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ABSTRACT
Lung squamous cell carcinoma (LUSC) is a prevalent subtype of nonsmall cell lung cancer (NSCLC). 
Dysregulated long noncoding RNAs (lncRNAs) are increasingly identified as pivotal modulators in cancer 
progression. NCK1 divergent transcript (NCK1-AS1) is a lncRNA that has been proven to be oncogenic in 
different types of human cancers. However, whether it exerts similar functions in LUSC remains to be 
elusive. The present study focused on investigating the influence of NCK1-AS1 on the cellular process in 
LUSC and exploring its underlying mechanism. Through online bioinformatics analysis, we obtained 
a high NCK1-AS1 level in LUSC tissues. Meanwhile, we confirmed that NCK1-AS1 was upregulated in 
LUSC cells. Gain- or loss-of-function assays suggested that NCK1-AS1 prompted cell proliferation and 
migration, whilst impeded cell apoptosis in LUSC. Mechanistically, we revealed that NCK1-AS1 induced 
the upregulation of its nearby gene NCK adaptor protein 1 (NCK1) at the transcriptional level by 
interacting with the transcription factor MYC proto-oncogene (MYC). Rescue assays indicated that NCK1 
participated in the regulation of NCK1-AS1 on LUSC progression. In conclusion, we firstly demonstrated 
the oncogenic role of NCK1-AS1 in LUSC and illustrated its downstream molecular mechanism.
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Introduction

Lung cancer is recognized to be the most prevalent malignancy 
and the main contributor of global cancer-related mortality.1 

The commonest histological subtype of lung cancer is non
small cell lung cancer (NSCLC), taking up around 84% of all 
lung cancer cases.2 Despite that therapeutic regimes have been 
developed greatly in treating LUSC, patients are still burdened 
with an unsatisfactory 5-year overall survival rate.3 Therefore, 
new effective therapeutic targets are required to be identified to 
improve the treatment and prognosis of LUSC.

Long non-coding RNAs (lncRNAs) are defined to be the 
non-coding transcripts consisting of over 200 nucleotides.4–6 

Evidence has proved that lncRNAs are administrators of 
a myriad of cell functions, such as cell proliferation, cell- 
cycle, and cell apoptosis.7 In LUSC, it has been reported that 
three lncRNAs (RP5-821D11.7, APCDD1L-AS1, and RP11- 
277P12.9) are correlated to the prognosis of LUSC.8 LncRNA 
SFTA1P promotes apoptosis and induces cisplatin sensitivity 
via the hnRNP-U-GADD45A axis in LUSC.9 LncRNA NCK1 
divergent RNA (NCK1-AS1) has been determined to be upre
gulated in human cancers and exert oncogenic functions. For 
example, NCK1-AS1 regulates the miR-6857/CDK1 pathway 
in cervical cancer, thus facilitating tumorigenesis.10 

Knockdown of NCK1-AS1 suppresses cellular processes in 
cervical cancer through modulating miR-134 expression.11 

NCK1-AS1 maintains the stemness of bladder cancer cells 
through negatively regulating miR-143.12 Recently, NCK1- 

AS1 has been reported to accelerate tumor growth in glioma 
through activating the TRIM24/Wnt/β-catenin axis.13 

Nevertheless, the functions of NCK1-AS1 in LUSC remains 
unknown. Importantly, NCK1-AS1 was expressed at a high 
level in LUSC tissues of the TCGA database. Thus, we tried 
to unveil the functions of NCK1-AS1 in LUSC in the current 
study.

LncRNAs can function through regulating their nearby 
genes.14–16 Here, we explored the regulatory correlation 
between NCK1-AS1 and NCK1 in LUSC. NCK adaptor protein 
1 (NCK1) belongs to the family of Src homology (SH) domain- 
containing adaptor protein Nck (noncatalytic region of tyro
sine kinase).17 NCK1 can be responsible for translation regula
tion via interacting with the β subunit of eukaryotic initiation 
factor 2.18 A recent study showed that NCK1 can modulate cap 
homeostasis through the assembly of cytoplasmic capping 
complex.19 To date, NCK1 has been delineated to promote 
cancer development in several cancers, such as colorectal can
cer and hepatocellular cancer.20–22 Nevertheless, the role of 
NCK1 in LUSC has not yet been explored. Here, we also 
explored the functional role of NCK1 in LUSC.

LncRNAs can regulate gene expression in epigenetic, tran
scriptional, and posttranscriptional mechanisms.23–26 

Interestingly, studies have shown that nuclear lncRNAs can 
interact with transcription factors (TFs) to induce the tran
scription of target genes.27,28 More importantly lncRNAs can 
epigenetically activate their nearby gene.29 Here, we also inves
tigated whether NCK1-AS1 regulated NCK1 through 

CONTACT Xia Zhou 1154389861@qq.com Department of Radiation Therapy, Zhejiang Cancer Hospital, No.1 East Banshan Road, Gongshu District, Hangzhou, 
Zhejiang 310022, China.

Supplemental data for this article can be accessed on the publisher’s website.

CANCER BIOLOGY & THERAPY                          
2021, VOL. 22, NO. 3, 196–203 
https://doi.org/10.1080/15384047.2020.1842717

© 2021 Taylor & Francis Group, LLC

https://doi.org/10.1080/15384047.2020.1842717
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/15384047.2020.1842717&domain=pdf&date_stamp=2021-04-10


transcriptional modulation. MYC proto-oncogene (MYC) is 
a transcription modulator regulating genes and thus is respon
sible for cell metastasis, survival, and proliferation.30–32 The 
involvement of MYC as an oncogene in NSCLC has been 
demonstrated by multiple studies.33,34 Here, we unveiled the 
interaction of MYC to NCK1-AS1 and NCK1 in LUSC.

To summary, our current study was aimed to monitor the 
function of NCK1-AS1 and its correlation with NCK1 in 
LUSC.

Materials and methods

Cell lines and culture

Human bronchial epithelial cell (16HBE) and human LUSC 
cell lines (H2170, H1703, EBC-1, and SK-MES-1) were all 
acquired from the Shanghai Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China). 16HBE and LUSC 
cells were cultured in DMEM medium (HyClone, Logan, UT, 
USA) with 10% fetal bovine serum, 1 × 105 U/L penicillin 
G and 1 × 105 U/L streptomycin (Beyotime, Shanghai, 
China). Cell culture was conducted at 37℃ in a humidified 
atmosphere containing 5% CO2.

RNA extraction and RT-qPCR analysis

On the basis of the manufacturer’s instructions, TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) was utilized to extract total 
RNA. Prime Script RT Master Mix (A5001, Promega, Madison, 
WI, USA) was obtained to reversely transcribe RNA into 
cDNA. RT-qPCR was performed using the SYBR Green Mix 
(Kangwei, Beijing, China) to evaluate the expressions of var
ious RNAs. The followings were the PCR conditions: at 95℃ 
for 5 min, then amplification with 35 cycles at 95℃for 5 s, at 
60℃for 20 s, and finally at 70℃for 10 s. All the results of three 
independent experiments were calculated by 2−ΔΔCt method.

Cell transfection

The knockdown of NCK1-AS1, NCK1, and MYC in SK-MES-1 
and H2170 was achieved by transfection with sh-NCK1-AS1#1 
/2/3, sh-NCK1#1/2/3, sh-MYC#1/2/3 (Genepharma, Shanghai, 
China) and their corresponding negative control (sh-NC) 
using Lipofectamine2000 Reagent (Invitrogen, Carlsbad, CA, 
USA). For the overexpression of NCK1-AS1, NCK1, and MYC, 
pcDNA3.1 vectors were bought from GeneCopoecia 
(Guangzhou, China), along with the empty vector as control 
(termed as pcDNA3.1). The transfected cells were harvested 
after 48 h transfection.

Cell proliferation assay

In order to investigate the rate of cell proliferation, a CCK-8 
assay was conducted on the basis of the manufacturer’s proto
col. The transfected SK-MES-1 and H2170 cells were reaped 
and cultured in 96-well plates for 0, 24, 48, 72, and 96 h. CCK-8 
solution (Dojindo, Kyushu Island, Japan) was added for 
another 4 h’ incubation. Cell viability was assessed via measur
ing the absorbance values at a wavelength of 450 nm.

Caspase 3 activity test

SK-MES-1 and H2170 cells were cultured in 1 mL PBS. After 
homogenization, cells were centrifuged at 4℃ for 10 min. 
Pellets were left alone to incubate in lysis buffer (Beyotime, 
Shanghai, China). Caspase 3 activity assay was conducted in 
96-well plates containing lysates, assay buffer, and Caspase-3 
colorimetric substrate Ac-DEVD-pNA at 37℃ for 2 h. The 
chromospheres pNA was cleaved from the substrate molecule. 
The absorbance values at a wavelength of 405 nm were 
acquired from three different replications.

Flow cytometry analysis

Annexin V-PI apoptosis detection kit (BD Biosciences 
PharMingen) was used to analyze apoptosis. After double 
staining, apoptotic cells in different stages were measured by 
flow cytometry.

Cell migration assay

Transwell assay was performed by the use of a transwell cham
ber (Corning Costar, Cambridge, MA, USA). FBS-free RPMI- 
1640 medium was applied to suspend cells. And then, cells 
were plated in the upper chambers. In the lower chambers, 
RPMI-1640 with 10% FBS was added to be the chemoattrac
tant. The migrating cells were fixed in methanol, staining with 
0.1% crystal violet after 48 h incubation. After the top surfaces 
were softly removed, cells migrated to the lower faces were 
observed under the microscope.

In vivo experiment

Female athymic nude mice (aged 5 weeks) were purchased 
from the National Laboratory Animal Center (Beijing, 
China). SK-MES-1 cells with stable transfection of sh-NC or 
sh-NCK1-AS1#1 (5 × 106 cells per mouse) suspended in 200 μl 
of PBS were subcutaneously injected into the right flank of 
nude mice. Tumor growth was monitored and measured every 
4 days. Four weeks later, the nude mice were sacrificed and 
tumors were resected for subsequent examination.

Western blotting

Western blot was conducted to detect the expression of pro
teins. The protein was extracted from cells using RIPA lysis 
buffer and qualified via BCA detecting kit (Beyotime, Shanghai, 
China). Next, isolation of the proteins was performed using 
SDS-PAGE. Subsequently, the separated proteins were trans
ferred onto PVDF membranes (Millipore, Bedford, MA, USA). 
And the membranes were then blocked by bovine serum albu
min and incubated with primary antibodies, including anti- 
NCK1 (1/1000, GTX32738, GeneTex, Southern California, 
USA), anti-MYC (1/800, ab32, Abcam, Cambridge, USA), anti- 
Bax (1/1000, ab182734, Abcam), anti-Bcl-2 (1/1000, ab32124, 
Abcam), anti-Cleaved caspase 3 (1/500, ab32042), anti-caspase 
3 (1/5000, ab32351, Abcam) and anti-GAPDH (1/1000, 
ab8245, Abcam). Afterward, the membrane was incubated 
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with secondary antibodies for 1 h at room temperature. 
Western blotting was conducted in triplicate.

Luciferase reporter assay

For NCK1 promoter analysis, 293 T cells (AT-1592, ATCC, 
Manassas, VA, USA) were inoculated into a 24-well plate fol
lowed by 24 h of culturing. NCK1 promoter was subjected to 
PCR amplification and subcloned into the pGL3-Basic vector 
(Promega, USA). 293 T cells were co-transfected with pRLTK 
plasmid, NCK1 promoter plasmid and sh-NCK1-AS1#1/2 or 
sh-MYC#1/2, along with their corresponding control. After 
transfection for 48 h, the cells were harvested and subjected to 
the Dual-Luciferase Reporter Assay System (Promega, USA). 
Biological triplicate was performed independently.

Subcellular fractionation assay

To determine the subcellular localization of NCK1-AS1, the 
nuclear fraction was isolated from the cytoplasm in accordance 
with the instruction of NUCLEI EZ PREP NUCLEI 
ISOLATION KIT (Sigma, St. Louis, MO, USA). SK-MES-1 
and H2170 cells were rinsed gently in ice-cold PBS twice. 1 ml 
of ice-cold Lysis Solution was added to the 25 cm2 flask. 
Thereafter, 3 × 106 cells were collected using a cell scraper on 
ice. Lysates were cultured on ice for 5 min. Followed by cen
trifugation, the nuclear fraction was isolated from the super
natant containing cytoplasmic fraction. At last, the supernatant 
was removed into a fresh 1.5 ml of EP tube. The precipitate was 
rinsed in PBS and re-suspended in the Nuclei EZ storage buffer. 
Experimental result was obtained from three replications.

RNA fluorescence in situ hybridization (FISH)

The RNA FISH probe for NCK1-AS1 was synthesized by Ribobio 
(Guangzhou, China). Briefly, LUSC cells were fixed in 4% for
maldehyde and washed with PBS. After fixation and dehydration, 
cells were mixed with an NCK1-AS1 probe. Afterward, cells were 
incubated in a hybridization buffer at 80 ℃for 2 min. After 
washing and dehydration, the sides were observed and detected 
with Prolong Gold Antifade Reagent using DAPI.

Chromatin immunoprecipitation assay

Chromatin immunoprecipitation (ChIP) assay was performed in 
H2170 and SK-MES-1 cells with EZ ChIPTM Chromatin 
Immunoprecipitation kit (Millipore, Burlington, MA, USA) in 
line with the user guide. The cross-linked chromatin was soni
cated into 200–1,000 base pairs fragments and immunoprecipi
tated with anti-MYC (Abcam). Normal rabbit immunoglobulin 
G (IgG) was used as a negative control. RT-qPCR was used to 
analyze the relative enrichment. Three replications were 
conducted.

RNA pull-down assay

In vitro biotin-labeled RNAs (NCK1-AS1 and antisense NCK1- 
AS1) were transcribed using biotin RNA labeling mix (Roche) 
and T7 RNA polymerase (Roche, Oregon, Hillsboro, USA), 

followed by treatment with RNase-free DNase I (Promega). 
Then, RNA was purified with the RNeasy Mini Kit (QIAGEN, 
New York, USA). Biotinylated RNA was cultured with lysates 
from H2170 and SK-MES-1 cells. The pull-down proteins were 
analyzed by RT-qPCR and western blotting.

Statistical analyses

Statistical analyses were conducted by student’s t test and one- 
way ANOVA using GraphPad Prism 6.0 (GraphPad, San 
Diego, CA, USA) and SPSS 19.0 statistical software (SPSS, 
Chicago, IL, USA). The data were expressed as mean ± SD. 
P < .05 was considered as statistical significance.

Results

NCK1-AS1 was upregulated in LUSC cells and promotes 
proliferation and migration in vitro

By analyzing the TCGA data through using GEPIA (http:// 
gepia.cancer-pku.cn/), an online bioinformatics website, we 
found that NCK1-AS1 level was elevated in LUSC samples 
(Figure 1(a)). Consistently, NCK1-AS1 presented high expres
sion in LUSC cell lines, among which SK-MES-1 expressed the 
highest level of NCK1-AS1, whereas H2170 expressed the low
est level (Figure 1(b)).

To figure out the biological function of NCK1-AS1 in 
LUSC, we silenced the expression of NCK1-AS1 in SK-MES 
-1 cells but overexpressed NCK1-AS1 in H2170 cells for loss- 
and gain-of-function assays. Since RT-qPCR data confirmed 
that sh-NCK1-AS1#1/2 knocked down NCK1-AS1 in SK-MES 
-1 cells more efficiently than sh-NCK1-AS1#3, and pcDNA3.1/ 
NCK1-AS1 overexpressed NCK1-AS1 overtly in H2170 cells 
(Figure 1(c)). To avoid the off-target effect, we used sh-NCK1- 
AS1#1/2 (with relative highest knockdown efficiency) for loss- 
of-function assays. Proliferation of SK-MES-1 cells was 
retarded by NCK1-AS1 silence, whereas that of H2170 cells 
was facilitated by NCK1-AS1 overexpression (Figure 1(d)). 
NCK1-AS1 depletion prompted apoptosis in SK-MES-1 cells, 
whereas NCK1-AS1 overexpression had opposite effects 
(Figure 1(e)), which was further demonstrated by flow cyto
metry analysis (Figure S1). Apoptsis-related proteins were also 
mesaured by indicating the effect of NCK1-AS1 on apoptosis. 
As a result, the levels of Bax and Cleaved caspase 3 (pro- 
apoptosis proteins) were enhanced by the knockdown of 
NCK1-AS1 but were decreased by the overexpression of 
NCK1-AS1 (Figure S1B). However, the level of Bcl-2 (anti- 
apoptosis protein) was positively regulated by NCK1-AS1. 
Additionally, we observed that inhibiting NCK1-AS1 expres
sion weakened the migration of SK-MES-1 cells, while ectopic 
expression of NCK1-AS1 led to opposite results in H2170 cells 
(Figure 1(f)). Together, NCK1-AS1 was upregulated in LUSC 
and accelerates cell growth and migration in vitro.

NCK1 was upregulated in LUSC cells and was positively 
regulated by NCK1-AS1

Thereafter, we investigated the mechanism of NCK1-AS1 in 
LUSC. It has been reported that lncRNAs potentially regulate 
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their nearby genes in cancer development.35,36 Through search
ing UCSC (http://genome.ucsc.edu/), we found that NCK1 was 
a gene neighboring to NCK1-AS1. Here, we speculated that 
NCK1-AS1 might regulate NCK1 in LUSC. At first, we identified 
the upregulation of NCK1 in LUSC cell lines (Figure 2(a)). We 
analyzed the correlation between NCK1-AS1 and NCK1 
through the Starbase pan-cancer (http://starbase.sysu.edu.cn/ 
panCancer.php). Intriguingly, NCK1-AS1 had a positive expres
sion correlation with NCK1 in LUSC tissues (Figure 2(b)). Then, 
we evaluated the influence of NCK1-AS1 on NCK1 expression. 
Silence of NCK1-AS1 reduced NCK1 mRNA and protein levels 
in SK-MES-1 cells, and overexpression of NCK1-AS1 exerted 
opposite influences in H2170 cells (Figure 2(c)). NCK1 has been 
reported to drive tumor progression in several cancers, such as in 
colorectal cancer and hepatocellular cancer.21,22 Then, we also 
probed the function of NCK1 in LUSC cells. We silenced NCK1 
in SK-MES-1 cells but overexpressed it in H2170 cells (Figure 2 
(d)). Proliferaion of SK-MES-1 cells was hampered by NCK1 
silence, whereas the proliferation of H2170 cells was strength
ened by NCK1 overexpression (Figure 2(e)). Next, the activity of 

caspase 3 was increased in SK-MES-1 cells upon the knockdown 
of NCK1, while the opposite results were observed in NCK1- 
overexpressed H2170 cells (Figure 2(f)). Besides, the depletion of 
NCK1 resulted in less migrating SK-MES-1 cells (Figure 2(g)). 
Therefore, the data above suggested that NCK1 was positively 
regulated by NCK1-AS1 and exerted an oncogenic role in LUSC.

NCK1-AS1 upregulated NCK1 at transcriptional level by 
interacting with MYC

Subsequently, we explored the mechanism by which NCK1- 
AS1 regulated NCK1 expression. Luciferase reporter assay 
showed that the silencing of NCK1-AS1 expression reduced 
the luciferase activity of NCK1 promoter reporter, whereas 
overexpression of NCK1-AS1 led to the opposite results 
(Figure 3(a)), indicating that NCK1-AS1 could regulate the 
transcription of NCK1. Besides, we identified that NCK1-AS1 
expressed higher in the nucleus of LUSC cells (Figure 3(b) and 
Figure S1C). Studies have shown that nealer lncRNAs could 
regulate the transcription of target genes through interacting 

Figure 1. NCK1-AS1 was upregulated in LUSC cells and promotes proliferation and migration in vitro. (a) The upregulation of NCK1-AS1 in LUSC samples were obtained 
from GEPIA. (b) The upregulation of NCK1-AS1 in LUSC cell lines compared with the normal cell line was confirmed by RT-qPCR analysis. (c) Knockdown efficiency of 
NCK1-AS1 in SK-MES-1 cells and overexpression efficiency of NCK1-AS1 in H2170 cells were confirmed by RT-qPCR. (d) CCK-8 assay was used to detect the proliferation 
of SK-MES-1 and H2170 cells upon knockdown and overexpression of NCK1-AS1. (e) Caspase-3 activity analysis was used to evaluate apoptosis of SK-MES-1 and H2170 
cells. (f) Transwell migration assay was used to determine the migration of SK-MES-1 and H2170 cells. *P < .05, **P < .01.
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with transcriptional factors.27,28 Therefore, we hypothesized 
that NCK1-AS1 regulated NCK1 transcription in this manner.

By searching UCSC, we found that the NCK1 promoter 
contained potential MYC sites (Figure 3(c)). MYC is known 
to be a proto-cancer transcription factor involved in the 
progression of cancers including NSCLC.30–34 Therefore, we 
focused on the investigation of MYC. We confirmed that 
MYC was upregulated in LUSC through GEPIA, and we 
then confirmed the elevation of MYC in LUSC cell lines 
(Figure 3(d)). ChIP assay validated the enrichment of the 
NCK1 promoter in the precipitates of the MYC antibody 
(Figure 3(e)). Then, we evaluated the effect of MYC on 
NCK1. MYC was silenced in SK-MES-1 cells and overex
pressed in H2170 cells as confirmed by RT-qPCR (Figure 3 
(f)). Luciferase reporter assay demonstrated that the 
silenced expression of MYC weakened the transcription of 
NCK1, whereas induced expression of MYC led to opposite 
results (Figure 3(g)). Moreover, the levels of NCK1 mRNA 
and protein were decreased responding to MYC silence in 
SK-MES-1 cells, whereas opposite results were observed in 
the presence of MYC overexpression vector in H2170 cells 
(Figure 3(h)).

Furthermore, pulldown assay depicted the abundance of 
NCK1 promoter and MYC protein in the pulldown of NCK1- 
AS1 rather than antisense NCK1-AS1 (Figure 3(i)), indicating 
that NCK1-AS1 interacted with MYC to target NCK1. 
Furtherly, we observed that the downregulation of NCK1 
induced by NCK1-AS1 silencing was recovered after forced 
expression of MYC (Figure 3(j)). Altogether, these results 
suggested that NCK1-AS1 upregulated NCK1 by interacting 
with MYC to activate NCK1 transcription.

NCK1-AS1 facilitated LUSC progression through 
regulating NCK1

To detect whether NCK1-AS1 regulated LUSC progression 
through NCK1, we designed rescue experiments. The mRNA 
and protein levels of NCK1 decreased by NCK1-AS1 knock
down were recovered by transfection of pcDNA3.1/NCK1 in 
SK-MES-1 cells (Figure 4(a), left). In addition, the enhanced 
levels of NCK1 caused by NCK1-AS1 overexpression were 
reduced after the silencing of NCK1 (Figure 4(a), right). 
Functionally, NCK1 overexpression or knockdown abolished 
the effects of NCK1-AS1 silencing or upregulation on cell 
proliferation (Figure 4(b)). Meanwhile, the apoptosis of SK- 
MES-1 cells facilitated by NCK1-AS1 silencing or overexpres
sion was reversed by overexpressing or downregulating NCK1 
(Figure 4(c)). Finally, the migratory ability of SK-MES-1 cells 
hampered by NCK1-AS1 knockdown was recovered by NCK1 
overexpression (Figure 4(d), left). In H2170 cells, the migration 
induced by strengthened NCK1-AS1 was attenuated after the 
depletion of NCK1 (Figure 4(d), right). In sum, these data 
implied that NCK1-AS1 facilitated proliferation, migration, 
and inhibited apoptosis through regulating NCK1 in LUSC.

NCK1-AS1 silencing led to the inhibition of in vivo tumor 
growth

Finally, in vivo animal model was used to verify the effect of 
NCK1-AS1 silencing on tumor growth. As shown in Figure 5 
(a), tumors in sh-NCK1-AS1#1 group had a smaller size com
pared to those in the sh-NC group. After calculating, we 
determined both the volume and weight of tumors in sh- 

Figure 2. NCK1 was upregulated in LUSC cells and was positively regulated by NCK1-AS1. (a) The upregulation of NCK1 in LUSC cell lines was confirmed by RT-qPCR 
analysis. (b) Positive correlation between NCK1-AS1 and NCK1 expressions in LUSC samples was obtained from Starbase pan-cancer. (c) RT-qPCR and western blot 
analyses were used to detect mRNA and protein levels of NCK1 in SK-MES-1 and H2170 cells. (d) The knocdown efficiency of NCK1 in SK-MES-1 cells and the 
overexpression efficiency of NCK1 in H2170 cells were confirmed by RT-qPCR analysis. (e) CCK-8 assay was used to detect the proliferation of SK-MES-1 cells or H2170 
cells upon knockdown or overexpression of NCK1. (f) Caspase-3 activity analysis was used to evaluate the apoptosis level of SK-MES-1 and H2170 cells after indicated 
transfections. (g) Transwell migration assay was used to determine the migration of SK-MES-1 and H2170 cells after indicated transfections. *P < .05, **P < .01.
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NCK1-AS1#1 were smaller than those in the sh-NC group 
(Figure 5(b,c)). Therefore, we confirmed that NCK1-AS1 accel
erated LUSC cell growth in vivo.

Discussion

Mounting reports have revealed that lncRNAs exert crucial 
impacts on NSCLC progression.8,9 Identification of new 
lncRNAs in LUSC may be helpful to provide a novel treat
ment target in LUSC. The present study was aimed at 
investigating the role of NCK1-AS1 in LUSC. Herein, we 
firstly revealed that NCK1-AS1 level was upregulated in 
LUSC samples according to TCGA data, and confirmed 

the upregulation of NCK1-AS1 in LUSC cell lines, indicat
ing the association of NCK1-AS1 with LUSC. Results of 
loss- and gain-of-function assays suggested that NCK1-AS1 
promoted proliferation, migration, and reduced apoptosis 
in LUSC cells.

Previous studies have unveiled that antisense RNAs could 
regulate their neighbor genes.35,36 Accordingly, our study 
firstly confirmed that NCK1 neighbor to NCK1-AS1, and 
that NCK1-AS1 positively regulated NCK1 expression in 
LUSC. Also, we confirmed the positive correlation between 
NCK1-AS1 and NCK1 in LUSC samples. Previously, several 
studies have illustrated that NCK1 exhibited oncogenic func
tions in cancer progression.21,22 In concordance, we firstly 

Figure 3. NCK1-AS1 upregulated NCK1 at transcriptional level by interacting with MYC. (a) Luciferase reporter assay was used to detect the promoter activity of NCK1 in 
293 T cells. (b) Subcellular fractionation analysis confirmed the localization of NCK1-AS1 expression in SK-MES-1 cells. (c) Potential binding of MYC on NCK1 promoter 
was obtained in UCSC. (d) The upregulation of MYC in LUSC samples was obtained from GEPIA, and was confirmed in LUSC cell lines by RT-qPCR. (E) ChIP assay was used 
to confirm the interaction between MYC and NCK1 promoter. (f) Knockdown of MYC in SK-MES-1 cells and overexpression of MYC in H2170 cells were confirmed by RT- 
qPCR analysis. (g) Luciferase reporter assay was used to detect the promoter activity of NCK1 in 293 T cells. (h) RT-qPCR and western blot analyses were used to detect 
mRNA and protein levels of NCK1 in SK-MES-1 and H2170 cells. (i) Pulldown asssay confirmed the enrichment of NCK1 promoter and MYC protein in NCK1-AS1 
pulldown. (j) SK-MES-1 cells were transfected with sh-NC, sh-NCK1-AS1#1, and sh-NCK1-AS1#1+ pcDNA3.1/MYC, respectively. RT-qPCR and Western blot analyses were 
used to detect mRNA and protein levels of NCK1. *P < .05, **P < .01.
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validated that NCK1 was upregulated in LUSC cells and its 
silence-retarded proliferation, migration, and induced apop
tosis of LUSC cells, indicating that NCK1 was a positive 
regulator of LUSC progression.

Moreover, we interrogated the mechanism by which NCK1- 
AS1 regulated NCK1 expression. We found that NCK1-AS1 
positively regulated promoter activity of NCK1, and that NCK1- 
AS1 could be expressed in the nucleus of LUSC cells, indicating 
that NCK1-AS1 might regulate NCK1 expression at the transcrip
tional level. Previously, studies have proved that nuclear lncRNAs 
can interact with transcription factors (TFs) to induce the tran
scription of target genes.27,28 MYC is a TF that can modulate the 
expression of genes responsible for cell metastasis, survival, and 
proliferation.30–32 Here, we determined that MYC could bind to 
the promoter of NCK1 to induce its upregulation in LUSC cells. 
Furthermore, we disclosed that NCK1-AS1 interacted with MYC 
to target NCK1. Finally, rescue assays indicated the involvement 
of NCK1 in NCK1-AS1-modulated progression of LUSC.

In conclusion, our study first revealed that NCK1-AS1 
promoted the progression of LUSC through transcription
ally activating NCK1 via interacting with MYC, which was 

a novel molecular pathway in LUSC, indicating NCK1-AS1 
as a promising target for LUSC treatment. However, clinical 
studies are required in the future to further validate the 
therapeutic significance of NCK1-AS1 in LUSC.
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Figure 4. NCK1-AS1 facilitated LUSC progression through regulating NCK1. SK-MES-1 cells were transfected with sh-NC, sh-NCK1-AS1#1, and sh-NCK1-AS1#1 
+ pcDNA3.1/NCK1, respectively. H2170 cells were transfected with pcDNA3.1, pcDNA3.1/NCK1-AS1, and pcDNA3.1/NCK1-AS1+ sh-NCK1#1, respectively. Cells were 
harvested after 48 hours for all subsequent rescue assays. (a) RT-qPCR and Western blot analyses were used to detect mRNA and protein levels of NCK1 in SK-MES-1 and 
H2170 cells. (b) CCK-8 assay was used to detect the proliferation of SK-MES-1 and H2170 cells. (c) Caspase-3 activity analysis was used to evaluate the apoptosis level of 
SK-MES-1 and H2170 cells. (d) Transwell migration assay was used to determine the migration of SK-MES-1 and H2170 cells. **P < .01.

Figure 5. NCK1-AS1 silencing led to the inhibition of in vivo tumor growth. (a) Tumors in sh-NCK1-AS1#1 group and sh-NC group. (b) The volume of tumors at different 
time points after injection was calculated and shown. (c) Weight of tumors in two groups was measured after resection. **P < .01.
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