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Background: Non-small cell lung cancer (NSCLC) is a predominant type of lung cancer
with a high mortality rate.

Objective: The aim of this study is to investigate the roles of nuclear casein kinase and
cyclin-dependent kinase substrate 1 (NUCKS1) in NSCLC and to identify the potential
mechanisms.

Materials and Methods: The expression of NUCKS1 in several NSCLC cells was detected
firstly. Then, NUCKS1 was overexpressed or silenced in both A549 and NCI-H460 cells,
where cell proliferation, invasion and migration were, respectively, determined, using CCK-
8, colony formation assay, transwell and wound healing assays. Cell cycle analysis was
performed, and the expression-associated proteins were detected by Western blotting.
Subsequently, NCI-H460 cells with NUCKS1 overexpression for the subsequent tumor-
bearing experiment. And the NUCKSI expression in tumor tissues was measured by
means of immunohistochemistry and Western blotting. Additionally, the STRING database
predicted that Cyclin-Dependent Kinase 1 (CDK1) would bind to NUSKI1, which was
verified by the co-immunoprecipitation assay. Then, CDK1 was silenced by transfection
with short hairpin RNA (shRNA)-CDK-1 or by exposure to CDK1 inhibitor p2767-00. And
the biological characteristics of proliferation, invasion and migration were examined.
Results: Results indicated that NUCKS1 was overly expressed in NSCLC cells, and its over-
expression promoted proliferation, invasion and migration of both A549 and NCI-H460 cells
while NUCKS1 knockdown displayed the opposite effects. Moreover, the results of the xeno-
graft experiments revealed that NUCKSI-upregulation promoted the tumor growth.
Furthermore, the immunoprecipitation assay verified CDK1’s interaction with NUCKSI1, and
CDK1 knockdown alleviates the impact of NUCKS1 overexpression on NSCLC cell prolifera-
tion, invasion and migration.

Conclusion: Taken together, these findings demonstrated that NUCKS1 promotes prolifera-
tion, invasion and migration of NSCLC by upregulating CDK1, providing a novel putative
target for the clinical treatment of NSCLC.
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Introduction

Lung cancer, a cancer that occurs in the respiratory system, is considered to be one
of the most frequent malignancies, with a high mortality rate, as it leads to
approximately 1.6 million tumor-related deaths annually in the world.'** Non-
small cell lung cancer (NSCLC) is a predominant type of lung cancer that accounts
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for over 80% of cases with a low 5-year survival rate.>*
During the past few decades, despite the significant
advances in the understanding of NSCLC pathogenesis,
the S5-year survival rate of patients with NSCLC only
marginally improved.”® Poor prognosis in patients with
NSCLC is associated with the lack of early diagnostic
biomarkers and its great potential for invasion and
metastasis.” Therefore, elucidating the detailed molecular
mechanism underlying the progression of NSCLC and
identifying novel therapeutic targets are urgently required
for the treatment of NSCLC.

The nuclear casein kinase and cyclin-dependent kinase
substrate 1 (NUCKSI1) is a 27 kDa highly phosphorylated
nuclear protein that participates in DNA damage response.®
A growing body of literature has shown that NUCKS] is
overexpressed in multiple cancers and may therefore con-
tribute to oncogenesis.’ For instance, when overexpressed in
gastric cancer tissues, NUCKS1 could intensify gastric can-
cer aggressiveness by activating the PI3K/Akt/mTOR sig-
naling pathway.'® NUCKSI was identified as a potential
oncogene in hepatocellular carcinoma patients, and it
might be a valuable immunodiagnostic marker for the
disease.!' NUCKS|1 was reported to be highly expressed in
cervical squamous cell carcinoma and perhaps related to
tumor progression.” Emerging evidence supports that
NUCKSI was found to be an inescapable element in lung
cancer.'” The STRING website (https://string-db.org/) pre-
dicts Cyclin-Dependent Kinase 1 (CDK1)’ interaction with
NUCKS]I, as CDK1 is involved in the cell cycle progression

and dysregulation and is widely associated with tumor

types of

cancers.'>'* In addition, CDK1 serves as a potential prog-

development and progression in various
nostic biomarker and target for lung cancer.'> However, the
role of NUCKSI in the progression of NSCLC and the effect
of its regulating CDK1 remain unclear.

In this study, the expression of NUCKSI in several
NSCLC cell lines was determined firstly. Subsequently, the
biological activity, the growth and metastasis of lung can-
cer cells were investigated in vitro and in vivo. The poten-
tial mechanisms underlying NUCKSI1 functioning in
NSCLC were explored. These data may provide a novel
therapeutic target for the control of NSCLC progression.

Materials and Methods

Cell Culture
One normal human bronchial epithelioid cell line (BEAS-
2B) and several lung cancer cell lines (A549, NCI-H292,

NCI-H358 and NCI-H460) were all obtained from
American Type Culture Collection (ATCC). Cells were
grown in Dulbecco’s Modified Eagle Medium (DMEM,;
Gibco, Thermo Fisher Scientific, USA) accompanied with
10% fetal bovine serum (FBS; Gibco) at 37°C in
a humidified incubator with 5% CO,.

Cell Transfection

Prior to cell transfection, cells were dispensed into a 6-well
plate and cultured at 37°C until 80%
Subsequently, NUCKSI1-overexpressing plasmid (oe-
NUCKSI1), the empty vector plasmid (oe-NC), short hairpin
RNA (shRNA) targeted against NUCKS1 (shRNA-NUCKSI
-1 or shRNA-NUCKSI-2) and a scrambled shRNA as
a negative control (shRNA-NC), shRNA-CDK1-1, shRNA-
CDK1-2 and sh-NC were
GenePharma co., Itd (Shanghai, China), which were trans-
fected into A549 or NCI-H460 cells using Lipofectamine
3000 (Invitrogen, Carlsbad, CA, USA) in accordance with
the manufacturer’s guidelines. Forty-eight hours after the

confluence.

synthesized by Shanghai

transfection, reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) assay was performed to evaluate
the success of it.

Cell Viability Assay

Cell survival was detected by Cell Counting Kit-8 (CCK-
8; Shanghai Yi Sheng Biotechnology Co., Ltd.) assay in
accordance with the manufacturer’s protocol. In short,
cells (1x10* cells/well) were planted in 96-well culture
plates. Twenty four, 48 and 72 h after the transfection,
10 uL CCK-8 solution was added to each well. The cells
were incubated at 37°C for 1 h, followed by the absor-
bance inspection at 450 nm wavelength with a microplate
absorbance reader.

Colony Formation Assay

Cells were plated into 6-cm dishes (1000 cells per well)
and were then incubated for 14 days at 37°C until the
colonies could be observed, after which cells were fixed
with 4% paraformaldehyde and stained with 0.2% crystal
violet.

Cell Cycle Analysis

The cell cycle distribution was examined using the Cell
Cycle Analysis kit (Beyotime Institute of Biotechnology) in
accordance with the manufacturer’s guidelines. Transfected
A549 and NCI-H460 cells were collected and centrifuged at
600 g for 5 min and the supernatant was removed. Cells were
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treated with 70% cold ethanol and 100 pg/mL RNase
(Nanjing KeyGen Biotech Co., Ltd.). After being stained
with 30 pg/mL propidium iodide (Nanjing KeyGen Biotech
Co., Ltd.) in the dark, the samples were analyzed by using
a Gallios Flow Cytometer (Beckman Coulter, Inc.). All data
were examined by FlowJo software (Tree Star, Inc.).

Transwell Assay

The invasion ability of A549 and NCI-H460 cells was
detected using an 8-um pore insert coated with Matrigel
(BD Biosciences). A total of 200 uL serum-free medium
containing cells was added to the upper chamber, while the
bottom chamber was filled with a medium containing 10%
FBS to stimulate invasion. After 48 h of incubation, cells
invading the lower chamber were fixed by 4% paraformal-
dehyde and were then stained with 0.1% crystal violet.
Images were captured using an inverted microscope
(Olympus Corporation). Five visual fields were randomly
selected and the number of cells passing through the
micropore in each visual field was counted by Image
J software (National Institutes of Health).

Wound Healing Assay

For the wound healing assay, A549 and NCI-H460 cells
were seeded in a 6-well culture plate and were incubated at
37°C with 5% CO,. When cells reached approximately
90% confluency, the wound was generated by scratching
the surface of the cell monolayer using a sterilized 200-uL
pipette tip. Photographs were recorded at time 0 and at 24
h post cell scratch under an inverted microscope (Olympus
Corporation). Image J software (National Institutes of
Health) was utilized to calculate the area of each wound.

Tumor Formation in Mice

Male BALB/c nude mice (4 weeks old) were purchased
from the Shanghai SLAC Animal Laboratory (Shanghai,
China). All animals were housed in an environmentally
controlled breeding room at a temperature of 20-25°C and
20-30% humidity, through a 12 h light/12 h dark cycle for 3
days before experiments. Animal experiments were per-
formed in accordance with a protocol approved by the
Animal Experiment Ethics Committee of the Southern
Medical University. All related procedures conformed to
the Animal Protection Act of China. And a total of 2x10°
NCI-H460 cells were subcutaneously implanted afterwards
into the right armpit of every male nude mice. Tumors were
measured every 2 days with a handheld caliper.

Immunohistochemistry Analysis

The sections were deparaffinized and endogenous perox-
idase activity was quenched with 10% normal goat serum
(Wuhan Servicebio Technology Co., Ltd.) for 15 min.
Then, the tumor sections were incubated with the primary
NUCKSI antibody at 4°C overnight. After incubation with
horseradish peroxidase-conjugated secondary antibody, the
slides were stained with diaminobenzidine and counter-
stained with hematoxylin. An inverted microscope
(Olympus Corporation) was used to obtain Microscopic

images.

Immunofluorescence Assay

After fixation in 4% paraformaldehyde overnight at 4°C, the
tumor tissues were dehydrated, cleared and waxed.
Paraffin-embedded posterior segments were sectioned into
5 um slices, which were baked at 60°C for 2 h. After being
deparaffinized in xylene, the segments were rehydrated in
graded ethanol, followed by a wash with water. The sections
were then blocked using bovine serum albumin (BSA;
Sigma-Aldrich; Merck KGaA). After being probed with
primary antibodies recognizing Ki67 (Abcam) at 4°C over-
night, the sections were incubated with the secondary anti-
body (Abcam). Nuclei were stained with DAPI solution
(Roche Diagnostics) in the dark and Ki67 was stained in
green. Images were taken under an Olympus microscope
(Tokyo, Japan).

Co-Immunoprecipitation (IP) Assay

For co-immunoprecipitation assays, cells were lysed in Lysis
Buffer for IP (Beyotime Institute of Biotechnology). Lysates
were incubated with indicated antibodies plus Protein A/G
beads (Santa Cruz Biotechnology, Inc.). After the beads were
washed, immunoprecipitates were analyzed by Western
blotting.

RT-qPCR

Total RNA from cells prepared by using TRIzol® reagent
(Invitrogen, Carlsbad, CA, USA). Subsequently, according
to the manufacturer’s instruction, the complementary DNA
(cDNA) was synthesized from 2 pg of total RNA with
a Reverse Transcription kit (Takara, Japan). Quantitative
PCR was conducted using an ABI 7500 system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). All primers
used in the present study were synthesized by Sangon
Biotech. The relative expression of target genes was
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Figure | NUCKSI expression was significantly upregulated in NSCLC cells. The expression of NUCKSI in several NSCLC cells (A549, NCI-H292, NCI-H358 and NCI-
H460) and one normal human bronchial epithelioid cell line (BEAS-2B) was detected using (A, B) RT-qPCR and Western blot analysis. *¥P<0.01 and ***P<0.001. The levels of
NUCKSI in A549 cells were determined using (C, D) Western blot analysis and RT-qPCR after transfection with OE-NUCKSI. **P<0.001. The expression of NUCKSI in
NCI-H460 cells was evaluated by (E, F) Western blot analysis and RT-qPCR after transfection with OE-NUCKSI. *P<0.05 and ***P<0.001.
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represented as the fold-induction using the 27444

method.'® GAPDH was regarded as an internal reference.

Western Blot Analysis

Total protein was extracted using ProteinExt Mammalian
Total Protein Extraction Kit (TransGen) and quantified
with BCA protein quantitative kit (BioVision, Milpitas,
California). Then, protein was separated by SDS-PAGE
and transferred onto PVDF membranes (Thermo Fisher
Scientific). Membranes were incubated with the corre-
sponding primary antibody at 4°C overnight, and then
washed and incubated with the corresponding secondary
antibody at room temperature for 1 h. After then, the
membranes were washed and the blots were exposed
with Hanbio Super-sensitive ECL Tuminescence Reagent
(HANBIO, Shanghai, China)

Total protein was extracted using ProteinExt Mammalian
Total Protein Extraction Kit (TransGen) and quantified with
BCA protein quantitative Kit (BioVision, Milpitas,
California). Then, protein was separated by SDS-PAGE and

transferred onto PVDF membranes (Thermo Fisher
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Scientific). Membranes were incubated with the correspond-
ing primary antibody at 4°C overnight, and then washed and
incubated with the corresponding secondary antibody at room
temperature for 1 h. After then, the membranes were washed
and the blots were exposed with Hanbio Super-sensitive ECL
Iuminescence Reagent (HANBIO, Shanghai, China)
Radioimmunoprecipitation assay (RIPA) lysis buffer
(Beyotime, Shanghai, China) was used to extract total
protein from cells or tissues, which was then quantified
with BCA protein quantitative Kit (Beyotime, Shanghai,
China). Equivalent protein was separated on 10% SDS-
PAGE, followed by it being transferred onto PVDF mem-
branes (Thermo Fisher Scientific). Nonspecific binding
sites were blocked with 5% skimmed milk and subse-
quently incubated with the corresponding primary anti-
body. These blots were further incubated afterwards, with
HRP-conjugated secondary antibody. Protein bands were
visualized using Odyssey Infrared Imaging Scanner (LI-
COR Biosciences) and were analyzed using Image
J software (National Institutes of Health). GAPDH was

employed as an internal control.
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Figure 2 Overexpression of NUCKS| promotes the proliferation and inhibits cell cycle arrest of A549 and NCI-H460 cells. (A) Cell viability was tested using a CCK-8 kit.
#4P<0,001 vs A549-Oe-NC; *#P<0.001 vs NCI-H460-Oe-NC. (B) Cell proliferation was assessed using colony formation assay. (C and D) Cell cycle distribution was
detected using flow cytometer. (E) The expression of cell cycle-related proteins was measured using Western blot analysis. *P<0.05, **P<0.01 and **P<0.001.
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Statistical Analysis

Three biological replicates were included in each experi-
ment. All data were expressed as the mean + standard
deviation. Statistical analysis was performed with
GraphPad Prism 8 (GraphPad Software, Inc.). Student’s
t-test was applied to the comparison between the two
groups. Analysis of variance (ANOVA) was used with
Tukey’s post hoc test to examine the statistical significance
of the differences among multiple independent groups.
P<0.05 was considered to indicate a statistically significant
difference.

Results
NUCKSI Expression Was Significantly

Upregulated in NSCLC Cells

Firstly, the expression of NUCKSI in several NSCLC cell
lines (A549, NCI-H292, NCI-H358 and NCI-H460) was,
respectively, detected by RT-qPCR and Western blotting.
As shown in Figure 1A and B, the level of NUCKSI

A A549

NCI-H460

significantly increased in these cell lines compared with
the BEAS-2B cells, especially in A549 and NCI-H460
cells, which were selected for performing the following
experiments.

NUCKSI| Overexpression Accelerates

the Proliferation, Invasion and Migration

of A549 and NCI-H460 Cells

To study the effects of NUCKS1 on the progression of
NSCLC, NUCKSI1 was overexpressed by transfection with
NUCKSI1-overexpressing plasmid. Results obtained from
Figure 1C-F presented the notable upregulation of NUCKS1
expression after transfection in A549 and NCI-H460 cells. Cell
viability was examined afterwards using a CCK-8 kit. As
displayed in Figure 2A, it was observed that the viability of
A549 and NCI-H460 cells was markedly enhanced in the
NUCKSI overexpression group, compared to that in the over-
expression empty vector group. Additionally, as what is
observed from Figure 2B, NUCKS1-upregulation significantly
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Figure 3 Overexpression of NUCKSI accelerates the invasion and migration of A549 and NCI-H460 cells. (A) The invasive ability of A549 and NCI-H460 cells was
determined using a Transwell assay. (B) Relative number of invaded cells. (C) Migratory activity of cells was detected using a scratch wound-healing assay. (D) Relative
migratory rate was calculated. (E) Western blot analysis was used to evaluate the expressions of migration-related proteins. ¥*P<0.05, **P<0.01 and ***P<0.001.
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enhanced the ability of cell proliferation. Moreover, overex-
pression of NUCKSI exhibited a decrease in the GO/G1 phase
and an increase in the S phase compared with the correspond-
ing OE-NC group in both A549 and NCI-H460 cells (Figure
2C and D). Concurrently, the upregulated expression of cell
cycle-related proteins, CDK1, cyclin A2, cyclin B1 and cyclin
B2 also indicated the inhibitory effect of NUCKS] in cell cycle
arrest (Figure 2E). Subsequently, transwell and wound healing
assays were employed to evaluate the effects of NUCKSI1
overexpression on invasion and migration of NSCLC cells.

As exhibited in Figure 3A and B, NUCKSI1-upregulation
remarkably accelerated the invasive ability of A549 and NCI-
H460 cells in contrast to the OE-NC group. Correspondingly,
the wound healing assay showed a similar result with that of
the transwell assay (Figure 3C and D). Furthermore, it was
noticed that the expression of migration-related proteins
MMP2, MMP8 and MMP9 was greatly upregulated in the
NUCKS 1 -upregulation group (Figure 3E). These results impli-
cate that overexpression of NUCKSI accelerates the prolifera-
tion, invasion and migration of A549 and NCI-H460 cells.
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Figure 4 NUCKSI silencing attenuates the proliferation and promotes cell cycle arrest of A549 and NCI-H460 cells. The expression of NUCKSI in A549 cells was tested
using (A, B) Western blot analysis and RT-qPCR after transfection. NUCKSI level in NCI-H460 cells was detected using (C, D) Western blot analysis and RT-qPCR.
#P<0.01 and *¥**P<0.001. (E) Cell viability was measured using a CCK-8 kit. ***P<0.001 vs A549-shRNA-NC; ##P<0.001 vs NCI-H460-shRNA-NC. (F) Colony formation
assay was employed to determine the proliferation of A549 and NCI-H460 cells. (G and H) Cell cycle distribution was detected using flow cytometer. (I) Expression of cell
cycle-related proteins was measured using Western blot analysis. *P<0.05, **P<0.01 and ***P<0.001.
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NUCKSI Silencing Attenuates the
Proliferation, Invasion and Migration of
A549 and NCI-H460 Cells

Subsequently, NUCKS1 was silenced to investigate the effect
of NUCKST silencing on the cellular function. As displayed in
Figure 4A and B, NUCKSI protein and mRNA expression
levels were notably reduced after transfection with shRNA-
NUCKSI in A549 cells, and the same results were found in
the NCI-H460 cells (Figure 4C and D). Therefore, shRNA-
NUCKSI1-1 was chosen for conducting further experiments
on the effect of lower expression of NUCKSI. It was found
that NUCKS1-knockdown conspicuously suppressed the cell
viability (Figure 4E) and proliferation (Figure 4F). Results in
Figure 4G and H displayed the drastic promotion in the GO/G1
phase and decline in the S phase after NUCKSI-1 silencing in
A549 and NCI-H460 cells, suggesting a cell cycle arrest.
Meanwhile, A549 and NCI-H460 cells’ transfection with
shRNA-NUCKSI1-1 presented a significantly decreased

A549

A

expression of CDKI1, cyclin A2, cyclin Bl and cyclin B2
(Figure 41). Moreover, as what is observed from Figure SA—
D, the abilities of invasion and migration of A549 and NCI-
H460 cells were largely reduced following NUCKSI-
downregulation. And the expression of MMP2, MMPS8 and
MMP9 exhibited the same changing trend with invasion and
migration in these two NSCLC cell lines (Figure SE).
Collectively, these data provide evidence that NUCKSI-
knockdown abrogates the proliferation, invasion and migra-
tion of A549 and NCI-H460 cells.

Overexpression of NUCKSI| Promotes

the Growth of Lung Cancer Cells in vivo
The effect of NUCKSI on the growth of lung cancer cells
in vivo was explored afterwards in this study. After the estab-
lishment of xenograft models in mice, we performed 15 days
of monitoring. The weight and tumor volume were found to
be gradually increased in the OE-NUCKSI1 group compared
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Western blot analysis. ¥*P<0.05, **P<0.01 and ***P<0.001.
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with the OE-NC group (Figure 6A-D). Furthermore, the
expression of NUCKSI in tumor tissues of OE-NUCKSI
group was notably upregulated in contrast to the OE-NC
group (Figure 6E and F). Additionally, it was observed that
proliferation-related gene Ki67 expression was markedly ele-
vated in the tumor tissues when NCI-H460 cells were
implanted into the mice with NUCKS1 overexpression
(Figure 6G). These observations reveal that NUCKSI-
upregulation promotes the growth of lung cancer cells in vivo.

CDK-Knockdown Reverses the Impact
of NUCKS I-Upregulation on
Proliferation, Invasion and Migration of
NSCLC Cells

To further study the regulatory mechanisms of NUCKS1 in
NSCLC, the STRING website was employed to predict the

potential genes’ interaction with NUCKSI. It was found that
CDK1 can interact with NUCKSI1 (Figure 7A), which was

A B C
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confirmed by co-IP-assay (Figure 7B). Then, CDK1 was
silenced by transfection with shRNA-CDK1, and shRNA-
CDKI1-1 was used to carry out the following experiments
(Figure 7C and D). Results of CCK-8 (Figure 7E) and colony
formation (Figure 7F) assays exhibited that CDKI-
knockdown alleviated the viability and proliferation of NCI-
H460 cells relative to the OE-NUCKS1+shRNA-NC group.
And CDKI1 inhibitor p2767-00 presented the same results
with shRNA-CDK 1. Moreover, CDK1 silencing and p2767-
00 dramatically enhanced the number of cells in the G0/G1
phase and reduced that of in the S phase (Figure 7G and H).
As expected, the upregulated expression of CDKI1, cyclin
A2, cyclin Bl and cyclin B2 was reversed by CDK1 silen-
cing or p2767-00 treatment in NCI-H460 cells with
NUCKSI1 overexpression (Figure 7I). Subsequently, as
observed from Figure 8A-D, CDKI1 silencing or p2767-00
intervention noticeably inhibited the invasive and migratory
abilities of NCI-H460 cells. Correspondingly, the expression
of MMP2, MMP8 and MMP9 displayed a similar result with
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Figure 6 Overexpression of NUCKS| promotes the growth of lung cancer cells in vivo. (A and B) A total of 2x10® NCI-H460 cells were subcutaneously implanted into the
right armpit of every male nude mice. The images of tumors were obtained at day |5 of inoculation. (C) The weight and (D) tumor volume were calculated every two days.
*#P<0.01 and **P<0.001 vs OE-NC. The expression of NUCKSI in tumor tissues was detected using (E) Western blot analysis and (F) Immunohistochemistry analysis.
*#P<0.01. (G) The expression level of Ki67 was measured using Immunofluorescence assay.
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Figure 7 CDKI silencing reverses the impact of NUCKS | -upregulation on proliferation and cell cycle arrest in NCI-H460 cells. (A) The STRING website predicted CDKI’s
interaction with NUCKSI. (B) The combination between CDK | and NUCKSI was verified by co-immunoprecipitation assay. The expression of CDK| was measured using
(C) Western blot analysis and (D) RT-qPCR after transfection with shRNA-CDKI. *¥P<0.01 and ***P<0.001. (E) Cell viability was tested using a CCK-8 assay. ***P<0.001 vs
OE-NUCKS; ##P<0,001 vs OE-NUCKSI+shRNA-CDKI. (F) Cell proliferation was determined using colony formation assay. (G and H) Cell cycle distribution was
detected using flow cytometer. (I) Expression of cell cycle-related proteins was measured using Western blot analysis. *P<0.05 and **P<0.001.

that of invasion and migration (Figure 8E). To sum up, these
data provide evidence that CDK1-knockdown restores the
impact of NUCKS1-upregulation on proliferation, invasion
and migration of NSCLC cells.

Discussion
NSCLC accounts for a large proportion of cancer-related
deaths.'” Despite the significant advances in the diagnostic

and therapeutic techniques of lung cancer in recent dec-
ades, treatment results are far from satisfactory. Therefore,
there exists an urgent demand for developing effective and
safe therapies that target the aggressive progression and
metastasis of NSCLC. This study is the first to reveal that
NUCKSI1 is highly expressed in multiple NSCLC cell
lines. On the cellular level, NUCKSI critically controls
the proliferation, invasion and migration behavior of A549
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Figure 8 CDKI silencing restores the inhibitory effects of NUCKS| overexpression on invasion and migration of NCI-H460 cells. (A and B) Cell invasion of NCI-H460
cells was evaluated using a Transwell assay. (C and D) Migratory activity of cells was measured using a scratch wound-healing assay. (E) The expression of migration-related

proteins was evaluated using Western blot analysis. *P<0.05, **P<0.01 and ***P<0.001.

and NCI-H460 cells, which is mediated through the reg-
ulation of CDK1 expression. Correspondingly, NUCKS1-
upregulation notably promotes tumor growth in vivo.
These findings suggest that NUCKSI
a novel putative therapeutic target for the clinical treat-
ment of NSCLC.

NUCKS1, a member of the high migration protein family,

is potentially

is located on chromosome 1g32.1 with a molecular weight of
27kDa.'® A growing body of literature has shown that
NUCKSI exists extensively in multiple human tissues and
participates in the occurrence and development of
tumors.'*?® An increasing number of studies have revealed
that NUCKSI expression is markedly upregulated in a variety
of tumor tissues, suggesting that NUCKS1 might contribute to
oncogenesis.”?' NUCKSI1 was reported to be highly
expressed in cervical squamous cell carcinoma and may be
related to tumor progression.” Kikuchi et al demonstrated that

NUCKSI expression level in colorectal cancer tissues and

cells was greatly elevated, which was associated with signifi-
cantly worse overall survival and relapse-free survival.”?
Additionally, NUCKS1 was identified as a potential
oncogene in hepatocellular carcinoma patients, and it might
be a valuable immunodiagnostic marker for the disease.'!
Importantly, NUCKS1 expression was found significantly
upregulated in lung cancer.'” However, its precise role in
the development of NSCLC remains unknown. The current
study indicated that the expression level of NUCKSI1 was
prominently upregulated in several NSCLC cell lines, espe-
cially in A549 and NCI-H460 cells. Overexpression of
NUCKSI accelerated the proliferation, invasion and migra-
tion of A549 and NCI-H460 cells, while NUCKSI silencing
inhibited  the

Correspondingly, NUCKS1-upregulation notably promoted

above-mentioned cellular  functions.
the growth of lung cancer cells in vivo, suggesting that
NUCKSI plays an indispensable role in the progression of

NSCLC.
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To further study the regulatory mechanisms of
NUCKSI in NSCLC, the STRING website was employed
to predict the potential genes’ interaction with NUCKSI.
It was found that CDK1 had the tendency to interact with
NUCKSI1, which was then confirmed by co-IP-assay in
this study. CDK1 is involved in the cell cycle progression
and dysregulation, and CDK1 serves as a potential prog-
nostic biomarker and target for lung cancer.”’ Previous
studies reported that NUCKS1 appears to be important
for cell cycle progression, and NUCKSI1 is a substrate
for CDK1.*** The normal growth and development of
cells require the organic cooperation and orderly regula-
tion of cell cycle family members.?® Cell cycle progression
of eukaryotic is tightly regulated by complexes consisting
of cyclins and CDKs, in which the complex of CDK1 and
cyclin B1 is a key regulator of the cell cycle transition.?”®
Moreover, cyclin B2, a crucial member of the cell cycle
family regulatory network, is reported to suppress
damaged cells entering the mitotic phase. And the abnor-
mal expression of cyclin B2 is related to the cell cycle
regulation disorder, also triggering cell malignant
transformation.”” This study revealed that NUCKS1 over-
expression upregulated the expression of CDKI, cyclin
A2, cyclin Bl and cyclin B2 in both A549 and NCI-
H460 cells. Following transfection with CDK1 or treat-
ment with CDK1 inhibitor p2767-00, the impact of
NUCKSI1 overexpression on proliferation, invasion and
migration of NSCLC cells was remarkably reversed.

Conclusion

Taken together, this study offers convincing evidence for
the first time of the NUCKSI1 being overly expressed in
NSCLC cell lines. More importantly, it is identified that
CDKI1 can interact with NUCKS1, and NUCKSI1 pro-
motes proliferation, invasion and migration of NSCLC
cells by upregulating CDK1 expression, which presents
a novel promising target for the clinical diagnosis and
the therapeutic interventions of NSCLC. However, the
lack of the studies of verification about the clinical value
of NUCKSI in clinical tissue samples and the effect of
NUCKSI1 gene silencing on tumor formation in animals
are limitations of the present research and therefore,
a comprehensive analysis is required in the future.
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