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Abstract

Laryngeal squamous cell carcinoma (LSCC) is the second most common malignant head and neck
squamous cell carcinoma. Exploring the molecular indicators of malignant behavior will enhance
our knowledge of this type cancer and provide novel options for its prevention, diagnosis, and
treatment. MicroRNA might exert regulatory roles as oncogenes or anti-oncogenes. We studied
the expression of miR-301a-3p in LSCC tissues and cell lines and conducted a functional analysis of
miR-301a-3p to confirm if miR-301a-3p functions as an oncogene in LSCC. We found Smad4 to be
one of the potential target genes of miR-301a-3p, and it functioned as a tumor suppressor in LSCC.
Hsa-miR-301a-3p participated in the epithelial-mesenchymal transition (EMT) process, which is
considered to be linked to the process of LSCC development. Our present findings indicate that
miR-301a-3p acts as an oncogene by directly regulating the anti-oncogene Smad4, thereby playing
a role in the occurrence and development of LSCC. The present findings are expected to help in

the development of novel targets for the prevention and treatment of LSCC.
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Introduction

Head and neck squamous cell carcinoma
(HNSCC) stands sixth among malignant cancers in
the world [1]. As the most common type of HNSCC,
laryngeal squamous cell carcinoma (LSCC) occupies
the second place among HNSCCs and represents
about 5.7-7.6% of malignant tumors [2,3], especially
in the northern area of China, including Shanxi
Province [4]. Although in recent years, considerable
research has focused on the diagnosis and treatment
of LSCC, the 5-year survival rate of LSCC patients
remains medium level, and the mortality is mainly
due to tumor recurrence and local lymph node me-
tastasis [5,6]. Thus, understanding the basis of occur-
rence and development of LSCC is of importance in

clinical practice.

MicroRNAs (miRNAs) are endogenous, small
(22-25-nucleotide long), noncoding RNAs and have
specific expression in different cells and tissues
[7,8].They are involved in several biological processes
such as development, cell proliferation, differentia-
tion, and apoptosis [9,10]. The dysregulation of
miRNAs might play pivotal roles in tumorigenesis in
breast cancer [11,12], liver cancer [13,14], gastric can-
cer [15,16], and colorectal cancer [17,18]. Thus, re-
searching the function and expression of miRNAs will
contribute to the understanding of the pathogenesis,
diagnosis, treatment, and prognosis of such tumors.

To investigate the underlying miRNAs in human
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LSCC, we used a miRNA array and identified a can-
didate biomarker, namely, hsa-miR-301a-3p
(miR-301a-3p). miR-301a-3p has been reported in
several types of cancer [19-21], but its function and
role in LSCC are unclear. Recent studies have
demonstrated that EMT plays an important role in
invasion and metastasis of cancer. TGF- 8 /Smad
signal pathway is a crucial pathway in EMT progress
and Smad4 is characterized as a mediator of
TGF-B/Smad signal passway, so Smad4 also takes
part in EMT progress [22]. Smad4 was identified as a
tumour suppressor gene at 18q21.1, but the study in
LSCC had been reported rarely. Smad4 might be a
downstream target gene of miR-301a-3p with the as-
sistance of bioinformatics methods. The aims of this
study were to investigate the function and role of
miR-301a-3p and Smad4 in LSCC and to determine
whether miR-301a-3p regulates Smad4 in a targeted
manner. We also investigate the role of miR-301a-3p
and Smad4 in EMT and evaluated the clinical signifi-
cance in the development and progression of LSCC.
Our findings might provide a new insight into the
mechanism of miRNA and its gene regulation in
LSCC.

Materials and methods

Ethics Statement

This study was conducted in accordance with
the Helsinki declaration. Before surgery, all of pa-
tients signed a written, informed consent, acknowl-
edging that they understood their rights and obliga-
tions. The study was approved by the Research Ethics
Committee at Shanxi Medical University.

Cell lines and clinical samples

Human LSCC cell line Hep-2, HEK-293 cells
were purchased from ATCC. Human LSCC cell line
Tu-177 or human bronchial epithelial cell line 16HBE
was purchased from Shanghai Bioleaf Biotech Com-
pany (Shanghai, China). Cells were plated in
RPMI-1640 (Tu-177) (HyClone, Logan, UT, USA) or
DMEM (Hep-2, HEK-293, 16HBE) (HyClone, Logan,
UT, USA) containing 10% fetal bovine serum (FBS)
(HyClone) and 100mg/mL penicillin/streptomycin
(HyClone) and were incubated at 37°C in a humidi-
fied chamber supplemented with 5% CO,. Laryngeal
carcinoma and corresponding adjacent normal mar-
gin (ANM) tissues were obtained from 145 patients
undergoing surgery at The First Hospital affiliated
with Shanxi Medical University, China. According to
the clinical data integrity, follow-up information, and
paraffin specimen condition, we finally chose 120 pa-
tients for our research. The excluded patients com-
prised 9 patients who died (5 from heart attack or

cerebrovascular accident, 2 from falls, and 2 from
unknown reasons). The paraffin-embedded LSCC
tissues included 120 patients and 120 cases of corre-
sponding ANM tissues which were selected 45 cases
in use of IHC detection of Smad4. We also chose 6
pairs of fresh LSCC and corresponding ANM tissues
from patients undergoing surgery in our hospital in
2014 for qRT-PCR. The patients undergoing follow-up
were treated at our department between 2002 and
2013, and recorded with detailed clinical and fol-
low-up data.

Homo sapiens Smad4 overexpression vector
construction

To manufacture a Smad4 overexpressing vector,
Smad4 cDNA was amplified with total RNA from
HEK-293 cells by reverse transcription-PCR. The
pcDNA™3.1 (+) vector was purchased from Invitro-
gen (Carlsbad, CA, USA). The next steps were per-
formed according to the instructions. The following
primers of Smad4 were used: BamH 1 F
5'cgcggatccgccacc ATGGACAATATGTCTATTACGA
ATACAC 3 Smad4 Xho I R: 5'ccgctcgagTCAGT
CTAAAGGTTGTGGGTCTGCA 3'. In order to make
sure the overexpression of Smad4 in level of transcript
and protein, Smad4 was detected with the methods of
gRT-PCR and western blot in LSCC cell lines Hep-2
and Tu-177 after transfection.

Cell transfection

Cells were plated in 6-well dishes (2.0 x105cells
per well). A miR-301a-3p inhibitor, a negative control
(NC) precursor (RiboBio, Guangzhou, China), Smad4
vector pcDNA™3.1(+)-Smad4 plasmid, and Smad4
NC were transfected at final concentrations of 40nM
each by using Lipofectamine 2000 (Invitrogen) in ac-
cordance with the manufacturer’s instructions. After
transfection, cells were harvested and used for
gRT-PCR, western blot analysis, and cell function
experiments.

Real-time PCR

Total RNA was extracted from cell lines and
tissues using TRIzol (Invitrogen) or the miRNeasy
FFPE kit (Qiagen, Valencia, CA, USA) according to
the manufacturer’s protocol. qRT-PCR was performed
using the SYBR® Green PCR kit (Toyobo, Osaka, Ja-
pan) and the ABI PRISM® 7500 Sequence Detection
System (Applied Biosystems, FosterCity, CA, USA).
The primer sequences were as follows (Sangon,
Shanghai, China): hsa-miR-301a-3p:  forward,
5-ACACTCCAGCTGGGCAGTGCAATAGTATTGT
C-3' and reverse, 5-CTCAACTGGTGTCGTGGA-3’;
Smad4: forward, 5-TGCTGTTGCAAAGGCTGCTT-3'
and reverse, 5-GCTTCTGGCATAGCTGCATT-3'. U6
or 185 rRNA was used as reference for miRNAs or
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mRNAs respectively. The primer sequences were as
follows: U6: forward, 5-CTCGCTTCGGCAGCACA-3’
and reverse, 5-AACGCTTCACGAATTTGCGT-3'; 185
rRNA: forward, 5-CCTGGATACCGCAGCTAGGA-
3’ and reverse, 5-GCGGCGCAATACGAATG
CCCC-3'. The qRT-PCR results, recorded as threshold
cycle numbers (Ct), were normalized against an in-
ternal control. The 2'42“ method was used to quantify
the relative levels of gene expression [23]. Each sam-
ple was analyzed in triplicate. The final measurement
result was the average of the values obtained from 3
experiments.

Dual-luciferase reporter assay

To identify whether miR-301a-3p directly regu-
lated Smad4 mRNA expression, the dual-luciferase
reporter assay for target validation was applied.
HEK-293 cells were transfected with psiCHECK™-2
Vector (Promega, Madison, WI, USA) containing
wild-type firefly luciferase with Smad4 or firefly lu-
ciferase with mut-Smad4 3-UcTR and with
miR-301a-3p, or negative-control oligonucleotide
(RiboBio). After 48h co-transfection, cells were har-
vested, and luciferase activity was measured with the
Dual-Luciferase Reporter Gene Assay Kit (Promega)
according to the manufacturer’s instructions.

MTS assay

The in vitro cell viability in Hep-2 and Tu-177
cells was evaluated using the CellTiter 96° AQueous
Non-Radioactive Cell Proliferation Assay (Promega).
Briefly, 1x10* cells were seeded in 96-well culture
plates. After transfection and culture, 10pL. MTS was
added to each well, and the cells were incubated for
4h. The optical density was measured at 490nm using
a microplate spectrophotometer (Thermo Fisher Sci-
entific, Waltham, MA, USA).

Colony-forming assay

To determine colony-forming ability, cells were
transfected with miR-301a-3p inhibitor or Smad4
plasmid. Cells were seeded in 96-well plates and in-
cubated for 7 days at 37°C with 5% CO.. After 70%
ethanol fixation, the plate was stained with crystal
violet for 20min, and cells were counted and photo-
graphed.

EDU cell proliferation assay

One of the most sensitive and accurate methods
for determining cell division is the EDU assay.
Transfected cells were seeded on cover slips. When
the confluency rate reached 80-90%, the medium was
discarded and 100pL EDU medium (50pM) was
added. Incubation was performed at 37°C for 2h. Cells
were fixed in 4% paraformaldehyde for 20min. For
permeabilization, 0.5%  TritonX-100 in phos-

phate-buffered saline (PBS) was applied for 20min.
100uL 1xApollo® stain liquid was added per well, and
cells were incubated at room temperature away from
light for 30min. Then, 100pL DAPI stain liquid was
added per well. Next, the cells were washed with PBS
and observed under a fluorescence microscope.

Cell migration and invasion assays

For the migration assay, cells transfected with
the miR-301a-3p inhibitor or NC were harvested and
plated on the upper chamber of a Transwell unit (BD
Biosciences, San Jose, CA, USA) in 500uL serum-free
RPMI-1640, and 1mL RPMI-1640 containing 10% FBS
was added to the bottom chamber. After incubation
for 24h at 37°C, cells remaining on the upper chamber
were removed by scrubbing, and the migrated cells
were fixed with 4% paraformaldehyde, stained with
crystal violet for 10min, and photographed. For inva-
sion assays, the upper chamber was covered with
Matrigel (BD Biosciences) for 2h. The other steps were
similar to the migration assay.

Western blot analysis

The transfected cells were washed and lysed.
The proteins were collected by centrifugation and
quantified by using the bicinchoninic acid protein
assay kit (Thermo Scientific). Aliquots containing
40pg proteins with 2xloading buffer (0.25 mol/L
Tris-Cl, pH 6.8, 10% sodium dodecyl sulfate, 0.5%
bromophenyl blue, and 50% glycerol) were boiled for
5min, loaded into 10% Tris-HCI polyacrylamide gels
(80V, 50min) and transferred electrophoretically to a
PVDF membrane (Millipore, Billerica, MA, USA) for
immune detection of candidate proteins. The mem-
brane was blocked with 5% skimmed milk at 4°C
overnight and then incubated with primary antibod-
ies overnight. Anti-Smad4 antibody (Santa Cruz Bio-
technology, Dallas, TX, USA, 1:1000), anti-E-cadherin
antibody (CellSignaling Technology, Danvers, MA,
USA, 1:1000), anti-N-cadherin antibody (CellSignal-
ing, 1:1000), anti-vimentin antibody (Abcam, Cam-
bridge, MA, USA, 1:800), anti-matrix metalloprotein-
ase2 (MMP2) antibody (Abcam, 1:1000), anti-MMP9
antibody (Abcam, 1:1000), and GAPDH antibody
(KangChen Biotech, Shanghai, China, 1:10000) were
used for western blot analysis, according to the man-
ufacturer’s instructions. The secondary antibodies
were goat anti-rabbit IgG at a dilution of 1:20000
(SouthernBiotech, Birmingham, AL, USA). The blots
were transferred to X-ray films (Kodak, USA). Bands
were analyzed using Image ] software for quantifica-
tion, and normalization was done using GAPDH
band intensities.

Flow cytometry assay

Cells were collected by trypsinization, fixed in
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ice-cold 75% ethanol in PBS, counted, and treated
with 20mg/mL RNase. Each sample contained 105-10¢
cells/mL. Cell death was analyzed using the Annex-
in-V FITC two-color flow cytometry kit (KeyGen Bio-
tech, Nanjing, China) according to the manufacturer’s
instructions. Cells were stained with 10uL propidium
iodide for 15min to test the cell cycle. Next, the cell
suspensions were diluted using binding buffer and
analyzed with a BD FACSCalibur Flow Cytometer
(BD Biosciences).

Immunohistochemistry

Immunohistochemical staining was performed
in 2 different tissue types: LSCC and corresponding
ANM tissues. Paraffin-embedded specimens were cut
into 4 pm sections and baked at 65°C for 3h. After
deparaffinization, rehydration, antigen retrieval,
blocking of endogenous peroxidase, and treatment
with normal serum, the sections were incubated with
anti-Smad4 antibody (Santa Cruz, 1:100) overnight at
4°C. Then, the sections were incubated with the
streptavidin-horseradish peroxidase complex. This
was followed by DAB staining and hematoxylin
staining. Smad4 expression was evaluated semiquan-
titatively by the proportion of tumor cells with posi-
tive staining. Staining intensity was scored as 0, no
staining (same as negative controls incubated by PBS);
1, weak intensity; 2, moderate intensity; 3, strong in-
tensity. Positive staining percentage was scored as 1,
<10%; 2, 11-50%; 3, 51-80%; and 4, >81%. The final
assessment was the mean combined score of staining
intensity and positive staining percentage. According
to the overall score, specimens were classified into
two grades: negative expression (-), 1~2 points; posi-
tive expression (+), 3~7 points. To determine the ex-
pression pattern, at least five fields (x400) and at least
100 cells per field were selected for microscopy ran-
domly. The sections were scored three times inde-
pendently by two pathologists who were blinded to
the clinical parameters, and the final score was the
average of the scores by these 2 observers.

Statistical analysis

Statistical analysis was performed using the
SPSS 20.0 statistical software package. Mean + stand-
ard deviation values of parameters were obtained
from at least 3 separate experiments. The differences
between groups were analyzed using Student’s t-test.
Pearson’s correlation was used to analyze the rela-
tionship between the expression of miR-301a-3p and
Smad4 in LSCC tissues. Survival was analyzed by the
Kaplan-Meier method with the log rank test. Multi-
variate analysis was performed by use of Cox pro-
portional hazards model. The difference was deemed
statistically significant at P <0.05.

Results

miR-301a-3p regulates Smad4 expression by
interaction with Smad4 3'-UTR

We attempted to investigate expression levels of
miR-301a-3p and Smad4 mRNA in human LSCC cell
lines Hep-2 and Tu-177 as well as human bronchial
epithelial cell line 16HBE, and 6 pairs of LSCC tissues
and corresponding ANM tissues by qRT-PCR tenta-
tively (detailed clinical data shown as Supplementary
Table 1). As shown in Figure 1A, miR-301a-3p ex-
pressions were significantly higher in human LSCC
tissues than in the ANM tissues. In Figure 1C,
miR-301a-3p expressions were significantly higher in
human LSCC cells than in the 16HBE cells. The ex-
pression levels of Smad4 mRNA in human LSCC tis-
sues and cancer cell lines were shown in Figure 1B
and 1D. As expected, Smad4 expression was signifi-
cantly lower in human LSCC cells and tissues than in
the 16HBE cells and ANM tissues.

To identify the potential target gene of
miR-301a-3p, we searched for candidate genes using
miRNA databases such as TargetScan [24] and found
Smad4 to be a predicted target gene of miR-301a-3p.
Moreover we found their binding sites (Figure 1E).We
used the dual-luciferase reporter gene system to con-
firm whether there is a targeted modulation of
miR-301a-3p and Smad4. We retrieved the 3'-UTR
sequence and constructed wild-type and mutant-type
vectors. psi-CHECK2-Smad4-3-UTR and miR-301a-
3p co-transfected in HEK-293 cells. The results
showed that miR-301a-3p was able to significantly
repress luciferase activity of wild-type Smad4-3'-UTR,
while the mutant type abrogated this effect (Figure
1F). Therefore, the luciferase assays revealed Smad4 to
be a direct target of miR-301a-3p.

Anti-miR-301a-3p can inhibit growth and pro-
liferation in LSCC cell lines

To investigate the function of miR-301a-3p in
LSCC, we wused the “loss-of-function” with
miR-301a-3p inhibitor, which was transfected into
human LSCC cell lines and compared with the nega-
tive control (NC) and blank groups. The MTS assay
showed that the miR-301a-3p inhibitor reduced the
cell proliferation ability of Hep-2 and Tu-177 cells to a
greater extent compared with the NC and the blank
(Figure 2A, 2B). After Hep-2 and Tu-177 cells were
transfected with the miR-301a-3p inhibitor, the EDU
assay revealed that duplication activity was inhibited.
The cells were counted under a fluorescent micro-
scope, and the proliferation rate of the miR-301a-3p
inhibitor group was found to be significantly lower
than that of the NC and blank groups (Figure 2C).
Then, we observed the effect of miR-301a-3p inhibitor
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on colony formation in LSCC cell lines. The colo-
ny-formation rates decreased after transfection with
miR-301a-3p inhibitor (Figure 2D).

Anti-miR-301a-3p can induce apoptosis and
arrest the cell cycle at the Go/G; phase in
LSCC cell lines

After treatment with the miR-301a-3p inhibitor
and miR-301a-3p inhibitor NC, the changes in cells
apoptosis rate and cell cycle were assessed by flow
cytometry (FCM). In Hep-2 cells transfected with the

miR-301a-3p inhibitor, FCM showed that the cell cycle
was arrested at the Go/Gi phase, suggested the sup-
pression of the cell proliferation (Figure 3A). The
same phenomenon was also demonstrated in the
Tu-177 cells (Figure 3B). Cells in which apoptosis oc-
curred at early stages of miR-301a-3p inhibi-
tor-transfected cells were more than the NC cells and
blank cells (Figure 3C). Therefore, we can infer that
LSCC cell apoptosis might be occurring through cell
cycle arrest at the Go/G1 phase.
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detected by qRT-PCR. (B) Smad4 expression levels in human LSCC and corresponding ANM tissues were detected by gqRT-PCR. (C) miR-301a-3p expression levels in human
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Smad4 overexpression can also lead to a series
of cellular phenomena as anti-miR-301a-3p

When we overexpressed Smad4 using a Smad4
vector pcDNA3.1™(+)-Smad4 plasmid to investigate
its function, Smad4 mRNA and protein expression
level were increased in Smad4 group compared with
the vector group (Normalized by blank group) in
Hep-2 and Tu-177 cells (Figure 4A, 4B).

MTS assay results showed that cell proliferation
ability in Hep-2 or Tu-177 was lower in the Smad4
group than in the blank and vector groups (Figure 4C,
4D). The EDU assay showed that increased expression
of Smad4 could inhibit cell proliferation and relative
quantity of LSCC cell lines Hep-2 and Tu-177 (Figure
4E). The colony-formation rates decreased after
transfection with Smad4 (Figure 4F). The cell cycle
was arrested at the Go/ G phase (Figure 5A, 5B). Sim-
ilarly, the early apoptotic cells in Smad4-transfected
cells were more than those in the blank and vector
cells (Figure 5C).

Anti-miR-301a-3p and overexpressing Smad4
can inhibit migration and invasion, and reverse
epithelial-mesenchymal transition in LSCC
cell lines

The migration and invasion of cancer cells were
analyzed by the Transwell assay. As shown in Figure
6A, miR-301a-3p inhibitor-transfected cells showed
less migration through membranes than NC. The re-
sults of the invasion assay also indicated that inhibi-
tion of miR-301a-3p expression significantly reduced
human LSCC cell invasion ability in both LSCC cell
lines (Figure 6C). Further migration and invasion ex-
periments indicated that an increase in Smad4 ex-
pression resulted in a remarkable decrease in migra-
tory and invasive potential (Figure 6B, D).

Western blot analysis was used to explore the
relationship of miR-301a-3p and Smad4 and the genes
involved in epithelial-mesenchymal transition (EMT).
The level of E-cadherin was found to increase, while
the levels of N-cadherin, vimentin, MMP2, and MMPP9
decreased (Figure 7).
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Association of miR-301a-3p and Smad4 ex-
pression with malignant clinicopathological
characteristics in LSCC patients

A summary of study population and clinico-
pathological variables is in Supplementary Table 2.
The above findings indicate that miR-301a-3p and
Smad4 act as oncogene and tumor suppressor gene,
respectively, at the cellular level. qRT-PCR results
from LSCC tissues and corresponding ANM tissues
showed the expression of miR-301a-3p was higher in
LSCC samples than in the normal samples (Figure
8A). The average of miR-301a-3p relative expression
was 2.95742.067, and the median was 2.464. Low ex-
pression was defined as <2.464 (60 out of 120 pa-
tients), and high expression was defined as >2.464 (the
remaining 60 patients). By investigating the relation-

ship between the expression of miR-301a-3p and the
clinicopathological parameters in the LSCC patients,
miR-301a-3p expression was found to be associated
with primary tumor, while no relationship with age,
sex, primary sites, histologic differentiation ,cervical
lymph node metastasis or clinical stage was found
(Table 1).

Immunohistochemistry studies of pathological
sections showed that the level of Smad4 expression
was lower in LSCC tissues than that in adjacent
healthy tissues. According to the scoring criteria,
negative and positive staining were detected in
70.83% (85/120) and 29.17% (35/120) tumor samples,
respectively, while 71.11% (32/45) samples of adja-
cent normal tissues yielded positive staining (P<0.01).
Negative Smad4 expression was observed in moder-
ately or poorly differentiated LSCC specimens. Under
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microscopic observation, the positive expression of
Smad4 was mainly localized in the cytoplasm and
occasionally in the nuclei of cells of carcinoma and
adjacent tissue (Figure 8B-I). The data of the associa-
tion between Smad4 expression and the clinico-
pathological characters in 120 LSCC patients are pre-
sented in Table 1. There were significant correlations
between Smad4 expression and histologic differentia-
tion, as well as cervical lymph node metastasis.

However, there were no significant associations with
age, sex, primary sites, primary tumor and clinical
stage. Spearman’s correlation analysis performed to
compare the correlation of Smad4 and miR-301a-3p in
120 samples showed them to be significantly inversely
correlated (R=-0.458, p<0.001) (Table 2). Thus,
miR-301a-3p and Smad4 might serve as potential
prognostic markers predicting patient survival.

Table 1. Association of miR-301a-3p and Smad4 expression with clinicopathological features in LSCC patients

Clinicopathological features Case miR-301a-3p X p Smad4 X2 p
High Low + -

Age

<61 years 55 26 29 0.302 0.583 17 38 0.149 0.699

>61 years 65 34 31 18 47

Sex

Male 108 53 55 0.370 0.543 29 79 2.801 0.094

Female 12 7 5 6 6

Primary sites

Supraglottic 59 31 28 0.18* 15 44 1.401 0.496

Glottic 57 29 28 18 39

Subglottic 4 0 4 2 2

Histologic differentiation

Good 40 15 25 3.750 0.053 19 21 9.761 0.002

Moderate to Poor 80 45 35 16 64

Primary tumor

T1+T2 73 42 31 4.232 0.040 17 56 3.118 0.077

T3+T4 47 18 29 18 29

Cervical lymph node metastasis

No 96 48 48 0.208 0.648 32 64 4.034 0.045

N- 24 12 12 3 21

Clinical stage

I+I1 65 32 33 0.034 0.855 21 44 0.677 0.411

1I+1V 55 28 27 14 41

*Fisher’s exact test

Table 2. Correlation of Smad4 and miR-301a-3p expression in
120 samples of LSCC

Smad4 miR-301a-3p Total  Correlation coefficient p
IHC relative expression Case (Spearman’s test)

High Low
+ 5 30 35 -0.458 <0.001
_ 55 30 85
Total 60 60 120

High expression of miR-301a-3p and low ex-
pression of Smad4 indicate poor prognosis of
LSCC

The follow-up was continued until December
2013. Fifteen patients were lost to follow-up. During
the follow-up, 21 patients died (10, from in situ re-
currence; 8, cervical lymph node metastases; 2, me-

tastasis to the lung; and 1, metastasis to the liver).
Kaplan—-Meier survival analyses of LSCC patients
who had undergone surgery based on the high or low
expression of miR-301a-3p and Smad4 are shown as
figure 9A and 9B. Low expression levels of
miR-301a-3p or positive expression levels of Smad4
was correlated with better survival (P=0.046, P=0.021,
respectively; log rank test). Further division was made
based on the expression status of miR-301a-3p com-
bined with Smad4. In figure 9C, high expression of
miR-301a-3p but negative expression of Smad4 were
found to be associated with poor survival (P=0.014).
The Cox regression analysis was performed with en-
ter method, and it was indicated that T stage
(OR=2.861, P=0.011, 95% CI=1.270~6.449) and Smad4
(OR=0.133, P=0.011, 95%CI=0.028~0.634) was inde-
pendent prognostic factors. Notably, when the status
of miR-301a-3pHish/Smad4~ was entered into Cox
model, it was a significantly independent predictor of
LSCC survival (OR=2.039, P=0.046, 95%CI=1.012~
4.100).
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Figure 8. miR-301a-3p and Smad4 are potential prognostic markers in
human LSCC. (A) The expression of miR-301a-3p was examined in
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(All experiments were performed in triple). (B-I) Representative im-
munohistochemistry images of Smad4 in LSCC (Magnification, 400%). (B)
Histologic differentiation good (Positive expression, +), (C) Histologic
differentiation poor (Negative expression,-) , (D) Cervical lymph node
metastasis No (Positive expression, +), (E) Cervical lymph node metas-
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Discussion

Laryngeal Squamous Cell Carcinoma
(LSCC) is an aggressive type of HNSCC [25].
Despite surgical resection-based comprehen-
sive treatment being widely adopted, the
overall 5-year survival rateis around 50%,
which suggests that satisfactory improve-
ments have not been made in this direction
[26]. Therefore, in-depth understanding of the
molecular mechanisms of LSCC development
and progression are of great clinical signifi-
cance. In the current scenario, miRNAs have
come to be the focal point in molecular on-
cology studies.

miRNAs are a special kind of endoge-
nous, non-coding RNA involved in cell pro-
liferation, apoptosis, and metastases, among
other such phenomenal[27, 28]. Dysregulated
miRNAs may play an important role by acting
as oncogenes or anti-oncogenes [29].
miR-301a-3p has been reported to be upregu-
lated in several malignant tumors, including
pancreatic cancer[30], ovarian cancer[31],
breast cancer[32], and hepatocellular can-
cer[33]. However, relatively little is known
about the role of miR-301a-3p in LSCC. First,
we used cell lines and a small number of fresh
tissues (6 pairs) tentatively to test the expres-
sions of miR-301a-3p and Smad4 by qRT-PCR.
The expression of miR-301a-3p was signifi-
cantly higher in LSCC cell lines Hep-2 and
Tu-177 and fresh LSCC tissues than in 16HBE
cells and corresponding ANM tissues. How-
ever, the expression of Smad4 in LSCC cell
lines and tissues were lower than the control
group. These results reminded the possibility
of regulation between miR-301a-3p and
Smad4. Therefore, in follow-up experiments,
we designed a dual-luciferase assay to inves-
tigate possibility of targeted modulation be-
tween miR-301a-3p and Smad4, and we tested
the expressions of miR-301a-3p and Smad4 in
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120 clinical paraffin specimens by qRT-PCR or im-
munohistochemistry to study the correlation between
miR-301a-3p and Smad4 expression and pathologic
parameters. Observably, qRT-PCR results showed
that miR-301a-3p was also higher in LSCC paraffin
samples than in the normal paraffin samples and the
role of miR-301a-3p expression was closely related to
primary tumor. This is consistent with findings by Ma
et al., wherein miR-301a-3p was markedly upregu-
lated in pro-metastatic breast cancer cell lines and
primary tumor samples from patients with distant
metastases [34]. We next suppressed miR-301a-3p by
transfection with a miR-301a-3p inhibitor in LSCC cell
lines and performed functional experimental studies.
Cancer cell growth, proliferation, migration, and in-
vasion were suppressed by the repression of
miR-301a-3p; apoptosis was enhanced; and the cell
cycle was arrested at the Go/Gi phase. The survival
curve indicated that the upregulation of miR-301a-3p
was significantly associated with poorer patient sur-
vival. These results reinforce the opinions of several
researchers that miR-301a-3p functions as an onco-
gene and results in the occurrence and development
of LSCC.

To explore miR-301a-3p downstream target
genes, we used a series of algorithms and identified
Smad4 as a potential target gene. The possibility of
targeted modulation was confirmed by a du-
al-luciferase assay, and miR-301a-3p and Smad4 were
found to be significantly inversely correlated. Smad4
is a critical regulatory protein in TGF-p/BMP signal-
ing pathways [35, 36]. Deletion or degradation of
Smad4 in tumors can specifically inhibit the tumor
suppressor effect of TGF-p [37]. Smad4 was first
found in pancreatic cancer [38] and was regarded as a
tumor-suppressor gene in several cancers such as
esophageal cancer [39], colorectal cancer [40], and
prostate cancer [41]. Hao et al. found that the mRNA
level of Smad4 was markedly inhibited in pancreatic
cancer tissues compared with the normal tissues [42],

ulation in pancreatic adenocarcinomas [43, 44]. In line
with these findings, our qRT-PCR analysis showed
that the expression of Smad4 in LSCC cell lines and
tissues were lower than the control group. Liu et al.
investigated Smad4 expression in breast carcinoma
samples to evaluate the association between Smad4
and outcome in breast cancer [45].0ur immunohisto-
chemistry analysis further supported their findings of
the role of Smad4 expression in histologic differentia-
tion and cervical lymph node metastasis. Patients
with low Smad4 expression tended to have shorter
overall survival compared with those with higher
Smad4 expression. Therefore, Smad4 overexpression
in LSCC cell lines can enhance apoptosis and inhibit
cancer cell growth, proliferation, migration, and in-
vasion. As indicated earlier, the cell cycle was blocked
at the Go/G1 phase, suggesting that Smad4 acts as a
tumor suppressor, thereby facilitating LSCC carcino-
genesis and progression.

Cell migration is a complex, multi-step process
that plays an important role in cancer progression.
Cell invasion is related to, and encompasses, cell mi-
gration. However, cells do more than just migrate.
EMT plays a critical role in cancer progression and
metastasis, and cancer cells can acquire the capacity to
spread and invade other tissues when they undergo
EMTI[46]. Smad4 participates in the EMT when in-
duced by the TGF-p signaling pathway [47]. We in-
hibited miR-301a-3p or overexpressed Smad4 in cell
lines and detected the expression of key molecular
markers in EMT. Epithelial marker E-cadherin in-
creased while mesenchymal marker N-cadherin de-
creased, implying that EMT might have been inter-
rupted by transfection. Moreover, the expression of
mesenchymal marker vimentin decreased. Recent
research has found that tumor-associated MMPs can
stimulate processes associated with EMT [48]. We also
confirmed this viewpoint. The level of MMP2 and
MMP9 decreased when the cells were transfected.
This illustrates that dysregulation of miR-301a-3p and

consistent with previous reports of Smad4 downreg-  Smad4 affect EMT in LSCC.
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Figure 9. Kaplan—Meier survival analyses of miR-301a-3p and Smad4 in LSCC patients. (A) Kaplan-Meier curves for LSCC patients with high and low expression of miR-301a-3p.
(B) Kaplan—Meier curves for LSCC patients with positive and negative expression of Smad4. (C) Kaplan—Meier curves for LSCC patients with different expression status of

miR-301a-3p combined with Smad4.
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To sum up, we transfected miR-301a-3p inhibitor
into LSCC cells in vitro and found that suppressing the
expression of miR-301a-3p could block LSCC cell
growth, promote apoptosis, and inhibit invasion or
metastasis. By directly regulating its target gene
Smad4, miR-301a-3p acts as an oncogene to play an
important biological role. miR-301a-3p/Smad4 may
represent a novel pathway to target in relation with
the occurrence and development of LSCC. For in-
stance, testing miR-301a-3p and Smad4 in the blood or
biopsied tissue of patients might facilitate early de-
tection of LSCC. Hence, the present findings enhance
current knowledge for the treatment and evaluation
of LSCC.
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