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Laryngeal cancer, one of the most common head and neck malignancies, is an aggressive neoplasm. Increasing
evidence has demonstrated that microRNAs (miRNAs) exert important roles in oncogenesis and progression
of diverse types of human cancers. miR-632, a tumor-related miRNA, has been reported to be dysregulated
and implicated in human malignancies; however, its biological role in laryngeal carcinoma remains to be eluci-
dated. The present study aimed at exploring the role of miR-632 in laryngeal cancer and clarifying the potential
molecular mechanisms involved. In the current study, miR-632 was found to be significantly upregulated
both in laryngeal cancer tissues and laryngeal cancer cell lines. Functional studies demonstrated that miR-632
accelerated cell proliferation and colony formation, facilitated cell migration and invasion, and enhanced the
expression of cell proliferation-associated proteins, cyclin D1 and c-myc. Notably, miR-632 could directly
bind to the 3’-untranslated region (3’-UTR) of glycogen synthase kinase 3 (GSK3P) to suppress its expression
in laryngeal cancer cells. Mechanical studies revealed that miR-632 promoted laryngeal cancer cell prolifera-
tion, migration, and invasion through negative modulation of GSK3. Pearson’s correlation analysis revealed
that miR-632 expression was inversely correlated with GSK3 mRNA expression in laryngeal cancer tissues.
Taken together, our findings suggest that miR-632 functions as an oncogene in laryngeal cancer and may be
used as a novel therapeutic target for laryngeal cancer.
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INTRODUCTION

Laryngeal squamous cell carcinoma (LSCC), one of
the most common head and neck malignancies, origi-
nates from the epithelium of the larynx'~. LSCC is an
aggressive neoplasm with a high mortality rate. It was
estimated that about 160,000 new cases were diagnosed
every year, and a 5-year survival rate was approximately
60%"°. Surgery or total laryngectomy, followed by che-
motherapy or radiotherapy, remains the primary treatment
for LSCC®". Despite significant advances in the diagno-
sis and treatment for laryngeal cancer over the past sev-
eral decades, the long-term prognosis for LSCC patients,
especially for advanced stage LSCC patients, is still poor.
Hence, it is a critical need to develop effective therapeu-
tic strategies for LSCC and identify sensitive biomarkers
for LSCC prognosis.

MicroRNAs (miRNAs) are a large class of small
(19~25 nucleotides) endogenous, noncoding and single-
stranded RNA molecules, which exert their functions

by sequence-specific base pairing on the 3’-untranslated
regions (3’-UTRs) of target messenger RNAs (mRNAs)
to inhibit translation®’. Mounting evidence has demon-
strated that the ectopic expression of miRNAs is implicated
in the occurrence and development of diverse types of
human malignancies and other pathological processes'®">.

Glycogen synthase kinase 33 (GSK3p), a major mem-
ber of the serine/threonine protein kinase GSK3 family,
play crucial roles in various cellular processes, including
cell proliferation, cell cycle, cell differentiation, and cell
death''". Recent studies have revealed that GSK3p is
dysregulated and implicated in multiple types of human
tumors, including esophageal carcinoma'®, hepatic can-
cer'®, pancreatic cancer'’, and ovarian cancer'®.

miR-632 has been reported to be upregulated in breast
cancer and exerts tumor-promoting roles by negative
modulation of DNAJB6Y. However, the role of miR-632
in laryngeal cancer remains unclear. This study aimed
to explore the functional role of miR-632 in laryngeal
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cancer and elucidate the potential molecular mechanisms
involved. In the present study, miR-632 was discovered
to be remarkably upregulated in both laryngeal cancer tis-
sues and cell lines. Functional studies revealed that miR-
632 facilitated laryngeal cancer cell proliferation, colony
formation, migration, and invasion. Mechanically, miR-
632 exerts tumor-promoting roles in laryngeal cancer
partially by negative regulation of GSK3p.

MATERIALS AND METHODS
Patients and Tissue Samples

Laryngeal cancer tissues and corresponding adjacent
nontumor tissues (located 5 cm away from laryngeal can-
cer tissues) were obtained from 10 patients in Renmin
Hospital of Wuhan University (Wuhan, P.R. China) from
March 2014 to December 2016. All the clinical samples
were immediately frozen in liquid nitrogen after being
removed from the patients and stored at —80°C for fur-
ther studies. This study was approved by the ethnics and
scientific committee of Wuhan University and complied
with the Declaration of Helsinki. All the patients recruited
in the present study provided written informed consent.

Cell Culture

Three human laryngeal cancer cell lines (SNU899,
TU212, and Hep-2) and one normal human bronchial epi-
thelial cell line BEAS-2B were purchased from Shanghai
Cell Bank, Chinese Academy of Sciences (Shanghai,
P.R. China). Cells were cultured in RPMI-1640 medium
(Gibco, Los Angeles, CA, USA) supplemented with 10%
fetal bovine serum (FBS; Sigma-Aldrich, St. Louis, MO,
USA), 100 U/ml penicillin, and 100 ug/ml streptomycin.
All the cells were maintained at 37°C in a humidified
incubator containing 5% CO,.

RNA Extraction and Quantitative Real-Time
PCR (qRT-PCR)

Total RNAs were extracted from tissues and cells
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions, and quan-
tified using Nanodrop 2000 (Thermo Fisher Scientific,
Waltham, MA, USA). For microRNA expression analy-
sis, mature miRNA-632 was reverse transcribed using
TagMan MicroRNA Reverse Transcription kit (Applied
Biosystems, Foster City, CA, USA). U6 was used an
endogenous control to normalize miR-632 expression.

For mRNA expression analysis, the first strand was
synthesized using TagMan High-Capacity cDNA Reverse
Transcription (Applied Biosystems). GAPDH was used
as an internal control to normalize the expression of
GSK3B mRNA. qRT-PCR was performed on an Applied
Biosystems 7500 Fast Real-Time PCR system. The specific
primer sequences (Invitrogen) were as follows: GSK3,
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5-ATTACGGGACCCAAATGTCA-3’ (forward) and 5’-
TGCAGAAGCAGCATTATTGG-3’ (reverse); GAPDH,
5-CACCCACTCCTCCACCTTTG-3’ (forward) and 5’-
CCACCACCCTGTTGCTGTAG-3" (reverse); miR-632,
5-GACGGGAGGCGGAGCGGGGA-3’ (forward) and
5-TCCCCGCTCCGCCTCCCGTC-3’ (reverse); U6, 5'-
CTCGCTTCGGCAGCACA-3" (forward) and 5-AA
CGCTTCACGAATTTGCGT-3" (reverse). The relative
expression level was calculated using the 27**“ method.

Cell Transfection

Cell transfection was performed using Lipofectamine
2000 (Invitrogen) according to the manufacturer’s pro-
tocols. Cells were transfected with miR-632 mimics
or miR-632 inhibitor. The siRNA against GSK3pB was
designed and synthesized by Shanghai GenePharma Co.,
Ltd. (Shanghai, PR. China). The sequences of si-GSK3[
were as follows: 5-CGAUUACACGUCUAGUAUA
(sense) and UAACAAUCUAUUUACACCC-3’ (anti-
sense). Cells were harvested 48 h posttransfection for
further experiments.

Cell Viability Assay

Cell proliferation was evaluated using MTT Cell
Proliferation and Cytotoxicity Assay kit (Sigma-Aldrich)
according to the manufacturer’s protocol. Briefly, Hep-2
cells were seeded into 96-well plates at a density of
2~3x10° cells/well after transfection. Cells were then
incubated at 37°C for different periods of time (0, 24, 48,
and 72 h). Subsequently, the culture medium was removed
and replaced with 100 ul of sterile MTT (0.5 mg/ml;
Sigma-Aldrich). After incubation at 37°C for another 4 h,
MTT solution was removed and replaced with 150 pl
of DMSO (4%; Sigma-Aldrich). Following incubation
with DMSO for 15 min, the absorbance was measured
at 560 nm via a microplate reader (Bio-Tek Instruments,
Winooski, VT, USA).

Colony Formation Assay

Colony formation assays were performed to assess the
clonogenic capacity of Hep-2 cells after transfection. In
brief, 400 cells from each treatment were seeded into six-
well plates and allowed to grow for 2 weeks. Crystal vio-
let (2%; Sigma-Aldrich) was applied to stain the formed
colonies. The number of colonies was then counted under
an invert microscope (Olympus, Tokyo, Japan). The exper-
iments were performed in triplicate.

Wound Healing Assay

Hep-2 cells were seeded in six-well culture plates to
grow into a monolayer. The cell monolayer was scraped
using yellow pipette tips and washed twice with culture
medium to form a wound. Following further incubation
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in the culture medium for 24 h, closure of the scratch
was observed using an inverted microscope (Olympus).
Cells were observed and photos taken at 0 and 24 h after
wounding under an inverted microscope. The cell-free
area at 24 h after scratching and the original denuded
area were measured using the ImagelJ software (National
Institute of Health, Bethesda, MD, USA).

Transwell Invasion Assay

For Transwell invasion analysis, 2x 10* Hep-2 cells
were seeded into the upper chamber coated with Matrigel
(Sigma-Aldrich) after transfection. The cells were plated
in the culture medium without serum, and medium con-
taining 10% FBS in the lower chamber served as chemo-
attractant. After incubation for 24 h at 37°C, cells that did
not invade through the pore of the filter were carefully
wiped off with cotton wool. Then the invasive cells were
fixed with 95% ethanol (Sangon, Shanghai, PR. China),
stained with 0.5% crystal violet (Sigma-Aldrich), and
counted under an inverted microscope (Olympus).

Luciferase Reporter Assays

Wild-type GSK3B 3-UTR fragments and mutant
GSK3pB 3’UTR fragments were inserted into pmirGLO
reporter vectors (Promega, Madison, WI, USA). Cells
were cotransfected with miR-632 mimics and wild-type
GSK3p or mutant GSK3[ by Lipofectamine 2000 (Invi-
trogen). The Dual-Luciferase Reporter kit (Promega) was
applied to detect the relative luciferase activity 48 h post-
transfection. Results were presented as the ratio of Renilla
luciferase activity to firefly luciferase activity.

Western Blot Analysis

Proteins were extracted from cells using the protein
extraction reagent (Takara, Dalian, PR. China). The BCA
Protein Assay kit (Takara) was applied to detect the con-
centrations of the extracted proteins. The extracts were
separated on 10% SDS-PAGE and transferred onto poly-
vinylidene fluoride (PVDF) microporous membranes
(Dupont NEN, Boston, MA, USA). The PVDF mem-
branes were blocked with phosphate-buffered saline
(PBS) containing 0.1% Tween-20 (PBST) and 5% (w/v)
nonfat milk for 1 h at room temperature. Following wash-
ing three times with PBST, the PVDF membranes were
probed with corresponding antibodies overnight at 4°C.
Anti-GSK3[3 (ab205710) and anti-GAPDH (ab8245)
were purchased from Abcam (Cambridge, MA, USA)
and used at the following dilutions: anti-GSK3p (1:1,000)
and anti-GAPDH (1:3,000). After the PVDF membranes
were washed again with PBST, horseradish peroxidase
(HRP)-labeled IgG was added at 1:5,000 dilution and
incubated at room temperature for 1 h. The blots were
developed using ECL Western blotting reagents.
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Statistical Analysis

Data were expressed as mean + standard deviation (SD)
from three separate experiments. Statistical analysis was
performed using SPSS 18.0 (SPSS, Chicago, IL, USA).
Correlation between miR-632 expression and GSK3[3
mRNA expression in laryngeal cancer tissues was evalu-
ated using Pearson’s correlation analysis. Two-tailed
Student’s r-test was applied to compare the differences
between two groups, and one-way analysis of variance
(ANOVA) followed by Dunnett’s multiple comparison
was employed to compare the differences among three
independent groups. A value of p<0.05 was considered
statistically significant.

RESULTS

miR-632 Is Significantly Upregulated in Laryngeal
Cancer Tissues and Cell Lines

Given that the biological role of miR-632 in laryn-
geal cancer remains to be elucidated, we initially carried
out qRT-PCR analysis to detect its expression levels in
10 pairs of laryngeal cancer tissues and corresponding
pericarcinomatous tissues. As illustrated in Figure 1A,
laryngeal cancer tissues displayed higher expression
levels of miR-632 than adjacent noncancerous tissues.
Consistently, miR-632 was observed to be significantly
upregulated in laryngeal cancer cell lines (SNU899,
TU212, and Hep-2) compared with normal bronchial
epithelial cell line BEAS-2B (Fig. 1B). Hep-2 cells (high-
est endogenous miR-632 expression) were selected for
subsequent studies. Taken together, these findings reveal
that miR-632 is significantly upregulated in laryngeal
cancer tissues and cell lines.

miR-632 Accelerates Laryngeal Cancer Cell
Proliferation and Colony Formation

To investigate the potential biological role of miR-632
in laryngeal cancer, Hep-2 cells were transfected with
miR-632 mimics or miR-632 inhibitor. The transfection
efficacy was evaluated by qRT-PCR analysis (Fig. 2A).
As evident from MTT assays, Hep-2 cell proliferation
was notably facilitated by miR-632 mimics compared
with the negative control group, whereas miR-632 inhibi-
tor markedly repressed Hep-2 cell proliferation (Fig. 2B).
As illustrated in Figure 2C, the clonogenic capability of
Hep-2 cells was significantly strengthened by miR-632
overexpression compared with the negative control group;
however, miR-632 inhibitor dramatically suppressed the
clonogenic formation ability. In addition, Western blot
analysis was performed to evaluate the effect of miR-632
on the expression of cell proliferation-associated proteins
in Hep-2 cells. miR-632 overexpression was discovered
to significantly upregulate the expression of cyclin D1
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Figure 1. miR-632 is significantly upregulated in laryngeal cancer tissues and cell lines. (A) Relative expression levels of miR-632
in 10 pairs of laryngeal cancer tissues and adjacent noncancerous tissues were measured using quantitative real-time PCR (qRT-PCR)
analysis. (B) Relative expression levels of miR-632 in normal bronchial epithelial cell line BEAS-2B and three laryngeal cancer cell
lines (SNU899, TU212, and Hep-2) were identified by qRT-PCR analysis. **p<0.01.
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Figure 2. miR-632 accelerates laryngeal cancer cell proliferation and colony formation. (A) miR-632 expression levels in Hep-2 cells
were identified using qRT-PCR after transfection with miR-632 mimics or miR-632 inhibitor. (B) Hep-2 cell proliferation was assessed
using MTT assays after transfection with miR-632 mimics or miR-632 inhibitor. (C) Clonogenic capability of Hep-2 cells was evalu-
ated using colony formation assays after transfection with miR-632 mimics or miR-632 inhibitor. **p<0.01.
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Figure 3. miR-632 suppresses the expression of cell proliferation-associated proteins in Hep-2 cells. (A) Expression levels of cyclin D1
and c-myc in Hep-2 cells were determined using Western blot after transfection with NC-mimics or miR-632 mimics. (B) Expression
levels of cyclin D1 and c-myc in Hep-2 cells were identified using Western blot after transfection with NC-inhibitor or miR-632 inhibi-

tor. ¥**¥p<0.01.

and c-myc, whereas miR-632 inhibitor notably inhibited
the expression of cyclin D1 and c-myc (Fig. 3A and B).
These findings indicate that miR-632 facilitates laryngeal
cancer cell proliferation and colony formation.

miR-632 Promotes Cell Laryngeal Cancer Cell
Migration and Invasion

To investigate whether miR-632 influences the motil-
ity of laryngeal cancer cells, we assessed the migrative
and invasive abilities of Hep-2 cells after transfection
with miR-632 mimics or miR-632 inhibitor. As presented
in Figure 4A, miR-632 mimics significantly enhanced the
migrative capability of Hep-2 cells in comparison with
the negative control group, whereas miR-632 inhibitor
markedly slowed down Hep-2 cell migration. As evident
from Transwell invasion assays, Hep-2 cell invasion was
notably promoted by miR-632 overexpression compared
with the negative control group, whereas miR-632 inhibi-
tor remarkably repressed the invasion of Hep-2 cells
(Fig. 4B). These results suggest that miR-632 accelerates
laryngeal cancer migration and invasion.

GSK3B Is a Downstream Target of miR-632

To elucidate the potential molecular mechanism by
which miR-632 promotes laryngeal cancer cell prolifera-
tion, migration, and invasion, TargetScan algorithm was
performed to predict the potential targets of miR-632.
GSK3p, frequently reported to be involved in pathogene-
sis and development of a variety of human malignancies,
was selected as a candidate target of miR-632 (Fig. 5A).
To verify whether GSK3p is regulated by direct binding
of miR-632 to its 3’-UTR, luciferase reporter assays were
conducted. We constructed luciferase reporter vectors
containing the predicted miR-632 targeting sequences
(wild-type GSK3B 3’-UTR) or its corresponding mutant
fragments (mutant GSK3[ 3’-UTR). The results revealed
that cotransfection of miR-632 mimics and wild-type
GSK3p 3’-UTR notably decreased the activity of lucif-
erase, while cotransfection of miR-608 mimics and
mutant GSK3[ 3’-UTR failed to reduce the activity of
luciferase (Fig. 5B). Furthermore, qRT-PCR analysis and
Western blotting analysis demonstrated that GSK3[3 was
remarkably downregulated in Hep-2 cells transfected with
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Figure 4. miR-632 promotes laryngeal cancer cell migration and invasion. (A) Hep-2 cell migration was examined by wound healing
assays after transfection with miR-632 mimics or miR-632 inhibitor. (B) Hep-2 cell invasion was identified using Transwell invasion
assays after transfection with miR-632 mimics or miR-632 inhibitor. **p<0.01.

miR-632 mimics compared with the negative control
group, whereas miR-632 inhibitor dramatically upregu-
lated the mRNA and protein expression levels of GSK3[3
(Fig. 5C and D). Additionally, Pearson’s correlation analy-
sis demonstrated that miR-632 expression was negatively
correlated with GSK33 mRNA expression in laryngeal
cancer tissues (Fig. SE). Taken together, our results sug-
gest that miR-632 directly binds to GSK3f 3"-UTR to
suppress its expression.

Downregulation of GSK3f Has Similar Effects With
Overexpression of miR-632 in Laryngeal Cancer Cells
Given that GSK3p is closely associated with oncogen-
esis and progression of a wide range of human tumors, we
downregulate the expression of GSK3[ in Hep-2 cells,

with a view to further investigating the functional con-
nection between miR-632 and GSK3. The interference
efficiency was assessed using Western blotting analysis
(Fig. 6A). As illustrated in Figure 6B—E, knockdown of
GSK3p notably facilitated Hep-2 cell proliferation, col-
ony formation, migration, and invasion compared with
the negative control treatment. These results demonstrate
that downregulation of GSK3p has similar effects with
overexpression of miR-632 in laryngeal cancer cells.

Downregulation of GSK3 Has Opposite Effects With
Inhibition of miR-632 in Laryngeal Cancer Cells

To further explore the functional connection between
miR-632 and GSK3[, Hep-2 cells were cotransfected
with miR-632 inhibitor and si-GSK3[. miR-632 inhibitor



miR-632 PROMOTES LARYNGEAL CARCINOMA PROGRESSION

27

A B
g 1.57mm mut-GSK3p 3'UTR
Wt-GSK3g 5'..UUGGUGGGCAGGUGUGGCAGACAA & W wt-GSK3p I'UTR
FIrrnrd g 1.01
hsa miR-632 3' AGGGUGUCCUUCACGUCUGUG é Kok
mut-GSK3 5'...UUGGUGGGCAGGUGUGCGUCUGUG § 0.5
2
< 0.0- L : —
4 NC-mimics miR-632 mimics
C 515 g 207 o
2 &
o @ 1.5
1.0 s
> 3
g é 1.0'
0.5
E € 0.5
@ @
% 0.0- - . — S 0.0-
8 NC-mimics  miR-632 mimics @ NC-inhibitor  miR-632 inhibitor
D NC mimics miR-632 mimics NC inhibitor miR-632 inhibitor
osor . . S —
E

c s

2 0.8- _ 2

@ = Il NC mimics o

o B miR-632 mimics ]

2 0.6 s

% % 1.0
o

§ 0.4 s

o °

s 5 0.51

2 0.2 2

™ (]

ﬁ 0.0 f) 0.0-

o o

1.57 mm NC inhibitor
I miR-632 inhibitor

3]
1

R?=-0.7586
p=0.0010

£
"

%k

Qd")w

Relative expression of GSK3
=9
(=]
-
3]
N
(=]
N
3]
w
o

Relative expression of miR-632

Figure 5. Glycogen synthase kinase 3 (GSK3p) is a downstream target of miR-632. (A) A putative binding site of miR-632 in the
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was observed to remarkably suppress Hep-2 cell prolif-
eration, colony formation, migration, and invasion. In
addition, the inhibitory effects of miR-632 on Hep-2 cell
proliferation, colony formation, migration, and invasion
were partially alleviated by the knockdown of GSK3[3
(Fig. 7A-D). Taken together, our data suggest that the
suppressing effects of miR-632 in laryngeal cancer cells
were partially mediated by GSK33.

DISCUSSION

Laryngeal cancer, an aggressive malignancy, has the
second highest morbidity among all the head and neck
carcinomas™. Laryngeal cancer has brought immense
economic pressures and high health risks to the people

worldwide. Even though great progress in diagnosis and
treatment of laryngeal cancer has been achieved, the long-
term prognosis remains poor. Evidence is accumulating
that miRNAs function as important regulator in tumori-
genesis and progression of laryngeal carcinoma®' ‘. miR-
632, a novel cancer-related miRNA, has been reported to
promote cell proliferation and invasion in breast cancer by
downregulating DNAJB6'°. However, the biological role
of miR-632 in laryngeal cancer is poorly understood.

In the present study, we initially examined the expres-
sion levels of miR-632 in 10 pairs of laryngeal cancer
tissues and corresponding adjacent noncancerous tissues,
and found that miR-632 was significantly upregulated
in laryngeal cancer tissues. Consistently, miR-632 was
observed to be notably upregulated in laryngeal cancer
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with si-NC or si-GSK3p. **p<0.01.

cell lines. To get a better understanding of the biological
role of miR-632 in laryngeal cancer, functional studies
were subsequently conducted. The results of functional
studies demonstrated that miR-632 accelerated laryngeal
cancer cell proliferation and colony formation, facilitated
cell migration and invasion, and enhanced the expression
of cell proliferation-associated proteins, cyclin D1 and
c-myec. It is well acknowledged that cyclin D1 and c-myc
are two important proteins that positively regulate cell
proliferation”?*. Our findings suggest that miR-632 may
serve as a tumor promoter in laryngeal cancer.

To explore the potential molecular mechanisms by
which miR-632 promotes laryngeal cancer cell prolifera-
tion, migration, and invasion, we performed bioinformat-
ics analysis using TargetScan online software. GSK3[,
frequently reported to be implicated in a variety of human
cancers, was selected as a candidate target of miR-632.
Dual-luciferase reporter assays confirmed GSK3f as a
direct target of miR-632. Previous studies have showed
that aberrant expression of GSK3[B is implicated in
diverse human malignancies, including esophageal can-
cer’®, ovarian cancer'®, non-small cell lung cancer?’,
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assessed by wound healing assays after cotransfection with miR-632 inhibitor and si-GSK3p after cotransfection with miR-632 inhibi-
tor and si-GSK3p. (D) Hep-2 cell invasion was evaluated via Transwell invasion assays after cotransfection with miR-632 inhibitor
and si-GSK3f. **p<0.01 versus NC-inhibitor+si-NC group; ##p<0.01 versus miR-632 inhibitor +si-NC group.

hepatocellular carcinoma®, breast cancer”’, melanoma®,
and nasopharyngeal carcinoma®. GSK3p is an impor-
tant point of convergence for cellular signaling pathways
involved in oncogenesis and progression of human can-
cers. It is documented that GSK3PB can phosphorylate
some key proteins (e.g., c-jun, c-myc, and B-catenin)
involved in cancer-related pathways, thereby inducing
ubiquitin-mediated degradation and inhibiting cancer-
associated signal pathways™>*.

To further determine the functional correlation between
miR-632 and GSK3B, we downregulated the expres-
sion of GSK3p in laryngeal cancer cells. Knockdown
of GSK3 was observed to have similar effects on cell

proliferation, colony formation, cell migration, and inva-
sion with overexpression of miR-632 in laryngeal can-
cer cells. Furthermore, knockdown of GSK3p was found
to partially reverse the suppressive effects of miR-632
inhibitor on laryngeal cancer cells. These results suggest
that the promoting effects of miR-632 on cell prolifera-
tion, migration, and invasion are mediated by GSK3p in
laryngeal cancer cells.

In conclusion, miR-632 is significantly upregulated in
laryngeal cancer tissues and cell line, and exerts tumor-
promoting roles in laryngeal cancer via targeting GSK33.
Our study provides new insights into understanding
the molecular mechanisms underlying laryngeal cancer
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oncogenesis and development. Thus, miR-632 may be
used to be a novel prognostic marker and a potential ther-
apeutic target for laryngeal cancer.
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