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Abstract: The long non-coding RNA (lncRNA) NKILA has been reported to participate in the development of human 
cancers. The purpose of this study was to explore the potential role of lncRNA-NKILA, which acts through NF-ĸB, in 
the process of melanoma development. Real-time PCR (qRT-PCR) showed that NKILA was expressed at low levels 
in human melanoma tissues. The area under the ROC curve of NKILA was 0.875, which indicated that NKILA may 
be a potential diagnostic biomarker of melanoma. Our results also indicated that NKILA inhibited the progression 
of cell proliferation, migration, and invasion, and promoted apoptosis of melanoma cells. Furthermore, qRT-PCR 
showed that NF-κB, which was negatively correlated with NKILA, was highly expressed in human melanoma tissues. 
Moreover, our results indicated that NKILA inhibited the carcinogenesis of melanoma cells through the inhibition of 
NF-ĸB in vitro. More importantly, we found that NKILA suppressed the growth of melanoma tumors via NF-ĸB in vivo. 
In conclusion, NKILA suppressed the development of malignant melanoma via the regulation of NF-ĸB and may be 
a potential therapeutic target in patients with melanoma.
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Introduction 

Melanoma is one of the most common cancers 
worldwide. It is second in incidence only to 
breast cancer in women, and in male cancer 
patients under 40 years of age, it is second 
only to leukemia [1]. It has been reported that 
approximately 200,000 new cases of malig-
nant melanoma occur globally each year and 
that an estimated 46,000 deaths occur from 
the disease worldwide each year [2]. Recently, 
the incidence of melanoma has continued to 
increase in many countries such as Australia 
and New Zealand [3], where the incidence rates 
are the highest worldwide, but its incidence has 
also increased in Europe [4-6] and North 
America [7, 8] over the last 50 years [3, 9, 10]. 
Melanoma is regarded as the most malignant 
skin neoplasm, and distant metastasis is com-
mon. Therefore, early diagnosis and prompt 
treatment are urgent. Presently, effective bio-
markers are scarce, and the diagnostic tech-

nology for melanoma is limited. Therefore, it is 
important that the molecular and functional 
mechanisms of melanoma be investigated.

Long non-coding RNAs (lncRNAs), such as Xist 
[11], NEAT1 [12], MALAT-1 [13] and H19 [14, 
15], have been found to be of crucial functional 
importance in the pathogenesis of some dis-
eases. With the development of sequencing 
technologies and the characterization of func-
tional genomic elements, approximately 9640 
lncRNA loci have been found in the human 
genome [16, 17], and this number continues to 
grow. Accumulating evidence has indicated that 
lncRNAs play important roles in tumorigenesis 
through the regulation of gene expression, such 
as the regulation of transcription, post-tran-
scription events, and chromatin modification 
[18-20]. Therefore, lncRNAs are regarded as 
important therapeutic targets for cancer. 
However, functional and mechanistic studies of 
the lncRNA NKILA in melanoma have not been 
widely conducted. 
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One study found that NF-κB serves as a nuclear 
factor that binds to the enhancer element of 
activated B cells [21, 22]. Other studies indi-
cated that NF-κB possesses specific DNA bind-
ing activity and that it can regulate a massive 
number of target genes with a variety of func-
tions [23]. At present, growing evidence sug-
gests that NF-κB plays a crucial role in multiple 
steps of cancer initiation and progression and 
that it is regarded as a cancer treatment target 
[24]. Recent studies have also indicated that 
NF-ĸB can interact with NKILA during cancer 
development [25]. It has also been found that 
NKILA combines with the NF-κB/IκB complex to 
suppress NF-κB signaling via the inhibition of 
IκB, which stabilizes the complex [26]. However, 
the effects of the interaction of NKILA and 
NF-ĸB on the development of melanoma are 
not entirely clear.

To better understand the mechanism of mela-
noma occurrence, we detected the mRNA 
expression levels of NKILA and NF-ĸB in human 
melanoma tissues and examined the correla-
tion between NKILA or NF-ĸB and the clinical 
features of the disease. We also examined the 
prognosis of melanoma and the effects of 
NKILA on the cell cycle progression, prolifera-
tion, apoptosis, migration, and invasiveness of 
melanoma cells. In addition, the regulatory 
relationship between NKILA and NF-ĸB in mela-
noma tissues and cells, and the roles of NKILA 
on the growth of melanoma via NF-ĸB in vivo 
were also studied. Consequently, it is well 
established that melanoma is driven by the 
inhibition of NKILA, which occurs most fre-
quently through the activation of NF-ĸB.

Materials and methods

Clinical specimens

In this study, we collected tissue samples from 
92 patients with melanoma at the General 
Hospital of Jinan Military Command between 
2007 and 2016. Each patient provided inform- 
ed consent. This study was also approved by 
the Ethics Committee of The General Hospital 
of Jinan Military Command. The histological 
diagnosis of melanoma was evaluated accord-
ing to the World Health Organization (WHO) cri-
teria. All tissue samples were stored at -80°C.

Cell lines 

Human Epidermal Melanocytes, neonatal 
(HEMn) cells were purchased from American 

Type Culture Collection (ATCC, Manassas, VA, 
USA), and melanoma cell lines (M21, B16, MEL-
RM, MM200, A375 and A2058) were pur-
chased from the Type Culture Collection of the 
Chinese Academy of Sciences, Shanghai, 
China. HEMn cells were cultured in Melanocyte 
Growth Media (PromoCell, Shanghai, China), 
A2058, B16, and A375 cells were cultured in 
Dulbecco’s Modified Eagle’s medium (DMEM) 
and M21, MEL-RM and MM200 cells were 
maintained in RPMI 1640 medium (Invitrogen, 
Carlsbad, CA, USA). All media were supplement-
ed with 10% fetal bovine serum (FBS) (Sigma 
Aldrich) and 100 U/mL penicillin/streptomycin 
(Invitrogen, Carlsbad, CA). All cells were cul-
tured at 37°C in an appropriate incubator in an 
atmosphere of 5% CO2.

Lentiviral vector construction, production and 
transfection

Human NKILA and NF-κB full-length cDNAs 
were amplified by PCR from the mRNA of A2058 
cells. Then, the PCR products were each insert-
ed into a lentiviral vector. A lentiviral vector ex- 
pressing Enhanced Green Fluorescent Protein 
(EGFP) was used as a control. The objective 
products were cloned into a pcDNA3.1 vector 
(Invitrogen). In addition, the shNKILA sequenc-
es were designed, and shLUC was used as the 
negative control (NC). We synthesized DNA 
fragments of shRNA and cloned the shRNA 
fragments into a human U6 promoter-contain-
ing pBluescript SK (+) plasmid (pU6) after 
annealing. Then, the U6-shRNA was cloned into 
a lentiviral vector [27, 28]. The constructed vec-
tors and the lentiviral packaging vectors 
(pMD2.G, pMDL-G/P-RRE, pRSV-REV) were 
cotransfected into HEK293T cells for 48 hrs. 
Lentiviruses were produced, harvested, and 
purified by ultracentrifugation. A2058 and M21 
cells (1 × 104 cells/well) were seeded in 24-well 
plates. A2058 cells were transfected with 
NKILA or the control using 8 μg/mL polybrene 
(Sigma), and similarly, M21 cells were trans-
fected with shNKILA or the control; 800 μg/ml 
G418 (Sigma) was then used to screen the sta-
bly transfected cells.

SiRNA transfection

An siRNA that targets the human NF-κB gene 
was designed based on the public GenBank 
and was purchased from GenePharma (Gene- 
Pharma Co., Ltd., Shanghai, China). The 
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sequences of NF-κB siRNAs were as follows: 
(sense) 5’-GGA CAU AUG AGA CCU UCA AdT 
dT-3’, and (antisense) 5’-UUG AAG GUC UCA 
UAU GUC CdT dT-3’. A2058 and M21 cells (2 × 
104 cells/well) were seeded in 6-well plates 
and were transfected with 50 nM scrambled 
siRNA (Negative control, NC) or NF-κB-siRNA 
using Lipofectamine 3000 (Invitrogen, Carls- 
bad, CA, USA) according to the manufacturer’s 
protocol.

Quantitative real-time reverse transcription 
PCR (qRT-PCR) 

According to the manufacturer’s instructions, 
total RNA was isolated from melanoma tissues, 
HEMn cells, melanoma cells and the treated 
A2058 and M21 cells using TRIzol (Invitrogen, 
CA, USA). The RevertAid First Strand cDNA 
Synthesis kit (Thermo Fisher) along with ran-
dom primers and corresponding total RNA was 
used to synthesize cDNA. As described previ-
ously [28], the cDNA template was amplified by 
qRT-PCR using a SYBR-Green PCR Master Mix 
kit (Takara). The primer sequences for NKILA 
were: 5’-TGG ATT GTT GGG TAT ATT TTG GA-3’ 
(the forward primer) and 5’-TGT ATG AAG AGG 
ATG CTG AAG GC-3’ (the reverse primer). The 
primer sequences for NF-κB were: 5’-ACA AGT 
GGC CAT TGT GTT CC-3’ (the forward primer) 
and 5’-ACG TTT CTC CTC AAT CCG GT-3’ (the 
reverse primer). The primer sequences for 
GAPDH were: 5’-CCT CGT CTC ATA GAC AAG ATG 
GT-3’ (the forward primer) and 5’-GGG TAG AGT 
CAT ACT GGA ACA TG-3’ (the reverse primer) 
(internal control).

Western blot assay 

Tissue samples and the treated cells were 
lysed in Radio Immunoprecipitation Assay 
(RIPA) buffer (Thermo Scientific, Rockford, IL, 
USA) and Protease Inhibitor (Thermo Fisher 
Scientific, Waltham, MA, USA). The total protein 
(30 μg) in equal concentration was separated 
by 8% SDS/PAGE gels and transferred to a poly-
vinylidene fluoride membrane (PVDF, Millipore, 
Billerica, MA, USA). The PVDF membranes were 
blocked for 2 hrs in 5% skim milk at room tem-
perature and were then incubated with the 
appropriate primary antibodies at 4°C over-
night. The following day, the membranes were 
incubated with HRP-conjugated secondary anti-
body for 1 h at room temperature. All blots were 
visualized using an enhanced chemilumines-

cence (ECL) substrate kit (Amersham Biosci- 
ences) and an enhanced chemiluminescence 
detection system (Amersham Biosciences). The 
antibodies used were rabbit anti-GAPDH 
(1:1000; Santa Cruz Biotechnology, Santa Cruz, 
CA, USA) and rabbit anti-NF-κB (1:1000; Cell 
Signaling Technology, Beverly, MA, USA).

Proliferation assay

The treated A2058 and M21 cells (4000 cells/
well) were seeded in 96-well plates and incu-
bated at 37°C for 1, 2, 3, 4, or 5 days, after 
which 10 μl of MTT solution (5 mg/ml) was 
added to each well at the indicated time points. 
After 4 hrs, 200 μl dimethyl sulfoxide (DMSO) 
was added to each well to dissolve the precipi-
tates. Then, the absorbance value was mea-
sured at 490 nm using a micro-plate reader 
(Bio Tek Instruments, Inc., Winooski, VT, USA).

Flow cytometric analysis 

For the cell cycle assay, the treated A2058 and 
M21 cells were collected, fixed in 70% ethanol, 
and stained with propidium iodide solution. For 
the cell apoptosis assay, cells (1 × 106 cells/
mL) were digested, dispersed, centrifuged, col-
lected, washed with cold PBS and resuspended 
in 1 × binding buffer. The cells were then dou-
ble-stained with a phosphatidylethanolamine 
(PE) and annexin-V-FITC staining kit (BD Bio- 
sciences). The flow cytometry images of the cell 
cycle were obtained and analyzed using a 
FACSCalibur system (BD Biosciences) and 
FlowJo software (Tree Star Corp, Ashland, OR, 
USA).

Migration and invasion assays

Transwell chambers (Corning Costar Corp., 
Cambridge, MA, USA) were used in the migra-
tion and invasion assays. In all, 200 μl of the 
treated A2058 and M21 cells (5 × 105) incu-
bated in serum-free medium were seeded in 
the upper chamber, while 600 μl complete 
medium supplemented with 10% FBS was 
added to the lower chamber. For the invasion 
assays, the upper chambers were pre-coated 
with Matrigel (BD Biosciences, San Diego, CA, 
USA). After 24 hrs, the migratory and invasive 
cells were fixed in 4% paraformaldehyde and 
stained in 0.1% crystal violet solution, and then 
cells on the upper membrane were removed. 
Finally, the migratory and invasive cells were 
photographed and counted.
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Tumor formation in nude mice

All animal studies were approved by the 
Laboratory Animal Ethics Committee and were 
performed according the Institutional Animal 

NKILA is downregulated in human melanoma 
tissues

In order to study the expression status of 
lncRNA-NKILA in human melanoma tissues, 92 

Figure 1. LncRNA-NKILA was downregulated in human melanoma tissues. A. Quantitative RT-PCR (qRT-PCR) was 
performed to analyze the mRNA expression level of NKILA in 92 pairs of melanoma tissues and adjacent normal 
tissues (***P < 0.001). B. A receiver operating characteristic (ROC) curve was used to analyze the performance of 
NKILA in the prediction of prognosis; the area under the ROC curves of NKILA was 0.875 (P < 0.0001).

Table 1. Correlation analysis between lncRNA-NKILA expres-
sion and clinicopathological characteristics of patients with 
melanoma

Characteristics No. of  
patients Mean ± SD P value

Total no. of patients 92
Age (year)
    > 60 41 (44.6%) 12.72 ± 1.02 0.265
    ≤ 60 51 (55.4%) 13.01 ± 1.38
Gender
    Male 43 (46.7%) 13.46 ± 1.68 0.602
    Female 49 (53.3%) 13.62 ± 1.24
Invasion
    T0-T2 63 (68.5%) 12.23 ± 1.42 0.001**
    T3-T4 29 (31.5%) 13.24 ± 1.21
Lymphatic metastasis
    N0 69 (75%) 12.74 ± 1.89 0.0003***
    N1-N3 23 (25%) 14.79 ± 1.07
Distal metastasis
    M0 73 (79.3%) 12.87 ± 2.12 0.020*
    M1 19 (20.7%) 14.07 ± 1.19
TNM stage
    0 & I 65 (70.7%) 12.64 ± 1.65 0.001**
    II & III & IV 27 (29.3%) 13.99 ± 2.01
*Indicated statistical significance (P < 0.05); **Indicated statistical signifi-
cance (P < 0.01); ***Indicated statistical significance (P < 0.001).

Care and Use Committee. BALB/c 
nude mice (male, 16-18 g, 4-6 weeks 
old) were purchased from the 
Shanghai LAC Laboratory Animal  
Co. Ltd. and were housed in a  
specific pathogen-free (SPF) grade 
animal center. The treated A2058  
or M21 cells (1 × 107 cells in 100 μl) 
were subcutaneously injected into 
nude mice, and then the tumor  
volumes were recorded every 10 
days.

Statistical analysis

All experiments were performed in 
triplicate, and all data are expressed 
as the mean ± S.D. All data were 
analyzed with GraphPad Prism 5.0 
(GraphPad Software, La Jolla, CA, 
USA) and IBM SPSS Statistics 21 
(IBM SPSS Inc., Chicago, Illinois). 
Statistical analyses were performed 
using Student’s t test or one-way 
analysis of variance (ANOVA). The 
statistical significance was set at P < 
0.05. 

Results
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pairs of melanoma tissues and adjacent nor-
mal tissues were subjected to qRT-PCR. The 
results indicated that NKILA was downregulat-
ed in melanoma tissues compared with adja-
cent noncancerous tissues (P < 0.001) (Figure 
1A). The correlations between NKILA and the 
clinical characteristics of patients with mela-
noma were also analyzed. We found that the 
expression level of NKILA was significantly 
associated with the invasion and metastasis of 
melanoma (Table 1). Furthermore, receiver 
operating characteristic (ROC) curve analysis 
was performed. The results indicated a good 

diagnostic potential of NKILA in melanoma 
based on the finding that the area under the 
ROC curve of NKILA was 0.875 (P < 0.0001, 
Figure 1B). 

NKILA inhibits the progression of the cell cycle 
and the proliferation of melanoma cells

First, the expression level of NKILA was detect-
ed by qRT-PCR in human epidermal melano-
cytes, neonatal (HEMn) and in melanoma cell 
lines (M21, B16, MEL-RM, MM200, A375 and 
A2058). The results showed that NKILA had a 

Figure 2. NKILA inhibits the progression of melanoma cell cycle and proliferation. A. qRT-PCR was used to detect 
the mRNA expression level of NKILA in Human Epidermal Melanocytes, neonatal (HEMn), and melanoma cell lines 
(M21, B16, MEL-RM, MM200, A375 and A2058) (*P < 0.05, **P < 0.01, ***P < 0.001). B. The mRNA expression 
level of NKILA was measured by qRT-PCR in A2058 cells that were transfected with NKILA or the control using Lipo-
fectamine 3000 (***P < 0.001). C. The mRNA expression level of NKILA was measured by qRT-PCR in M21 cells 
that were transfected with shNKILA or the control using Lipofectamine 3000 (***P < 0.001). D. The proliferation 
ability was determined by MTT assay in A2058 cells treated as in B (***P < 0.001). E. The proliferation ability was 
determined by MTT assay in M21 cells treated as in C (***P < 0.001). F. The cell cycle distribution was determined 
by flow cytometry in A2058 cells treated as in B. G. The cell cycle distribution was determined by flow cytometry in 
M21 cells treated as in C.
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lower expression level in melanoma cell lines 
compared with HEMn (Figure 2A). To further 

study the mechanism of NKILA in melanoma, 
lentiviral vectors of NKILA and shNKILA were 

Figure 3. NKILA promotes apoptosis and inhibits the migration and invasiveness of melanoma cells. A. A2058 cells 
were transfected with either NKILA or the control, and then apoptotic cell death was measured by flow cytometric 
analysis with Annexin V-FITC and PE staining. B. M21 cells were transfected with shNKILA or the control, and then 
apoptotic cell death was measured by flow cytometric analysis with Annexin V-FITC and PE staining. C. NKILA signifi-
cantly inhibited the migration and invasion abilities of A2058 cells. The number of cells that migrated and invaded 
was quantified, magnification 100 ×, **P < 0.001. D. The silencing of NKILA significantly promoted the migration 
and invasion abilities of M21 cells, magnification 100 ×, ***P < 0.001. 
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Figure 4. NKILA inhibits proliferation, migration, and invasion abilities of melanoma cells through the inhibition 
of NF-ĸB expression. A. qRT-PCR was performed to measure the mRNA expression level of NF-ĸB in 92 pairs of 
melanoma tissues and paired adjacent normal tissues (***P < 0.001). B. A receiver operating characteristic (ROC) 
curve was used to analyze the performance of NF-ĸB in the prediction of prognosis; the area under the ROC curve 
of NKILA was 0.654 (P < 0.0001). C. Pearson’s correlation algorithm was used to analyze the correlation coefficient 
and the significance between the mRNA expression levels of NKILA and NF-ĸB (r = 0.212, P = 0.04). D. Western blot 
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produced and then separately transfected into 
A2058 and M21 cells. The qRT-PCR results 
indicated that the expression level of NKILA 
was obviously increased in A2058 cells trans-
fected with NKILA (Figure 2B), while the expres-
sion level was dramatically decreased in M21 
cells transfected with shNKILA (Figure 2C). We 
also found that the ectopic expression of NKILA 
inhibited the proliferation ability of A2058 cells 
(Figure 2D), while the knockdown of NKILA 
accelerated the proliferation ability of M21 
cells (Figure 2E). In addition, the flow cytomet-
ric analysis showed a significant increase in the 
proportion of G1-phase A2058 cells that were 
transfected with NKILA (94.89% of total cells) 
compared with the control (77.08% of total 
cells). The analysis also showed a significant 
decrease in S-phase A2058 cells that were 
transfected with NKILA (6.01% of total cells) 
compared with the control (20.31% of total 

LA or the control. The results showed that the 
average percentages of apoptotic M21 cells 
that were transfected with shNKILA or the con-
trol were 2.509% and 20.355%, respectively, 
which suggests that the silencing of NKILA sig-
nificantly inhibited apoptosis of M21 cells 
(Figure 3B). In addition, we found that NKILA 
significantly inhibited the migration and inva-
sion abilities of A2058 cells (P < 0.01) (Figure 
3C) and that the silencing of NKILA significantly 
promoted the migration and invasion abilities 
of M21 cells (P < 0.001) (Figure 3D).

NKILA inhibits the proliferation, migration, and 
invasion abilities of melanoma cells through 
the inhibition of NF-ĸB expression

To further study the role of NF-ĸB in NKILA-
induced melanoma tumorigenesis, we first 
assessed the expression level of NF-ĸB in 92 

was used to measure the protein expression level of NF-κB in the treated A2058 and M21 cells; GAPDH was used 
as a reference protein. E. A2058 cells were transfected with control, NKILA, or NKILA and NF-κB, and M21 cells 
were transfected with control, shNKILA or shNKILA and NF-κB siRNAs. qRT-PCR was performed to analyze the mRNA 
expression level of NF-ĸB (***P < 0.001). F. An MTT assay was performed to determine the proliferation abilities of 
A2058 and M21 cells treated as in E. G. A Transwell assay was used to detect the migration and invasion abilities 
of A2058 cells treated as in E. H. A Transwell assay was used to detect the migration and invasion abilities of M21 
cells treated as in E.

Table 2. Correlation analysis between NF-κB expression 
and clinicopathological characteristics of patients with 
melanoma

Characteristics No. of pa-
tients  Mean ± SD P value

Total no. of patients 92
Age (year)
    > 60 41 (44.6%) 12.94 ± 2.45 0.996
    ≤ 60 51 (55.4%) 13.11 ± 1.97
Gender
    Male 43 (46.7%) 12.75 ± 1.97 0.485
    Female 49 (53.3%) 13.03 ± 1.86
Invasion
    T0-T2 63 (68.5%) 13.59 ± 1.97 0.039*
    T3-T4 29 (31.5%) 12.69 ± 1.79
Lymphatic metastasis
    N0 69 (75%) 13.16 ± 1.83 0.100
    N1-N3 23 (25%) 12.47 ± 1.35
Distal metastasis
    M0 73 (79.3%) 12.97 ± 1.49 0.011*
    M1 19 (20.7%) 12.01 ± 1.19
TNM stage
    0 & I 65 (70.7%) 13.73 ± 1.89 0.002*
    II & III & IV 27 (29.3%) 12.17 ± 2.52
*Indicated statistical significance (P < 0.05).

cells), which suggests that NKILA 
induced cell cycle arrest in A2058 cells 
(Figure 2F). Similarly, a significant de- 
crease in the proportion of G1-phase 
M21 cells that were transfected with 
shNKILA (58.84% of total cells) was 
observed relative to the control (76.3% 
of total cells), which indicates that the 
silencing of NKILA inhibited cell cycle 
arrest in M21 cells (Figure 2G).

NKILA promotes apoptosis, and inhib-
its migration and invasiveness of mela-
noma cells

Furthermore, in order to investigate the 
effect of NKILA on the apoptosis of mel-
anoma cells, we used flow cytometry to 
detect the level of apoptosis of A2058 
cells transfected with NKILA or the con-
trol. The results showed that the aver-
age percentages of apoptotic A2058 
cells that were transfected with NKILA 
or the control were 23.764% and 
2.018%, respectively, which suggests 
that NKILA significantly promoted apop-
tosis of A2058 cells (Figure 3A). More- 
over, we measured the levels of apopto-
sis of M21 cells transfected with shNKI-
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pairs of melanoma tissues and adjacent nor-
mal tissues by qRT-PCR. The results demon-
strated that the expression level of NF-ĸB was 
higher in melanoma tissues compared with 
adjacent noncancerous tissues (P < 0.001) 
(Figure 4A). We also found that the expression 
level of NF-ĸB was significantly associated with 
invasion and metastasis (Table 2). Further- 
more, the results showed that the area under 
the ROC curves of NF-ĸB was 0.654 (P < 
0.0001, Figure 4B). The Pearson’s correlation 
algorithm was used to analyze the correlation 
coefficient and the significance between the 
expression of NKILA and NF-ĸB, which revealed 
a negative correlation between NKILA and 
NF-ĸB expression (r = 0.212, P = 0.04, Figure 
4C). The western blot results revealed that the 
protein level of NF-κB was downregulated in 
A2058 cells transfected with NKILA compared 
with the control, while the protein level of NF-κB 
was up-regulated in M21 cells transfected with 
shNKILA compared with the control (Figure 
4D). qRT-PCR results also revealed that NKILA 
inhibited the expression level of NF-ĸB mRNA, 
while the overexpression of NF-ĸB rescued the 
phenotype. The silencing of NKILA increased 
the expression level of NF-ĸB, while the knock-
down of NF-ĸB rescued the phenotype (P < 

0.001) (Figure 4E). Based on the results dis-
cussed above, an MTT assay indicated that 
NKILA inhibited the proliferation abilities of 
A2058 and M21 cells though NF-ĸB (P < 0.001) 
(Figure 4F). Likewise, Transwell assays also 
showed that NKILA inhibited the migration and 
invasion abilities of A2058 and M21 cells 
though NF-ĸB (P < 0.001) (Figure 4G, 4H).

NKILA suppresses the growth of melanoma 
tumors via NF-ĸB in vivo

To explore the effect of NKILA on tumorigenesis 
in vivo, stable NKILA-overexpressing A2058 
cells or stable NKILA knockdown M21 cells 
were implanted subcutaneously into nude 
mice; mice in the control groups received no 
cells. The tumors were then excised after 40 
days (Figure 5A), and the tumor volumes were 
calculated at 10, 20, 30 and 40 days. The 
tumor volume was smaller in mice that received 
NKILA-overexpressing A2058 cells, while the 
tumor volume was larger in mice that received 
M21 cells in which NKILA was silenced; the 
tumor volume was smallest in mice from the 
control group (Figure 5B, 5C). The total RNA 
and protein of the tumor were extracted, and 
the expression levels of NF-ĸB mRNA and pro-

Figure 5. NKILA suppresses the growth of melanoma tumors via NF-ĸB in vivo. A. Nude mice were injected with 
A2058 and M21 cells stably transfected with NKILA, and the tumors were removed at a particular point in time. B. 
NKILA reduced the volume of the tumors induced in nude mice (*P < 0.05, **P < 0.01, ***P < 0.001). C. Silencing 
of NKILA expression increased the size of the tumors induced in nude mice (**P < 0.01, ***P < 0.001). D. Nude 
mice were injected with A2058 cells stably transfected with the NKILA overexpression vector or control cells. The 
tumors were removed, and the mRNA expression level of NF-ĸB was determined by qRT-PCR (**P < 0.01). E. Nude 
mice were injected with stable NKILA knockdown M21 cells or control cells. The tumors were removed, and the 
mRNA expression level of NF-ĸB was determined by qRT-PCR (***P < 0.001). F. Western blot was used to measure 
the protein expression level of NF-ĸB in the tumors of nude mice. GAPDH was used as a reference protein. 
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tein were detected by qRT-PCR and western 
blot, respectively. We found that the expression 
of NF-ĸB was dramatically decreased in mice 
that were injected with NKILA-overexpressing 
A2058 cells compared with the control group. 
In contrast, the expression of NF-ĸB was dra-
matically increased in mice that were injected 
with M21 cells, in which NKILA was silenced, 
compared with the control group (Figure 5D-F). 
These results further support that NKILA sup-
presses the growth of melanoma tumors via 
NF-ĸB in vivo.

Discussion

An increasing number of lncRNAs are regarded 
as oncogenes or tumor suppressors, which will 
add new aspects to the molecular mechanisms 
of human cancers. Recent studies have shown 
the following: lncRNA-UCA1 promotes cell pro-
liferation through Sox4 in esophageal cancer 
[29]; lncRNA-MA-linc1 regulates cell cycle pro-
gression, and increases the sensitivity of can-
cer cells to Paclitaxel [30]; lncRNA-NEAT1 is 
related to estrogen receptor alpha and is con-
sidered an important modulator of prostate 
cancer [12]; lncRNA-ATB participates in the pro-
gression of colorectal cancer and is related to 
its prognosis [31]; lncRNA PCAT29 inhibits the 
oncogenic phenotypes of prostate cancer [32]; 

lncRNA DSCAM-AS1 plays a crucial role in 
breast cancer progression [33]; androgen-
induced lncRNA SOCS2-AS1 promotes cell pro-
liferation and inhibits apoptosis of prostate 
cancer cells [34]. Among these studied 
lncRNAs, the lncRNA NKILA has been found to 
suppress the migration and invasion abilities of 
tongue squamous cell carcinoma cells through 
the inhibition of epithelial-mesenchymal transi-
tion (EMT) [35]. However, its role in melanoma 
is unclear. In our study, we found that NKILA 
was downregulated in human melanoma tis-
sues and cell lines. We also found that NKILA 
was significantly associated with the invasion 
and metastasis of melanoma. The area under 
the ROC curve of NKILA was 0.875, which sug-
gests that NKILA has a good prognostic value 
for melanoma. The results also indicated that 
NKILA inhibited cell proliferation, migration, 
and invasion, and promoted apoptosis of mela-
noma cells. Therefore, we speculated that 
NKILA may be a potential tumor suppressor in 
melanoma.

Research has suggested that NF-κB can be 
constitutively activated in various cancers and 
that it serves a number of pro-tumorigenic 
functions [36, 37]. For example, the silencing of 
MARCH1 inhibits proliferation, migration and 
invasiveness of ovarian cancer through NF-κB 
and Wnt/β-catenin pathways [38]. The PRKD1 
promoter acts on the KRas-NF-κB pathway in 
pancreatic cancer [39], and inhibition of NF-κB 
increases the sensitivity of breast cancer that 
is resistant to tamoxifen [40]. The inhibition of 
the NF-κB pathway induces the deregulation of 
EMT and neural invasion in pancreatic cancer 
[41]. Furthermore, studies have detected the 
characteristics of the NF-κB transcription fac-
tor in uveal melanoma [42], and other studies 
have shown that NF-κB is involved in the  
development of melanoma. For example, NF- 
κB mediates the anti-melanoma activity of 
Cynanchi atrati Radix [43] and regulates TNF-
related apoptosis in melanoma cells [44]. 
Interestingly, it has been reported that the 
interaction of NF-κB and NKILA can reverse 
PMEPA1 expression in cancer [25], which re- 
veals that NKILA may regulate the expression 
level of NF-κB. In our study, our results showed 
that NF-κB was highly expressed in human mel-
anoma tissues. A negative correlation was also 
observed between NKILA and NF-κB expres-
sion. We also demonstrated that NKILA inhibit-
ed the progression of melanoma through the 

Figure 6. A Schematic model of NKILA in malignant 
melanoma. In normal cells, NKILA can regulate NF 
κB. In tumor cells, downregulated NKILA caused the 
upregulation of NF κB, which induced an increase in 
melanoma cell growth, invasion and migration.
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inhibition of NF-ĸB. Therefore, we speculated 
that NKILA has an important effect in the devel-
opment and progression of melanoma via 
NF-ĸB.

In summary, we found that NKILA was down-
regulated and that NF-κB was upregulated in 
human melanoma tissues. NKILA and NF-κB 
were significantly associated with invasion and 
metastasis, and NKILA and NF-κB are both 
good prognostic biomarkers for melanoma. A 
negative correlation was observed between 
NKILA and NF-κB expression. Our results also 
indicated that NKILA inhibited the proliferation, 
migration, and invasion abilities of melanoma 
cells through the inhibition of NF-ĸB expression 
in vitro. More importantly, we found that NKILA 
suppressed the growth of melanoma tumors 
via NF-ĸB in vivo. Taken together, our study 
shows that NKILA suppressed the development 
of malignant melanoma via the regulation of 
NF-ĸB, and thus NKILA may be a potential ther-
apeutic target in patients with melanoma 
(Figure 6).
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