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Abstract 

Increased evidence reveals that miR-940 inhibits the migration and invasion of cancer cells. 
Considering transforming growth factor β (TGF-β) signaling is crucial to cellular 
epithelial-mesenchymal transition (EMT) process and metastasis of cancer, it is in urgent to explore 
whether and how miR-940 plays an essential role in regulating TGF-β-induced EMT in lung cancer 
progression. In the present study, we observed a reciprocal expression with down-regulated 
miR-940 and up-regulated Snail mRNA in non-small-cell lung cancer (NSCLC) tissues. we further 
found that the expression of miR-940 was decreased in NSCLC tissues with lymph node metastasis, 
advanced TNM stages and poor cell differentiation, in which, on the contrary, the expression of Snail 
was increased. Overexpression of miR-940 significantly inhibited Snail mRNA and protein 
expression in A549 and H226 cells. Mechanistically, Snail mRNA was identified as target of miR-940. 
In addition, miR-940 repressed TGF-β-induced EMT and further hampered the cell migration and 
invasion. Finally, siRNA-mediated knockdown of Snail copied the phenotype of miR-940 
overexpression in A549 and H226 cells. Taken together, our study reveals that miR-940 can 
suppress TGF-β-induced EMT and cell invasion by targeting Snail 3’-UTR mRNA in NSCLC. 
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Introduction 
Lung cancer is the leading cause of 

cancer-related deaths worldwide [1]. In China, lung 
cancer has been at the top of cancer morbidity and 
mortality for decades [2]. Generally, 85% of all lung 
cancers are non-small-cell lung cancer (NSCLC) [3]. 
Despite significant advances in early diagnosis and 
therapeutic approaches, poor survival for lung cancer 
patients remains with 5-year survival rate of 
approximately 10% [4]. Over 90% cancer-related 

deaths from solid malignancies, including NSCLC, 
are reported to be caused by metastasis [5]. Therefore, 
it is crucial and urgent to reveal the mechanisms 
underlying NSCLC metastasis. 

Epithelial-mesenchymal transition (EMT), as an 
early event in tumor metastasis, is essential for the 
transformation of early tumors into aggressive 
malignancies [6]. EMT is a process with particular 
phenotypic changes, through which epithelial cell lose 
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their cell-cell adhesion and cell polarity, and gain 
migratory and invasive capabilities [7]. During EMT, 
the epithelial marker E-cadherin is significantly 
downregulated while mesenchymal cell marker such 
as N-cadherin and Vimentin are upregulated [8, 9]. 
Transforming growth factor β (TGF-β) is identified as 
a primary inducer of EMT in NSCLC cells, mainly by 
activating SMAD cascade signaling [10]. 
Phosphorylated SMAD3 forms complex with SMAD4, 
and the complex get transported into the nuclear to 
regulate plenty of EMT-related genes, among which, 
Snail is established as a transcriptional factor that 
promote the repression of adhesion molecule 
E-cadherin to accelerate EMT [11, 12]. Accumulating 
evidence indicates that numerous microRNAs 
(miRNAs) serve critical roles in cancer metastasis, and 
many miRNAs associated with tumor metastasis are 
supported to participate in TGF-β/SMAD 
signaling-mediated EMT process [13-16]. 

MiRNAs are a kind of noncoding RNAs 
containing 18 - 25 nucleotides, commonly presented 
in cells, that play a role in the precise control of 
various cell biological processes by their functions in 
RNA interfering and inhibition of post-transcriptional 
gene expression [17, 18]. Recently, miR-940 has been 
identified as a prognostic biomarker in breast, thyroid 
and lung cancer, and a regulator for cellular migration 
in gastric cancer and hepatocellular carcinoma [19-22]. 
In lung cancer, it has been reported that the patients 
with low expression of miR-940 show poor prognosis, 
and overexpression of miR-940 inhibits the 
proliferation of NSCLC cells [20]. However, it remains 
unclear whether miR-940 is associated with NSCLC 
metastasis and influences TGF-β-induced EMT in 
NSCLC cells.  

In the present study, for the first time, we found 
that miR-940 expression was negatively correlated 
with NSCLC metastasis and clinical stages. We 
elucidated a reciprocal relationship between the 
expression of miR-940 and Snail in NSCLCs, and 
confirmed a targeted inhibition for Snail expression 
from miR-940. Meanwhile, we found that 
overexpression of miR-940 obstructed TGF-β-induced 
EMT and cell migration and invasion in NSCLC cells. 

Materials and Methods 
Cell culture 

Human NSCLC cells A549 (lung adenocarci-
noma cell line) and H226 (lung squamous carcinoma 
cell line) from the Cell Bank of Chinese Academy of 
Sciences (Shanghai, China) were cultured in RPMI 
1640 medium (HyClone, South Logan, UT, USA) 
containing 10% fetal bovine serum (FBS) (Gibco, 
Grand Island, NY, USA) at 37℃ in a 5% CO2 
atmosphere. 

NSCLC tissue samples collection 
Ninety-one NSCLC tissues were obtained after 

informed consent from patients in the Second 
Affiliated Hospital of Soochow University. 
Pathological diagnostics for patients with NSCLC 
were assessed according to the Revised International 
System for Staging Lung Cancer. NSCLC patients had 
not received either chemotherapy or radiotherapy 
before surgical operation. All tissues were frozen in 
liquid nitrogen right after operation and stored at 
-80℃ in an ultra-deep freezer till use. This study was 
approved by the Ethics Review Board of Soochow 
University, and each patient had signed informed 
consent. 

 

Table 1. Primers for reverse transcription or amplification of the 
mature miR-940 and U6 

Name Sequence, 5’–3’ 
RT primers  
U6 CGAGCACAGAATCGCTTCACGAATTTGCGTGTCAT 
miR-940 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGA

CGGGGAGCG 
qRT-PCR 
primers 

 

U6 F: CGAGCACAGAATCGCTTCA; R: CTCGCTTCGGCAGCACATAT 
miR-940 F: CAGTGCAGGGTCCGAGGTA; R: GCATAAGGCAGGGCCCC 

F: forward; R: reverse 
 

RNA extraction, cDNA synthesis, and 
real-time quantitative reverse transcriptase 
PCR (qRT-PCR) 

Total RNA was extracted from cells and tissues 
using TRIzol (Invitrogen, USA) according to the 
manufacturer’s protocol. The amount of RNA was 
measured on a NanoDrop spectrophotometer 
(Thermo Fisher Scientific, Waltham, MA, USA). 
Synthesis of cDNA with reverse transcriptase (RT) 
was performed with a M-MLV First Strand Kit (Life 
Technologies, Gaithersburg, MD, USA). Primer 
sequences for miR-940 and U6 detection are listed in 
Table 1. The RT primer for mature miR-940 was 
designed according to the concept of a stem-loop RT 
primer [23]. Primer sequences for Snail mRNA 
detection are as follows: 5’-CGAAAGGCCTTCAA 
CTGCAAAT-3’ (forward), 5’-ACTGGTACTTCTT 
GACATCTG-3’ (reverse). Real-time PCR analysis was 
carried out using Platinum SYBR Green qPCR 
SuperMix-UDG kits (Life Technologies) according to 
the manufacturer’s instructions. Real-time PCR was 
performed on an ABI Prism 7500 Real-Time PCR 
system (Applied Biosystems, Foster City, CA, USA). 
The Ct values of Snail mRNA and miR-940 
respectively take the β-actin mRNA and U6 as 
internal controls. ΔΔCt method was used to calculate 
the relative expression values.  
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Construction of luciferase reporter plasmids, 
transient transfection and dual-luciferase assay 

A psiCHECK-2 dual luciferase vector (Promega, 
Madison, WI, USA) was used to construct a plasmid, 
which containing the Snail 3’-untranslated region 
(3’-UTR) fused to the 3’ end of the luciferase reporter. 
The wild type fragment containing predicted miR-940 
target sites (positions 35-41) and mutant fragment 
were directly synthesized (GENEWIZ, Suzhou, 
China), and digested by XhoI and NotI (Fermentas, 
Glen Burnie, MD, USA), and then subcloned into the 
psiCHECK-2 vector to generate the psiCHECK-2- 
Snail-3’-UTR-wild type / psiCHECK-2-Snail-3’-UTR- 
mutant vectors. 

Next, we inoculated A549 and H226 cells in a 
24-well plate culture, and then co-transfected the cells 
with 50ng of psiCHECK-2-Snail-3’-UTR-wild type / 
psiCHECK-2-Snail-3’-UTR-mutant and 20nM of either 
miR-940 mimic (5’-AAGGCAGGGCCCCCGCUCC 
CC-3’) or miRNA negative control (miR-NC). The 
sequence for miR-NC is 5’-UUCUCCGAACGUGUCA 
CGUTT-3’. All transient transfections experiments 
were performed using Lipofectamine 3000 
(Invitrogen, Carlsbad, California, USA). The cells 
were lysed after 48 hours, and luciferase activities 
were determined by the Dual-Luciferase Reporter 
Assay System (Promega) on a TD20/20 Luminometer 
(Turner Designs, Sunnyvale, CA, USA). Each 
experiment was repeated three times. Results were 
expressed as relative firefly luciferase activities, which 
were the ratio of Renilla luciferase activity to firefly 
luciferase activity. 

Western blot assay 
Cells and tissues were lysed in a RIPA buffer 

(Cell Signaling Technology, Danvers, MA, USA) with 
protease inhibitor and phosphatase inhibitor cocktail 
(Sigma-Aldrich, St. Louis, MO, USA) and centrifuged. 
The protein solution obtained by centrifugation were 
isolated by 10% SDS-PAGE electrophoresis and then 
transferred to nitrocellulose membranes (Millipore, 
Billerica, MA, USA). The membranes were sealed 
with 3% bovine serum albumin (BSA) dissolved in 
Tris-buffered saline buffer with 0.1% Tween-20 
(TBST) for two hours, then incubated overnight at 4 ℃ 
with primary antibodies. After washing 3 times with 
TBST for 10 minutes each, the membranes were 
incubated at room temperature for 2 hours with the 
corresponding secondary antibody. Next, the 
membranes were washed with TBST for 3 times, 10 
minutes each. The relative quantitative detection of 
protein was performed by using an 
electrochemiluminescence (ECL) kit (Pierce, 
Rockford, IL, USA). The antibodies used for the 
analysis were shown below: mouse anti-Snail (Cell 

Signaling Technology, Danvers, MA, USA), mouse 
anti-E-cadherin, anti-N-cadherin and anti-Vimentin 
(BD Biosciences, San Jose, CA, USA), mouse 
anti-β-actin and anti-mouse secondary antibodies 
(Santa Cruz Biotechnology, Santa Cruz, CA, USA). 

RNA interference 
Two pre-designed short interfering RNA 

(siRNA) sequences, which target different coding 
sequence regions of Snail, were directly synthesized 
(Ribo Bio Tech, Guangzhou, China). The sequences of 
the two siRNA were as follows: siRNA-Snail-1, 
5’-ACTCAGATGTCAAGAAGTA-3’; siRNA-Snail-2, 
5’-AGGCCTTCAACTGCAAATA-3’. Scrambled 
sequence was used as a negative control of siRNA 
(si-NC). A549 and H226 cells were transiently 
transfected with siRNA or si-NC using Lipofectamine 
3000 (Invitrogen). After 48 hours of transfection, the 
cells were collected for further experiments. 

Transwell migration and invasion assays 
Transwell plates (BD Biosciences) were used for 

transwell experiments. According to the 
manufacturer's instructions, 5×104 cells and 1% fetal 
bovine serum were added to each upper 
compartment, and 20% fetal bovine serum was added 
to each lower compartment for transmembrane 
induction. Six hours later, TGF-β1 solution (5ng/ml) 
was added to the lower chambers. After 24 hours 
incubation at 37°C, taken out the upper compartment 
and the cells were fixed with methanol for 30 minutes, 
then the upper surface cells of the upper compartment 
were removed with cotton swabs. Cells invading to 
the lower side of the upper compartment were stained 
with 1% crystal violet. Cells in three different regions 
were photographed and counted under a microscope. 
All the experimental data were repeated three times. 

Statistical analysis 
In clinical samples of NSCLC, differences in 

miR-940 and Snail mRNA expression between 
NSCLC tissues (T) and adjacent noncancerous lung 
tissues (N) were analyzed using a paired t test 
(2-tailed). The expression differences of miR-940 and 
Snail between the two groups’ cell lines were 
analyzed using an unpaired t test (2-tailed). The 
correlation between the levels of miR-940 (or Snail) 
and the clinicopathologic parameters of NSCLC 
patients were analyzed by non-parametric tests 
(Mann-Whitney U test for 2 groups, Kruskall-Wallis 
test for 3 or more groups). Spearman rank correlation 
test was used to analyze the correlation between 
miR-940 and Snail mRNA expression level ratios 
(T/N). The data from tissues are shown as box and 
whiskers with min to max, while the others are 
represented by mean ± SD. The statistical significance 
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was accepted as P＜0.05. All statistical analyses were 
performed using GraphPad Prism 7.01 (GraphPad, 
San Diego, CA, USA) and SPSS 17.0 software (SPSS, 
Chicago, IL, USA). 

Results 
miR-940 expression is down-regulated and 
inversely correlates with Snail expression in 
NSCLC tissues 

In order to determine the relationship between 
miR-940 and Snail mRNA, qRT-PCR was performed 
to detect their expression levels in 91 NSCLC tissues 
and paired noncancerous tissues. As shown in Fig. 1A 
and B, miR-940 levels were strongly downregulated 
(Fig. 1A) while Snail mRNA expressions were 
up-regulated (Fig. 1B) in NSCLC tissues compared 
with the paired noncancerous tissues. In addition, the 
differences in miR-940 and Snail mRNA levels were 
compared, respectively, when the NSCLC tissues 
were classified by various clinicopathologic 
characteristics (Table 2). The comparison results 
showed that the expression ratios (T/N) of miR-940 
were markedly lower in NSCLC tissues with lymph 
node metastasis, advanced TNM stages and poor cell 
differentiation than in tissues with non-lymph node 
metastasis, earlier TNM stages, and high 
differentiation. On the contrary, the expression ratios 
of Snail were higher in NSCLC tissues with lymph 
node metastasis, advanced TNM stages and poor cell 
differentiation (Table 2). Interestingly, the ratio of 
miR-940 levels (T/N) were reversely correlated with 
that of Snail mRNA levels (T/N) in 91 paired tissues 
(Fig. 1C). In order to verify the results above, datasets 
from GEO were analyzed in NSCLC tissues. Data 
from GEO (GSE36681) show that the expression of 
miR-940 was downregulated in NSCLC tissues (Fig. 
1D). However, there was no significant difference of 
the expression of Snail mRNA in NSCLC tissues 
compared with normal tissues from data of GSE19188 
analyzed by Lung Cancer Explorer 
(http://lce.biohpc.swmed.edu/lungcancer/) as 
shown in Fig. 1E [24]. But Fan et al. found that Snail 
mRNA was upregulated in NSCLC and high levels of 
Snail mRNA were associated with advanced TNM 
stages [25], which supports our present results. In 
addition, Survival analysis to TCGA dataset by KM 
plotter (http://kmplot.com/) [26] shows that low 
levels of miR-940 are associated with short survival in 
lung adenocarcinoma patients, and that high levels of 
Snail mRNA are related to poor prognosis in lung 
adenocarcinoma patients (Fig. 1F and G). These 
results support in a great extent our findings on the 
expression of miR-940 and Snail in NSCLC tissues. 
Taken together, the results provide a firm association 

between miR-940 and Snail expression, and imply a 
potential role for miR-940 in regulating Snail 
expression in NSCLCs. 

 

Table 2. Differential expression ratios of miR-940 and Snail 
mRNA between various clinicopathologic parameters in NSCLC 
tissues. 

Parameter n miR-940 Snail mRNA 
Gender    
Male 60 0.866 ± 0.151 2.011 ± 0.284 
Female 31 1.118 ± 0.230 1.252 ± 0.170 
P value  0.348 0.071 
Age    
<65 49 1.009 ± 0.190 1.933 ± 0.345 
≥65 42 0.886 ± 0.163 1.541 ± 0.155 
P value  0.628 0.329 
Histology    
Adenocarcinoma 57 0.984 ± 0.164 1.651 ± 0.252 
Squamous cell carcinoma 29 0.855 ± 0.211 1.664 ± 0.319 
Others 5 1.157 ± 0.632 3.415 ± 1.116 
P value  0.880 0.057 
Differentiation    
Poor 49 0.869 ± 0.195 2.233 ± 0.293 
Medium & High 42 2.025 ± 0.575 1.357 ± 0.276 
P value  0.047 0.034 
Clinical stage    
Ⅰ 30 1.705 ± 0.304 0.925 ± 0.137 
Ⅱ 24 0.807 ± 0.177 1.458 ± 0.227 
Ⅲ & Ⅳ 37 0.436 ± 0.068 2.614 ± 0.415 
P value  0.0006 <0.0001 
Lymph node metastasis    
N=0 48 1.295 ± 0.211 1.251 ± 0.130 
N≥1 43 0.569 ± 0.102 2.312 ± 0.380 
P value  0.004 0.007 

The expression ratios (Tumor vs. Normal, T/N) of miR-940 and Snail mRNA were 
calculated and then analyzed according to various clinicopathologic parameters. 
Data are presented as mean ± SE. 
Mann-Whitney U test for 2 groups. Kruskal-Wallis test for 3 or more groups. 

 

MiR-940 inhibits Snail expression by targeting 
Snail 3’-UTR in NSCLC cells 

Based on the experiments above, we conjectured 
that miR-940 can repress Snail expression by directly 
binding to Snail 3’-UTR region. Using a target 
prediction program (TargetScan7.1), we found that 
miR-940 have got a potential to interact with Snail 
mRNA-3’UTR. To verify the prediction, we subcloned 
Snail 3’-UTR containing miR-940 binding site (wild 
type/mutant) into psiCHECK-2 vector (Fig. 2A) and 
transiently co-transfected the reporter construct with 
miR-940 mimics into A549 and H226 cells. Results 
showed that miR-940 significantly suppressed the 
luciferase activities in A549 cells transfected with the 
Snail 3’-UTR-wild type reporter, but not in A549 cells 
with mutant reporter (Fig. 2B). The same results were 
obtained in H226 cell lines (Fig. 2C). In addition, 
overexpression of miR-940 (Fig. 2D) markedly 
inhibited the expression levels of Snail mRNA (Fig. 
2E) and protein (Fig. 2F) in both A549 and H226 cells. 
In conclusion, the results proved that miR-940 can 
negatively regulate Snail expression through the 
3’-UTR-binding to Snail transcript. 
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Fig. 1. MiR-940 expression is down-regulated and inversely correlates with Snail expression in NSCLC tissues. (A) The left panel shows a comparison of the 
differential expression of miR-940 between 91 NSCLC tissues (T) and the paired noncancerous tissues (N). In the right panel, log10 transformed fold change (T/N) of miR-940 
expression levels of each sample are illustrated. U6 was used as an internal control for miR-940. (B) The differential expression of Snail mRNA between T and N were 
comparatively analyzed (left panel). Log10 transformed fold change (T/N) of Snail mRNA levels of each sample are illustrated in the right panel. β-actin were used as an internal 
control for Snail. (C) Correlation between miR-940 levels and Snail mRNA expressions in 91 paired NSCLC tissues. X and Y axes represent the log10 transformed fold change 
of T/N expression ratios of Snail mRNA levels and miR-940, respectively. (D and E) The differential expression of miR-940 (D) and Snail (E) were analyzed utilizing the GEO data 
from GSE36681 and GSE19188, respectively. Data are shown as box and whiskers with min to max. (F and G) Survival analysis were performed using KM plotter database 
(http://kmplot.com/) to determine relationships of the expression levels of miR-940 (F) and Snail (G) to the overall survival of patients with LAD. *P < 0.05.  

 

MiR-940 suppresses TGF-β-induced EMT and 
invasion in NSCLC cells 

Since TGF-β signaling plays a crucial role in EMT 
and metastasis [27], we speculate that miR-940 can 
influence TGF-β-induced EMT and cell migration and 
invasion in NSCLC cells. To test this, miR-940 mimics 
were transfected into A549 and H226 cells, and then 
the protein levels of EMT markers including Snail, 
Vimentin, E-cadherin and N-cadherin were detected 
in the presence or absence of TGF-β1. As shown in 
Fig. 3A and B, TGF-β1 treatment markedly disturbed 
the expression of EMT markers in A549 and H226 
cells, revealing down-regulated E-cadherin and 
up-regulated N-cadherin and Vimentin. Since 

E-cadherin nearly does not express in H226 cells, the 
expression of a mesenchymal marker, N-cadherin, 
was detected instead. More importantly, 
Overexpression of miR-940 significantly restrained 
TGF-β1-induced down-regulation of E-cadherin 
(determined in A549 cells), up-regulation of snail, 
N-cadherin (determined in H226 cells) and Vimentin 
in A549 and H226 cells (Fig. 3A and B). In addition, 
overexpression of miR-940 prevented the cells from 
migrating and invading in the presence of TGF-β1 
(Fig. 3C and D). Taken together, our data suggest that 
overexpression of miR-940 can inhibit the expression 
of Snail and prevent TGF-β1-induced EMT and cell 
migration and invasion in NSCLC cells. 
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Fig. 2. MiR-940 inhibits Snail expression by targeting Snail 3’-UTR in NSCLC cells. (A) A schematic drawing shows the cloning of the predicted miR-940 binding sites 
of Snail 3’-UTR in psiCHECK-2 luciferase construct. Predicted duplex formation between miR-940 and the wild-type/mutant of miR-940 binding sites are indicated. (B and C) 
Relative luciferase activities of the wild-type or mutant Snail 3’-UTR reporter gene in A549 and H226 cells transfected with negative control (miR-NC) or miR-940. Relative renilla 
luciferase activity was calculated after normalizing to the firefly luciferase activity. (D)The expression levels of miR-940 were detected by qRT-PCR in A549 and H226 cells after 
transfection with miR-NC or miR-940 mimics for 48 hours. (E and F) After transfection with miR-NC or miR-940 mimics in A549 and H226 cells for 48 hours, the expression 
of Snail mRNA (E) and Protein (F) were detected by qRT-PCR and western blot, respectively. * P < 0.05, ** P < 0.01, *** P < 0.001. 
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Fig. 3. MiR-940 inhibits TGF-β-induced EMT and invasion in NSCLC cells. (A) Western blot analysis for the expression of Snail, E-cadherin and Vimentin in A549 cells 
transfected with miR-NC or miR-940 mimics in the absence or presence of TGF-β1. (B) Expression of Snail, N-cadherin and Vimentin in H226 cells transfected with miR-NC or 
miR-940 mimics in the absence or presence of TGF-β1. β-actin was used as an internal control. (C) Transwell assays for A549 cells transfected with miR-NC or miR-940 mimics 
in the absence or presence of TGF-β1. Migrated and invaded cells were stained and counted in at least three microscopic fields (magnification ×100). (D) Transwell assays for 
H226 cells transfected with miR-NC or miR-940 mimics in the absence or presence of TGF-β1. *** P < 0.001. 
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Fig. 4. Knockdown of Snail represses TGF-β-induced EMT and migration and invasion of NSCLC cells. (A) Western blot analysis for the expression of Snail in 
A549 and H226 cells transfected with si-NC, si-Snail-1 or si-Snail-2. β-actin was used as an internal control. (B) Expression of Snail, E-cadherin and Vimentin in A549 cells 
transfected with si-NC, si-Snail-1 or si-Snail-2 in the absence or presence of TGF-β1. (C) Expression of Snail, N-cadherin and Vimentin in H226 cells transfected with si-NC, 
si-Snail-1 or si-Snail-2 in the absence or presence of TGF-β1. (D) Transwell assays for A549 cells transfected with si-NC, si-Snail-1 or si-Snail-2 in the absence or presence of 
TGF-β1. Migrated and invaded cells were stained and counted in at least three microscopic fields (magnification ×100). (E) Transwell assays for H226 cells transfected with si-NC, 
si-Snail-1 or si-Snail-2 in the absence or presence of TGF-β1. * P < 0.05, ** P < 0.01. 

 

Knockdown of Snail represses TGF-β-induced 
EMT and migration and invasion of NSCLC 
cells 

It’s evident that Snail is an essential enhancer in 
TGF-β-induced EMT and cancer metastasis [11, 12, 
28]. To reconfirm this, the expression of Snail was 
suppressed by siRNA interference in A549 and H226 
cells (Fig. 4A). Then, the protein levels of EMT 
markers aforementioned were detected in the 
presence or absence of TGF-β1. As shown in Fig. 4B 
and C, the expression of TGF-β1-induced Snail was 
significantly encumbered by Snail-siRNA transfection 
in A549 and H226 cells. In addition, knockdown of 
Snail significantly inhibits TGF-β1-induced down- 
regulation of E-cadherin (determined in A549 cells), 
and upregulation of N-cadherin (determined in H226 
cells) and Vimentin in A549 and H226 cells. Moreover, 
the inhibitory effect on TGF-β1-induced EMT by 
knockdown of Snail expression was mirrored by 
suppression of TGF-β1-induced NSCLC cell 
migratory and invasive abilities (Fig. 4 D and E). 
These results copied the influence of miR-940 on 
TGF-β-induced EMT, suggesting that knockdown of 
Snail represses TGF-β-induced EMT and cell 
migration and invasion in NSCLC cells. 

Discussion 
Metastasis is the leading cause of death in lung 

cancer patients [29]. TGF-β-induced EMT is crucial to 

NSCLC cell invasion [30]. Furthermore, Snail plays a 
pivotal role in TGF-β-induced EMT and tumor 
metastasis [28, 31]. In this study, we investigate the 
miRNA-based mechanism underlying Snail 
regulation in TGF-β-induced EMT and invasion in 
NSCLC. Our findings reveal that miR-940 inhibits 
TGF-β-induced EMT and invasion by targeting Snail 
in NSCLC cells.  

MiRNAs play important roles in the 
development and progression of tumors, and regulate 
cell proliferation, migration and other functions 
through the fine turning of various signal networks 
[32, 33]. For instance, miR-122-5p inhibits cell invasion 
and growth by targeting ALDOA in bile duct 
carcinoma [34]. In pancreatic cancer, miR-1179 
suppresses proliferation, migration and invasion 
through repression of E2F transcription factor 5[35]. 
Our previous research suggests that miR-150 may 
contribute to the malignant phenotype by regulating 
SIRT2/JMJD2A signaling pathway in NSCLC [36]. 
EMT can be induced by TGF-β signaling in NSCLC 
cells [13], which is considered as an early stage in 
tumor metastasis [37]. TGF-β is highly expressed in 
most human tumors and is a powerful upstream 
inducer of EMT [38]. In tumor progression and 
metastasis, TGF-β signaling pathway plays a key role 
in EMT [27, 39]. Numerous miRNAs are involved in 
TGF-β-mediated EMT process by interactions with 
key members of TGF-β/SMAD signaling [15, 16]. In 
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the present study, we found that miR-940 can inhibit 
TGF-β-induced EMT and cell migration and invasion 
in NSCLC cells.  

Snail is a crucial EMT regulator that is involved 
in TGF-β signaling. In our present study, we found 
that Snail mRNA was upregulated in NSCLC tissues 
relative to the paired noncancerous tissues. Our 
present data supported a recent study in which Fan et 
al. reported that Snail mRNA was upregulated in 
NSCLC and high levels of Snail mRNA were 
associated with advanced TNM stages [25]. Various 
signaling pathways, including RTKs, TGF-β, Notch, 
Wnt, TNF-α, and BMPs, activate Snail at the 
transcription level, leading to the induction of EMT 
[11]. It has been observed that the expression of Snail 
is elevated in metastatic lesions in ovarian cancer [40]. 
In addition to inducing of EMT, Snail also has the 
function of promoting tumor recurrence [41]. We 
found that knockdown of Snail represses 
TGF-β-induced EMT and migration and invasion of 
NSCLC cells, which copied the functions of miR-940 
in the present study. 

In silico analysis reveals that Snail is a potential 
target of miR-940. Our luciferase reporter results 
confirmed this Gene-miRNA binding prediction, and 
we found that miR-940 significantly inhibited Snail 
expression in NSCLC cells. Importantly, in our study, 
siRNA-mediated knockdown of Snail duplicated the 
same experimental results of miR-940 overexpression 
in NSCLC cells, suggesting that miR-940 may 
attenuate TGF-β-induced EMT and NSCLC cell 
invasion via repression of Snail. Many studies 
revealed that several miRNAs could modulate Snail 
in cancer. Regalla et al. found that miR-30a targets 
Snail and inhibits migration, invasion and metastasis 
in NSCLC [42]. A previous study showed that 
miR-137 and miR-34a act as suppressors of Snail in 
ovarian cancer [43]. This is the first evidence of 
identifying that miR-940 suppresses TGF-β-induced 
EMT and invasion through repression of Snail in 
NSCLC cells, which consists with a reciprocal 
relationship between miR-940 and Snail expression in 
NSCLC patients, especially when samples were 
classified by characteristics of lymph node metastasis 
and TNM stages.  

MiR-940 was found to play an anti-oncogenic 
role in many cancers, such as pancreatic ductal 
adenocarcinoma [44], prostate cancer [45], 
hepatocellular carcinoma [46], glioblastoma [47] and 
ovarian cancer [48], while some other researches 
reveal that miR-940 acts an oncogenic role in several 
cancers, including cervical cancer [49], bladder cancer 
[50], gastric cancer [19, 51] and osteosarcoma [52]. 
This contradiction suggests that miR-940 plays 
different roles in various cancers. In the present study, 

we found that miR-940 can inhibit TGF-β-induced 
EMT and cell migration and invasion in NSCLC cells. 
These studies provide us with evidence that the effect 
of miR-940 can be mediated via alternative 
mechanisms in lung cancer. 

In conclusion, in the present study, we found 
that miR-940 can directly target Snail and inhibit 
TGF-β-induced EMT and invasion in NSCLC cells. 
Our findings provide insights into the miRNA-based 
mechanism for controlling TGF-β-induced EMT and 
invasion of NSCLC cells and a strategy for targeted 
therapy of NSCLC. 
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