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Introduction: Long non-coding RNA (IncRNA) NCK1-AS1 could regulate multiple cancer
progression. However, little is known regarding the roles and acting mechanisms of NCK-
ASI1 in gastric cancer (GC) progression. This work was aimed to explore the relationship
between NCK1-AS1 and GC progression to illustrate the mechanisms of NCK1-ASl1.
Methods: NCKI1-AS1 expression level in GC tissues and cells was measured with
a quantitative real-time PCR method. In vitro experiments including cell counting kit-8
assay, colony formation assay, wound-healing assay, and transwell invasion assay were
employed to detect biological roles of NCK1-AS1 in GC progression. In vivo experiments
were performed to analyze the roles of NCK1-AS1 on GC malignant phenotype. Moreover,
mechanisms behind the biological roles of NCK1-AS1 in GC were investigated using
bioinformatic analysis, luciferase activity reporter assay, RNA immunoprecipitation assay,
and rescue experiments.

Results: NCK1-AS1 was found to have elevated expression in GC tissues and cells in
comparison with normal counterparts. Loss-of-function experiments showed knockdown of
NCK1-AS1 refrained GC cell proliferation, colony formation, migration, and invasion
in vitro. Animal experiments showed silence of NCKI1-AS1 suppresses tumor growth
in vivo. Functionally, NCK1-AS1 serves as a sponge for microRNA-137 (miR-137) to
upregulate nucleoporin 43 (NUP43) expression in GC. Rescue experiments proved the
carcinogenic role of NCK1-AS1/miR-137/NUP43 axis in GC progression.

Discussion: In conclusion, the NCK1-AS1/miR-137/NUP43 axis was identified that could
contribute to GC malignancy behaviors.
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Introduction

The mortality rate of gastric cancer (GC) ranks 2nd place among all cancer types
worldwide." The prognosis of GC remains very poor due to late diagnosis or cancer
metastasis.” Hence, it is necessary to explore the mechanisms associated with GC
initiation and progression with the aim to provide biomarkers for cancer diagnosis
or treatment.

Non-coding RNAs (ncRNAs) represent about 98-99% of all human genome
transcripts.’ Long non-coding RNA (IncRNA) is a type of ncRNA with a length of
over 200 nucleotides.* Recent studies indicated IncRNAs can participate in almost
all biological and pathological processes including cell growth, metastasis, and drug
resistance.™® There are multiple IncRNAs that have been identified to be
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abnormally expressed in GC and play vital roles in affect-
ing GC carcinogenesis.”* NCK1-AS1 is recently found to
be aberrantly expressed in multiple cancers but its role in
GC remains to be explored.”'”

MicroRNA (miRNA) is another type of ncRNA with
a length of 18-25 nucleotides."' miRNA can affect target
gene expression through a 3’-untranslated region binding
manner. Multiple miRNAs have been found with altered
expression in GC but only some of them were functionally
characterized.'” More and more evidence in recent years
implied that IncRNAs and protein-coding genes could
serve as competitive endogenous RNAs (ceRNAs) to com-
pete for miRNA recognition elements, and thus affect the
cellular physiological status."?

In this work, we aimed to explore expression levels and
involvements of NCK1-AS1 in regulating GC progression.
Moreover, we construct a IncRNA-miRNA-mRNA regu-
latory network to explore mechanisms by which NCK1-
AS1 regulates GC progression. Our work presented here
was the first to unveil the roles of IncRNA NCK1-ASI in
GC and may provide a novel therapeutic target for GC.

Materials and Methods

Clinical Samples

The study protocol was approved by the ethic committee
of The Second Hospital of Shanxi Medical University.
Written informed consent was obtained from all partici-
pants. Fifty-two paired tumor tissues and normal tissues
were obtained from patients who underwent surgical treat-
Medical
University. These patients did not receive anti-cancer treat-

ment at The Second Hospital of Shanxi

ments before enrolled in this study. These tissues were
frozen by liquid nitrogen and stored at —80°C until further
usage.

Cells

Human gastric epithelial cell line (GES-1) and GC cells
(BGC-823 and MGC-803) were obtained from ATCC
(Manassas, VA, USA). Dulbecco’s modified Eagle’s med-
ium (DMEM) in supplement with 10% fetal bovine serum
(FBS, both from Thermo Fisher Scientific, Inc., Waltham,
MA, USA) was used to incubate these cells at 37°C in
a moist incubator containing 5% CO,.

Cell Transfection
Small interfering RNA against NCK1-AS1 (si-NCKI1-
AS1) and negative control (si-NC) were designed by

RiboBio (Guangzhou, China). The mimic for miR-137
(miR-137 mimic), an inhibitor for miR-137 (miR-137
inhibitor), and negative control (mi-NC) were purchased
from GenePharma (Shanghai, China). Nucleoporin 43
(NUP43) overexpression plasmid (pc-NUP43) and empty
vector pcDNA3.1 were obtained from Generay (Shanghai,
China). Cells were grown on 6-well plates and transfected
with oligonucleotides or plasmids using Lipofectamine
2000 (Thermo Fisher Scientific, Inc.) according to the
manufacturer’s instructions. Cells were transfected for 48
h and collected for the following analyses.

RNA Extraction and Quantitative
Reverse-Transcription PCR (RT-qPCR)

RNAs were extracted using TRIzol reagent (Thermo Fisher
Scientific, Inc.) and quantified with NanoDrop 2000 (Thermo
Fisher Scientific, Inc.). RNA was reverse transcribed into
cDNA using PrimeScript RT Mix (Takara, Dalian, China). RT-
qPCR was conducted with SYBR Green (Takara) with an ABI
7900 system (Applied Biosystems, Foster City, CA, USA).
Primers were as follows: NCK1-AS1: 5-TTCCCATTTCT
CCCAGGTCC-3' (forward) and 5-TGGTTACTTTGAGC
CTGCCT-3" (reverse); NUP43: 5-GTCCTGAAATAGTG
TCCGTGGGT-3" (forward) and 5-TATGTGCTGCTG
GTTTGGGTGT-3" (reverse); GAPDH, 5-GAGTCCA
CTGGCGTCTTC-3" (forward) and 5-GATGATCTTGA
GGCTGTTGTC-3' (reverse); miR-137: 5-TTATTGCTTA

AGAATACGCG-3' (forward) and 5-TCGTATCCAG
TGCAGGGTC-3" (reverse); U6 snRNA: 5-CTCGCT
TCGGCAGCACA-3' (forward) and 5-AACGCTTCA

CGAATTTGCGT-3 ' (reverse). The 2-AACt method was
used to detect relative gene expression levels using U6
snRNA and GAPDH as internal controls.

Western Blot

Cells were lysed in RIPA buffer in supplement with pro-
tease inhibitor, and protein concentration quantification
was processed using the BCA kit. About 40 pg protein
samples were loaded onto 10% SDS-PAGE and transferred
to a PVDF membrane. Non-fat milk was used to block the
non-specific sites in the membrane, and then membranes
were incubated with primary antibodies against NUP43
(ab235420) and GAPDH (ab181602, Abcam, Cambridge,
MA, USA) at 4°C overnight, followed by 4 h of cultiva-
tion with the secondary antibody (ab6721, Abcam) at 25°
C. Protein bands were visualized by BeyoECL Kit
(Beyotime, Haimen, Jiangsu, China).
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Bioinformatic Analysis

Expression levels of NCK1-AS1, miR-137, and NUP43 in
GC tissues and normal tissues were analyzed with
ENCORI. Moreover, the inter-connections of these three
genes in GC tissues were also analyzed with ENCORI.

Cell Counting Kit-8 (CCK-8) Assay
Transfected cells were plated in a 96-well plate at the
density of 2x10* cells/well. Ten pL CCK-8 reagent
(Dojindo, Kumamoto, Japan) was added into each well
and further incubated for 3 h. The absorbance of each
well was measured at 450 nm with a microplate reader.

Colony Formation Assay

Six hundred cells were incubated in a 6-well plate in
DMEM with 10% FBS for 14 days to allow colony for-
mation. The medium was replaced every 3 days. Colonies
were fixed with 4% paraformaldehyde and stained with
1% crystal violet. Images were captured and colony num-
bers were calculated.

Wound Healing Assay

Transfected cells were plated into a 6-well plate at the
density of 1 x 10° cells/well and grown until about 90%
confluence. A scratch was made on a cell monolayer with
a pipette tip. Images were observed under an optical
microscope and the migration distance was calculated
after 48 h of incubation using Image J software.

Transwell Invasion Assay

A transwell chamber precoated with Matrigel (BD
Biosciences, San Jose, CA, USA) was used to analyze cell
invasion ability. Transfected cells (5 x 10%) were harvested
and, suspended in 200 puL serum-free medium, and plated to
the upper chamber. DMEM containing 10% FBS was filled
into the lower chamber. After incubation for 48 h in the
described conditions, cells on the upper surface were wiped
off by cotton swab. Meanwhile, cells that had invaded the
lower chamber were fixed by polyformaldehyde for 10 min,
stained with crystal violet for 15 min, and counted under an
inverted microscope (IX83; Olympus, Tokyo, Japan).

Tumorigenesis Experiment

Animal experiments were conducted based on a protocol
approved by the Animal Care and Use Committee of The
Second Hospital of Shanxi Medical University and in
accordance with the international standards-3R principle

of animal welfare. For this, 3 x 10° cells with sh-NCK1-
AS1 or sh-NC stable transfection were injected into the
flank of nude mice (n = 5 per group). Width and length of
the tumor were measured every 7 days, and volume was
calculated using the formula length x (width)*/2. Tumor
xenografts were grown for 28 days, and then sacrificed to
excise the tumor tissues.

Immunohistochemistry (IHC) Assay

Excised tumors were fixed with 4% paraformaldehyde, and
embedded in paraffin and sectioned at 4 pm thickness.
Hydrogen peroxide at 3% was used to block the endogenous
peroxidase activity for 20 min. Antigen was exposed in
10 mM citrate buffer (pH 6.0) by heat repair at 98°C for
2min. Sections were incubated with primary anti-ki67
(ab92742, Abcam) overnight at 4°C and secondary antibody
(ab6721, Abcam) for
Immunoreactivity

20min at room temperature.
3,3"-

diaminobenzidine (Sigma Chemical Co., St. Louis, MO,

was visualized using
USA) and the sections were counterstained with hematoxylin.

Endogenous peroxidase activity was blocked by incu-
bation in 3% hydrogen peroxide for 20 min. Antigen was
exposed by heat repair in 10 mM citrate buffer (pH 6.0) at
98°C for 2 min. The sections were treated and incubated
with primary anti-PRKCA (1:100 dilution; Abcam,
Cambridge, UK) for 16 h at 4°C and horseradish perox-
idase (HRP)-conjugated secondary antibody (Santa Cruz
Biotechnology, CA, USA) for 20 min at room temperature.
3,3
diaminobenzidine (Sigma Chemical Co., St. Louis, MO,

Immunoreactivity =~ was  visualized  using
USA) and sections were counterstained with hematoxylin

and observed under a microscope.

RNA Immunoprecipitation (RIP) Assay

RIP assay was conducted with Millipore Magna RNA-
binding Protein Immunoprecipitation Kit (Billerica, MA,
USA) based on the user’s guide book to explore gene
interactions. Cells were treated using RIP lysis buffer to
collect cell lysates and then incubated with magnetic beads
conjugated with anti-Ago2 or anti-IgG antibodies. Then,
beads were collected and treated with Proteinase K and
RNase-free DNase. TRIzol reagent was used to isolate
RNA samples and subjected to RT-qPCR analysis to quan-
tify NCK1-AS1, miR-137, and NUP43 expression levels.

Luciferase Reporter Assay
Interactions of miR-137 with NCK1-AS1 or NUP43 were
analyzed with ENCORI. Wild-type (wt) or mutant (mt)
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sequences of NCK1-AS1 or NUP43 containing the miR-137
binding site were synthesized by GenePharma and inserted
into the pmiR vector to generate wt/mt-NCK1-AS1/NUP43
luciferase constructs. Cells were co-transfected with lucifer-
ase vectors and synthetic miRNAs by Lipofectamine 2000.
Dual-luciferase reporter system (Promega, Madison, WI,
USA) was used to detect relative luciferase activity using
Renilla luciferase activity as an internal control.

Statistical Analysis

Data from three independent experiments were analyzed
with SPSS 19.0 and expressed as mean =+ standard deviation.
Statistical comparisons between two groups were analyzed
with ar-test, while those among three or more groups were
analyzed with ANOVA and Tukey’s test. A P-value of less
than 0.05 was considered as statistically significant.

Results
NCKI-AS| Expression Level Was
Upregulated in GC Tumor Tissues and

Cells

NCKI1-AS1 expression level in GC was firstly analyzed at
ENCORI and we found NCK1-AS1 expression was signifi-
cantly elevated in GC tissues compared with normal tissues
(Figure 1A). Moreover, we analyzed NCK1-AS1 expression
in tissue samples we collected and we found that NCK1-
AS1 expression was higher in GC tissues than in normal
tissues (Figure 1B). In addition, we confirmed that NCK1-
AS1 was more highly expressed in GC cells BGC-823 and
MGC-803 in comparison with GES-1 cell (Figure 1C).
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NCKI-AS| Knockdown Inhibits GC Cell
Proliferation, Colony Formation,

Migration, and Invasion

Given the finding that NCK1-AS1 was highly expressed in
GC, we knocked down NCK1-AS1 in GC cells using si-NCK1
-AS1. An obviously downregulated expression level of NCK1-
AS1 in GC cells transfected with si-NCK1-AS1 was observed
(Figure 2A). Functionally, it was indicated that cell prolifera-
tion was efficiently suppressed by knockdown of NCK1-AS1
(Figure 2B), and that colony number declined in response to
NCKI1-AS1 downregulation, by comparing the colony num-
bers after growth for 2 weeks (Figure 2C). Meanwhile, the
wound-healing assay showed the cell migration percentage of
GC cells was significantly suppressed by knockdown of
NCKI1-ASI1 by comparing the migration distance of GC cells
at 0 h and 48 h after scratch creation (Figure 2D). Additionally,
transwell invasion assay showed decreased NCKI-ASI
expression reduced the invasion ability of GC cells by compar-
ing the invaded cell numbers in si-NCKI1-AS1 and si-NC
transfected groups (Figure 2E). These results indicated the
depletion of NCK1-AS1 suppresses GC cell growth and moti-
lity in vitro.

NCKI-ASI Serves as a Sponge for miR-137
To explore the potential mechanisms of NCK1-AS1 in GC,
miRNA targets were predicted by ENCORI and miR-137 was
a putative target (Figure 3A and Supplementary Table 1).

Dual-luciferase reporter assay showed miR-137 mimic trans-
fection reduced luciferase activity of cells with wt-NCK1-AS1
but not mt-NCK1-AS1, which provides evidence for the inter-
action of NCK1-AS1 and miR-137 (Figure 3B). Subsequently,
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Normal (n = 52) Tumor (n =52)

Relative expression of NCK1-AS1
»

GES-1 MGC803 BGC-823

Figure | NCKI-AS| was upregulated in GC tissues and cell lines. (A) Levels of NCKI-AS| on GC tissues and normal tissues were analyzed at ENCORI. (B) Levels of
NCKI-ASI in GC tissues and paired normal tissues were measured using RT-qPCR. (C) Levels of NCKI-AS| in GC cells and normal cells were measured using RT-qPCR.

Experiments were repeated in triplicate. ***P<0.001.

Abbreviations: GC, gastric cancer; RT-qPCR, quantitative reverse-transcription PCR.
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Figure 2 NCKI-AS| knockdown inhibited malignant properties in GC cells in vitro. MGC803 and BGC-823 cells were transfected with si-NCK-AS| or si-NC. (A) The expression of
NCKI-AS| was detected using RT-qPCR. (B) Cell viability was measured by CCK-8 assay. (C) Colony numbers were analyzed by colony formation assay. (D) Cell migration was
examined using wound-healing analysis. (E) Cell invasion was analyzed with transwell invasion assay. Experiments were repeated in triplicate. *** P < 0.001, ** P < 0.01.

Abbreviations: GC, gastric cancer; RT-qPCR, quantitative reverse-transcription PCR; si-NCKI-AS|, small interfering RNA against NCK1-AS|; si-NC, negative control

siRNA; CCK-8, cell counting kit-8.

the expression level of miR-137 in GC was detected and the
results indicated miR-137 level was lower in GC tissues than
in normal tissues (Figure 3C and D). Meanwhile, a negative
correlation of NCK1-AS1 and miR-137 was observed in GC
tissues (Figure 3E). In addition, miR-137 was found to have
decreased expression in GC cells compared with normal cells
(Figure 3F). The silencing of NCK1-AS1 increased miR-137
expression level in GC cells (Figure 3G).

NCKI-AS| Inhibits GC Cell Malignant

Behaviors via Sponging miR-137
To explore whether miR-137 is involved in the NCK1-
AS1 mediated stimulation effect on GC progression, GC

cells were transfected with si-NCK1-AS1+miR-137
inhibitor, si-NCK1-AS1+mi-NC, si-NC+miR-137 inhibi-
tor, or si-NC+mi-NC. Afterward, we found decreased
miR-137 expression stimulated GC cell growth and
motility (Figure 4A-D). In addition, the silence of
miR-137 could partially reverse the inhibition effects
of NCK1-AS1 on cell proliferation, colony formation,
migration, and invasion (Figure 4A-D).

NCKI-ASI| Regulates NUP43 via miR-137
We found that NUP43 might be a putative miR-137 target
through ENCORI analysis (Figure SA and Supplementary
Table 2). Dual-luciferase activity reporter revealed miR-137
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Figure 3 NCKI-AS| was a sponge of miR-137 in GC. (A) The binding sites between NCKI-AS| and miR-137. (B) Luciferase activity was analyzed in GC cells co-
transfected with wt/mt-NCKI1-AS| and miR-137 mimic or mi-NC. (C) Levels of miR-137 on GC tissues and normal tissues were analyzed at ENCORI. (D) Levels of miR-
137 in GC tissues and paired normal tissues were measured using RT-qPCR. (E) Correlation of miR-137 and NCK|-AS| in GC tissues was analyzed at ENCORI. (F) Levels
of miR-137 in GC cells and normal cells were measured using RT-qPCR. (G) The level of miR-137 was determined in GC cells after transfection with si-NCKI-AS| or si-NC.
Experiments were repeated in triplicate. *** P < 0.001.

Abbreviations: GC, gastric cancer; RT-qPCR, quantitative reverse-transcription PCR; si-NCKI-ASI, small interfering RNA against NCKI-ASI; si-NC, negative control

siRNA; wt, wild-type; mt, mutant; miR-137, microRNA-137.

mimic transfection reduced luciferase activity of wt-NUP43,
while it did not influence mt-NUP43 in GC cells (Figure 5B).
RIP assay indicated NCK1-AS1, miR-137, and NUP43 were
co-enriched in anti-Ago2 pellets (Figure 5C). After that, we
showed that NUP43 expression was elevated in GC tissues
compared with in normal tissues (Figure SD—F). Importantly,
a negative correlation of miR-137 and NUP43 (Figure 5G),
and a positive correlation of NCK1-AS1 and NUP43 (Figure
5H) was observed in GC tissues. Moreover, we found that
NUP43 expression was increased in GC cells compared with
normal cells, which is the same trend as displayed in GC
tissues (Figure 51 and J). After that, expression analysis results
showed NUP43 expression level can be increased by the miR-

137 inhibitor (Figure 5K and L) and decreased by si-NCK1-
AS1 (Figure 5M and N). Moreover, the stimulation effect of
the miR-137 inhibitor on NUP43 expression can be restored
by si-NCK1-AS1 (Figure 50 and P).

Silence of NCKI-AS| Regulates GC Cell
Behaviors via NUP43

We then explored whether NUP43 was a function target for
NCKI1-ASI1 by transfecting si-NCK1-AS1+pNUP43, si-NC
+pNUP43, si-NCK1-AS1+pcDNA3.1, and  si-NC
+pcDNA3.1 were transfected into GC cells. We found over-
expression of NUP43 antagonized the inhibitory effects of
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Figure 4 NCKI-AS| deletion inhibited cell biological behavior in GC by sponging miR-137 in vitro. MGC803 and BGC-823 cells were transfected with si-NCKI-AS|+miR-
137 inhibitor, si-NCKI1-ASI+mi-NC, si-NC+miR-137 inhibitor, or si-NC+mi-NC. (A) Cell viability was measured by CCK-8 assay. (B) Colony numbers were analyzed by
colony formation assay. (C) Cell migration was examined using wound-healing analysis. (D) Cell invasion was analyzed with transwell invasion assay. Experiments were

repeated in triplicate. ¥** P < 0.001, ** P < 0.01, * P < 0.05.

Abbreviations: GC, gastric cancer; si-NCKI1-AS|, small interfering RNA against NCK1-AS1; si-NC, negative control siRNA; mi-NC, negative control miRNA; CCK-8, cell

counting kit-8.

NCKI1-ASI1 knockdown on GC cell proliferation, colony for-
mation, migration, and invasion (Figure 6A-D).

Knockdown of NCK I-ASI Inhibits GC

Tumor Growth

To explore the effects of NCK1-AS1 in vivo, cells with NCK1-
AS1 knockdown were injected into mice and we showed both
tumor volume and tumor weight were suppressed by NCK1-
AS1 knockdown (Figure 7A and B). Furthermore, we showed

NCKI1-ASI and NUP43 expression levels were decreased,
whereas miR-137 expression level was increased in the sh-
NCKI1-AS1 group compared with the sh-NC group (Figure
7C). IHC assay showed ki-67 staining density was lower in the
sh-NCK1-AS1 group than in the sh-NC group (Figure 7D).

Discussion
Emerging evidence indicated IncRNAs participate in var-
ious cellular processes to affect carcinogenesis.”® In GC,
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Figure 5 NUP43 was a target of miR-192-5p in CRC cells. (A) The binding sites between NUP43 and miR-137. (B) Luciferase activity was analyzed in GC cells co-
transfected with wt/mt-NUP43 and miR-137 mimic or mi-NC. (C) RIP assay to determine the co-enrichment of NCK1-AS|, miR-137, AND nup43. (D) Levels of NUP43 on
GC tissues and normal tissues were analyzed at ENCORI. (E) Levels of NUP43 in GC tissues and paired normal tissues were measured using RT-qPCR. (F) Levels of NUP43
in GC tissues and paired normal tissues were measured using Western blot. (G) Correlation of miR-137 and NUP43 in GC tissues was analyzed at ENCORI. (H)
Correlation of NCK1-AS| and NUP43 in GC tissues was analyzed at ENCORI. (1) Levels of NUP43 in GC cells and normal cells were measured using RT-qPCR. (J) Levels of
NUP43 in GC cells and normal cells were measured using Western blot. (K) The mRNA level of NUP43 was determined using RT-qPCR in GC cells after transfection with
miR-137 inhibitor or mi-NC. (L) The protein level of NUP43 was determined using Western blot in GC cells after transfection with miR-137 inhibitor or mi-NC. (M) The
mRNA level of NUP43 was determined using RT-qPCR in GC cells after transfection with si-NCKI-AS| or si-NC. (N) The protein level of NUP43 was determined using
Western blot in GC cells after transfection with si-NCKI-AS| or si-NC. (O) The mRNA level of NUP43 was determined using RT-qPCR in GC cells after transfection with
si-NC+mi-NC, si-NCKI-AS1+miR-137 inhibitor, si-NCKI-ASI+mi-NC or si-NC+miR-137 inhibitor. (P) The protein level of NUP43 was determined using Western blot in

GC cells after transfection with si-NC+mi-NC, si-NCKI-ASI+miR-137 inhibitor, si-NCKI-ASI+mi-NC or si-NC+miR-137 inhibitor. Experiments were repeated in
triplicate. *** P < 0.001, ** P < 0.01, * P < 0.05.

Abbreviations: GC, gastric cancer; RT-qPCR, quantitative reverse-transcription PCR; si-NCKI-ASI, small interfering RNA against NCKI-ASI; si-NC, negative control
siRNA; wt, wild-type; mt, mutant; miR-137, microRNA-137; NUP43, nucleoporin 43.

multiple IncRNAs were found to be abnormally expressed
in GC through inhibiting or stimulating cellular malignant
behaviors.'* ' Dai et al reported IncRNA MALAT]1 con-
tributes the response of GC cells to cisplatin via regulating
PI3K/AKT pathway.'"* Shi et al found that LINC00152
inhibits GC cell migration and invasion through alteration
of the ERK/MAPK signaling pathway.'®> Wei et al revealed
that increased expression of IncRNA HOTAIR stimulates
GC growth by upregulating COL5A1 via sponging miR-
1277-5p."° These studies uncovered the importance of
IncRNAs in regulating GC progression.

NCK1-AS1 was found to serve as oncogenic IncRNA
in several cancers.”'%!” However, the roles and associated
mechanisms of NCKI1-AS1 in regulating GC remain
unclear. In this study, we showed that NCK1-AS1 was

proliferation, colony formation, migration, and invasion.
The conclusion of this work can be further strengthened by
introducing si-NCK1-AS1 into a cell not expressing
NCKI1-AS1, which can provide evidence that the alterna-
tions of cell behaviors were due to the introduction of si-
NCK1-AS1. After that, in Vivo animal
experiments showed that the silencing of NCKI-ASI
with sh-NCK1-AS1 could repress tumor growth compared
with sh-NC.

As reported, IncRNA can serve as a sponge for miRNA
to exert biological roles. To investigate miRNA molecules
that may participate in the roles of NCK1-AS1, we predicted
targets of NCK1-AS1 using the bioinformatic tool. miR-137
was selected for further analyses due to it ranking high
among all predicted targets for NCK1-AS1, being negatively

upregulated expression in GC tissues and cells, indicating
that NCK1-AS1 may play a crucial role in regulating GC
progression. Subsequently, in vitro functional analyses
indicated knockdown of NCKI1-AS1 suppresses GC cell

correlated with NCK1-AS1 expression, and previously
being reported to serve a tumor suppressive role in several
cancers.'®?? The interactions of NCK1-AS1 and miR-137
were validated by luciferase activity reporter assay and RIP
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Figure 6 NCKI-ASI| deletion inhibited cell biological behavior in GC by regulating NUP43 in vitro. MGC803 and BGC-823 cells were transfected with si-NCKI-ASI
+pNUP43, si-NC+pNUP43, si-NCK I-AS1+pcDNA3.I, and si-NC+pcDNA3.1. (A) Cell viability was measured by CCK-8 assay. (B) Colonies numbers were analyzed by
colony formation assay. (C) Cell migration was examined using wound-healing analysis. (D) Cell invasion was analyzed with transwell invasion assay. Experiments were

repeated in triplicate. *** P < 0.001, ** P < 0.01, * P < 0.05.

Abbreviations: GC, gastric cancer; si-NCKI-ASI, small interfering RNA against NCK-AS|; si-NC, negative control siRNA; CCK-8, cell counting kit-8.

assay. Thus, we further explored whether the impact of
NCKI1-AS1 in the development of GC was mediated by
modulating miR-137. In this study, our results disclosed
that NCK1-AS1 expedited proliferation, colony formation,
migration, and invasion of GC cells, and the silence of miR-
137 expression partially abolished the carcinogenic effect of
NCK1-ASI1. In other words, NCK1-AS1 contributes to GC
tumor growth partially by targeting miR-361-3p.

miR-137 has been studied in cancers including triple-
negative breast cancer, pituitary adenoma, and ovarian

cancer to serve as a tumor suppressor.lg*20 Consistent
with these results, we also found that silencing of miR-
137 can stimulate GC progression, suggesting a tumor
suppressive role of miR-137. NUP43 was found highly
expressed in luminal A and in HER2+ breast cancer, and
could predict the poorer prognosis of cancer patients.>
Additionally, another work proved that NUP43 can be
regulated by miR-409-5p to influence the response of
chronic myeloid leukemia to imatinib.** In this work,
NUP43 was found to be negatively correlated with the

OncoTargets and Therapy 2020:13
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Figure 7 Cells stably transfected with sh-NCKI-AS| were used to establish xenograft models. (A) Tumor volume was calculated every week. (B) After 4 weeks, mice were
killed and tumor weight was examined in each group. (C) The expressions of NCKI-ASI, miR-137 and NUP43 were detected in two groups by RT-qPCR. (D) The
expression of ki-67 in the in vivo tumors were analyzed via IHC assay. Experiments were repeated in triplicate. *** P < 0.001.

Abbreviations: RT-qPCR, quantitative reverse-transcription PCR; sh-NCK-AS1, short hairpin RNA against NCK-AS|; sh-NC, negative control shRNA; wt, wild-type; mt,
mutant; miR-137, microRNA-137; NUP43, nucleoporin 43; IHC, immunohistochemistry.

expression of miR-137, and it had upregulated expression
in GC tissues and cells. Rescue experiments indicated that
NCK1-AS1 serves as ceRNA for miR-137 to upregulate
NUP43 expression in GC cells to affect the aggressive
behaviors of GC cells.

Conclusion

In conclusion, our results presented here showed, first, that
NCK1-AS1 could promote GC cell proliferation, colony
formation migration, and invasion in vitro. Also, it could
regulate GC tumor growth in vivo. Second, NCKI1-ASI
can regulate GC progression via the miR-137/NUP43 axis.
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