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Abstract. Human laryngeal squamous cell carcinoma (LSCC) 
is a malignant cancer type. Epithelial-mesenchymal transi-
tion marker Snail family transcriptional repressor 1 (SNAI1) 
is associated with the occurrence, development, invasion 
and metastasis of numerous tumor types, such as lung, 
liver and ovarian cancer. Previous studies have indicated 
that microRNA-153 (miR-153) may serve as a novel tumor 
suppressor, which is involved in tumor metastasis; however, 
the role and clinical significance of miR‑153 in LSCC are not 
fully understood. The aim of the present study was to deter-
mine the role of miR-153 in the growth and aggressiveness of 
LSCC cells. Bioinformatics prediction method, western blot 
analysis, Matrigel invasion assay and immunofluorescence 
were used to analyze whether SNAI1 can be regulated and 
controlled by miR-153 in LSCC cells. An inverse association 
between miR-153 and SNAI1 was observed in LSCC tissues. 
It was demonstrated that SNAI1 is a direct target of miR-153 
in LSCC. In addition, the results indicated that miR-153 
knockdown inhibited PCI-13 cell migration and invasion by 
targeting SNAI1, which may be a potential marker that can 
reflect the degree of malignancy in patients with LSCC. 
Furthermore, miR-153 knockdown decreased Twist family 
BHLH transcription factor 1 and metastasis-associated 1 
family member 3 expression in LSCC cells. In conclusion, 
these data indicated that miR-153 regulates LSCC migration 
via the targeting of SNAI1 gene, which may be a potential 
predictor for patients with LSCC.

Introduction

Human laryngeal squamous cell carcinoma (LSCC) originates 
from the laryngeal epithelium (1,2). Advanced cervical lymph 
node metastasis frequently occurs in patients with LSCC, 
which may result in a poor prognosis (3). The 5-year survival 
rate (72.5%) is low due to tumor metastasis being responsible 
for >90% of cancer-associated mortalities in the Southeast 
Asia region, as found between 2000 and 2006 (4). Currently 
the primary treatment of LSCC is surgery supplemented with 
radiotherapy, chemotherapy and biological therapy (5,6); 
however, to the best of our knowledge, no significant progress in 
the molecular biomarkers of the most common cervical lymph 
node metastasis of LSCC and targeted therapies has been 
proposed for patients with advanced LSCC (7-9). Therefore, 
investigating molecular biological markers, in order to analyze 
the invasion and migration of LSCC, is vital for improving the 
treatment of local invasion and cervical lymph node metastasis 
in patients with LSCC (10,11). Notably, microRNA (miRNA), 
such as miRNA-1 and miRNA-205, has been reported to be 
associated with the invasion and migration of LSCC, which 
contributed to the understanding of the molecular mechanism 
underlying the invasion and migration of LSCC (12-14).

Numerous studies have demonstrated that miRNA serves 
a critical role in the regulation of LSCC metastasis (15-17). 
A report has indicated that miR-153 inhibited the prolifera-
tion and invasion of human LSCC by targeting Kruppel-like 
factor 5 (18). The microRNA-153 (miR-153) in glioblas-
toma is significantly lower, compared with non-neoplastic 
brain tissues (19). Previous reports indicated that miR-153 
suppresses breast cancer cell proliferation and induces apop-
tosis by targeting HECT domain E3 ubiquitin protein ligase 
3 or myeloid cell leukemia 1 (20,21). In addition, miR-153 
serves as a tumor suppressor and the association between 
miR-153 and metadherin is a promising therapeutic target 
for breast cancer (22). Furthermore, the downregulation 
of miR-153 accelerates epithelial-mesenchymal transition 
(EMT) via the regulation of the Snail family transcriptional 
repressor 1 (SNAI1) expression level (23). Clinical analysis 
indicated that the low expression level of miR-153 in patients 
with gastric cancer was associated with poor prognosis and 
tumor metastasis (24). In addition, a previous report indicated 
that miR-153 expression was decreased in lung cancer tissues 
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compared with that in adjacent noncancerous tissues (24). 
Furthermore, miR-153 can decrease the migration and inva-
sion of non-small-cell lung cancer cells by targeting ADAM 
metallopeptidase domain 19 (25,26); however, the association 
between miR-153 and SNAI1 in human LSCC has not been 
investigated previously.

EMT is associated with the occurrence, development, inva-
sion and metastasis of numerous malignancy types, including 
lung and pancreatic cancer (27,28). In the present study, the 
expression level of EMT inducible factor SNAI1 was detected 
and the expression pattern of SNAI1 was determined in LSCC 
tissues and cells. The association between SNAI1 and tumor 
metastasis was also investigated in LSCC cells.

Materials and methods

Tissue samples and cell lines. LSCC and adjacent non-tumorous 
tissues (5 samples) were collected from the Department of 
Otorhinolaryngology and Maxillofacial Oncology, Tianjin 
Medical University Cancer Institute and Hospital (Tianjin, 
China). All cases were pathologically ascertained. All tissue 
samples were stored at ‑80˚C until gene expression analysis. 
Written informed consent for research purposes was obtained 
from each patient. The characteristics of the patients were 
summarized (Table I). The study protocol was approved by the 
Committee of Tianjin Medical University Cancer Institute and 
Hospital. SNAI1 expression levels were analyzed in LSCC and 
normal tissues from 148 patients from The Cancer Genome 
Atlas (TCGA) database (https://cancergenome.nih.gov/). 
Associations among Twist family BHLH transcription factor 1 
(TWST1), metastasis-associated 1 family member 3 (MTA3), 
glycogen synthase kinase 3β (GSK3B), lysine demethylase 1A 
(KDM1A), histone deacetylase 1 (HDAC1), ubiquitin C (UBC) 
and cadherin 1 (CDH1), SMAD3, SMAD4 and body resis-
tance tumor cluster were analyzed based on TCGA data on 
148 patients with LSCC. The analysis of the patients' survival 
curve was conducted on the oncolytic website (https://www.
cancer.org/), according to the statistical data of the 148 patients 
with LSCC. Human laryngeal cancer cell line PCI-13 was 
purchased from the American Type Culture Collection 
(Manassas, VA, USA). The cells were cultured in RPMI-1640 
medium (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) 
with 10% fetal bovine serum (FBS; Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), 100 µg/ml penicillin 
and streptomycin (Sigma-Aldrich; Merck KGaA) and 10% 
glutamine.

Metabolic Gene Rapid Visualizer (MERAV). The MERAV 
website (http://merav.wi.mit.edu/) provided additional and 
more advanced tools for analyzing gene expression, and 
was capable of analyzing multiple genes in parallel. SNAI1 
expression in normal tissues, primary tumors and cancer cell 
lines were analyzed, and the analysis was performed using 
the MERAV website, in order to compare the multiple SNAI1 
expression levels in LSCC and normal tissues.

RNA isolation and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) analysis. Total RNA 
was extracted from tissues and PCI-13 cells using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according 

to manufacturer's protocols. Total RNA was reverse tran-
scribed using TransScript First-Strand cDNA Synthesis Super 
Mix kit (Beijing Transgen Biotech Co., Ltd., Beijing, China) 
and TaqMan Human MiRNA Assay kit (both from Applied 
Biosystems; Thermo Fisher Scientific, Inc.) was used to 
analyze miRNA expression according to the manufacturer's 
protocols. The Homo sapiens genes primers used were: SNAI1; 
frizzled class receptor 2 (FZD2); KDM1A; HDAC1; TWST1; 
CDH1; MTA3; GSK3B; and β-actin, which were synthetized 
from Genewiz, Inc. (South Plainfield, NJ, USA). The primer 
sequences are detailed in Table II. The PCR amplification for 
the quantification of the gene mRNAs was performed using an 
ABI 7500 Sequence Detection system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) and a SYBR® Premix rx Taq™ 
II (Perfect Real‑Time) kit (Takara Bio, Inc., Otsu, Japan), as 
previously described (29). Relative genes expression levels 
were calculated using the comparative Cq method (30). The 
PCR steps were: 2 min at 95˚C; followed by 40 cycles of 10 sec 
at 95˚C, annealing for 20 sec at 55˚C and a primer extension for 
30 sec at 72˚C; and then 10 min at 72˚C. Results were expressed 
as a fold-change relative to β-actin mRNA expression.

miR‑153, miR‑199, small interfering‑SNAI1 (si‑SNAI1) and 
plasmids. miR-153, miR-199 negative control miRNA and 
si-SNAI1 were obtained from Shanghai GenePharma Co., Ltd. 
(Shanghai, China). The human SNAI1 3'-untranslated region 
(3'‑UTR) was amplified by PCR, which was aforementioned, 
and inserted downstream of the firefly luciferase gene into the 
pMIR-REPORT vector (Promega Corporation, Madison, WI, 
USA), as described previously (31). The mutated 3'-UTR of 
SNAI1 in PCI-13 cells were created using overlap PCR, as 
described previously (32) and the mutated SNAI13'-UTR was 
also inserted into the pMIR-REPORT vector. The constructs 
of the pMIR-REPORT-UTR vectors were confirmed via 
sequencing. Renilla luciferase-expressing plasmid pRL-TK 
(used as an internal control; Promega Corporation) was 
purchased from Promega Corporation. A total of three inde-
pendent experiments were performed for each assay.

Cell viability assay. PCI-13 cells or miR-153-transfected 
PCI-13 cells were cultured in 96-well plates (4,000 cells/well) 
in RPMI‑1640 medium with 10% FBS for 24 h at 37˚C. Cell 
viability was measured using the Cell-Counting kit-8 (CCK-8) 
assay (Sigma-Aldrich; Merck KGaA), according to the 
manufacturer's protocols. The result was quantitated spectro-
photometrically by measuring the optical density at 450 nm, 
with a reference wavelength of 650 nm.

Matrigel invasion assay. Matrigel invasion assays were 
carried out in 24-well plates. PCI-13 cells (1x106) in HuMEC 
Basal serum-free medium (cat. no. 12753018; Thermo Fisher 
Scientific, Inc.) containing Matrigel insert filters at a 1:6 
dilution. The lower chamber contained Dulbecco's modified 
Eagle's medium (Thermo Fisher Scientific, Inc.) with 10% 
FBS. After incubation for 48 h at 37˚C, cells were fixed 
with 5% paraformaldehyde for 10 min at room temperature 
and stained with 0.1% crystal violet (Sigma-Aldrich; Merck 
KGaA) for 30 min at room temperature. The cells that invaded 
through the Matrigel membrane were quantified under a light 
microscope at x40 magnification.
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Wound healing assay. The wound healing assay was performed 
by following the protocol of a previous study (33). PCI-13 
cells were cultured in a 12-well plate in RPMI-1640 medium 
with 10% FBS and treated with siRNA-SNAI1 (si-SNAI1) or 
siRNA‑mimic (si‑NC; Invitrogen; Thermo Fisher Scientific, 
Inc.) for 48 h at 37˚C. After three‑time washing with DMEM 
medium to remove cell debris, the cells were allowed to 
migrate for 48 h at 37˚C, followed by observation under a light 
microscope at x40 magnification.

Luciferase reporter assay. The 3'-UTR sequence of SNAI1 
was used to predict to interact with miR-153 or a mutated 
sequence within the predicted target sites, was transfected 
into the pGL3 control vector (Promega Corporation). These 
constructs were designated as wild-type (wt) SNAI1-3'-UTR 
or mutant SNAI1-3'-UTR. For the reporter assay, PCI-13 cells 
(1x104/well) were seeded in 24-well plates and transfected with 
the aforementioned constructs, miR-153 expression vector or 
negative control using Lipofectamine® 3000 (Thermo Fisher 
Scientific, Inc.). After 48 h, the cells were collected and Renilla 
luciferase activity was measured using the Dual-Luciferase 
Reporter Assay system (Promega Corporation), according 
to the manufacturer's protocols. Results were obtained from 
three independent experiments performed in duplicate.

Western blotting. PCI-13 cells were lysed using radioimmu-
noprecipitation assay lysis buffer (Thermo Fisher Scientific, 
Inc.). Western blotting was performed according to a previ-
ously described method (34). Protein concentration was 
determined using a BCA Protein Assay Reagent kit (Pierce; 
Thermo Fisher Scientific, Inc.), according to the manufacturer's 
protocols. Proteins (20 µg) were separated using SDS‑PAGE 
and then transferred to a polyvinylidene fluoride membrane 
(EMD Millipore, Billerica, MA, USA). Following blocking 

with 5% bull serum albumin (Sigma-Aldrich; Merck KGaA) 
for 1 h at 37˚C, the primary antibodies used in the immu-
noblotting assays were: SNAI1 (1:1,000; cat. no. ab117866; 
Abcam, Cambridge, UK) and β-actin (1:1,000; cat. no. G8144; 
United States Biological, Salem, MA, USA), for 12 h at 
4˚C. Horseradish peroxidase‑conjugated goat anti‑rabbit 
secondary antibody (cat. no. 1662408; Bio-Rad Laboratories, 
Inc., Hercules, CA, USA) was used at a 1:5,000 dilution for 
2 h at 37˚C and detected using a Western Blotting Luminol 
reagent (EMD Millipore). Protein was quantified and normal-
ized to β‑actin using ImageJ software (version 1.38; National 
Institutes of Health, Bethesda, MD, USA).

Immunofluorescence. PCI‑13 cells were fixed with formal-
dehyde‑sucrose for 4 h at 37˚C. Following dehydration in 
graded ethanol (70, 80, 90, 95 and 100%) and xylene. Cells 
stained with 1% DAPI at 37˚C for 30 min. Cells were washed 
twice with PBS and then stained with Ki67 for 2 h at 37˚C. 
Immunostained cells were visualized using an inverted 
Olympus fluorescence microscope at x100 magnification 
(LSM 700; Carl Zeiss AG, Oberkochen, Germany).

Statistical analysis. Results were calculated as the 
mean ± standard error of the mean. Significance was estab-
lished using the SPSS statistical 18.0 (SPSS, Inc., Chicago, IL, 
USA) and GraphPad Prism 6.0 software (GraphPad Software, 
Inc., La Jolla, CA, USA). All data were analyzed using 
Student's t-test or one-way analysis of variance with a Tukey's 
Honest Significant Difference test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Expression level of SNAI1 in LSCC is higher, compared with 
normal tissue. The SNAI1 expression level in LSCC and 
normal tissues was analyzed using MERAV image Heat-map 
database, with preliminary differential expression analysis 
described previously (35). The results demonstrated that 
the level of SNAI1 in LSCC tissues was generally higher, 
compared with normal tissues (Fig. 1A). Additionally, two 
cancer cell invasion-associated genes SNAI1 and FZD2 were 
determined to be markedly upregulated in LSCC, which may 
explain the high invasiveness of LSCC. Furthermore, the 
database was also used for the analysis of mRNA expression 
levels. The results demonstrated that LSCC tumor tissues (n=5) 
exhibited higher miR-153 level, compared with normal tissues 
(n=5; Fig. 1B). The analysis of the patients' survival curve from 
the oncolytic website demonstrated that a higher expression 
level of SNAI1 was negatively associated with a lower survival 
rate of patients with LSCC in 148 patients (Fig. 1C). These 
results indicated that expression level of SNAI1 is higher in 
LSCC tissue, compared with normal tissue, and lower SNAI1 
expression presents longer survival, compared with higher 
SNAI1 expression.

miR‑153 negatively regulates the expression of SNAI1. As 
depicted in Fig. 2A, two miRNAs (miR-153 and miR-199) 
were directly targeted by the 3'UTR of SNAI1 (Fig. 2A), using 
software programs TargetScan (http://www.targetscan.org), 
miRDB4.0 (http://www.mirdb.org/) and Miranda (http://www.

Table I. Characteristics of the patients with LSCC (n=22).

Characteristics No. of patients

Sex 
  Male 15
  Female 7
Age (years) 
  Mean 56
  Range 42-84
Tumor location 
  Supraglottic 7
  Glottic 6
  Subglottic 9
Histological differentiation (47) 
  Well differentiation LSCC 8
  Moderately differentiation LSCC 6
  Poorly differentiation LSCC 3
  Undifferentiation. 3
  Verrucous differentiation. 2

LSCC, laryngeal squamous cell carcinoma.
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microrna.org/microrna/home.do). The dual luciferase reporter 
assay demonstrated that the relative luciferase activity 
containing the wt SNAI1 3'-UTR was markedly decreased 
via miR-153 in PIC-13 cells, compared with miRNA-mimic; 
however, the relative activity of the mutated SNAI1 
3'-UTR reporter was not altered by miR-153. Additionally, 
miR-199-transfected cells did not significantly change the 

luciferase activity (Fig. 2B). The miR-153 and miR-199 
expression in LSCC tissues was measure and compared with 
corresponding non-cancer tissues. It was determined that the 
miR-53 expression level was downregulated in cancer tissues, 
compared with non-cancer tissue (Fig. 2C). The association 
between miR-153 and SNAI1 in clinical specimens was 
analyzed. RT-qPCR was performed to measure the expression 

Figure 1. Expression levels of SNAI1 in LSCC tissue are higher, compared with normal tissue. (A) Expression levels of SNAI1 between LSCC and normal 
tissue. (B) Expression mRNA levels of SNAI1 between LSCC and normal tissue. (C) Association of patients' survival rate and SNAI1 expression. LSCC, 
laryngeal squamous cell carcinoma; SNAI1, Snail family transcriptional repressor 1; ADAM19, ADAM metallopeptidase domain 19; FZD2, frizzled class 
receptor 2. 

Table II. Sequences of the primers used in the present study.

 Sequence
 -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Gene name Reverse Forward

SNAI1 5'-GCGGGATCCATGCCGCGCTC-3 5'-CGCCTCGAGTCATTTGTCATCATCG-3
KDM1A 5'-CTGTGGCCATCTGCCTAGT -3' 5'-GGGACGCAGCAACTGACATT -3'
HDAC1 5'-CGCTTCCACTCCGAGGACTA-3'  5'-CTGGGCAGTCATCGCCTAC-3'
TWST1 5'-AAGGCATCACTATGGACTTTCTCT-3' 5'-GCCAGTTTGATCCCAGTATTTT-3'
CDH1 5'-TGATCCCAGGTCTTAGTGAG-3' 5'-AGTCTGAACTGACTTCCGCA-3'
MTA3 5'-AAGGCGAGAGATTCTTTCCCT G'-3' 5'-ACTGGGGACAATTCACTAGAGC-3'
GSK3B  5'-AAAAGTTTAAAAAGGTCTGGA AAGC-3'  5'-TAGTGTTGCTTTTAAGACAGGGTTT-3'
β-actin 5'-CGGAGTCAACGGATTTGGTC-3' 5'-AGCCTTCTCCATGGTCGTGA-3'

SNAI1, Snail family transcriptional repressor 1; KDM1A, lysine demethylase 1A; HDAC1, histone deacetylase 1; TWST1, Twist family 
BHLH transcription factor 1; CDH1, cadherin 1; MTA3, metastasis-associated 1 family member 3; GSK3B, glycogen synthase kinase 3β.
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of SNAI1 in five LSCC samples. The results demonstrated that 
the miR-153 expression was inversely associated with SNAI1 
mRNA expression in the five LSCC samples (Fig. 2D). These 
results indicated that miR-153 may negatively regulate the 
expression of SNAI1.

miR‑153 inhibits PCI‑13 cell proliferation, migration and 
invasion in vitro. To determine the role of miR-153 in PCI-13 
cells, miR-153 and si-SNAI1 were transfected into PCI-13 
cells via adding the miR-153 or si-SNAI1. As measured 
by RT-qPCR and western blot analysis, the expression of 

Figure 2. miR-153 negatively regulates the expression of SNAI1 in LSCC cells. (A) miR-153 or miR-199 directly targets the 3'-UTR of SNAI1. (B) Luciferase 
activity of miR-153 and miR-199 in HEK293T cells. (C) Analysis of miR-153 and miR-199 expression in cancer tissues, compared with corresponding 
non-cancer tissues. (D) Association between miR-153 and SNAI1 in clinical specimens. **P<0.01, ***P<0.001 vs. mi‑NC. miR, microRNA; NS, no significance; 
WT, wild-type; mut, mutated; UTR, untranslated; SNAI1, Snail family transcriptional repressor 1; NC, negative control; LSCC, laryngeal squamous cell 
carcinoma.
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miR-153 and si-SNAI1 were overexpressed by miR-153 and 
si-SNAI1 mimics in PCI-13 cells (Fig. 3A). CCK-8 assay 
and Ki67 staining were used to detect cell proliferation and 
it was determined that after 72 h, miR-153 and si-SNAI1 
markedly inhibited cell proliferation, compared with si-NC 
(Fig. 3A and B). Cell wounding assays were performed to 
determine the effect of increased miR-153 and si-SNAI1 
levels on tumor cell migration. It was demonstrated that the 
upregulation of miR‑153 and si‑SNAI1 resulted in a significant 
reduction of migration of PCI-13 cells, compared with mi-NC 

(Fig. 3C). Furthermore, as determined by Matrigel assays, the 
number of invaded PCI-13 cells decreased in cells transfected 
with miR-153 and si-SNAI1 mimics, compared with mi-NC 
(Fig. 3D). These results indicated that miR-153 could inhibit 
PCI-13 cell proliferation, migration and invasion in vitro.

Association analysis of the SNAI1 gene. A number of genes 
were determined to be associated with the SNAI1 gene using 
STRING (http://string-db.org/) and a protein-associated online 
analysis software (Fig. 4A). The expression level of genes were 

Figure 3. miR-153 inhibits PCI-13 cell proliferation, migration and invasion in vitro. (A) Expression of miR-153 and si-SNAI1 in miR-153 and si-SNAI1 
mimics in PCI‑13 cells. (B) miR‑153 or si‑SNAI1 inhibits PCI‑13 cells proliferation. (C) miR‑153 and si‑SNAI1 significantly reduces the cell invasion of 
PCI-13 cells. (D) miR-153 and si-SNAI1 mimics decrease the migration of PCI-13 cells. *P<0.05, **P<0.01, ***P<0.001, vs. mi‑NC. miR, microRNA; NC, 
negative control; SNAI1, Snail family transcriptional repressor 1; OD, optical density; si, small interfering; NS, no significance.
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verified and it was determined that the expression levels of 
KDM1A, HDAC1 and CDH1 were not significantly altered 
by si-SNAI1, whilst the expressions levels of TWST1, MTA3 
and GSK3B were markedly downregulated by si-SNAI1 in 
PCI-13 cells. These genes were associated with cell invasion, 
indicating that SNAI affected cell invasion (Fig. 4B). The 
results demonstrated that changes in the expression of meta-
static proteins TWST1, MTA3, GSK3B, KDM1A, HDAC1 
and CDH1 were in accordance with gene expression (Fig. 4C). 
These results indicated that the SNAI1 gene is associated with 
LSCC cell invasion.

Discussion

Local invasion and cervical lymph node metastasis of LSCC 
are the primary risk factors for the recurrence and prognosis 
of patients with LSCC (36). The molecular mechanisms under-
lying tumor development have become a popular research 
topic, and research regarding the molecular mechanisms 
underlying the invasion and metastasis of LSCC also focused 
on the regulatory role of miRNA (12,13,37). Although the 
tumor suppressor effects of miR-153 have been studied in 
human breast cancer, colorectal cancer and epithelial cancer 
cells, the miR-153-mediated SNAI1 signal pathway has not 
been reported in LSCC cells (22,38,39). In the present study, 
miR-153 expression was demonstrated to be inversely associ-
ated with SNAI1 mRNA expression in the five LSCC samples. 

Notably, it was determined that miR-153 could inhibit the 
proliferation, migration and invasion of PCI-13 cells via inhi-
bition of SNAI1 expression.

Currently, an increasing number of reports have demon-
strated the association between miRNA and tumor metastasis, 
which is regulated by miRNA mediating a number of signal 
pathways (40,41). Liu et al (42) indicated that miR-153 could 
enhance the therapeutic effects of gemcitabine, by targeting 
SNAI1 in pancreatic cancer and gastric carcinoma. In the 
present study, the expression differences of SNAI1 in cancer 
and normal tissues were examined. SNAI1 serves a key role 
in understanding the intercellular matrix signal pathway 
through regulation of E-cadherin and Slug, which induces 
the EMT processes in LSCC. A previous study demon-
strated that oxidase-like 2 can be used as a poor prognosis 
indicator for human squamous cell carcinomas, which could 
promote malignant transformation by SNAI1-dependent and 
SNAI1-independent pathways (43). The present study indi-
cated that the SNAI1 gene may be the target of miR-153. The 
association between the SNAI1 gene and miR‑153 was verified 
by a dual-luciferase experiment. This method can be extended 
to the interaction of other associated genes. Previous studies 
indicated that EMT markers are associated with human tumor 
metastasis (44-46). In the present study, only the association 
between miR-153 and SNAI1 in LSCC cells was analyzed. 
Future studies should analyze the association between miR-153 
and other EMT markers in LSCC cells.

Figure 4. Analysis of the association between the SNAI1 gene and SNAI1-associated genes in PCI-13 cells. (A) Association of SNAI1 and its associated genes 
in PCI-13 cells. (B) Effects of knockdown of SNAI1 on its associated genes in PCI-13 cells. (C) Effects of knockdown of SNAI1 on its associated proteins in 
PCI-13 cells. *P<0.05, **P<0.01 vs. NC. SNAI1, Snail family transcriptional repressor 1; si, small interfering; NC, negative control; NS, no significance; MTA3, 
metastasis-associated 1 family member 3; KDM1A, lysine demethylase 1A; CDH1, cadherin 1; HDAC1, histone deacetylase 1; UBC, ubiquitin C; TWST1, 
Twist family BHLH transcription factor 1; GSK3B, glycogen synthase kinase 3β; BRTC, body resistance tumor cluster.
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To conclude, it was determined that miR-153 may regulate 
the expression of SNAI1 in the LSCC cells, which may be 
considered as a tumor suppressor agent (34). Data indicated 
that miR-153 is downregulated in LSCC, whilst overexpres-
sion of miR‑153 can significantly inhibit the proliferation and 
migration of PCI-13 cells. Data also provided a direction for 
investigating the molecular mechanism underlying LSCC 
invasion; however, further LSCC samples are require to be 
analyzed, to determine the association between miR-153 and 
SNAI1, in the future.
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