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Abstract. – OBJECTIVE: Our research ex-
plored the possible biological function of long 
non-coding RNA (lncRNA) NKILA in the patho-
genesis of osteosarcoma and its underlying 
mechanism.  

PATIENTS AND METHODS: NKILA expres-
sion in 60 cases of osteosarcoma and adjacent 
tissues was detected. The correlation between 
NKILA expression and clinical information was 
analyzed by Chi-square test. The overexpres-
sion plasmid or siRNA of NKILA were trans-
fected into osteosarcoma cells by liposome. 
Cell proliferation was detected by cell counting 
kit-8 (CCK-8) assay. Transwell assay was used to 
check the migratory and invasive abilities. West-
ern Blot was used to detect the expressions of 
nuclear factor-κB (NF-κB)-related proteins. In 
addition, we analyzed the cell invasion and mi-
gration after treatment of NF-κB inhibitor (JSH) 
to further verify whether NKILA can participate 
in the occurrence of osteosarcoma through the 
NF-κB / Snail signaling pathway.  

RESULTS: The expression level of NKILA in 
osteosarcoma tissues was significantly lower 
than that in adjacent tissues, and was related 
to tumor size, Enneking stage, and metastasis. 
After KNKS/NP cells were transfected with NKI-
LA-siRNA, cell proliferation, invasion and migra-
tion were enhanced. Transfection of the NKILA 
overexpression plasmid in Saos2 cells reduced 
cell proliferation, invasion and migration. NKILA 
knockdown downregulated the expressions of 
p65 and E-cadherin, but strikingly increased 
Snail expression. The RNA binding protein 
co-immunoprecipitation experiments illustrated 
that p65 could bind to NKILA. Additionally, JSH 
was found to reverse the inhibitory effect of 
NKILA on cell migration and proliferation. 

CONCLUSIONS: NKILA was lowly expressed 
in osteosarcoma tissues. In addition, high ex-
pression of NKILA could suppress the migration 
and invasion of osteosarcoma cells by inhibiting 
the NF-κB/Snail signaling pathway. 
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Introduction

Osteosarcoma (OS) is the most common pri-
mary malignant bone tumor in adolescents. Its 
incidence is approximately (1-3) / 1000,000 per 
year1. The combined treatment of surgical oper-
ation and multiple chemotherapeutic agents has 
become the normative strategy for almost all 
patients with osteosarcoma. This combination 
has remarkably increased the survival rate of 
OS patients2. However, many OS patients exhibit 
resistance to available chemotherapeutic drugs 
and die from extensive metastases and neoplasm 
recurrence. The metastases and neoplasm re-
currence are major obstacles to the treatment of 
OS3. At present, various long non-coding RNAs 
(lncRNAs) have been confirmed to play a crucial 
role in OS4. Therefore, lncRNAs are expected to 
become therapeutic targets, so as to strikingly 
improve the clinical treatment for OS. 

LncRNAs with more than 200 nucleotides 
have been studied to be able to take part in the 
development of a variety of cancers5,6. Studies 
have revealed that over 90% of human genomic 
DNAs can be transcribed, but only 2% of them 
can encode proteins. It has been reported that 
small ncRNAs can participate in the oncogenesis, 
metastasis and chemoresistance of OS7,8. Howev-
er, there is little research on relative lncRNAs in 
OS. Since lncRNAs account for more than 70% 
of ncRNAs9, the unknown functions of lncRNAs 
involved in the pathogenesis of OS or mecha-
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nisms of drug resistance have been well explored 
nowadays. NKILA is an lncRNA that interacts 
with NF-κB and regulates the IκB kinase/nucle-
ar factor-κB (IKK/NF-κB) signaling pathway. 
Although specific underlying mechanisms have 
not been fully elucidated, inflammation has been 
identified as a driver of cancer10,11. Among them, 
the IKK/NF-κB signaling pathway is a signifi-
cant link between inflammation and tumor devel-
opment12. The primary aim of this study was to 
investigate the role of NKILA in the pathogenesis 
of osteosarcoma to further understand the func-
tion of lncRNA in cancers.

Patients and Methods

Sample Collection
60 OS tissues were selected from patients 

of Yantaishan Hospital undergoing OS resection 
from July 2012 to July 2017. None of them re-
ceived adjuvant therapy such as radiotherapy and 
chemotherapy preoperatively. All the specimens 
were proved to be OS by pathology. The sam-
ples in control group were from the peri-cancer 
tissue of the same patient (at least 3 cm away 
from the surgical margin). No cancer cells were 
found in peri-cancer tissues through pathological 
examination. All specimens were obtained and 
frozen in liquid nitrogen, and then stored in a re-
frigerator at -80°C. This experimental study was 
approved by the Ethics Committee of Yantaishan 
Hospital Medical.

RNA Extraction and Quantitative 
Real Time-Polymerase Chain 
Reaction (qRT-PCR)

All cell and tissue samples were lysed with 
TRIzol (Invitrogen, Carlsbad, CA, USA), ex-
tracted with chloroform and precipitated with 
isopropanol to obtain total RNA. The extracted 
total RNA was stored at -80°C until use. After the 
concentration was measured with a micronucleus 
quantifier, complementary Deoxyribose Nucleic 
Acid (cDNA) was obtained by reverse transcrip-
tion, and then SYBR Green was used for PCR 
detection. The primer sequences were: NKILA 
(F: 5’-TGGATTGTTGGGTATATTTTGGA-3’; 
R: 5’-TGTATGAAGAGGATGCTGAAGGC-3’).

Cell Culture and Transfection
The normal bone cell line Hfob1.19 and the 

OS cell lines including KHOS/NP, U2OS MG63 
and Saos2 were all purchased from obtained from 

the Institute of Biochemistry and Cell Biology 
(Beijing, China) and were cultured with Dulbec-
co’s modified eagle medium (DMEM) containing 
10% fetal bovine serum (FBS) (Gibco, Rockville, 
MD, USA) at 37°C with 5% CO2. OS cells with a 
good growth condition were selected for transfec-
tion experiment. The cells were counted first, and 
then evenly seeded in a six-well plate at a density 
of approximately 1×104 cells per well. The cells 
were transfected when grown to a density of 75-
85%. After mixing the transfection reagent with 
LipofectamineTM 2000 (Invitrogen, Carlsbad, CA, 
USA), the mixture was added to the cells with 1.5 
ml of serum-free medium. The cells were then 
incubated at 37°C incubator. We changed the me-
dium after 4-6 h of transfection, and cultured the 
cells for another 24 to 48 h. Then we proceeded 
to the next step according to the purpose of the 
experiment.

Cell Counting kit-8 (CCK-8) Assay
After transfection for 24 hours, the cells were 

collected and seeded in a 96-well plate at a den-
sity of 2×103 cells per well. Cell viability was 
detected at 24, 48, 72 and 96 h, respectively after 
cells were adherent. Subsequently, 10 μL of CCK-
8 solution was added into each well and then the 
cells were cultured at 37°C for 2 h. The absor-
bance at a wavelength of 450 nm was detected 
with a microplate reader.

Cell Migration
24 h before the Transwell experiment, the 

cells with stable growth after transfection were 
selected and seeded into a 24-well transwell 
chamber at a density of 3×104 cells per well, and 
5 replicate wells were set in each group. Next, 
100 μL of serum-free medium were added to the 
lower chamber, and 500 μL of serum-containing 
medium was added to the upper chamber. The 
24-well plate was placed in a 37°C incubator for 
12 hours. After the plate was removed, 3 ml of 
0.1% crystal violet staining solution was added to 
the chamber for 30 minutes at room temperature 
for sufficient staining. After the staining solution 
was discarded and rinsed with pre-warmed phos-
phate-buffered saline (PBS) for 2 times, unmi-
grated cells through the basement membrane of 
the upper chamber were wiped off with a cotton 
swab. Afterwards, a 10 × 20 microscope was used 
to observe the cells passing through the basement 
membrane of the chamber. Three fields were ran-
domly selected from each well for photographing 
and cell counting.
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Cell Invasion
Fibronectin (FN) was diluted to a concentra-

tion of 100 μg/mL. Matrigel was diluted with 
serum-free medium at a ratio of 1:9. 50 μL of FN 
was applied to the bottom of each cell and dried 
for 2 h in a clean bench. 100 μL of Matrigel was 
added to the inner side of the chamber, and then 
the cells were cultured overnight in the incubator. 
The cell density was adjusted to 1×106 cells/mL 
and 100 μL of cell suspension was pipetted to the 
upper layer of the Transwell chamber. 600 μL of 
medium containing 10% FBS was added to the 
outside of the chamber, which was then placed 
in the incubator for 24 h. After that, the chamber 
was fixed with methanol, stained with trypan 
blue and washed 3 times with PBS. The cells 
were photographed under a microscope.

Western Blot
The transfected cells were collected and the 

lysate was added to extract total protein. The cell 
lysate was placed on ice and centrifuged. The 
BCA (bicinchoninic acid) method was performed 
to quantitate the protein concentration. After the 
sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) protein loading buffer 
was added, the protein was denatured by heating at 
100°C. Sample was transferred to polyvinylidene 
difluoride (PVDF) membrane (Millipore, Biller-
ica, MA, USA). Corresponding size of PVDF 
membrane was cut according to the molecular 
weight. Then, the antigen was sealed in blocking 
solution of 5% skim milk. Primary antibodies 
were used to incubate the protein bands overnight. 
In the next day, the membrane was incubated with 
secondary antibody, and then exposed.

RIP
After obtaining the cell lysate, magnetic beads 

were prepared and resuspended with Wash Buf-
fer on ice. Subsequently, RNA-binding protein 
immunoprecipitation was performed. RNA was 
purified sequentially using phenol, chloroform, 
Salt Solution I, Salt Solution II, Precipitate En-
hancer and absolute ethanol (no RNase). The final 
product was dissolved with 10-20 μL of diethyl 
pyrocarbonate (DEPC) water and stored at -80°C. 
Finally, the expression of NKILA in precipitates 
of p65 and IgG by qRT-PCR.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 software (SPSS Inc., Chicago, IL, 
USA) was used for analysis. Measured data were 

expressed as mean ± standard deviation. The data 
was compared using the t-test. The c2-test was 
used to detect the correlation between clinical 
information and NKILA expression. p-value < 
0.05 was considered statistically significant.

Results

NKILA was Lowly Expressed 
in Osteosarcoma Tissues

We detected the NKILA expression in 60 OS 
tissues and adjacent tissues. QRT-PCR results 
demonstrated that the expression of NKILA in 
OS tissues were strikingly lower than that in ad-
jacent tissues (p<0.001) (Figure 1A and B). The 
median expression level of NKILA in OS tissues 
was calculated by statistical analysis, and then 
the case group was further divided into NKI-
LA high expressing group and low expressing 
group. The correlation between clinical informa-
tion and NKILA expression in OS patients was 
analyzed (Table I). We found that the expression 
of NKILA was not related to the age or sex of 
OS patients, but related to tumor size, Enneking 
stage and metastasis. OS patients were subdivid-
ed into Enneking stage I-II group and stage III 
group. The expression of NKILA in OS patients 
with stage III tumors was lower than those with 
stage I-II (Figure 1C). After that, OS patients 
were subdivided into lung metastasis group and 
non-pulmonary metastasis group. We found that 
the expression of NKILA in the tumor tissue of 
OS patients with lung metastasis was lower than 
those without metastasis (Figure 1D). These re-
sults indicated that NKILA might participate in 
the occurrence and development of OS.

Overexpression of NKILA 
Inhibited Migration and Invasion 
of Osteosarcoma Cells

NKILA expression was detected in the nor-
mal bone cell line Hfob1.19 and OS cell lines 
including KHOS/NP, U2OS, Saos2 and MG63. 
NKILA expression in OS cells was found to 
be remarkably lower than that of normal bone 
cells (Figure 2A). Since NKILA level was the 
highest in KHOS/NP cells and lowest in Saos2 
cells, these cell lines were selected for the next 
study. We transfected NKILA-siRNA in KHOS/
NP cells and found that NKILA expression was 
reduced (Figure 2B). Subsequent transfection of 
the overexpression plasmid of NKILA in Saos2 
resulted in increased NKILA expression. CCK-8 
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Figure 1. NKILA was lowly expressed in osteosarcoma patients. A-B, The expression of NKILA in tumor tissue was signifi-
cantly lower than that in the normal group. C, NKILA expression in stage III tumor tissue was significantly lower than stage 
I-II. D, Expression of NKILA in tumor tissues of patients with lung metastasis was significantly lower than those without 
metastasis.

A

C

B

D

Table I. Relationship between NKILA expression and clinicopathologic characteristics of osteosarcoma.

Clinicopathological No. of cases                 NKILA expression p-value
 features
  Low (n=30) High (n=30)

Age (years)    0.4383
  <14 31 14 17 
  ≥14 29 16 13 
Gender    0.8056
  Male 47 23 24 
  Female 13 7 6 
Tumor size (cm)    0.0006*
  <8 cm 23 18 5 
  ≥8 cm 37 12 25 
Enneking stage    0.0007*
  I-II 27 20 7 
  III 33 10 23 
Lymph metastasis    0.0097*
  No 32 21 11 
  Yes 28 9 19 

*p<0.05.
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assay was used to detect cell proliferation at 24, 
48, 72 and 96 hours, respectively. The results 
demonstrated that cell viability strikingly in-
creased after NKILA-siRNA transfection (Figure 
2D). However, after transfection of the NKILA 
overexpression plasmid, the cell viability of OS 
cells was reduced (Figure 2F). To further ex-
plore and analyze the function of NKILA in OS, 
we transfected NKILA-siRNA or overexpression 

plasmid in cells respectively, and then detected 
cell migration and invasion. We found that the 
invasion and migration of KHOS/NP cells sig-
nificantly increased after knockdown of NKILA 
(Figure 2E), whereas and the invasion and migra-
tion of Saos2 cells were remarkably reduced after 
NKILA was overexpressed (Figure 2G). Those 
results indicated that NKILA could inhibit the 
invasion and migration of OS cells.

Figure 2. Overexpression of NKILA inhibited migration and invasion of osteosarcoma cells. A, The NKILA expression in 
the normal bone cell line Hfob 1.19 and osteosarcoma cell lines KHOS/NP, Saos2, MG63, U2OS. B, In the KHOS/NP cell 
line, the expression of NKILA significantly decreased after transfection of interfering sequences. C, In the Saos2 cell line, the 
expression of NKILA significantly increased after the overexpression plasmid was added. D-E, In the KHOS/NP cell line, 
NKILA knockdown increased the cell viability, migration and invasion. F-G, In the Saos2 cell line, NKILA overexpression 
decreased the cell viability, migration and invasion.
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NKILA Affected Migration and Invasion 
of Osteosarcoma Cells by Regulating 
NF-κB/Snail Signaling Pathway

In the process of tumorigenesis, E-cadherin, 
NF-kb and Snail constitute a complex signal-
ing network and influence with each other. After 
transfecting NKILA-siRNA in KHOS/NP cells, 
the expressions of p65 and E-cadherin were re-
duced but Snail expression strikingly increased 
(Figure 3A). Meanwhile, transfection of NKILA 
overexpression plasmid up-regulated the expres-
sions of p65 and E-cadherin while, decreased Snail 

expression in Saos2 cells (Figure 3A). The RIP 
experiment performed in cells revealed that p65 
could bind to NKILA (Figure 3B). Afterwards, the 
cells were divided into 3 groups, including control 
group, NKILA knockdown group and NKILA 
knockdown + NF-κB inhibitor (JSH) treatment 
group. We found that knockdown of NKILA in-
creased the cell migration and invasion, whereas 
JSH treatment partially restored them (Figure 3C). 
These results indicated that NKILA could affect 
the invasion and migration of OS cells by regulat-
ing the NF-κB/Snail signaling pathway.

Figure 3. NKILA affected the migration and invasion of osteosarcoma cells by regulating the NF-κB/Snail signaling path-
way. A, In the KHOS/NP cell line, NKILA knockdown decreased the expressions of p65 and E-cadherin decreased, but 
increased Snail expression. In the Saos2 cell line, NKILA overexpression increased the expressions of p65 and E-cadherin, 
but decreased Snail expression. B, QRT-PCR detection revealed a significant increase in the expression of NKILA in the RIP 
assay. C, The cells were divided into 3 groups: control group (si-NC), NKILA knockdown group (si-NKILA) and NKILA 
knockdown+NF-κ inhibitor JSH (si-NKILA+JSH) group. Knockdown of NKILA increased cell migration and invasion, which 
were reversed by JSH treatment. 

A
B

C
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Discussion

Osteosarcoma occurs mostly in the long 
bones, with 80-90% are femoral and luminal 
bones13. Less than 1% of this tumor occurs in the 
extremities of the hands and feet14. The major 
treatment of OS is surgical resection combined 
with radiotherapy or chemotherapy15. However, 
the prognosis of OS patients is poor, and the long-
term survival rate of patients with metastases or 
relapses is still less than 20%16. Therefore, fur-
ther understanding of the molecular mechanism 
related to the occurrence and development of OS 
could be beneficial to develop new prognostic 
molecular biomarkers and targeted therapeutic 
drugs. LncRNA was originally found in mouse 
transcripts, lacking of ability to encode proteins 
and significant open reading frame17. Therefore, 
lncRNAs are thought to be highly heteroge-
neous sequences of RNA molecules. Studies have 
demonstrated that lncRNA can act as a key 
regulator in different types of cancer. LncRNAs 
can be involved in tumor development, metasta-
sis and regulation of chemotherapy resistance18. 
Studies have found that taurine upregulation gene 
1 (TUG1) may be a therapeutic target for OS, 
which was closely related to the disease state19. 
Additionally, upregulation of UCA1 expression 
may have connections with tumor growth and 
distant metastasis, and may act as a biomarker 
for poor prognosis20. The oncogenic or tumor 
suppressive lncRNAs take part in the occurrence 
and development of OS, including migration, 
metastasis and apoptosis. LncRNA is expect-
ed to be an independent prognostic biomarker. 
Previous studies have shown that NKILA can 
participate in tumorigenesis. It can inhibit NF-
κB activation induced by TGF-β and act as a 
target for preventing breast cancer metastasis by 
inhibiting EMT21. In laryngeal cancer, NKILA 
can inhibit cell proliferation and migration while 
promoting the apoptosis of cancer cells22. In liver 
cancer, NKILA can enhance the anticancer effect 
of safrole on hepatocellular carcinoma (HCC) in 
vitro and in vivo by modulating NF-κB signaling 
pathway23. In our study, NKILA expression in OS 
tissues was strikingly reduced, and its level was 
lower in stage III tumor tissues than that in stage 
I-II. In lung cancer tissue, the expression of NKI-
LA in patients with metastasis was lower than 
that in non-metastasis patients. Meanwhile, the 
high expression of NKILA strikingly reduced the 
proliferation, invasion and migration of OS cells. 
All these results suggested that NKILA plays a 

crucial role in the occurrence and development of 
OS. NKILA expression was activated by NF-κB 
pathway. It can directly block the phosphorylation 
of IκB by interacting with the NF-κB/IκB com-
plex, thereby inhibiting IKK phosphorylation and 
NF-κB activation. E-cadherin is involved in the 
cellular information transmission 24. It is closely 
related to the differentiation of tumor cells, the 
loss of epithelial cell prototypes and the inva-
sion process. E-cadherin plays a crucial role in 
the adhesion between cells as well as between 
cells and extracellular matrix. The loss of cell 
adhesion mediated by E-cadherin is an essential 
prerequisite for infiltration and metastasis of tu-
mor cells25. In mesoderm and neural precursors, 
Snail triggers the transition from epithelium to 
mesenchymal, prompting their delamination and 
subsequent movement from the original stratum 
and neural tube. The interaction disruption be-
tween Snail-induced epithelial cells is not only 
limited to the destruction of the adhesive junc-
tion, but may also be related to the destruction 
of tight junctions26. In this study, we found that 
knockdown of NKILA strikingly reduced the 
expressions of p65 and E-cadherin, but increased 
the Snail level. At the same time, the invasive and 
migratory ability of OS cells was enhanced. Ad-
ditionally, NF-κB inhibitor can reverse the effect 
of knockdown of NKILA on cell migration and 
proliferation.

Conclusions

We observed that NKILA can influence mi-
gration and invasion of osteosarcoma cells via 
NF-κB/Snail signaling pathway. 
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