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NCK1-AS1 promotes the progression 
of melanoma by accelerating cell proliferation 
and migration via targeting miR-526b-5p/
ADAM15 axis
Quan Lin1, Yan Jia2, Duo Zhang1 and Hongjuan Jin1*  

Abstract 

Background: Long non-coding RNAs (lncRNAs) are vital regulators of gene expression and cellular processes in mul-
tiple cancers, including melanoma. Nevertheless, the function of lncRNA NCK1-antisense 1 (NCK1-AS1) in melanoma 
remains unknown.

Methods: RT-qPCR was used to analyze the expression of NCK1-AS1, microRNA-526b-5p (miR-526b-5p) and ADAM 
metallopeptidase domain 15 (ADAM15). Cell proliferation was determined by CCK-8, colony formation and EdU 
assays. Cell migration was assessed by transwell migration and wound healing assays. Mechanism experiments 
including luciferase reporter, RIP and RNA pull down assays were conducted to demonstrate the interactions between 
RNAs. Xenograft model was established to verify the function of NCK1-AS1 and miR-526b-5p in melanoma in vivo.

Results: NCK1-AS1 was overexpressed in melanoma cell lines and NCK1-AS1 knockdown hampers the proliferation 
and migration of melanoma cells. Besides, miR-526b-5p binds to NCK1-AS1 in melanoma and ADAM15 was validated 
as its downstream target. Further, the inhibitory effects of NCK1-AS1 knockdown on cell proliferation and migration 
in melanoma were reversed by the depletion of miR-526b-5p and further counteracted by ADAM15 knockdown. The 
growth of melanoma tumors was hindered by the down-regulation of NCK1-AS1 or up-regulation of miR-526b-5p.

Conclusion: NCK1-AS1 facilitates cell proliferation and migration in melanoma via targeting miR-526b-5p/ADAM15 
axis.
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Background
Derived from melanocytes, melanoma is one of the 
aggressive genres of skin cancer with high morbidity 
and mortality [1]. Though great progresses have been 
achieved in melanoma treatment, the survival rate is 
still dismal [2]. Melanoma presents indistinct symptoms, 
resulting in most patients are diagnosed at late stage and 

unable to receive prompt treatment [3]. Nowadays, the 
major treatment options for patients with melanoma are 
surgical resection, radiotherapy and combined chemo-
therapy [4]. However, the results remain unsatisfactory. 
Hence, it is necessary to explore the underlying mecha-
nism of melanoma to develop better therapies for mela-
noma patients.

Previous studies have reported that lncRNAs are key 
regulators in the development of various human can-
cers. For example, SNHG1 boosts the process of non-
small-cell lung cancer via acting as a miR-497 sponge 
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[5]. DILC hinders colorectal cancer cell proliferation and 
migration [6]. SNHG20 contributes to the progression of 
breast cancer via sponging miR-495 [7]. Besides, increas-
ing evidence supports that lncRNAs are involved in the 
development of melanoma. For example, FOXD3-AS1 
facilitates the progression of cutaneous malignant mela-
noma by modulating miR-325 and MAP3K2 [8]. NEAT1 
promotes the proliferation, migration, and invasion of 
melanoma cells by modulating miR-495-3p/E2F3 axis [9]. 
MEG3 enhances the growth, metastasis and formation 
of melanoma via regulating miR-21 and E-cadherin [10]. 
Thus, we intended to further explore lncRNA-related 
regulation of melanoma.

Moreover, NCK1-AS1 has been proved to be related 
with the development of different cancers, including 
prostate cancer [11], osteosarcoma [12], cervical cancer 
[13], glioma [14], etc. Intriguingly, NCK1-AS1 contrib-
utes to the development of cancers by sponging miRNAs 
as a competing endogenous RNA (ceRNA). For instance, 
NCK1-AS1 serves as a tumor-propeller in cervical can-
cer by targeting miR-6857/CDK1 [15]. Therefore, we 
sought to probe into NCK1-AS1-related regulation of 
melanoma.

In conclusion, the present study intended to measure 
the expression level of NCK1-AS1 in melanoma cell lines 
and further investigate the function and ceRNA mecha-
nism of NCK1-AS1 in melanoma, which might offer 
insight into the research on NCK1-AS1 in melanoma.

Materials and methods
Cell lines culture
Human immortalized keratinocyte HaCaT was procured 
from Cell Lines Service (CLS) GmbH (Eppelheim, Baden 
Wurttemberg, Germany) and cultured in high glucose 
DMEM (Gibco, Grand Island, NY, USA), added with 
10% fetal bovine serum (FBS; Gibco) and 1% penicil-
lin–streptomycin (HyClone, Logan, UT, USA). Addition-
ally, human embryonic kidney cells HEK-293 T (ATCC, 
Manassas, VA, USA) were also incubated in DMEM. 
Human melanoma cell lines, including A-375 (ATCC), 
M21 (TongPai Biotechnology Co., Ltd., Shanghai, China), 
A-875 (China Center for Type Culture Collection, 
Wuhan, China), A2058 (ATCC) and M14 (TongPai Bio-
technology Co., Ltd), were also cultured in DMEM. Cells 
were cultured in an incubator containing 5%  CO2 at 37 °C 
(Additional file 1).

Real‑time quantitative polymerase chain reaction 
(RT‑qPCR)
TRIzol Reagent was added into cell samples to isolate 
total RNAs, as per the supplier’s protocols (Invitrogen, 
Carlsbad CA, USA). Afterwards, isolated RNAs were 
reversely transcribed into cDNA using PrimeScript 

Reverse Transcriptase Kit (Takara, Shiga, Japan). 
Then, qPCR was performed with SYBR Green PCR Kit 
(Takara). The relative expression of each gene was calcu-
lated based on the comparative change-in-cycle method 
(ΔΔCt). U6 or GAPDH was used as internal control. 
Primers used for RT-qPCR in this study have been listed 
in Additional file 2: Table S1.

Cell transfection
Melanoma cells were prepared in 6-well plates. The con-
structed shRNAs specifically targeting NCK1-AS1 and 
ADAM15 were purchased from GenePharma (Shang-
hai, China), along with their negative controls (sh/NCs). 
Overexpression plasmids of ADAM15 were acquired 
via inserting the full-length sequence of ADAM15 into 
pcDNA3.1 vector, and the empty vector pcDNA3.1 
served as NC. Additionally, miR-526b-5p inhibitor, miR-
526b-5p mimics and corresponding NCs were synthe-
sized (RiboBio, Guangzhou, China). Lipofectamine 3000 
(Invitrogen) was used for cell transfection. 48  h later, 
transfected cells were collected for further study. Over 
three independent repeats were contained in this assay. 
The sequence of miR-526b-5p was ACA GAA AGT GCT 
TCC CTC AAGAG.

Cell counting kit‑8 (CCK‑8) assay
5 ×  103 melanoma cells were harvested after transfec-
tion and seeded in 96-well plates. Then, 10 μL of CCK-8 
reagent (Dojindo, Kumamoto, Japan) was added to the 
transfected cells. Afterwards, the transfected cells were 
incubated for 2 h. OD value was examined by a spectro-
photometer (Thermo Fisher Scientific, Waltham, MA, 
USA) at 450  nm. More than three independent repeats 
were performed in this assay.

EdU assay
EdU assay was conducted in 96-well plates using Beyo-
Click™ EdU Cell Proliferation Kit (Beyotime, Shanghai, 
China). After overnight cultivation post transfection, 
1  ×   104 transfected melanoma cells were treated with 
EdU kit for 2 h at 37  °C and DAPI staining solution for 
5 min. After rinsing, EdU-positive cells were monitored 
and photographed via a fluorescence microscope (Olym-
pus, Tokyo, Japan). Over three independent repeats were 
conducted in this assay.

Colony formation assay
Transfected melanoma cells were planted into 6-well 
plates with a seeding density of 600 cells each well and 
cultured for 14 days. Colonies were defined as aggregates 
of more than 50 cells. Then, the colonies were fixed by 
methanol and dyed by 0.5% crystal violet. Finally, the 
macroscopically visible colonies were manually counted. 
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More than three independent repeats were performed in 
this assay.

Transwell migration assay
2  ×   104 transfected melanoma cells were harvested 
and re-suspended in serum-free medium for transwell 
migration assay. The transwell upper chambers were pur-
chased from Corning Incorporated (Corning, NY, USA) 
while lower chamber was supplemented with 100% cul-
ture medium. Subsequent to the cultivation for 24  h, 
the migrated cells into lower chambers were fixed by 4% 
paraformaldehyde (PFA) and subjected to staining with 
crystal violet. Five randomly selected fields were analyzed 
with an Olympus optical microscope (Tokyo, Japan). 
More than three independent repeats were performed in 
this assay.

Wound healing assay
1  ×   106 transfected melanoma cells were planted in 
6-well plates until cells reached at about 100% conflu-
ence. Then, wounds were scratched with 200-μL pipette 
tip. The images of wound closure were captured at 0  h 
and 24  h for the detection of cell migration via ImageJ 
software (National Institutes of Health, NIH; Maryland, 
USA). Over three independent repeats were done in this 
assay.

Nucleus‑cytoplasm fractionation
Cytoplasmic & Nuclear RNA Purification Kit (Norgen, 
Belmont, CA, USA) was used to isolate nuclear and cyto-
plasmic RNA fractions. A-375 and M21 cells were treated 
in cell fractionation buffer, and then subjected to cen-
trifugation. The expression of NCK1-AS1 was detected 
in nuclear and cytoplasmic RNA fractions via RT-qPCR. 
U6 and GAPDH were taken as controls. Over three inde-
pendent repeats were conducted in this assay.

FISH
The cultured A-375 and M21 cells were prepared to be 
incubated with FISH probes specifically targeting NCK1-
AS1 (RiboBio) in hybridization buffer. Cell nucleus was 
counterstained by DAPI solution. The fluorescent images 
were captured using a fluorescence microscope (Olym-
pus). Over three independent repeats were done in this 
assay. The sequence of NCK1-AS1 FISH probes used in 
this study has been provided in Additional file 3: Table S2.

RNA‑binding protein immunoprecipitation (RIP)
Melanoma cells were treated with RIP lysis buffer con-
taining protease inhibitors and RNase inhibitors. Sub-
sequently, cell lysates were incubated with the magnetic 
beads bound with Ago2 antibodies (Anti-Ago2) or 
IgG antibodies (Anti-IgG) in RIP buffer. 6  h later, the 

precipitated RNAs were extracted from immunopre-
cipitates and subjected to RT-qPCR analysis. More than 
three independent repeats were performed in this assay.

RNA pull down assay
The melanoma cells were treated with RIPA lysis buffer. 
Then, cell lysates were mixed with the biotin-tagged 
probes of NCK1-AS1 or miR-526b-5p and incubated 
overnight at 4 °C. 30 μL magnetic beads were added after 
the addition of Deoxyribonuclease I (DNase I). Sub-
sequent to the elution, the RNA-protein mixture was 
treated with Proteinase K, followed by RNA isolation and 
RT-qPCR analysis. Over three independent repeats were 
done in this assay.

Luciferase reporter assay
Wild-type (WT) or mutant (Mut) sequence of NCK1-
AS1 or ADAM15 3′-UTR containing binding site with 
miR-526b-5p was sub-cloned into pmirGLO dual-lucif-
erase reporter vectors (Promega) to construct luciferase 
reporter vectors, which were co-transfected into A-375, 
M21 or HEK-293  T cells with the indicated plasmids. 
48 h later, each sample was processed by dual-luciferase 
reporter assay system (Promega) to visualize and analyze 
the luciferase activities. More than three independent 
repeats were performed in this assay.

Xenograft model
For the animal experiments, 12 female nude mice at 
the age of 4–6  weeks were commercially bought from 
the Institute of Zoology, Wuhan University. Mice were 
infected with melanoma and equally divided for two 
animal assays. For each assay, three mice in the control 
group were subcutaneously injected with  106 cells trans-
fected with sh/NC or agomir NC (RiboBio) while the 
three in the treated group with sh/NCK1-AS1#1 or miR-
526b-5p agomir (RiboBio). The tumor volume in mice 
was detected every 4 days. After 28 days, mice were euth-
anized. The weight and volume of tumors were measured 
by an electronic scale and a vernier caliper respectively 
for analysis. Animal study has been approved by the First 
Hospital of Jilin University under Grant (No. 2020-0217).

Statistical analyses
More than three independent repeats were conducted 
in each experiment and the results were exhibited as 
means  ±  standard deviation (SD). Student’s t test, one-
way ANOVA or two-way ANOVA was applied for the 
determination of group difference by the use of Graph-
Pad PRISM 6 (GraphPad, San Diego, CA, USA). In 
addition, data were statistically significant only when p 
value  <  0.05.
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Results
NCK1‑AS1 is overexpressed in melanoma cells and boosts 
cell proliferation and migration in melanoma
Prior to the exploration of NCK1-AS1’s biological role in 
melanoma, we applied RT-qPCR to measure NCK1-AS1 
expression in melanoma cell lines (A-375, M21, A-875, 
A2085 and M14) and human immortalized keratinocytes 
HaCaT. NCK1-AS1 expression was dramatically overex-
pressed in melanoma cell lines in comparison with that 

in HaCaT (Fig.  1A). To investigate the loss-of-function 
or gain-of-function effects of NCK1-AS1 in melanoma, 
we transfected plasmids of sh/NCK1-AS1#1/2/3 or 
pcDNA3.1/NCK1-AS1 into melanoma cells to knock 
down or overexpress NCK1-AS1 (Fig.  1B; Additional 
file 1: Figure S1A). Among the interference plasmids, we 
chose sh/NCK1-AS1#1/2 for further studies for their dis-
playing a relatively higher knockdown efficiency. Subse-
quently, CCK-8, EdU and colony formation assays were 

Fig. 1 NCK1-AS1 is overexpressed in melanoma cells and boosts cell proliferation and migration in melanoma. A RT-qPCR was used to evaluate 
NCK1-AS1 expression in melanoma cell lines (A-375, M21, A-875, A2085 and M14) and normal control (HaCaT). B Knockdown efficiency of sh/
NCK1-AS1 in the transfected melanoma cells with sh/NCK1-AS1#1/2/3 was assessed by RT-qPCR. C–E The proliferative abilities of A-375 and M21 
cells after the transfection of sh/NC or sh/NCK1-AS1#1/2 were assessed by CCK-8, colony formation and EdU assays. F, G The migratory abilities of 
the transfected melanoma cells with sh/NC or sh/NCK1-AS1#1/2 were examined by transwell migration and wound healing assays. *p  <  0.05, **p  <  
0.01
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performed to evaluate the proliferative ability of mela-
noma cells. In CCK-8 assay, OD450 value was obviously 
decreased in the transfected cells with sh/NCK1-AS1#1/2 
or increased in the transfected ones with pcDNA3.1/
NCK1-AS1 compared with the corresponding control 
group (Fig. 1C, Additional file 1: Figure S1B). Addition-
ally, the knockdown of NCK1-AS1 severely reduced the 
percentage of EdU positive cells whereas the up-regu-
lation of NCK1-AS1 distinctly elevated that (Fig.  1D, 
Additional file  1: Figure S1C). Likewise, the number of 
colonies was also dramatically reduced after NCK1-
AS1 was knocked down but significantly increased after 
NCK1-AS1 was overexpressed (Fig. 1E, Additional file 1: 
Figure S1D). Collectively, the above results indicated that 
NCK1-AS1 knockdown conspicuously inhibits cell pro-
liferation while NCK1-AS1 overexpression has the pro-
moting effect in melanoma.

Furthermore, we conducted transwell and wound heal-
ing assays to assess the influence of ectopic expression 
of NCK1-AS1 on melanoma cell migration. Transwell 
assays displayed that the number of migrated cells obvi-
ously was reduced after the transfection of sh/NCK1-
AS1#1/2 into melanoma cells, while the transfection of 

pcDNA3.1/NCK1-AS1 led to an increase on the number 
of migrated cells (Fig.  1F, Additional file  1: Figure S1E). 
Besides, it was implied by wound healing assays that the 
wound width at  24th h normalized to 0 h was increased by 
the depletion of NCK1-AS1 but decreased by the up-reg-
ulation of NCK1-AS1 relative to controls, suggesting that 
cell migratory ability was positively regulated by NCK1-
AS1 (Fig.  1G, Additional file  1: Figure S1F). In a word, 
NCK1-AS1 is up-regulated in melanoma cell lines and 
facilitates cell proliferation and migration in melanoma.

NCK1‑AS1 binds to miR‑526b‑5p
Then, we probed into the downstream target of NCK1-
AS1. To begin with, subcellular fractionation and FISH 
assays were performed to locate NCK1-AS1 in mela-
noma cells. Results disclosed that NCK1-AS1 was mainly 
distributed in cytoplasm (Fig. 2A, B). Given that ceRNA 
happens in cytoplasm, NCK1-AS1 was considered to 
have the potential to be involved in the ceRNA mecha-
nism. Next, RIP assays showed that NCK1-AS1 was 
abundantly precipitated by Ago2 antibodies compared 
to Anti-IgG groups (Fig.  2C). Considering that the pre-
cipitation was caused by the existence of RNA-induced 

Fig. 2 NCK1-AS1 binds to miR-526b-5p. A, B Subcellular fractionation and FISH assays were conducted to determine the localization of NCK1-AS1 
in melanoma cells. C RIP assays were performed to examine whether NCK1-AS1 exists in Ago2-RISCs. D RNA pull down assays were performed to 
screen out the downstream gene of NCK1-AS1. E RIP assays demonstrated that NCK1-AS1 and miR-526b-5p coexisted in RISCs. **p  <  0.01
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silencing complexes (RISCs) comprising of Ago2 and 
microRNAs (miRNAs) [16], it was hypothesized that 
NCK1-AS1 could bind to specific miRNAs in melanoma 
cells. Then, starBase (https:// starb ase. gene. com/; CLIP-
Data  ≥  1; Pan-Cancer  ≥  4) was used to predict miRNAs 
that could bind with NCK1-AS1. Five potential target 
miRNAs were screened out. RT-qPCR assay showed that 
the expression of miR-526b-5p in melanoma cells was sig-
nificantly lower than the other four candidates, implying 
the potential of miR-526b-5p as the downstream gene of 
NCK1-AS1 in melanoma (Additional file 1: Figure S1G). 
Also, RNA pull down assays demonstrated that miR-
526b-5p was significantly enriched in Bio-NCK1-AS1 
binding pulldowns compared with the other 4 miRNAs 
(Fig. 2D). In this way, the interaction between NCK1-AS1 
and miR-526b-5p was determined. RIP assays showed 
that miR-526b-5p and NCK1-AS1 both abundantly coex-
isted in RISCs, verifying that NCK1-AS1 acts as a ceRNA 
to target miR-526b-5p in melanoma (Fig. 2E). In conclu-
sion, NCK1-AS1 binds to miR-526b-5p as a ceRNA.

NCK1‑AS1 binds to miR‑526b‑5p to regulate ADAM15
Furthermore, we explored the downstream target of miR-
526b-5p in melanoma. With the help of bioinformat-
ics starBase (https:// starb ase. gene. com/; Pan-Cancer  ≥  
10), seven putative messenger RNAs (mRNAs) that bind 
with miR-526b-5p were predicted. RT-qPCR was carried 
out to evaluate the expressions of candidate mRNAs in 
melanoma cell lines. ADAM15 was markedly highly-
expressed relative to the other seven candidate mRNAs 
(Additional file  1: Figure S1H). Besides, RT-qPCR was 
performed to investigate the regulation relationship of 
miR-526b-5p and candidate mRNAs in melanoma cells. 
Results revealed that only the level of ADAM15 was ter-
ribly diminished by the up-regulation of miR-526b-5p 
while the other candidate mRNAs had no marked change 
(Fig. 3A). Thus, ADAM15 was verified as the downstream 
target of miR-526b-5p in melanoma. Next, RIP assay 
exhibited that NCK1-AS1, miR-526b-5p and ADAM15 
were all significantly enriched in Ago2 antibody groups, 
suggesting the interplay among miR-526b-5p, NCK1-
AS1 and ADAM15 in melanoma cells (Fig. 3B).

Moreover, RNA pull down assays showed that both 
NCK1-AS1 and ADAM15 were pulled down by Bio-
miR-526b-5p-WT while Bio-miR-526b-5p-Mut groups 
had no marked change compared to controls (Fig.  3C). 
Then, the binding sites between miR-526b-5p and 
NCK1-AS1 were predicted prior to luciferase reporter 
assays. The results of luciferase reporter assays showed 
that the transfection of miR-526b-5p mimics dramati-
cally weakened the luciferase activity of NCK1-AS1-WT 

but failed to have the inhibitory effect on that of NCK1-
AS1-Mut in A-375, M21 and HEK-293 T cells (Fig. 3D). 
Accordingly, the luciferase activity of ADAM15-WT 
was severely decreased while that of ADAM15-Mut 
was little influenced by the transfection of miR-526b-5p 
mimics (Fig.  3E). Collectively, the interaction between 
miR-526b-5p and NCK1-AS1 or ADAM15 was achieved 
through the corresponding predictive binding site. 
Moreover, as displayed in rescue experiments, the lucif-
erase activity of ADAM15-WT hindered by the overex-
pression of miR-526b-5p was reversed by up-regulated 
NCK1-AS1, verifying the interplay among miR-526b-5p, 
NCK1-AS1 and ADAM15 (Fig. 3F). To sum up, NCK1-
AS1 regulates ADAM15 by binding to miR-526b-5p in 
melanoma.

NCK1‑AS1 accelerates cell proliferation and migration 
in melanoma by targeting miR‑526b‑5p/ADAM15 axis
Next, we carried out rescue experiments to examine 
whether NCK1-AS1 exerts its function in melanoma 
cells via regulating miR-526b-5p and ADAM15. Results 
of CCK-8, colony formation and EdU assays showed 
that the proliferation of A-375 cells inhibited by NCK1-
AS1 knockdown was restored by silenced miR-526b-5p. 
In addition, ADAM15 knockdown countervailed the 
promoting effect on cell proliferation induced by miR-
526b-5p down-regulation (Fig.  4A–C). Likewise, wound 
healing and transwell migration assays showed that 
miR-526b-5p depletion offset the inhibited cell migra-
tion imposed by NCK1-AS1 knockdown, but ADAM15 
knockdown hampered the migration of melanoma cells 
again (Fig.  4D, E). Altogether, NCK1-AS1 enhances cell 
proliferation and migration in melanoma by targeting 
miR-526b-5p/ADAM15 axis.

NCK1‑AS1 promotes the carcinogenesis of melanoma while 
miR‑526b‑5p has the inhibitory effect in vivo
To verify the hypothesis that NCK1-AS1 functions as a 
tumor promoter in melanoma and determine the func-
tion of miR-526b-5p, xenograft models were estab-
lished. The tumor growth and weight were significantly 
impaired by sh/NCK1-AS1#1 (Fig.  5A, B). Expectedly, 
miR-526b-5p agomir obviously suppressed tumor growth 
and reduced the tumor weight (Fig.  5C, D). Altogether, 
NCK1-AS1 drives carcinogenesis in  vivo while miR-
526b-5p has the opposite effect in melanoma.

Discussion
Melanoma is a common type of skin cancer which 
derives from melanocytes and has high morbidity and 
mortality [1]. In the past decades, emerging evidences 

https://starbase.gene.com/
https://starbase.gene.com/
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have demonstrated that lncRNAs are key regulators in 
the development of multiple cancers including mela-
noma. Many lncRNAs have been proved to be onco-
genes in melanoma, such as FOXD3-AS1 [8], NEAT1 [9], 
MALAT1 [17] and MEG3 [10]. Therefore, it is worthwhile 
to probe into lncRNAs and investigate their functions in 

melanoma. In this study, NCK1-AS1 was determined as 
the research object because of its significantly aberrant 
expression in melanoma cell lines. Based on the previous 
review, NCK1-AS1 was reported to exert an oncogenic 
function in the growth of nasopharyngeal carcinoma by 
sponging miR-135a [18]. Besides, NCK1-AS1 has been 

Fig. 3 NCK1-AS1 binds to miR-526b-5p to regulate ADAM15. A Expressions of 7 mRNAs (MPC2, MYO5C, CLN6, ADAM15, ABHD14B, PPA2 and 
CORO2A) in the transfected melanoma cells with miR-526b-5p mimics were analyzed by RT-qPCR. B, C RIP and RNA pull down assays validated 
the interaction among NCK1-AS1, miR-526b-5p and ADAM15. D, E The binding sites of miR-526b-5p and NCK1-AS1/ADAM15 were predicted by 
the starBase. The binding between miR-526b-5p and NCK1-AS1/ADAM15 in melanoma were verified by luciferase reporter assays. F Luciferase 
reporter assays were conducted in A-375, M21, HEK-293 T cells which were transfected with NC mimics, miR-526b-5p mimics or co-transfected with 
miR-526b-5p mimics and overexpressing NCK1-AS1. **p  <  0.01
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validated to accelerate the development of ovarian can-
cer [19]. In addition, its promoting role in prostate can-
cer [11], osteosarcoma [12], cervical cancer [13], glioma 
[14], etc. gives more evidence to the research value of 
the investigation into NCK1-AS1 in human cancers. In 
this study, NCK1-AS1 was observed to be overtly over-
expressed in melanoma cell lines compared with HaCaT 
cell line. More importantly, the present study, for the first 
time demonstrated that NCK1-AS1 serves as an onco-
gene in melanoma.

In addition, ADAM15 has been proved to be essen-
tial in the metastasis of melanoma in previous studies 
[20, 21]. However, the ceRNA mechanism of ADAM15 
in melanoma was not discussed and studied. Herein, we 
investigated the ceRNA network related to ADAM15 
in melanoma. Moreover, miR-526b-5p has been illus-
trated to inhibit osteosarcoma and oral squamous cell 
carcinoma [22, 23]. But research on miR-526b-5p in 

melanoma was still unknown. In this study, the inhibitory 
effect of miR-526b-5p on the tumorgenesis of melanoma 
was elucidated through in vivo experiments.

In this study, FISH and subcellular fractionation assays 
showed that NCK1-AS1 was mainly located in the cyto-
plasm of melanoma cells. Then, the downstream tar-
gets of NCK1-AS1 were determined as miR-526b-5p 
and ADAM15 through a series of functional assays and 
mechanism investigations. In this study, NCK1-AS1/
miR-526b-5p/ADAM15 axis was validated to modu-
late the proliferation and migration of melanoma cells. 
Besides, this study demonstrated that NCK1-AS1 could 
accelerate the growth of melanoma tumors in vivo.

In short, our study demonstrated the facilitating role 
of NCK1-AS1 in melanoma and clarified the underlying 
mechanism of NCK1-AS1/miR-526b-5p/ADAM15 axis 
in melanoma, offering potential targets for melanoma 
treatment. As for the future direction, the investigations 

Fig. 4 NCK1-AS1 accelerates the proliferation and migration of melanoma cells by targeting miR-526b-5p/ADAM15 axis. A–C CCK-8, colony 
formation and EdU assays were used to measure the proliferation of the transfected melanoma cells. D, E Wound healing and transwell migration 
assays were carried out to evaluate the migration of the transfected melanoma cells. **p  <  0.01
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into the clinicopathological traits of melanoma patients 
and the mechanism of NCK1-AS1 transcription in mela-
noma will be performed in the further exploration.

Conclusion
In conclusion, our study has certified that NCK1-AS1 
boosts the progression of melanoma cells via miR-
526b-5p/ADAM15 axis, offering insight into melanoma 
treatment.

Abbreviations
NCK1-AS: 1NCK1-antisense 1; ADAM15: ADAM metallopeptidase domain 
15; lncRNAs: Long non-coding RNAs; mRNAs: Messenger RNAs; miRNAs: 
MicroRNAs; ceRNA: Competing endogenous RNA; ATCC : American type 
culture collection; FBS: Fatal bovine serum; qRT-PCR: Quantitative real-time 
polymerase chain reaction; PFA: Paraformaldehyde; CCK-8: Cell counting kit-8; 
EdU: 5-Ethynyl-2′-deoxyuridine; DAPI: 4′,6-Diamidino-2-phenylindole; FISH: 
Fluorescence in situ hybridization; RIP: RNA immunoprecipitation; WT: Wild-
type; Mut: Mutant; SD: Standard deviation; ANOVA: Analysis of variance.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12935- 021- 02055-y.

Additional file 1: Figure S1. (A) Knockdown efficiency of sh/NCK1-
AS1#1/2/3 and overexpression efficiency of pcDNA3.1/NCK1-AS1 were 
assessed by RT-qPCR in the transfected A-875, A2058 and M14 cells. (B–D) 
The proliferation of A-875, A2058 and M14 cells were assessed by CCK-8, 
colony formation and EdU assays after the transfection of the indicated 
plasmids. (E, F) The migration of A-875, A2058 and M14 cells transfected 
with different plasmids were examined by transwell and wound healing 
assays. (G) RT-qPCR was performed to analyze relative expression levels of 
candidate miRNAs in melanoma cells which presented a relatively high 
expression of NCK1-AS1 (A-375 and M21). (H) RT-qPCR was applied to 
analyze relative expression levels of candidate mRNAs in A-375 and M21 
cells. **P<0.01.

Additional file 2: Table S1. Primer sequences used in RT-qPCR.

Additional file 3: Table S2. Sequence of NCK1-AS1 FISH probe.

Acknowledgements
We sincerely appreciate all lab members.

Fig. 5 NCK1-AS1 promotes the carcinogenesis of melanoma while miR-526b-5p has the inhibitory effect in vivo. A The volume of melanoma 
tumors in nude mice was detected every four days after the injection of the melanoma cells transfected with sh/NC or sh/NCK1-AS1#1. B Tumor 
weight was evaluated after the excision of tumors from mice. C The volume of melanoma tumors in nude mice was detected every four days after 
the injection of the melanoma cells transfected with agomir NC or miR-526b-5p agomir. D Tumor weight was evaluated after the excision of tumors 
from mice. **p  <  0.01

https://doi.org/10.1186/s12935-021-02055-y
https://doi.org/10.1186/s12935-021-02055-y


Page 10 of 10Lin et al. Cancer Cell Int          (2021) 21:367 

Authors’ contributions
HJ conducted functional assays, YJ and DZ made statistical analysis, QL edited 
manuscript. All authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This animal assay has been approved by the First Hospital of Jilin University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Plastic and Reconstructive Surgery, The First Hospital of Jilin 
University, 71 Xinmin Street, Changchun, Jilin, China. 2 Department of Obstet-
rics and Gynecology, The Second Hospital of Jilin University, Changchun, Jilin, 
China. 

Received: 24 June 2020   Accepted: 25 June 2021

References
 1. Guy GP Jr, Thomas CC, Thompson T, Watson M, Massetti GM, Rich-

ardson LC. Vital signs: melanoma incidence and mortality trends and 
projections—United States, 1982–2030. MMWR Morb Mortal Wkly Rep. 
2015;64(21):591–6.

 2. D’Antonio A, Addesso M, Quaranta R, Cremone C, Cremone L. Malignant 
melanoma of nipple: a rare case. Breast J. 2017;23(2):233–4.

 3. Canters RA, Lips IM, Wendling M, Kusters M, van Zeeland M, Gerritsen RM, 
Poortmans P, Verhoef CG. Clinical implementation of 3D printing in the 
construction of patient specific bolus for electron beam radiotherapy for 
non-melanoma skin cancer. Radiother Oncol J Eur Soc Ther Radiol Oncol. 
2016;121(1):148–53.

 4. Mishra H, Mishra PK, Ekielski A, Jaggi M, Iqbal Z, Talegaonkar S. Melanoma 
treatment: from conventional to nanotechnology. J Cancer Res Clin 
Oncol. 2018;144(12):2283–302.

 5. Li Z, Lu Q, Zhu D, Han Y, Zhou X, Ren T. Lnc-SNHG1 may promote the pro-
gression of non-small cell lung cancer by acting as a sponge of miR-497. 
Biochem Biophys Res Commun. 2018;506(3):632–40.

 6. Gu LQ, Xing XL, Cai H, Si AF, Hu XR, Ma QY, Zheng ML, Wang RY, Li HY, 
Zhang XP. Long non-coding RNA DILC suppresses cell proliferation and 
metastasis in colorectal cancer. Gene. 2018;666:18–26.

 7. Guan YX, Zhang MZ, Chen XZ, Zhang Q, Liu SZ, Zhang YL. Lnc RNA 
SNHG20 participated in proliferation, invasion, and migration of breast 
cancer cells via miR-495. J Cell Biochem. 2018;119(10):7971–81.

 8. Chen X, Gao J, Yu Y, Zhao Z, Pan Y. LncRNA FOXD3-AS1 promotes prolif-
eration, invasion and migration of cutaneous malignant melanoma via 
regulating miR-325/MAP3K2. Biomed Pharmacother. 2019;120:109438.

 9. Xia Y, Zhou Y, Han H, Li P, Wei W, Lin N. lncRNA NEAT1 facilitates mela-
noma cell proliferation, migration, and invasion via regulating miR-
495-3p and E2F3. J Cell Physiol. 2019;234(11):19592–601.

 10. Wu L, Zhu L, Li Y, Zheng Z, Lin X, Yang C. LncRNA MEG3 promotes mela-
noma growth, metastasis and formation through modulating miR-21/E-
cadherin axis. Cancer Cell Int. 2020;20:12.

 11. Guan Z, Song Y, Ma J, Li F, Zhao X, Liang G, An H, Pu J. Altered expression 
of lncRNA NCK1-AS1 distinguished patients with prostate cancer from 
those with benign prostatic hyperplasia. Oncol Lett. 2019;18(6):6379–84.

 12. Cheng Y, Shen X, Zheng M, Zou G, Shen Y. Knockdown Of lncRNA 
NCK-AS1 regulates cisplatin resistance through modulating miR-137 in 
osteosarcoma cells. Onco Targets Ther. 2019;12:11057–68.

 13. Huang L, Gan X, He L, Wang L, Yu J. Silencing of long non-coding RNA 
NCK1-AS1 inhibits cell proliferation and migration via inhibition of micro-
RNA-134 in cervical cancer. Exp Ther Med. 2019;18(3):2314–22.

 14. Wang B, Wang K, Jin T, Xu Q, He Y, Cui B, Wang Y. NCK1-AS1 enhances 
glioma cell proliferation, radioresistance and chemoresistance via miR-
22–3p/IGF1R ceRNA pathway. Biomed Pharmacother. 2020;129:110395.

 15. Li H, Jia Y, Cheng J, Liu G, Song F. LncRNA NCK1-AS1 promotes prolifera-
tion and induces cell cycle progression by crosstalk NCK1-AS1/miR-6857/
CDK1 pathway. Cell Death Dis. 2018;9(2):198.

 16. Chen Y, Yang F, Fang E, Xiao W, Mei H, Li H, Li D, Song H, Wang J, Hong M, 
et al. Circular RNA circAGO2 drives cancer progression through facilitating 
HuR-repressed functions of AGO2-miRNA complexes. Cell Death Differ. 
2019;26(7):1346–64.

 17. Wang P, Hu L, Fu G, Lu J, Zheng Y, Li Y, Jia L. LncRNA MALAT1 promotes 
the proliferation, migration, and invasion of melanoma cells by down-
regulating miR-23a. Cancer Manag Res. 2020;12:6553–62.

 18. Hu H, Li H, Feng X. Downregulation of lncRNA NCK1-AS1 inhibits cancer 
cell migration and invasion in nasopharyngeal carcinoma by upregulat-
ing miR-135a. Cancer Manag Res. 2019;11:10531–7.

 19. Chang H, Li B, Zhang X, Meng X. NCK1-AS1 promotes NCK1 expression to 
facilitate tumorigenesis and chemo-resistance in ovarian cancer. Biochem 
Biophys Res Commun. 2020;522(2):292–9.

 20. Ungerer C, Doberstein K, Bürger C, Hardt K, Boehncke WH, Böhm B, 
Pfeilschifter J, Dummer R, Mihic-Probst D, Gutwein P. ADAM15 expression 
is downregulated in melanoma metastasis compared to primary mela-
noma. Biochem Biophys Res Commun. 2010;401(3):363–9.

 21. Schönefuß A, Abety AN, Zamek J, Mauch C, Zigrino P. Role of ADAM-
15 in wound healing and melanoma development. Exp Dermatol. 
2012;21(6):437–42.

 22. Liu P, Liu W, Gao H, Zhang Y, Yan M, Wang X. Circ0085539 promotes 
osteosarcoma progression by suppressing miR-526b-5p and PHLDA1 
axis. Front Oncol. 2020;10:1250.

 23. Zhao W, Cui Y, Liu L, Qi X, Liu J, Ma S, Hu X, Zhang Z, Wang Y, Li H, et al. 
Correction to: splicing factor derived circular RNA circUHRF1 accelerates 
oral squamous cell carcinoma tumorigenesis via feedback loop. Cell 
Death Differ. 2020;27(6):2033–4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	NCK1-AS1 promotes the progression of melanoma by accelerating cell proliferation and migration via targeting miR-526b-5pADAM15 axis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Cell lines culture
	Real-time quantitative polymerase chain reaction (RT-qPCR)
	Cell transfection
	Cell counting kit-8 (CCK-8) assay
	EdU assay
	Colony formation assay
	Transwell migration assay
	Wound healing assay
	Nucleus-cytoplasm fractionation
	FISH
	RNA-binding protein immunoprecipitation (RIP)
	RNA pull down assay
	Luciferase reporter assay
	Xenograft model
	Statistical analyses

	Results
	NCK1-AS1 is overexpressed in melanoma cells and boosts cell proliferation and migration in melanoma
	NCK1-AS1 binds to miR-526b-5p
	NCK1-AS1 binds to miR-526b-5p to regulate ADAM15
	NCK1-AS1 accelerates cell proliferation and migration in melanoma by targeting miR-526b-5pADAM15 axis
	NCK1-AS1 promotes the carcinogenesis of melanoma while miR-526b-5p has the inhibitory effect in vivo

	Discussion
	Conclusion
	Acknowledgements
	References




