LSC-1 and FaDu cells, whereas miR-136-5p
downregulation promoted cell viability compared with the
respective NC transfected cells (Fig. 2A, P<0.05). Wound
healing and transwell invasion assays were used to measure
cell migration and invasion, respectively. The results showed
that miRNA-136-5p overexpression reduced cell invasion and
migration, whereas miRNA-136-5p knockdown increased
the migratory and invasive capacity of FD-LSC-1 and FaDu
cells compared with the corresponding NC groups (Fig. 2B-F;

all P<0.05). Western blotting was performed to measure
E-cadherin, N-cadherin and vimentin protein expression levels
in the transfected cells. As shown in Fig. 2G, miR-136-5p
overexpression increased the protein expression of E-cadherin
but decreased the N-cadherin and vimentin levels compared
with the mimics-NC group in both cell lines (all P<0.05).
Similarly, miRNA-136-5p inhibition decreased E-cadherin
levels and increased N-cadherin and vimentin levels compared
with the inhibitor-NC group (P<0.05). These results suggested
that miR-136-5p reduces cell viability, invasion and migration
in LSCC and HPSCC cells.

miRNA-136-5p directly targets ROCKI in LSCC and
HPSCC cells. ROCK1 was identified as a potential target
of miR-136-5p, which was confirmed by the luciferase
reporter assays. A ROCK1-wt luciferase plasmid containing
the potential miR-136-5p binding sites as well as a mut
version (ROCK1-mut) was generated (Fig. 3A). As shown
in Fig. 3B, the luciferase activity in LSCC and HPSCC
cells transfected with ROCK1-wt plasmid was significantly
reduced by the transfection of miR-136-5p mimics (P<0.05),
whereas no alteration was observed in the luciferase activity
of cells transfected with ROCKI1-mut plasmid (P>0.05),
which suggested that miR-136-5p may bind to the 3'UTR
of ROCKI1.

miR-136-5p overexpression increases the cisplatin sensitivity
of LSCC and HPSCC cells. Cisplatin is commonly used as a
chemotherapeutic drug for several types of cancer. To explore
the role of miR-136-5p on the sensitivity of LSCC and HPSCC
cells to cisplatin, cells were transfected with miR-136-5p
mimics or mimics-NC for 24 h and then treated with cisplatin
(2.6 uM) for 24 h. The results of cell viability analysis using
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Figure 2. miR-136-5p suppresses viability, invasion and migration of LSCC and HPSCC cells. (A) After LSCC and HPSCC cells transfected with miR-136-5p
mimics, mimics-NC, miR-136-5p inhibitor or inhibitor-NC for 24 h, cell viability was detected using MTT assays, n=6. Cell migratory abilities were measured
using wound healing assays in (B) FD-LSC-1 cells and (C) FaDu cells, scale bar=200 ym. (D) Migratory rates were then quantified. (E) Cell invasion was
observed and (F) measured using transwell assays, scale bar =100 ym. (G) The protein expression levels of E-cadherin, N-cadherin and vimentin were mea-
sured using western blot analysis and normalized to the levels of B-actin. Data are presented as the mean + SD, n=3. "P<0.05. HPSCC, head and neck squamous
cell carcinoma; LSCC, laryngeal squamous cell carcinoma; miR, microRNA; NC, negative control.

MTT assays showed a decrease in the cell viability in response
to cisplatin treatment following miR-136-5p overexpression
(Fig. 4A; P<0.05). Apoptosis analysis measured by flow
cytometry showed that miR-136-5p overexpression combined
with cisplatin significantly promoted apoptosis (Fig. 4B and C;
P<0.05). The effect of cisplatin coupled with miR-136-5p
on autophagy was also assessed. The results showed that
miR-136-5p upregulation resulted in the increase of free
yellow puncta (indicating autophagosome) and red puncta
(indicating autolysosomes), indicating that autophagosome
formation was promoted and the autophagy flux was induced
by miR-136-5p upregulation (Fig. 4D and 4E). As shown in
Fig. 4F, miR-136-5p overexpression significantly decreased
the protein expression levels of ROCKI1 and P62, as well as
the ratios of p-Akt, p-GSK-3f3 and p-mTOR to their unphos-
phorylated versions, but increased LC3II/I levels in LSCC and
HPSCC cells (all P<0.05).

miR-136-5p downregulation decreases the cisplatin sensitivity
of LSCC and HPSCC cells by targeting ROCK]I. The effects
of the miR-136-5p/ROCK axis on the sensitivity of LSCC and
HPSCC cells to cisplatin were investigated. Cells were trans-
fected with miR-136-5p inhibitor or inhibitor-NC for 24 h and
then treated with cisplatin (2.6 xM) and/or Y27632 (25 uM,
ROCK inhibitor) for 24 h. As shown in Fig. 5A-C, miR-136-5p
downregulation promoted cisplatin-treated cell viability and
inhibited apoptosis whereas ROCK1 knockdown reversed the
effects of miR-136-5p downregulation on cisplatin-treated
cell viability and apoptosis (all P<0.05). Additionally, cleaved
caspase-3, Bax and Bcl-2 are important regulators of apop-
tosis. Cleaved caspase-3 and Bax promote apoptosis whereas
Bcl-2 inhibits apoptosis (31,32). The results of western blot
analysis showed that miR-136-5p downregulation increased
the protein expression levels of ROCK1, p-GSK-3f and Bcl-2,
but decreased cleaved caspase-3 and Bax levels, whereas
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Figure 3. miRNA-136-5p directly targets ROCK1 in LSCC and HPSCC cells. (A) Binding sites between ROCK1 wt and the mut-type miR-136-5p are shown.
(B) miR-136-5p mimics or mimic-NC and luciferase plasmid containing ROCK1-wt or ROCK1-mut transcript were co-transfected into LSCC and HPSCC
cells, luciferase activity was measured using dual-luciferase reporter assays. Data are presented as the mean = SD, n=3. "P<0.05. HPSCC, head and neck
squamous cell carcinoma; LSCC, laryngeal squamous cell carcinoma; miR, microRNA; NC, negative control; UTR, untranslated region; wt, wild-type.

ROCKI1 downregulation reversed the effects of miR-136-5p
knockdown on the protein expression levels (Fig. 5D; all
P<0.05).

Discussion

Therole of miRNAs in cancer has been extensively investigated,
particularly their downstream targets, biological functions
and significance in cancer development and progression (11).
miR-136 has been reported to be involved in the development
of several types of cancer through targeting downstream
effector molecules and is associated with cisplatin resistance
in cancer (14,33). Based on the important roles of miR-136-5p
in cancer development, the potential regulatory mechanisms
of action of miR-136-5p in LSCC and HPSCC progression, as
well as cisplatin sensitivity were investigated. In the present
study, it was shown that miR-136-5p inhibited cell invasion
and migration, and increased the sensitivity of LSCC and
HPSCC to cisplatin by repressing ROCK1 expression.
miR-136 is a negative regulator of cancer progression and
its expression levels are reduced during the development of
various types of cancer, including gastric cancer, colon cancer
and breast cancer (33-35). Functional experiments indicate that
miR-136 can inhibit cell proliferation, invasion and metastasis
and induce apoptosis during cancer progression (15,35,36).
In particular, it has been reported that downregulation of
miR-136-5p markedly reduces cell viability, invasion and
migration in LSCC (37). Consistent with the previous results,
the present study identified the suppressive functions of
miR-136-5p on cell viability, invasion and migration during

LSCC and HPSCC progression. The EMT is an important
process that regulates cancer development, initiation and
metastatic dissemination (38). A significant feature of EMT
is the reduction in epithelial markers, usually indicated by
the presence of E-cadherin and the elevation of mesenchymal
markers, such as N-cadherin and vimentin, resulting in an
invasive phenotype (39). Yan et al (35) investigated the effects
of miR-136 on the EMT process in breast cancer. The results
showed that miR-136 overexpression significantly increases
E-cadherin levels but decreases vimentin levels, suggesting
that miR-136 suppresses EMT. In the present study, it was
shown that miR-136-5p overexpression significantly increased
E-cadherin expression levels and decreased N-cadherin and
vimentin levels, whereas miR-136-5p downregulation reversed
these changes. This suggested that miR-135-5p suppresses the
EMT process in LSCC and HPSCC cells. Phenotypic changes
between epithelial and mesenchymal are widely recognized
as important factors influencing tumor cell invasion and
metastasis (40). Thus, miR-136-5p may inhibit cell migration
and invasion through mechanisms dependent on EMT (41).
Additionally, a previous study found that Bcl-2 is a downstream
target of miR-136-5p and that miR-136-5p promotes apoptosis
by promoting the degradation of the apoptosis inhibitor, Bcl-2,
which is negatively associated with cancer development (42).
Collectively, the results indicated the tumor-suppressive func-
tion of miR-136-5p on LSCC and HPSCC development.
TargetScan 7.2 predicted that miR-576-3p targeted
ROCKI. It has been reported that ROCK1 is a downstream
target of miR-136-5p and that the miR-136-5p/ROCKI1 axis
participates in the inflammatory response induced by cerebral



SPANDIDOS
A PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 21: 317, 2021

A B C
mm cisplatin + miR-136-5p mimics 3 . g = cisplatin * m',R'”s'Sp mimies
2 cisplatin + mimics-NC [ " 40 =3 cisplatin + mimics-NC
E - g ard * *
E 0.5 . " s , . —
g 04 — - . rren B 30
- L =
Zo0a £ 20
= . g
£ 02 as B
= & - 2 10
Z 01 <
8 00 - A 0 T T
FO-LSC-1 e o FD-LSC-1 FaDu
cisplatin+ cisplatin+
miR-136-5p mimics mimics-NC
D E
Q
£ £z
T 9 =8
a .2 =i
7 E 2 E
_ o ©E
o) E
) (m]
al 2 i B¢
o E £
£E £E
& S
a8 a8
e e
14 [
E E
@
o mm cisplatin + miR-136-5p mimics = cisplatin + mimics-NC
FD-LSC-1 FaDu z
= B
ROCK1 [ S L — k= -
@ =] -
D 4 R
et FD-LSC-1
Akl e — — — B 3 -
S * * * * -
p-Akt —— — — 5 1 0 [ — —_ Ml _
- — —— — = . . — -
GSK-3p 2 00 | | -rL
- ~ & N 2 N
POSKI) | - - - & S o © N &
@ & 7 O P ~
. - q o <O
mTOR e — — — " %\b’ &
o <) '
p-mTOR e — i 2 50 &
(= '.,.
Po— Prr— g 4.5
LC3IIN w40 ,
- — g 35
(=%
P62 -_— . e 5 12 =y
S 08
f-actin e e— — a— 2 o4
1 2 1 2 3 0.0 -
2 ~ & 2 G- D %
) ) = i o o
1 cisplatin+miR-136-5p mimics E Odﬂ ?‘Q’?\k oF é\\o \’0,5\ <
2 cisplatintmimics-NC o« < q n_-,\\\"o ,\OQS
S
& <
Q

Figure 4. miR-136-5p overexpression increases the cisplatin sensitivity of laryngeal squamous cell carcinoma and head and neck squamous cell carcinoma
cells. (A) After cells were transfected with miR-136-5p mimics or mimics-NC and treated with cisplatin (2.6 M) for 24 h, cell viability was detected using
MTT assays, n=6. (B) Flow cytometric detection of apoptosis using annexin V-FITC/PI staining and (C) quantification of apoptosis. Autophagy was detected
using an autophagy double-labeled adenovirus infection assay in (D) FD-LSC-1 and (E) FaDu cells, scale bar=50 ym. Free yellow puncta indicates the
autophagosome, free red puncta indicates the autophagolysosome. (F) The protein expression levels of ROCK1, p-Akt/Akt (Ser473), GSK-3f, p-GSK-3f
(Ser9), p-mTOR (S2448)/mTOR, LC3I1/I and P62 were measured using western blot analysis and normalized to the levels of $-actin. Data are presented as the
mean + SD, n=3. "P<0.05. GSK-3p, glycogen synthase kinase-3f3; LC3, microtubule-associated protein 1 light chain 3; miR, microRNA; mTOR, mammalian

target of rapamycin; NC, negative control; p-, phosphorylated.

ischemia/reperfusion injury, as well as in the proliferation
and invasion of LSCC cells (16,17). The present study also
confirmed this relationship using a dual-luciferase reporter
assay. ROCKI1 is a serine-threonine protein kinase, which
phosphorylates a variety of downstream target proteins through
interactions with Rho GTPases, to promote the generation of
actin-myosin mediated contractile forces, thereby control-
ling cell mobility, metastasis and invasion (22,43). Previous
studies have indicated that ROCKI is associated with cancer

progression and its expression levels are elevated in several
types of cancer (44-46). For example, in prostate cancer,
ROCK expression levels have been reported to be significantly
increased and this was associated with increased cell prolifera-
tion and migration (47). Additionally, it has been reported that
ROCKI expression is positively correlated with tumor size and
lymph node metastasis, and that downregulation of ROCK1
inhibits cell proliferation, migration and invasion of LSCC
cells (48,49). The present study demonstrated that miR-136-5p
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Figure 5. miR-136-5p downregulation decreased the cisplatin sensitivity of laryngeal squamous cell carcinoma and head and neck squamous cell carcinoma
cells by targeting ROCK1. (A) After cells were transfected with miR-136-5p inhibitor or inhibitor-NC for 24 h, as well as with cisplatin (2.6 M) and/or Y27632
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may also regulate cell metastasis and invasion by regulating
the downstream target ROCK1 in LSCC and HPSCC cells.
Cisplatin is a systemic therapy, usually combined
with radiation as a standard treatment of head and neck
cancer (50). Cisplatin-based chemotherapy regimens are the
most commonly used adjunctive therapy for several types of
cancer (51). However, cisplatin resistance is a major barrier to
therapeutic success (52). Thus, increasing the chemosensitivity
to cisplatin may contribute to the successful treatment for
various types of cancer. Zhao et al (14) demonstrated that the
expression of miR-136 was associated with primary cisplatin

resistance in human epithelial ovarian cancer. Studies have
reported that miR-136 reversed cisplatin chemosensitivity
in glioma cells through targeting downstream targets (53).
The present study showed that miR-136-5p overexpression
increased the sensitivity to cisplatin of LSCC and HPSCC
cells by reducing cell viability and promoting apoptosis.
Autophagy is a complex process that often occurs in normal
cells and is used to degrade excess protein and subcellular
components in lysosomes (54). Under normal conditions,
autophagy regulates the metabolism of proteins, maintains
homeostasis and inhibits tumor formation (55). The p-Akt/
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p-mTOR axis negatively regulates autophagy (56). GSK-3p is
amajor downstream molecule of p-Akt that inhibits autophagy
by activating mTOR (57). LC3-1 is cleaved and lipidated to
form LC3-II during autophagosome formation and LC3-II
is a known autophagosomal marker in mammals (58). P62
is a selective autophagy substrate that can be continuously
degraded by autophagy (59). Mathew et al (60) demonstrated
that autophagy inhibited tumorigenesis by interfering
with the p62 pathway, which is crucial for tumorigenesis.
Wu et al (61) reported that autophagy decreases the sensitivity
of lung adenocarcinomas to cisplatin treatment through
the activation of the AMPK/mTOR signaling pathway.
The present study showed that miR-136-5p overexpression
combined with cisplatin decreased P62 levels and inhibited
the Akt/mTOR pathway, a pathway that negatively regulates
autophagy (62). The results suggested that miR-136-5p
overexpression promoted autophagy, which is conducive
to the inhibition of LSCC and HPSCC development, and
the increase of cisplatin sensitivity of LSCC and HPSCC
cells. Conversely, miR-136-5p knockdown decreased the
sensitivity to cisplatin in both LSCC and HPSCC cells, while
the inhibition of ROCK1 reversed the effects of miR-136-5p
knockdown on cisplatin sensitivity, indicating that
miR-136-5p may affect the cisplatin sensitivity of LSCC and
HPSCC cells by targeting ROCKI1. Collectively, the present
study suggested that miR-136-5p renders LSCC and HPSCC
cells more sensitive to cisplatin treatment and miR-136-5p
and cisplatin combined promotes chemosensitivity through
targeting ROCK1 in LSCC and HPSCC cells. Therefore,
the miRNA-136-5p/ROCK axis may serve as a promising
therapeutic target for the treatment of LSCC and HPSCC.
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