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Abstract: Purpose: We investigate the mechanisms of neuroleukin (NLK) in the metastasis of non-small cell lung
cancer (NSCLC). Methods: A549 cells were separated into an si-NLK group, an NC group, and a control group. The
expression of NLK was measured by qRT-PCR. The proliferation of A549 cells was measured using cell cloning and
an MTT assay, and the migration ability of the A549 cells was measured using a scratch test, and the invasiveness
of A549 cells was tested isomg a Transwell invasion assay. Additionally, immunofluorescence was used to observe
the distribution of B-catenin in the cells, and western blot was applied in measuring the expressions of 3-catenin,
cyclin D1, and c-myc. Results: After transfection with NLK-siRNA, the expression of NLK was distinctly decreased
compared to the control and NC group (P < 0.05). The proliferation in the si-NLK group was prominently slower than
it was in the other two groups (P < 0.05). The cell cloning, migration, and invasiveness abilities in the si-NLK group
was markedly decreased compared to the control and NC groups (P < 0.05). A high positive expression of 3-catenin
in the nuclei was detected in the control and NC groups. Moreover, in the si-NLK group, it was mainly expressed
in the membranes, and the expression showed a downward trend. By comparison with the control and NC groups,
the expressions of c-myc, B-catenin, and cyclin D1 in the si-NLK group were markedly down-regulated (P < 0.05).
Conclusions: NLK significantly promotes the metastasis of NSCLC cells by adjusting the Wnt/B-catenin signaling
pathway, which could provide a new target for controlling the metastasis of NSCLC at the gene level.
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Introduction

Non-small cell lung cancer (NSCLC), including
squamous cell carcinoma, adenocarcinoma,
and large-cell carcinoma, makes up more than
85% of all lung cancer cases [1]. NSCLC is con-
sidered the main subtype of lung cancer, with a
high incidence and poor prognosis [2]. The
common causes of NSCLC include smoking,
occupational and environmental exposure, ion-
izing radiation, chronic lung infections, genetic
factors, and air pollution. At present, chemo-
therapy, radiotherapy, and surgical resection
are the main treatments for NSCLC [3, 4].
However, the current treatment techniques are
involve a long treatment cycle, and the cancer
is prone to recurrence. In order to alleviate the

suffering of patients, a new method is urgently
needed to diagnose and treat NSCLC quickly
and effectively.

Molecular targeted therapy was introduced
because it could directly and quickly reach the
lesion site for treatment. miR-449a can inhibit
the proliferation, migration and invasion of
NSCLC cells by mediating the NF-kB signal
transduction pathway [5]. In addition, the over-
expression of miR-584 restrains the cloning
and invasion of NSCLC cells by directly target-
ing MTDH [6]. In fact, researchers also found
that Nimo-like kinase (NLK) involves tumor pro-
liferation and invasion other than miRNA.
Moreover, NLK, an evolutionarily conserved ser-
ine/threonine kinase, could be used to treat
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NSCLC [7]. The inhibition of NLK expression
can significantly promote the proliferation of
NSCLC cells [8]. Along with extensive research
on the treatment of NSCLC targets, a number of
studies have been done on the relevant path-
ways for the treatment of cancer. The Wnt path-
way is an important signal transduction system,
and mutations in the Wnt/B-catenin pathway-
associated protein expression lead to a variety
of growth-related pathologies and cancers [9].
Vilchez's research has shown that the up-regu-
lation of the Wnt/B-catenin pathway takes part
in maintaining tumor initiation cells, drug resis-
tance, tumor progression, and metastasis [10].
Importantly, NSCLC cell proliferation can be
promoted by regulating the Wnt/B-catenin
pathway [11, 12].

Specifically, NLK is recognized as a key regula-
tor of many cancers. However, the mechanism
of NLK and the related signaling pathways in
NSCLC are still unclear. In this study, we exam-
ined the effects of NLK on NSCLC metastasis
through the Wnt/B-catenin pathway from cell
multiplication, migration, and invasion in A549
cells, which may provide new ideas for the clini-
cal treatment of NSCLC.

Methods
Cell culture

A549 cells (cell Bank of Shanghai Institute of
Cell Biology, Chinese Academy of Sciences)
were cultured in an RPMI 1640 medium con-
taining 100 IU/mL penicillin/streptomycin and
10% fetal calf serum at 37°C and 5% CO,.
Single cell suspension was obtained by trypsin
digestion, then the cells were washed with 0.01
mol/L PBS and suspended at about 1 x 10°¢
cells/mL. The cells were passaged once every
other day and in the rapid growth phase were
used for subsequent experiments.

Cell transfection

The A549 cells were divided into a control
group (conventional culture), an NC group
(transfected by siRNA-NC), and an si-NLK group
(transfected by siRNA-NLK). After digestion,
centrifugation, and rinsing with sterile saline,
the cells were added to a six-well plate. After
cell fusion reached 60%, DMEM-f12 complete
medium (Hyclone Company) was replaced by
serum-free DMEM-f12 medium for 1 h. Then
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250 yL Opti-MEM with 5 pL (100 pmol) siRNA
reagents (Shanghai Jima Pharmaceutical Te-
chnology Company, Shanghai, China) and 250
pL Opti-MEM with 5 uL lipo2000 reagent were
mixed and incubated at 25°C for 20 min. Finally,
the mixed droplets were added to the cells in
the six-well plate and transfected in a 37°C
incubator for 6-8 h. Then the culture medium
was converted to a DMEM-f12 complete medi-
um with 10% FBS.

ORT-PCR assay

Trizol reagent was used to extract total RNA.
The ratio of 0D260/0D280 was determined by
nucleic acid quantitative proteinometer to iden-
tify the purity of RNA. The reverse transcription
reaction was used to synthesize the template
of cDNA using a PCR amplifier, and the gRT-PCR
was performed using an ABI 7500 quantitative
PCR (Thermo Fisher, Singapore). QRT-PCR was
processed based on the following conditions:
pre-treatment at 95°C for 10 min, following by
40 cycles of 95°C for 5 s, 60°C for 34 s and
60°C for 30 s. The 22t method was used to
analyze the data. B-actin was used as the inter-
nal reference. The special primers used were
as follows: NLK-F, 5-CAGATTTTGCGAGGTTTG-
3’; NLK-R, 5-AGGAGATTCCCTGGCTTA-3’; B-ac-
tin-F, 5-GCAAGGTCATCCCTGAGCTGA-3’; B-ac-
tin-R, 5-ACGCCTGCTTCACCACCTTC-3".

MTT assay

After transfection for 48 h, the A549 cells of
each experimental group were suspended in
complete medium by trypsinization and inocu-
lated at 2,000 cells per well on a 96-well plate.
Then the cells were cultured in an incubator at
37°C and 5% CO,. A total of 10 pL of 5 mg/mL
MTT (Roche, Shanghai, China) was added to
each well for 4 h, and then 100 yL of DMSO
(TEDIA, USA) was added to terminate the reac-
tion. The absorbance (A) at 490 nm was mea-
sured with a microplate reader (SpectraMax®
M5/Mb5e, California, USA), and the growth
curve was plotted.

Cell cloning assay

After transfection, the A549 cells were digest-
ed by trypsin, suspended in a complete medi-
um and counted, and then they were inoculated
into a 6-well plate. At the end of the experiment,
the cells were fixed with paraformaldehyde for
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Figure 1. The effect of NLK knockdown was verified
by qRT-PCR. *P < 0.05 (versus control group), *P <
0.05 (versus NC group).

30 min, stained with Giemsa for 20 min, and
the number of cloned cells was finally counted.
Each group was repeated 3 times.

Scratching test

About 5 x 105 cells were added to each well of
the 6-well plate, and serum medium was added
for culture. When cell fusion reached 80%, a 10
WL tip was used to draw a trace perpendicular
to the horizontal line on the cell surface. Then,
a serum-free medium was added into the delin-
eated cells. Subsequently, the cells were ob-
served and photographed with an optical micro-
scope at O h and 24 h after scratching, and
then the cell migration distance was calculat-
ed. Finally, the scratch healing rate was reck-
oned using Image Tool (Bechtel Nevada, Ca-
lifornia, USA).

Transwell invasive assay

After transfection for 48 h, approximately 1 x
10% A549 cells were added to the Transwell
upper chamber with the inner membrane coat-
ed with Matrigel, and 200 uL of FBS-free cell
culture medium was added. A total of 500 pL of
complete medium was added to the lower
chamber, the upper chamber was placed, and
the entire Transwell chamber was cultured in
an incubator for 24 h. Then, the cells and the
medium inside the upper chamber were wiped
off with a cotton ball, and then the upper cham-
ber was immersed in 4% formaldehyde at 4°C
for 8 min. Subsequently, the Transwell upper
chamber was inverted, and the outer mem-
brane was stained with a drop of crystal violet
solution for 10 min. Next, the crystal violet solu-
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tion was washed away by PBS solution, and the
membrane was dried. The number of invasive
cells was calculated using an inverted mi-
croscope.

Immunofluorescence

After transfection for 24 h, the cells were
digested with 0.25% trypsin, and incubated in a
37°C incubator for 48 h. Then, the cells were
rinsed thrice in PBS, fixed at 25°C for 20 min
with 4% paraformaldehyde and permeabilized
with 0.1% Triton followed by blocking with 1%
BSA for 30 min at 25°C. The cells were incu-
bated overnight with a 1:100 diluted monoclo-
nal antibody against B-catenin. Next, the cells
were incubated for 1 h at 37°C with an FITC-
labeled secondary antibody. Subsequently,
DAPI was used to stain the nucleus for 10 min
under light-proof conditions. The staining re-
sults were observed using a confocal micro-
scope (LeiCa microsystem Heidelberg GmbH,
Germany).

Western blotting

After transfection, the cells were treated with a
RIPA cell lysate (Beijing Beyotime Biotechnolo-
gy Co., Ltd., China), and the total protein was
extracted. The equivalent protein was subject-
ed to SDS-PAGE and transferred onto the mem-
branes. Subsequently, it was blocked with 5%
skim milk powder for 1 h. These membranes
were separately incubated overnight at 4°C
with the following primary antibodies: 5% BSA-
containing B-catenin antibody (Cell Signaling
Technology, Massachusetts, USA), cyclin D1
antibody (Santa Cruz, California, USA), or c-myc
antibody (Santa Cruz, California, USA). The me-
mbranes were incubated with an HRP-labeled
anti rabbit secondary antibody (Zhongshan,
Beijing, China) for 1 h at 25°C. This experiment
used B-actin as an internal reference, and the
protein was quantified using luminescence
image analyzer software.

Statistical analysis

All data were represented by mean values +
SD. SPSS 21.0 (SPSS Inc., Chicago, USA) was
used for inter-group comparisons with one-way
analysis of variance and post-hoc comparisons.
Statistical significance was accepted at P <
0.05.
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Results

Effects of NLK knock down

After the transfection of NLK-siRNA, the expres-
sion of NLK was observably less than the
expressions of the control and NC groups (P <
0.05) (Figure 1). It was confirmed that knocking
down NLK was successful.
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Figure 3. A scratch test de-
tected the effect of knocking
down NLK on cell migration.

pair rate. "P < 0.05 (versus
control group), *P < 0.05
(versus NC group).

Figure 2. The knockdown of NLK inhibited the pro-
liferation of A549 cells. Note: (A) MTT assay, (B) Cell
cloning assay. “P < 0.05 (versus control group), *P <
0.05 (versus NC group).
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the proliferation of A549 cells

To further study the potential
effects of NLK on A549 cell
proliferation, we knocked-do-
wn NLK by siRNA. As shown
in Figure 2A, with the prolon-
gation of culture time, the pro-
liferation of A549 cells in the
si-NLK group was observably
slower when it was compared
to the control and NC groups.
In the first 5 days, the A490
values of the si-NLK group
were remarkably lower than
those in the other two groups

(A) Migration of A549 (P <0.05).

cells under a lighted micros-
copy (x 400), (B) Scratch re-

Compared to the control and
NC groups, the amount of cell
clone formation and the abili-
ty of cell cloning in the si-NLK
group were obviously dec-
reased (P < 0.05, Figure 2B),
suggesting that the knockdown of NLK inhibit-
ed the proliferation of A549 cells.

Knockdown NLK inhibited migration and inva-
sion of A549 cell lines

The fusion rate of scratch cells was observed

24 h after transfection. Compared with the
other two groups, the cell fusion rate of the si-
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Figure 4. A transwell invasion
assay detected the effect of
knocking down NLK on cells in-
vasion. Note: (A) A549 cell inva-
sion ability (x 400), (B) Number
of cells. "P < 0.05 (versus con-
trol group), “P < 0.05 (versus NC

tion and invasion of NSCLC
cells by mediating the Wnt/j-
catenin pathway. Remarkably,
NLK is involved in the devel-
opment and progression of
tumors by phosphorylating
multiple transcription factors,
which is extremely important
in a variety of signal transduc-
tion pathways [13]. Silencing
NLK could significantly inhibit
cell proliferation and tumori-
genicity in vitro and in vivo
[14]. In this study, the knock-
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NLK group was prominently slower. After the
si-NLK transfection, the scratch repair rate in
the si-NLK group was clearly lower than it was
in the control and NC groups (P < 0.05, Figure
3). The above experimental findings showed
that the knockdown of NLK expression inhibit-
ed the migration of A549 cells.

After knocking down NLK, the invasive ability of
the A549 cells in the si-NLK group was distinct-
ly lower than it was in the control and NC
groups. Moreover, the number of cells pass-
ing through the polycarbonate membrane de-
scended markedly (P < 0.05, Figure 4), which
suggested that the knockdown of NLK expres-
sion inhibited the invasion of A549 cells.

The knockdown of NLK inhibited the Wnt/3-
catenin signaling pathway

An immunofluorescence staining analysis indi-
cated that a high level of B-catenin in the nuclei
was found in the control and NC groups.
Conversely, B-catenin in the si-NLK group was
mainly expressed in the cytoplasms, and the
level of B-catenin was reduced after transfec-
tion (Figure 5A). A Western blot analysis show-
ed that the expressions of c-myc, 3-catenin and
cyclin D1 were down-regulated in the si-NLK
group more so than in the control and NC
groups (P < 0.05) (Figure 5B). These results su-
ggested that the knockdown of NLK expression
inhibited the Wnt/[-catenin pathway activity.

Discussion

In this research, we verified that the knock-
down of NLK inhibited the proliferation, migra-
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down of NLK inhibited the pro-

liferation, migration, and in-

vasion of A549 cells. Similarly,

Li et al. [15] have demonstrat-
ed that the absence of NLK impedes the prolif-
eration and development of colorectal tumors.
The knockdown of NLK could also inhibit SCLC
cell growth and metastasis [16]. Moreover,
xenograft tumor mice show that knocking out
NLK reduces the ability of cells to form tumors
[12]. These findings indicate that the knock-
down of NLK is beneficial to inhibiting the devel-
opment of NSCLC.

In particular, the sensitization of the Wnt/[3-
catenin pathway is associated with tumorigen-
esis, development, and metastasis. For in-
stance, the activation of the Wnt/B-catenin sig-
naling leads to an increase in glioma cells [17].
The negative regulation of B-catenin-associated
complexes could reduce transcriptional activa-
tion of downstream target genes and inhibit
tumorigenesis [18]. Additionally, B-catenin pla-
ys a key role in epithelial cell migration. It has
been proved that Hsp27 promotes [-catenin
nuclear transport induced prostate cancer
metastasis [19]. Masoumi and Sumihito et al.
[20, 21] state that NLK can negatively regulate
the Wnt signaling pathway.

Remarkably, c-myc is a common proto-onco-
gene which encodes proteins involved in nor-
mal cell differentiation and proliferation. In
addition, the expression of c-myc is induced by
the Wnt/B-catenin signaling pathway [22]. Un-
der certain conditions, the overexpression of
c-myc could induce cell transformation and
tumor formation [23]. Moreover, the upregula-
tion and targeting of c-myc in NSCLC results in
increased cell activity and invasiveness [24]. A
recent study also has verified that the content
of c-myc in NSCLC tissues is distinctly higher

Int J Clin Exp Med 2019;12(7):8557-8564
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Figure 5. The effect of NLK knockdown on the Wnt/B-catenin pathway. Note: (A) Immunofluorescence results (x
200), (B) Western blot detection. P < 0.05 (versus control group), *P < 0.05 (versus NC group).

than it is in healthy tissues, and the positive
expression rate of c-myc proteins is clearly cor-
related with the grade of tumor differentiation
[25]. It was further shown that reducing the
level of c-myc is beneficial to inhibit the devel-
opment of NSCLC.

Moreover, cyclin D1 gene is a highly conserved
member of the cell cycle family, and its abnor-
mal expression could be used as an indicator
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for cancer diagnosis. Cyclin D1 strengthens the
invasion and metastasis of cancer cells through
cytoplasmic mechanisms [26]. Malusecka et
al. [27] found that in 57% patients with cyclin
D1-positive tumors, the tumors were associat-
ed with an overexpression of cyclin D1. Rese-
archers also illustrate that the expression of
cyclin D1 in NSCLC tissues is obviously higher
than it is in healthy tissues [28]. The progres-
sion of the NSCLC cell cycle is inhibited by

Int J Clin Exp Med 2019;12(7):8557-8564
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down-regulating cyclin D1 [29]. In this work, the
expressions of c-myc and cyclin D1 were down-
regulated more in the si-NLK group than they
were in the control and NC groups, suggesting
that the knockdown of NLK expression inhibits
Wnt/B-catenin pathway activity in NSCLC cells.

In conclusion, the current study provides new
insights into the role of NLK in A549 cells. It
reveals that the knockdown of NLK can inhibit
A549 cell proliferation, migration and invasion
through the Wnt/B-catenin pathway, which co-
uld provide a new target for controlling the
metastasis of NSCLC at the gene level.
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