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The current study aimed to investigate the inhibitory effect and mechanism of ensartinib on adhesion, invasion 
and migration of non-small cell lung cancer (NSCLC) cells, including H460 and A549. Cell adhesion test, scratch 
test and Transwell cell invasion test were used to detect cell adhesion, migration and invasion. RT-PCR was used 
to detect the expression of MMP-2 and MMP-9 in H460 and A549 cells. Western blot was used to detect the 
expression of MMP-2 and MMP-9 proteins, ERK signaling pathway related proteins and p-Akt. Our data showed 
that ensartinib inhibited adhesion, invasion and migration of H460 and A549 cells in a concentration-dependent 
manner (P < 0.05). Ensartinib decreased the expression of MMP-2 and MMP-9 in H460 and A549 cells (P < 
0.01). It also downregulated the expression of MMP-2 and MMP-9 in H460 and A549 cells, and inhibited the 
expression of Ras, p-c-Raf, p-ERK 1/2 and p-Akt upstream in a concentration- and time-dependent manner. 
Ensartinib inhibits the adhesion, invasion and migration of NSCLC cells, and such effect is related to downregu-
lation of MMP-2 and MMP-9 expression, inhibition of ERK signaling pathway and p-Akt expression.

1. Introduction
Lung cancer is one of the most morbidity and mortality malignant 
tumors in the world (Wang et al. 2016). Every year more than one 
million people die of lung cancer (Alibolandi et al. 2015). Among 
them, non-small cell lung cancer (NSCLC) accounts for 80 to 85% 
of lung cancer, and its 5-year survival rate is less than 15 % (He et 
al. 2018). About 30 % of patients with NSCLC had distant metas-
tasis at the time of diagnosis, 50 to 60% of patients had distant 
metastasis during treatment, and eventually 80 to 90% of patients 
die of lung cancer metastasis (Howe et al. 2016). Therefore, inhib-
iting and preventing the metastasis of lung cancer cells is the key to 
treat NSCLC and improve the survival rate of patients.
Tumor metastasis is regulated by many factors and steps, including 
the decrease of adhesion between tumor cells, the enhancement 
of adhesion with extracellular matrix (ECM), the degradation of 
ECM and basement membrane, the enhancement of migration 
and invasion ability of tumor cells (Hsu et al. 2007; Dowlati et 
al. 2008). Therefore, inhibiting NSCLC cell adhesion, invasion 
and migration is the basis of suppressing lung cancer metastasis 
(Jassam et al. 2017; He et al. 2018).

Although the first generation ALK tyrosine kinase inhibitor 
clozotinib has a good effect in the early stage of treatment among 
NSCLC patients, most patients will acquire drug resistance after 
continuous treatment (Singhi and Horn 2018). Recently, ensar-
tinib, a new drug that has entered the phase III phase of clinical 
trials, may be expected to surpass clozotinib and become a new 
therapy option for ALK-positive NSCLC patients (Horn et al. 
2018). However, the specific underlying mechanism of ensartinib 
on NSCLC progression remains largely unknown.

2. Investigations and results

2.1. Effect of ensartinib on adhesion of H460 and A549 
cells
Different concentrations of ensartinib (0, 5, 10, 20, 30 mg/L) were 
used to treat H460 and A549 cells for 24 h. Cell adhesion was 
then examined. The results showed that after ensartinib treatment, 
the adhesion ability of H460 and A549 cells decreased gradually, 
that is, the inhibition rate of cell adhesion increased gradually and 
concentration dependently (Fig. 1). There was a significant differ-
ence among the groups (P < 0.05).

2.2. Effect of ensartinib on migration ability of H460 and 
A549 cells
The effect of ensartinib on the migration ability of H460 and 
A549 cells was examined by scratch test. As shown in Fig. 2, 
after ensartinib (30 mg/L) treatment for 0, 6, 12, 24 and 48 h, the 
scratch width gradually increased and the cell density on both sides 
of the scratch decreased (Fig. 2A). On the contrary, the scratch 
width gradually decreased and the cell density on both sides of the 
scratch increased after 0, 6, 12, 24 and 48 h in the control group of 
H460 and A549 cells (Fig. 2A). At the same time, the healing rate 
of scratches increased gradually in the control group of H460 and 
A549 cells, and decreased gradually in the ensartinib (30 mg/L) 
group (Fig 2B).

Fig. 1: Effect of ensartinib on adhesion of H460 and A549 cells. (A) Cell viability 
was determined using MTT assay. (B) The inhibition rate of cell adhesion 
increased gradually with the treatment of different ensartinib concentrations 
(0, 5, 10, 20, 30 mg/L). *p<0.05, **p<0.01 vs. Ensartinib 5 mg/L.
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number of cells passing through the membrane in the treatment 
group of H460 and A549 cells was significantly lower than that in 
the control group (P < 0.01), and showed a concentration-depen-
dent (Fig. 3A and 2B).

2.4. Regulation of ensartinib on MMP-2 and MMP-9 
mRNA levels in H460 and A549 cells
RT-PCR was used to further study the regulation of ensartinib 
on the levels of metalloproteinase-2 (MMP-2) and metallopro-
teinase-9 (MMP-9) in H460 and A549 cells, which are closely 
related to the adhesion, invasion and migration of cancer cells. 
As shown in Figs 4A and 4B, ensartinib effectively inhibited the 
mRNA levels of MMP-9 and MMP-2 in H460 and A549 cells with 
the increase of ensartinib concentration (20, 30 mg/L) compared 
with that of control. 

Fig. 2: Effect of ensartinib on migration ability of H460 and A549 cells. (A) Scratch 
test was performed to evaluate the effects of ensartinib (30 mg/L) treatment 
for 0, 6, 12, 24 and 48 h in H460 and A549 cells. (B) Wound-healing rate was 
calculated. **p<0.01 vs. control.

Fig. 3: Effect of ensartinib on invasive ability of H460 and A549 cells. Transwell cell 
invasion assay was used to detect the changes of ensartinib’s invasive ability 
to H460 (A) and A549 (B) cells. **p<0.01 vs. control.

2.3. Effect of ensartinib on invasive ability of H460 and 
A549 cells
Transwell cell invasion assay was used to detect the changes of 
ensartinib’s invasive ability to H460 and A549 cells. The results 
showed that after 24 h of ensartinib (0, 10, 20, 30 mg/L), the 

Fig. 4: Regulation of ensartinib on MMP-2 and MMP-9 mRNA levels in H460 and 
A549 cells. Real time PCR analysis demonstrated that ensartinib effectively 
inhibited the mRNA levels of MMP-9 and MMP-2 in H460 (A) and A549 (B) 
cells with the increase of ensartinib concentration (20, 30 mg/L) compared 
with that of control. **p<0.01 vs. control.

2.5. Ensartinib regulates the expression of MMP-2 and 
MMP-9 and ERK signaling pathway-related proteins and 
p-Akt in H460 and A549 cells
To further explore the mechanism of ensartinib inhibiting adhesion, 
migration and invasion of H460 and A549 cells, the expression 
of MMP-2 and MMP-9 was detected by Western blot. The results 
showed that ensartinib downregulated the expression of MMP-2 
and MMP-9 in a time-dependent manner (Figs. 5A and 5B). At the 
same time, we further explored the changes of Ras and p-ERK 1/2 
and p-Akt expression in upstream ERK signaling pathway after 
ensartinib inhibited MMP-2 and MMP-9 proteins. As shown in 
Figs. 5A and 5B, the expression levels of Ras, p-c-Raf, p-ERK 1/2 
and p-Akt decreased in H460 and A549 cells treated with ensar-
tinib, indicating that ensartinib inhibited the expression of ERK 
signaling pathway and p-Akt in a time-dependent manner.

3. Discussion
NSCLC accounts for 80 to 85 % of lung cancer, which has the 
characteristics of low survival rate and high metastasis rate (Kuang 
et al. 2013). Ensartinib is a newly developed lung cancer drug, 
which can effectively inhibit 17 ALK fusion types with IC50 < 
4 nM (Singhi and Horn 2018). There is not much information 
about this drug. Recently, phase I/II clinical trials in humans have 
just been published (Horn et al. 2018). Patients without ALK 
targeted therapy can achieve 80 % efficiency and show good brain 
metastasis control ability (Horn et al. 2018). However, the specific 
effects and underlying mechanism of ensartinib on NSCLC 
deserve further study. 
Tumor metastasis is a multi-gene, multi-factor, multi-step biolog-
ical process. Reducing the adhesion between cancer cells and 
extracellular matrix (ECM) is the beginning of cancer metastasis 
(Lin et al. 2017). In this study, cell adhesion experiments were 
conducted to investigate the changes of adhesion in H460 and 
A549 cells after ensartinib treatment. The results showed that 
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ensartinib reduced the adhesion of both cells in a concentration-de-
pendent manner. When cancer cells adhere to ECM, they invade 
ECM and basement membrane, secrete a variety of proteolytic 
enzymes, degrade ECM and basement membrane, and make cells 
break through the damaged basement membrane to detach and 
migrate from the primary lesion, and then metastasize with blood 
or lymphatic circulation (Min et al. 2018). Therefore, reducing the 
invasive and migratory ability of cancer cells is the key to inhibit 
cancer metastasis (Zhang et al. 2016). In this study, scratch test 
and Transwell cell invasion test showed that ensartinib effectively 
inhibited the migration and invasion of H460 and A549 cells.
The changes of ECM and basement membrane play an important 
role in the invasion and metastasis of tumors. Type IV collagen 
fibers are among the important components of ECM and basement 
membrane, and MMP-2/MMP-9 in matrix metalloproteinases 
(MMPs) can degrade them effectively (Wang et al. 2016; Zhou 
et al. 2018). Studies have confirmed that MMP-2 and MMP-9 not 
only degrade ECM and basement membrane, participate in tumor 
adhesion, invasion and vascular invasion, but are also related to 
the growth of primary and metastatic tumors, angiogenesis and 
malignant transformation of tumors (Ishiguro et al. 2013; Howe 
et al. 2016; Chae et al. 2018). In addition, increased expression of 
MMP-2 and MMP-9 was found in many invasive and highly meta-
static tumors (Su et al. 2014; Ntantie et al. 2018). Meanwhile, the 
expression levels of MMP-2 and MMP-9 are closely related to the 
staging, metastasis and prognosis of lung cancer. Therefore, inhib-
iting the expression of MMP-2 and MMP-9 is the key to inhibit the 
invasion and migration of NSCLC (Tachezy et al. 2014; Webber 
et al. 2015). RT-PCR and Western blot showed that ensartinib not 
only reduced the expression of MMP-9 and MMP-2 in H460 and 
A549 cells at the mRNA level, but also downregulated the expres-
sion of MMP-2 and MMP-9 in H460 and A549 cells at the protein 
level in a time- and concentration-dependent manner. Therefore, 
ensartinib inhibits the adhesion, invasion and migration of NSCLC 
cells by suppressing the expression of MMP-2 and MMP-9.
Many studies have shown that the expression of MMP-9 and 
MMP-2 is mainly regulated by the upstream serine/threonine 

protein kinase family (MAPKs) signaling pathway (Fang et al. 
2017; Ruder et al. 2018). Activation of the MAPKs pathway can 
upregulate the expression of MMP-2 and MMP-9, promote the 
invasion and migration of cancer cells (Zhang et al. 2010). On the 
contrary, inactivation of the MAPKs pathway inhibits the invasion 
and metastasis of cancer (Zheng et al. 2017). MAPKs signaling 
pathways mainly include extracellular signal-regulated kinase 
(ERK) pathway, p38 MAPK pathway and c-Jun-N terminal kinase 
(JNK) pathway (Zheng et al. 2017). Moreover, ERK signaling 
pathway, Ras/Raf/ERK signaling pathway, play a major role in the 
proliferation, differentiation, invasion, migration and apoptosis of 
many tumors (Zheng et al. 2017). Further studies on Ras/Raf/ERK 
signaling pathway showed that ensartinib could downregulate the 
expression of Ras, p-c-Raf and p-ERK 1/2 in H460 and A549 cells 
in a concentration- and time-dependent manner. Therefore, the 
inhibition of MMP-9 and MMP-2 expression by ensartinib may 
be related to the inhibition of upstream ERK signaling pathway.
In addition, Akt is suggested to promote invasion and migration of 
tumors by activating MMP-9 and MMP-2 (Cho et al. 2009; Kitano 
et al. 2014). Therefore, inhibiting the expression of Akt is regarded 
as a regulatory target to inhibit the metastasis of tumors (Cho et al. 
2009; Kitano et al. 2014). It is also found that the activation of Akt, 
i.e. phosphorylated Akt (p-Akt), is closely related to the metastasis 
of NSCLC. Overexpression of p-Akt can improve the adhesion, 
invasion and metastasis of NSCLC (Kitano et al. 2014). This study 
showed that ensartinib inhibited the activation of p-Akt in H460 
and A549 cells in a concentration- and time-dependent manner.
In conclusion, the results of this study demonstrate for the first 
time that ensartinib inhibits the adhesion, invasion and migration 
of NSCLC cells H460 and A549 by downregulating the expres-
sion of MMP-2 and MMP-9 genes and proteins and inhibiting the 
upstream ERK signaling pathway and p-Akt expression. These 
results indicate that ensartinib has a good anti-NSCLC adhesion 
and metastasis effect, which provides experimental basis and basis 
for further drug development and clinical application of ensartinib. 

4. Experimental

4.1. Cell culture
Lung adenocarcinoma A549 cells and lung large cell lung cancer H460 cells were 
purchased from the Institute of Biochemistry and Cell Biology and Shanghai 
Academy of Life Sciences, Chinese Academy of Sciences, respectively. A549 cells 
were cultured in RPMI 1640 medium containing 10 % fetal bovine serum. Cells grew 
adherently in an incubator at 37 oC and 5 % CO

2
 humidity. When cells reached 80 % 

confluence, they were digested with trypsin containing 0.125% EDTA and passaged 
in a dilution ratio of 1:4.

4.2. Ensartinib
Ensartinib (M1743, AbMole, http://abmole.bioon.com.cn/) was dissolved in DMSO 
and diluted to the corresponding concentration.

4.3. Cell adhesion test
A 96-well culture plate was coated with 50 μL collagen I solution in each hole, 
incubated in incubator at 37 oC and 5 % CO

2
 for 1 h and washed with PBS twice. 

After that, 0.2 mL 3 % BSA was added and incubated for 2 h, and then washed with 
PBS twice for reserve. The H460 and A549 cells treated with different concentrations 
of ensartinib (0, 5, 10, 20, 30 mg/L) for 24 h were diluted with DMEM solution 
containing 10 % fetal bovine serum. The cell concentration was adjusted to 8 *108/L. 
The cells were added to 96-well coated plates with 100 μL per well. Each group was 
fed with 5 parallel pores, incubated at 37 oC and 5 % CO

2
 for 2 h. After incubation, 

the culture medium was discarded and washed with PBS, with the non-adherent cells 
removed. Then, 50 μL MTT was added to each well and incubated in cell incubator 
for 3 h. After dissolving and crystallizing, the OD value of each well at 570 nm was 
measured. With ensartinib (0 mg/L) group as blank control group, the inhibition rate 
of adhesion was equal to (1 – OD value of experimental group / OD value of control 
group) *100 %.

4.4. Scratch test
The H460 and A549 cells in logarithmic growth phase were inoculated into 6-well 
plates at a density of 1 x 106 cells per well. When the cell adherence reached 90% 
confluence, the 20μL pipette was used to draw a vertical line in the middle of each 
well. Then, the cells were washed with PBS three times and the fallen cells were 
removed. Then, ensartinib (0, 30 mg/L) was added and incubated in 37 oC, 5 % CO

2
 

incubator for further culture. Scratch widths were observed and photographed (x 100) 
at 0, 6, 12, 24 and 48 h after ensartinib treatment. The experiment was repeated three 

Fig. 5: Ensartinib regulates the expression of MMP-2 and MMP-9 and ERK sig-
naling pathway-related proteins and p-Akt in H460 and A549 cells. The ex-
pression levels of MMP-2, MMP-9, Ras, p-c-Raf, p-ERK 1/2 and p-Akt de-
creased in H460 and A549 cells treated with ensartinib. *P<0.05, **p<0.01, 
***P<0.001 vs. control.
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times in each group. The average widths of three parallel scratches were calculated 
respectively (three fixed positions were taken for each scratch to calculate the widths). 
Scratch healing rate / % = (initial scratch width – Scratch width at specified time) / 
initial scratch width * 100 %.

4.5. Transwell assay
The cell suspension was treated with ensartinib (0, 5, 10, 20, 30 mg/L) in the upper 
chamber. The cell suspension was incubated for 72 h at 37 oC and 5 % CO

2
. The 

filter membrane was taken out, fixed with methanol and stained with Giemsa. Under 
micromicroscopy, each filter membrane was randomly divided into five fields (x 200), 
and the number of cells penetrating the membrane was counted. The average number 
was taken to indicate the invasive ability of each tumor cell.

4.6. RT-PCR
RNA was extracted by RNAVzol. The absorbance ratio of RNA at 260 and 280 
nm was measured, and its purity and concentration were determined. The primer 
sequences were listed as follows: Human-GAPDH primer, sense primer: 5′-ATCGT-
GGAAGGACTCA-3′, antisense primer: 5′-CCAGTAGAGGCAGGGATGAT-3′; 
human-MMP2 primer sense primer:5′-CTACTGAGTGGCCGTGTTTG-3′, anti-
sense primer: 5′-GGAAGCTCTGACCTTTCCAG-3′; human-MMP9 primer, sense 
primer: 5′-TCTTCCAAGGCCAATCCTAC-3′, antisense primer: 5′-ATCACCGTC-
GAGTCAGCTC-3′, cDNA synthesis conditions were listed as follows: RNA was 
reversed-transcribed into cDNA using the TaqMan RNA Reverse Transcription kit 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). qPCR was performed using 
SYBR Green Supermix (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and the 
iCycleriQ Real-Time PCR system (Bio-Rad Laboratories, Inc.) as described previ-
ously (Guo, Li et al. 2014). The detailed PCR procedures were at 95 ˚C for 10 min 
followed by 50 cycles of 95 ˚C for 10 s, 55 °C for 10 s, 72 ˚C for 5 s; 99 ˚C for 1 s; 
59 ˚C for 15 s; 95 ˚C for 1 s; then cooling to 40 ˚C. Relative mRNA expression was 
normalized against the endogenous control, GAPDH, using the 2-ΔΔCt method (Livak 
and Schmittgen 2001).

4.7. Western blot
Cells in the logarithmic growth phase were digested and inoculated into 6-well plate. 
Cell density was 5 x 108 /L. After a certain period of treatment, PBS was collected 
and washed twice. Cell lysate was added to each well and centrifuged for 20 min at 
12,000 x g. Quantitative analysis of protein: Protein samples were taken and added 
into 4 x buffer solution, denatured at 100 oC for 5 min. Then, the protein samples were 
isolated on 15 % polyacrylamide SDS gel electrophoresis and transferred to the PVDF 
membrane. The membranes were blocked with 8 % skimmed milk in Tris-buffered 
saline with Tween-20 (TBST; pH 7.5) for 2 h at room temperature and were incu-
bated with the following primary antibodies. Following several washes with TBST, 
the membranes were incubated with horserasish-peroxidase (HRP)-conjugated goat 
anti-rabbit and anti-mouse IgG or HRP-conjugated mouse anti-goat IgG (all 1:5,000; 
Origene Technologies, Inc.) for 2 h at room temperature and then washed. Protein 
bands were visualized using enhanced chemiluminscence (EMD Millipore, Billerica, 
MA, USA) according to the manufacturer’s protocol. GAPDH was used as an internal 
control.

4.8. Statistical analysis
Data were analyzed using SPSS software (version 13.0; SPSS, Inc., Chicago, IL, 
USA). Data are expressed as the mean±standard error of the mean. The two-tailed 
unpaired student’s t-tests were used for comparisons of two groups. The one way 
ANOVA multiple comparison test (SPSS 13.0) followed by Turkey post hoc test were 
used for comparisons of two more groups. p<0.05 was considered significant.
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