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CLINICAL STUDY

miR-16-1-3p targets TWIST1 to inhibit cell proliferation and 
invasion in NSCLC
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ABSTRACT
In our study, the impact of miR-16-1-3p on cell proliferation and invasion in NSCLC was explored. miR-16-1-
3p mimics were transfected to A549 cells for miR-16-1-3p overexpression. qRT- PCR and Western blot were 
applied to explore the relative expression of mRNA and protein in A549 cells. Furthermore, the cell prolifera-
tion capability was determined by MTT assay. Additionally, cell migration and invasion were measured using a 
scratch assay and transwell assay, respectively. Moreover, TargetScan and luciferase reporter assay was utilized 
to investigate the target of miR-16-1-3p. The results indicated that miR-16-1-3p was downregulated in NSCLC 
cells and upregulation of miR-16-1-3p was able to inhibit the expression of TWIST1. In addition, the reduced 
cell proliferation, inhibited cell migration and invasion were observed in miR-16-1-3p mimic group compared 
to the negative control group. The luciferase reporter gene showed that TWIST1 was a target of miR-16-1-3p. 
Therefore, the present study demonstrated that miR-16-1-3p may suppress A549 cell proliferation, migration 
and invasion by targeting TWIST1. Thus, miR-16-1-3p might play important roles in NSCLC development, which 
provides a novel aspect for NSCLC investigation (Fig. 6, Ref. 26). Text in PDF www.elis.sk.
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Introduction

Lung cancer is the leading cause of cancer death worldwide. 
Moreover, the overall 5-year survival rate of lung cancer was about 
5 % due to a late diagnosis. One third of the patients is diagnosed 
with stage III disease (1, 2). It is reported that approximately 80% 
of lung cancer refers to non-small cell lung cancer (NSCLC), 
which includes adenocarcinoma (AC), squamous cell carcinoma 
(SQCC) and large cell carcinoma (LCLC) (3). The development 
of NSCLC involves a series of genetic and epigenetic alterations, 
which ultimately becomes the invasive cancer via clonal expan-
sion. In addition, the process of invasion, migration and resistance 
to cancer therapy is related to the accumulation of genetic and epi-
genetic alterations (4). Generally, the treatment of NSCLC refers 
to surgery, chemotherapy, radiation therapy or a combined mo-
dality approach (5). Although the molecularly targeted therapies 
advent has signifi cantly improved the outcomes for patients, the 
prolonged disease control and increased overall 5-year survival 
rate is still poor (6). 

MicroRNAs play vital roles in mRNA silencing at the post-
translational level. MiRNAs are able to cleave the mRNA strand 
into pieces through RISC, shorten the poly(A) tails of mRNA to 
destabilize mRNA or interfere the process of translation from 
mRNA to protein (7, 8). miRNA can not only be used for early 
detection of lung cancer and screening, but also for the treat-
ment of lung cancer. Due to the function of miRNA in metas-
tasis prevention, radiation therapy and chemotherapy resistance 
reduction in lung cancer, miRNAs are regarded as novel prom-
ising players in lung cancer (9). The oncogenic miRNAs in lung 
cancers include miR-17~92 cluster, miR-21, miR-221/222 and 
so on. The tumor suppressive miRNAs in lung cancer are let-7, 
miR-34/449, miR-15/16, miR-200, miR-205 and miR-143/145 
and so forth (7).

Twist-related protein 1(TWIST1), known as class A basic he-
lix-loop-helix protein 38 (bHLHa38), is a basic helix-loop-helix 
transcription factor, which is essential for the mesoderm forma-
tion in drosophila and mouse. Furthermore, TWIST1 can promote 
epithelial-mesenchymal transition (ETM) process (10). Some 
studies reported that the DNA methylation of TWIST1 gene was 
associated with cancer cell malignant progression, invasion and 
metastasis, while the underlying mechanism is not fully under-
stood. (11, 12). In gastric cancer and breast cancer, upregulation 
of TWIST1 promotes the cell invasion and metastasis (10, 13). 
However, the roles of TWIST1 in NSCLC have not been widely 
explored. Therefore, we hypothesized that some miRNAs may 
target TWIST1 in NSCLC. According to TargetScan and miRBase 
website, we selected miR-16-1-3p, which can target TWIST1 in 
gastric cancer as our target (13).
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As we all know, N-cadherin is upregulated in many cancers, 
which play key roles in tumor cell movement and ETM process 
(14). The overexpression of N-cadherin contributes to the metas-
tasis and invasion of tumor cells (15). Additionally, α-SMA and 
Fibronectin are also related to lung fi brosis and ETM process (16). 
Therefore, the expression of N-cadherin, α-SMA and Fibronectin 
were measured in our study.

Materials and methods

Cancer tissues and paracarcinoma tissues of NSCLC
We collected 60 paraffi n specimens (30 cancer tissues and 

30 paracarcinoma tissues) of NSCLC from patients, who under-
went surgery at the First Affi liated Hospital of Yangtze Univer-
sity from March, 2016 to May, 2017. Additionally, all specimens 
were stored in liquid nitrogen in EP tubes and all patients were 
given the informed consent. The present study was approved by 
the Ethics Committee of the First Affi liated Hospital of Yangtze 
University prior to the study.

Cell lines
A549 and H1650 (SL003 and CRL5883, ATCC) were re-

garded as the cancer cell lines and the BEAS-2B cell lines (CRL-
9609, ATCC) as the internal reference. The selected cells were 
maintained in RPMI 1640 medium supplemented with 10% fetal 
bovine serum (31800, Beijing solarbio science&technology Co., 
Ltd., Beijing, China) and 200 μ/ml Gentamicin cultured in a hu-
midifi ed incubator at 37 ºC with 5% CO2.

Target prediction
TargetScan (http://www.targetscan.org/vert_71/) and miRWalk 

( http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk/predicted-
mirnagene.html) were applied for target gene prediction 

qRT- PCR for miR-16-1-3p expression in NSCLC tissues and cells
qRT-PCR was employed to study the expression levels of 

miR-16-1-3p in NSCLC tissues and cells. Firstly, QuickExtract™ 
RNA Extraction Kit (QER090150, Epicentre) was applied for RNA 
extraction from tissues and cell lines according to manufacturer’s 
instructions. PrimeScriptTM RT-PCR kit (RR014A, TaKaRa) was 
used for RT-PCR reaction. The reaction conditions of RT-PCR 
were set by 96 °C for 5 min, 95 °C for 30 s, 60 °C for 30 s, and 
76 °C for 1.5 min for 32 cycles, 4 °C for storage. Moreover, U6 
was regarded as the internal reference. Additionally, MystiCq® 
microRNA qPCR Assay Primer hsa-miR-16-1-3p (MIRAP0030, 
Sigma-Aldrich) was used as the miR-16-1-3p primer. The 2−ΔΔCq 
method was used to analyze the mRNA expression (17).

Cell transfection 
In order to explore the function of miR-16-1-3p in NSCLC 

cells, A549 cell line was selected as our experimental cells. A549 
cells were placed in the 24-well plates and incubated in RPMI 1640 
medium at 37 °C with 5 % CO2. miR-16-1-3p mimic plasmids 
(500 ng) and mimic control plasmids (500 ng) were transfected 
to A549 cells using 2.5 μl Lipofectamine 2000 (Invitrogen). Fur-

thermore, miR-16-1-3p mimic plasmids and mimic control plas-
mids were purchased from CYAGEN Biotechnology, Co. Ltd., 
Suzhou, China. After 6h incubation, the medium was replaced by 
10% bovine serum fresh culture.

Western Blot
qRT-PCR and western blot was performed to study the expres-

sion levels of TWIST1, N-cadherin, alpha-SMA and Fibronectin 
profi le in transfected A549 cells. For relative expression of mRNA, 
RNeasy Mini Kit (74104, Qiagen, German) was utilized to isolate 
RNA according to manufacturer’s protocol. Then, PrimeScriptTM 
RT-PCR kit (RR014A, TaKaRa) was used for RT-PCR reaction. 

For western blot, transfected A549 cells were lysed by RIPA 
(P0013B, Beyotime Biotechnology Co. Ltd., Nanjing, China) and 
then centrifuged at 10,000 rpm for 15 min at 4 °C. GAPDH was 
regarded as the internal control. Anti-TWIST1 (2F8E7, 1:500), 
-N-cadherin (33-3390, 1:500), -alpha-SMA (1A4, 1:100), -Fibro-
nectin (FBN, 1:500), -GAPDH (GA1R, 1:500) and the secondary 
antibodies (35518, 1:5000) were purchased from Thermo Fisher 
Scientifi c. Furthermore, ECL Western blotting kit (K820500, Bio-
vision Inc., USA) was adopted for membrane stain. Gray value 
was obtained from ImageJ image analysis software. This experi-
ment was performed in triplicate. The antibodies incubation was 
based on Wang Tao’s research (13).

MTT assay 
After transfection, the A549 cells were placed into 24-well 

plates and the MTT stain was performed at 24h, 48h and 72h using 
MTT Cell Viability Assay Kit (KA1606, Abnova Corporation). The 
experiments were performed according to Lei Li’s research (18).

Scratch assay 
Scratch assay was employed to study the migration of A549 

cells after transfection. A549 cells (5 x 105) were placed into 24-
well plates and cultured for 24 h to obtain a monolayer. Then, 
the scratch was made across the center of the well using the tip 
remaining perpendicular to the bottom of the well. After that, the 
cells were incubated with RPMI 1640 medium at 37 °C with 5 % 
CO2 for 24 h. Images of the migrated cells were captured at 24 h 
using ImageJ.

Transwell assay
Transwell assay was performed to identify the invasion ability 

of A549 cells after transfection. Transwell culture inserts (8-mm 
pore size; Falcon; BD Biosciences) were placed into the wells of 
24-well culture plates with separate upper and lower chambers. 
The main procedures were based on the research of Lei Li (18).

Luciferase reporter assay
The target verifi cation was performed by luciferase reporter as-

say. The constructed TWIST1 3’-UTR wild and TWIST1 3’-UTR 
mutant plasmids were purchased from Vigene Bioscience Co. Ltd. 
Subsequently, the luciferase activity was measured by luciferase 
assay kit (GM-040502A, Qcbio Science & Technologies Co. Ltd., 
China.) and fl uorescence microscopy (13).
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Statistical method
All quantitative data were presented as the mean ± standard 

deviation (SD). Furthermore, the expression abundance of miR-
NA and mRNA was identifi ed by 2−ΔΔCq method. Statistical anal-
ysis was performed using GraphPad Prism version 5.01 (Graph-
Pad Software, Inc., La Jolla, CA, USA) via Student t test. For 
all comparisons, p < 0.05 was considered to indicate signifi cant 
differences.

Results

miR-16-1-3p expressions in NSCLC cancer and normal tissues 
and cells 

The relative expression of miR-16-1-3p in NSCLC tissues 
and cells (A549, H1650 and BEAS-2B) was determined by qRT-
PCR. The results implied that miR-16-1-3p was downregulated 
in NSCLC tumor tissues compared to paracarcinoma tissues, p 
< 0.01 (Fig. 1A). Furthermore, the expression of miR-16-1-3p 
was signifi cantly decreased in A549 and H1650 cells than that of 
BEAS-2B cell, p < 0.01 (Fig. 1B). The results of of miR-16-1-3p 
expression in cancer tissues and cell lines were consistent.

Expression of miR-16-1-3p in transfected cells
To further investigate the function of miR-16-1-3p in NSCLC, 

A549 cell line was selected for the following experiments. A549 
cells were transfected with miR-16-1-3p mimic plasmids and 
mimic control plasmids. As shown in Figure 2, the expression of 
miR-16-1-3p signifi cantly increased in miR-16-1-3p mimic group 
versus negative control group, p < 0.01. Therefore, the transfec-
tion was successful.

m RNA and protein expression of TWIST1, N-cadherin, alpha-
SMA, Fibronectin

After transfection, A549 cells were cultured for 72 h at 37 
°C with 5 % CO2. qRT-PCR and Western blot was applied for 
relative expression of mRNAs and proteins. In Figure 3A, the re-
sults indicated that the expression of mRNA of protein TWIST1, 

N-cadherin, alpha-SMA and Fibronectin was dramatically down-
regulated in miR-16-1-3p mimic group compared to the negative 
control groups (p < 0.01). Moreover, the expression of TWIST1, 
N-cadherin, alpha-SMA and Fibronectin protein was suppressed in 
miR-16-1-3p mimic group compared to the negative control groups 
(p < 0.01) (Figs 3B,C). Therefore, miR-16-1-3p might inhibit the 
expression of TWIST1, N-cadherin, alpha-SMA and Fibronectin. 

MTT assay 
The A549 cell proliferation profi le was measured by MTT stain 

after 24 h, 48 h and 72 h incubation. In addition, the OD value 
was identifi ed by microplate reader under 490 nm wavelength. The 
increased cell proliferation was observed in miR-16-1-3p mimic 
groups versus negative control groups. Furthermore, the cell prolif-
eration was signifi cantly promoted the in mimic groups at 72 h incu-
bation compared to the negative control groups (p < 0.01) (Fig. 4).

Fig. 1. The relative expression of miR-16-1-3p in NSCLC tissues and cells was measured by qRT-PCR. Moreover, a decreased expression of 
miR-16-1-3p was observed in NSCLC cancer tissues, A549 and H1650 cell lines compared to normal tissues and BEAS-2B cell lines respectively. 
A) The relative expression of miR-16-1-3p in tumor tissues and normal tissues. B) The relative expression of miR-16-1-3p in A549, H1650 and 
BEAS-2B cell lines. ** p < 0.01.

A B

Fig. 2. miR-16-1-3p mimic and mimic control plasmids were transfect-
ed to A549 cells and the expression of miR-16-1-3p was quantifi ed by 
qRT-PCR. The relative expression of miR-16-1-3p was shown in Figure 
2. NC – negative control; miR-16-1-3p mimic: cells were transfected 
with miR-16-1-3p mimic plasmids; miR-16-1-3p mimic NC – cells were 
transfected with mimicking negative control plasmids. ** p < 0.01.
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Scratch assay and transwell assay 
Scratch assay and transwell assay were performed after trans-

fection followed by 72 h incubation. As shown in Figure 5A, 
the results demonstrated that the migration ability of A549 cells 
was suppressed in miR-16-1-3p groups compared to the nega-
tive control groups due to the wider scratch in the mimic groups. 
Additionally, the decreased cell invasion was observed in miR-
16-1-3p mimic groups compared to negative control groups (p < 
0.01) (Figs 5B,C). Hence, the inhibited cell migration and inva-
sion capability of A549 cells might be caused by the overexpres-
sion of miR-16-1-3p.

Target gene prediction and luciferase reporter assay
Target gene of miR-16-1-3p, TWIST1, was identifi ed by Tar-

getScan as shown in Figure 6A. miR-16-1-3p mimic plasmids and 
mimic control plasmids were co-transfected with the TWIST1 
3’URT-WT and 3’UTR-MUT plasmids. After 72 h incubation, the 
luciferase activity was measured by fl uorescence microscopy. As 
shown in Figure 6B, a decreased luciferase activity was observed 
in miR-16-1-3p with TWIST1 3’-UTR-WT groups compared to 
the negative control groups (p < 0.05). Therefore, TWIST1 was a 
target gene of miR-16-1-3p.

Discussion

In humans, TWIST1 malfunction was involved in Saethre-
Chotzen syndrome. Later, the essential roles of TWIST1 in tumor 
initiation, development, invasion and metastasis along with the 
chemo resistance was identifi ed in a variety of carcinomas (19). 
TWIST1, a basic helix-loop-helix (bHLH) transcription factor, 

Fig. 3. 72 h incubation after transfection, cells were collected for 
mRNAs and protein expression via qRT-PCR and western blot. A) 
Relative expression of mRNAs of TWIST1, N-cadherin, alpha-SMA 
and Fibronectin. B) Relative expression of TWIST1, N-cadherin, al-
pha-SMA and Fibronectin. C) Expression of protein TWIST1, N-cad-
herin, alpha-SMA and Fibronectin determined by Western blot. NC 
– negative control; miR-16-1-3p mimic: cells were transfected with 
miR-16-1-3p mimic plasmids; miR-16-1-3p mimic NC – cells were 
transfected with mimic negative control plasmids. ** p < 0.01.

A

B

C

Fig. 4. A549 cells were transfected with miR-16-1-3p mimic and mimic 
control plasmids. Then, MTT assay was performed at time point 24 h, 
48 h and 72 h. The cell viability was identifi ed by OD value under 490 
nm wavelength. The decreased OD490 value was observed in miR-16-
1-3p mimic groups compared to mimic control groups. NC – negative 
control; miR-16-1-3p mimic: cells were transfected with miR-16-1-3p 
mimic plasmids; miR-16-1-3p mimic NC – cells were transfected with 
mimicking negative control plasmids. * p < 0.05, ** p < 0.01.
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plays a signifi cant role in promoting cancer cell metastasis and 
in the development of epithelial-mesenchymal transition (ETM) 
(10). Moreover, TWIST1 has four domains referring to a TWIST1 
domain, a glycine rich region, bHLH domain and the Twist box (or 
WR domain) (20). The study showed that TWIST1 is involved in 

numerous signaling pathways concerning FGF and sonic hedge-
hog (SHH) pathways (20). Additionally, the results showed that 
the conserved Twist box domain is necessary in the context of 
cancer phenotypes (21). From the study of Lei Li, the expression 
of TWIST1 was upregulated and a knockdown of TWIST1 is 
able to inhibit the migration and invasion of NSCLC cell, which 
is consistent with our study (18). Additionally, the prognosis and 
chemo resistance of lung cancer was associated with the expres-
sion of TWIST1 in lung cancer (22). Therefore, in the future, the 
impact of miR-16-1-3p on TWIST1 regarding the prognosis and 
chemo resistance in NSCLC could be explored. Also, the study 
revealed that the expression of N-cadherin was suppressed due to 
the overexpression of miR-32, which is in line with our present 
study (18). Whereas, the expression of vimentin and MMP-2 and 
MMP-9 were not explored, which should be further investigated.

A number of studies have found that abnormal expression of 
miRNAs was directly involved in the regulation of NSCLC de-
velopment. For example, miR-378 played a key role in NSCLC 
cell growth, vascularization and metastasis in the study by Klau-
dia Skrzypek et al (23). Moreover, through next-generation deep 
sequencing, the microRNA transcriptome in lung cancer were 
characterized. The results showed that miR-944 might have the 
oncogenic function in the pathogenesis of NSCLC (24). Further-
more, fi ve miRNAs (miR-20a, miR-223, miR-21, miR-221 and 
miR-145) may be novel biomarkers for screening early-stage 
NSCLC studied by Qing Geng et al (25). As we all know, miR-16, 
miR-15, miR-195 and miR-457 are related to microRNA precursor 
sequences from the miR-15 gene family (26). Therefore, the fur-
ther study could target miR-15, miR-195 and miR-475 involving 
the correlation between these miRNAs and TWIST1.

In conclusion, the results implied that miR-16-1-3p was down-
regulated and TWIST1 was upregulated in NSCLC. Moreover, 
decreased TWIST1 expression was observed due to an overexpres-
sion of miR-16-1-3p. Also, the luciferase reporter assay identifi ed 
that TWIST1 was the direct target of miR-16-1-3p. Furthermore, 

Fig. 5. 72 h incubation after transfection, A549 cells were collected for scratch and transwell assay. A) Results of scratch assay in NC, miR-16-1-
3p mimic and mimic control groups; B) Results of transwell assay in NC, miR-16-1-3p mimic and mimic control groups; C) Histogram of cells 
invasion in NC, miR-16-1-3p mimic and miR-16-1-3p mimic control groups. NC – negative control; miR-16-1-3p mimic: cells were transfected 
with miR-16-1-3p mimic plasmids; miR-16-1-3p mimic NC – cells were transfected with mimicking negative control plasmids. ** p < 0.01.
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the inhibited cell proliferation and invasion showed that miR-
16-1-3p was able to inhibit NSCLC development by targeting 
TWIST1. These fi ndings may provide a novel target for NSCLC 
development exploration.
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