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ABSTRACT

Long non-coding RNAs (lncRNAs) have emerged recently as key regulators of 
tumor development and progression. Our previous study identified an NF-KappaB 
interacting lncRNA (NKILA) which was negatively correlated with breast cancer 
metastasis and patient prognosis. However, its clinical significance and potential 
role in Tongue squamous cell carcinoma (TSCC) remain unclear. Here we show that 
NKILA is down-regulated in TSCC cancer tissues than that in matched adjacent 
noncancerous tissues. And low NKILA expression in TSCC is significantly correlated 
with tumor metastasis and poor patient prognosis. In vitro, overexpression of NKILA 
decreases TSCC cells migration and invasion. Mechanistic study shows that NKILA 
inhibits the phosphorylation of IκBα and NF-κB activation as well as the induction of 
the epithelial-mesenchymal transition (EMT) process. Ectopic expression of NKILA 
in Tscca cells inhibits NF-κB activator TNF-α-promoted cell migration and invasion, 
while applying NF-κB inhibitor Bay-117082 or JSH-23 in NKILA silenced CAL27 cells 
reverses cell migration capacity to lower level. In vivo experimental metastasis model 
also demonstrates NKILA inhibits lung metastasis of NOD/SCID mice with TSCC 
tumors. These results suggested that NKILA is a vital determinant of TSCC migration 
and invasion and NF-κB signaling pathway mediates this effect. Given the above 
mentioned function of NKILA, it could act as a potential predictor for overall survival 
in patients with TSCC and a potential therapeutic target for TSCC intervention.

INTRODUCTION

Tongue squamous cell carcinoma (TSCC) is the 
most common epithelial cancer identified in the oral 
cavity [1]. Despite the advancement of surgery, radiation 
and chemotherapy, the TSCC 5-year survival rate has not 
significantly improved during the past decades. It is mainly 
due to regional recurrence and lymph node metastasis 
[2]. However, the precise molecular mechanisms 
underlying TSCC metastasis and progression remain 

poorly understood. Therefore, it is vital to identify novel 
biomarkers and effective therapeutic strategies for TSCC.

Nuclear factor-κB (NF-κB) is a family of 
transcription factors that play critical roles in multiple 
physiological and pathological processes including 
inflammation, immunity, cell proliferation, differentiation, 
and survival [3]. Usually, NF-κB components are retained 
in the cytoplasm in an inactive state through association 
with IκB. Upon stimulation, activated IκB kinase complex 
(IKK) phosphorylates IκBα, and triggers its ubiquitination 
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and subsequent degradation. As a consequence, NF-
κB p65/p50 heterodimer is released and translocated 
to the nucleus, binding to its cognate DNA motifs, and 
regulating their expression [4, 5]. To date, extensive 
studies had shown that NF-κB is essential both for the 
induction and maintenance of Epithelial-mesenchymal 
transition (EMT) and for in vivo metastasis [6]. EMT is a 
common morphologic transformation in cancer cells that 
causes loss of cell-cell adhesion and increases cell motility 
which plays an important role in tumor progression and 
metastasis [7]. A serial of transcriptional repressors, such 
as Zeb-1/2, Twist1, Snail, and Slug control the EMT 
process by recruiting histone deacetylases to the E-box 
elements of E-cadherin promoter, leading to transcriptional 
silence of E-cadherin expression [8]. NF-κB was reported 
to binds to the promoters of the E-cadherin repressor genes 
and therefore regulates the EMT phenotype and migration.

It is well known that protein-coding genes account 
for < 2% of the total genome DNA, whereas a large 
number of the human genome can be transcribed into non-
coding RNAs [9–11]. Among them are long non-coding 
RNAs (lncRNAs), which are more than 200nt in length 
with no protein-coding capacity [12]. To date, several 
lncRNAs had been identified to be dysregulated in a 
range of human cancers and contributing to tumorigenesis 
and tumor progression. Although the exact mechanisms 
by which lncRNAs function remain to be elucidated, 
accumulating studies suggested lncRNAs participated in 
biological regulation mainly due to their ability to interact 
with proteins, especially key signaling pathway proteins.

Our previous study found a nuclear transcription 
factor NF-κB interacting lncRNA (NKILA) which 
inhibited breast cancer cell migration by binding to NF-
κB/IκB interface and directly blocking the phosphorylation 
site of IκB, and therefore inhibiting IKK-induced IκB 
phosphorylation and NF-κB activation [13]. However, the 
role of NKILA in TSCC is still elusive. In this study, we 
aimed to investigate the role of NKILA in regulating the 
NF-κB activity, tumor cell EMT and metastasis in TSCC, 
as well as the clinical significance of NKILA in predicting 
tumor metastasis and patient prognosis.

RESULTS

NKILA reduction predicts poor clinical outcome 
in patients with TSCC

Our previous report suggested the reduced NKILA 
is associated with clinical invasion and metastasis of 
breast cancer [13]. Here, we examined the expression 
pattern of NKILA in ten paired TSCC and matched 
adjacent noncancerous tissues. We found that, as shown 
in Figure 1A, NKILA was significant highly expressed in 
the adjacent noncancerous tissues than in TSCC tissues. 
In situ hybridization (ISH) in paraffin-embedded samples 
showed NKILA expression was decreased in the samples 

with high TNM stage (Figure 1C). Also in TSCC cell 
lines, the expression of NKILA was higher in freshly 
isolated normal tongue squamous epithelial cells or low-
metastatic cell lines (CAL27) than in high-metastatic cell 
lines (Tca8113 or Tscca) (Figure 1B).

To further understand the significance of NKILA 
in TSCC, we analyzed the correlation between NKILA 
expression and the clinicopathological status of 96 patients 
with TSCC (Figure 1C and Table 1). Decreased NKILA 
expression level in TSCC was significantly correlated with 
tumor size (P=0.001, Table 1), advanced clinical staging 
(P=0.001, Table 1) and lymph node metastasis (P=0.001, 
Table 1). However, Statistical analyses showed no significant 
correlation between patient gender or age or histological 
classification with the expression levels of NKILA.

To determine relationship between NKILA 
expression and TSCC patients’ prognosis, we evaluated 
the correlation between NKILA expression and patients’ 
disease-free survival (DFS) and overall survival (OS) 
by Kaplan–Meier analysis. The results showed that 5 
years of DFS for high NKILA expression was 22.7%, 
while was 9.6% for low NKILA expression. The median 
survival time for low NKILA expression was 12 months 
(Figure 1D, p<0.001). Moreover, 5 years of OS for high 
NKILA expression was 27.3%, while was 9.6% for low 
NKILA expression. The median survival time for low 
NKILA expression was 15 months (Figure 1E, p <0.001). 
To further assess whether NKILA expression can be 
identified as a prognostic predictor for TSCC patients, 
the univariate and multivariate survival analyses were 
performed. By univariate analysis, the variables clinical 
stage (P < 0.001), tumor size (P = 0.001) and NKILA 
expression level (P < 0.001) were found to be significantly 
associated with prognosis (Table 2). Multivariate analyses 
were used to determine whether NKILA expression level 
was an independent prognostic factor of clinical outcomes. 
According to our results, NKILA expression level showed 
significant prognostic effects on OS, independent of 
various clinical variables (Table 2).

Moreover, the prognostic value of NKILA 
expression in selective patient subgroups stratified by 
clinical stage, tumor size and lymph node status was 
analyzed. In light of our analysis, there was no difference 
between high and low NKILA expression groups in TSCC 
patients with a late stage (TNM III-IV, Figure 2A, right) 
or big tumor (T3-T4, Figure 2B, right) or lymph node 
metastasis (N2 classification, Figure 2C, right). However, 
patients with tumors exhibiting low NKILA expression 
had significantly shorter OS compared with those with 
high expression of NKILA in the clinical stage I-II (n=37, 
P= 0.002, Figure 2A, left), or the T1-T2 subgroup (n=55, 
P=0.001, Figure 2B, left) or N0 and N1 subgroup (n=50, 
P= 0.045 and n=25, P=0.048, Figure 2C). Taken together, 
these data indicated that down-regulation of NKILA was 
significantly associated with the progression of TSCC and 
predicted a poor prognosis.
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NKILA regulates the migration and invasion of 
TSCC cells

As our clinical data indicated that NKILA expression 
levels negatively correlated with TSCC metastasis. We 
further investigated the function of NKILA in migration 
and invasion in TSCC cell lines. The low-metastatic cell 
line CAL27 which has the higher NKILA expression was 
transiently transfected with two specific NKILA siRNAs 
(si-NKILA-1 and si-NKILA-2). Both siRNAs efficiently 
silenced endougenous expression of NKILA (Figure 3A). 
CAL27 cells with down-regulated NKILA expression 
showed increased ability of migration and invasion than that 
in mock or negative control (NC) treated cells (Figure 3B). 
Also, ectopic expression of NKILA in high-metastatic TSCC 
cell line Tscca by transfecting with NKILA containing 
pcDNA3.1 (NKILA) markedly increaed the NKILA level 
than that in pcDNA3.1 vector transfection cells (vector) or 
mock group (Figure 3C). Elevated NKILA suppressed cell 
migration and invasion when compared to mock or vector 

group cells (Figure 3D). These data suggested that NKILA 
inhibits TSCC cells migration and invasion.

NKILA inhibits IκB phosphorylation and NF-κB 
activation in TSCC cells

Because increased NF-κB activity is associated 
with enhanced invasiveness of tumor cells, we further 
detected the function of NKILA in NF-κB activation. Our 
results showed overexpression of NKILA in Tscca cells 
inhibited the phosphorylation of IκBα compared to that in 
mock or vector treated cells (Figure 4A). However, IκBα 
phosphorylation was significantly enhanced in CAL27 
cells with suppressed expression of NKILA (Figure 4A). In 
both situations the phosphorylation of IKK was not changed 
obviously. These results suggested NKILA mainly affected 
IκBα phosphorylation and not influenced IKK activation. 
Next, we investigated the NF-κB activity by observing the 
nuclear translocation of the p65 subunit of NF-κB. We used a 
classical NF-κB inducer TNF-α to treat Tscca cells for 5min 

Figure 1: Relative NKILA expression in TSCC and its relationship with patients prognosis. A. The expression levels 
of NKILA in TSCC tissues and adjacent noncancerous tissues, shown by qRT-PCR; B. NKILA expression levels in different ability of 
invasion of TSCC cell lines; C. Representative images of in situ hybridization for NKILA in paraffin-embedded TSCC tissue of different 
clinical stages and non-cancerous tissue. The magnificant is 200×(upper) and 400× (lower); D. & E. Kaplan–Meier survival curve of TSCC 
patients with low NKILA (SI<6) and high NKILA (SI≥6) levels, (D) Disease-free survival (DFS), (E) Overall survival (OS). Scale bars as 
indicated in the pictures. *p<0.05; **p<0.01.
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and found TNF-α promoted the p65 nucleus translocation, 
while overexpression of NKILA totally prevented this 
translocation with most of the p65 staining in cytoplasm 
around nuclear. On the other hand, silencing NKILA 
in CAL27 cells promoted the TNF-α induced nuclear 
translocation of p65 (Figure 4B). Additionally, Western 
blot showed similar results with immunofluorescence 
that overexpression of NKILA in Tscca cells increased 
the proportionate amount of p65 in the cytoplasm when 
treated with TNF-a for 5 minutes (Figure 4C). Conversely, 
silencing NKILA in CAL27 cells significantly increased 
the translocation of p65 from the cytoplasm to the nucleus 
when treated with TNF-α for 24 hours (Figure 4C). Also, we 
detected the NF-κB activity by using EMSA with canonical 

NF-κB probe which was a sequence located in the NF-
κB/IκB interface. As shown in Figure 4D, knockdown of 
NKILA in CAL27 cells increased the binding of NF-κB with 
probe which means NF-κB are at activated form without the 
binding of IκB. And overexpression of NKILA in Tscca cells 
decreased NF-κB activities.

NF-κB/Twist signaling pathway mediates NKILA 
regulated EMT and migration in TSCC cells

It was reported that NF-κB play pivotal roles in 
regulating tumor cell EMT. Since NKILA inhibits NF-κB 
activity, we hypothesized NKILA could influence TSCC 
cell EMT process. Our results showed Tscca cells stably 

Table 1: Correlation between the clinicopathologic features and expression of NKILA. T, tumor; N, lymph node

Characteristics
NKILA in situ hybridization (%)

P
No. of low expression No. of high expression

Age (y)

 <60 34 (51.5) 32 (48.5) 0.439

 ≥60 18 (60.0) 12 (40.0)

Gender

 Female 19 (54.3) 16 (45.7) 0.986

 Male 33 (54.1) 28 (45.9)

Histological classification

 Well 4 (80.0) 1 (20.0) 0.075

 Mediate 37 (59.7) 25 (40.3)

 Poor 11 (37.9) 18 (62.1)

Clinical stage

 I-II 12 (32.4) 25 (67.6) 0.001

 III-IV 40 (67.8) 19 (32.2)

T classification

 T1-T2 22 (45.2) 33 (54.8) 0.001

 T3-T4 30 (75.0) 11 (25.0)

N classification

 N0 18 (36.0) 32 (64.0) 0.001

 N1 18 (72.0) 7 (28.0)

 N2 16 (76.2) 5 (23.8)

Relapse

 Yes 19 (38.8) 30 (61.2) 0.002

 No 33 (70.2) 14 (29.8)

Status

 Survival 17 (34.7) 32 (65.3) 0.000

 Dead 35 (74.5) 12 (25.5)
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Table 2: Univariate and ultivariate analysis of different prognostic variables in patients with TSCC using Cox 
regression analysis. T, tumor; SE, standard error

Univariate analysis Multivarite analysis

NO. patients p Regression 
coefficient (SE) p Relative risk (95%)

Histological 
classification 0.029 -0.590 (2.620) 0.763 0.913 (0.504-1.652)

 Well 5

 Mediate 29

 Poor 62

Clinical stage 0.000 1.333 (0.371) 0.310 1.750 (0.594-5.154)

 I-II 37

 III-IV 59

T classification 0.001 0.970 (0.295) 0.445 1.358 (0.622-2.963)

 T1-T2 55

 T3-T4 41

NKILA 0.000 -1.182 (0.335) 0.042 0.476 (0.236-0.975)

 SI<6 50

 SI ≥6 46

Figure 2: The expression of NKILA was associated with the progression of TSCC. Kaplan-Meier analysis showing the overall 
survival (OS) of TSCC patients with low (SI<6) and high (SI ≥6) NKILA levels categorized according to TNM stage A., tumor size B. and 
status of lymph nodes C.
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expressing NKILA grew in clusters with tight cell-cell 
junctions, while the vector transfected cells separated 
from one another. In the case of CAL27 cells, the parent 
cells stably knockdown of GFP grew in cluster and had 
round shapes with tight cell-cell junctions, while NKILA 
deficiency cells displayed a spindle shape and separated 
from one another (Figure 5A). These results indicated 
silence of NKILA was related to the mesenchymal 
phenotype of cells. Then we detected the expression 
of EMT markers by qRT-PCR. The results showed that 
stably transfected with NKILA in Tscca cells reduced the 
expression of Twist (Figure 5B), while transduced with 
small hairpin RNA against NKILA (sh-NKILA-1 and sh-
NKILA-2) increased Twist level. These results indicated 
NKILA might involve in regulating the EMT in TSCC 
cells. Then we detected the mRNA level of classical 
EMT markers E-cadherin, N-cadherin and vimentin. 
The results showed that the expression of E-cadherin 
mRNA was dramatically elevated accompanied by the 
expression of N-cadherin and vimentin significantly 
decreased in NKILA overexpressed Tscca cells. And 
the expression of E-cadherin mRNA was moderately 
decreased accompanied by the expression of vimentin and 
N-cadherin mRNA elevated in NKILA silenced CAL27 
cells (Figure 5B). We also performed Western blot to 
examine the expression of EMT markers. Consistent 
with the qRT-PCR results, the Western blot showed 
significantly increase of E-cadherin and decrease of twist, 
vimentin and N-cadherin in NKILA overexpressed Tscca 

cells (Figure 5C). Meanwhile, decrease of E-cadherin and 
increase of twist, vimentin and N-cadherin were observed 
in NKILA silenced CAL27 cells (Figure 5C). These results 
showed NKILA regulated the EMT process of TSCC cells.

We then investigated whether NF-κB /Twist pathway 
is responsible for NKILA regulated cell migration. TNF-α, 
the classical NF-κB activator, promoted the migration 
and invasion of Tscca cells, which could be completely 
inhibited by simultaneous transfection of NKILA (Figure 
5D). Knockdown of NKILA in CAL27 cells enhanced 
cell migration and invasion. Pretreatment of the NKILA 
deficiency cells with Bay-117082 or JSH-23, two 
inhibitors for NF-κB nuclear translocation, antagonized 
the effect of NKILA siRNA (Figure 5E), suggesting that 
NKILA exerts its effect via inhibiting NF-κB.

NKILA suppresses TSCC tumor metastasis

To further verify the role of NKILA in regulating 
TSCC migration and invasion, we injected 1×106 Tscca 
cells stably expressing empty vector (Tscca-vector) 
or NKILA (Tscca-NKILA), or CAL27 cells stably 
transfected with sh-GFP (CAL27-shGFP) or sh-NKILA 
(CAL27-shNKILA) into the tail vein of NOD/SCID mice 
to produce experimental metastasis models. 8 weeks after 
tumor inoculation, the mice were sacrificed and lung and 
liver were observed the tumor metastasis. All the mice 
didn’t develop liver metastasis. For the experimental 
lung metastasis, we could observe tumor nodules on 

Figure 3: NKILA negatively regulated TSCC cell migration and invasion. A. The knockdown efficiency of two specific siRNA 
against NKILA was examined by qRT-PCR in CAL27 cells; B. Silencing NKILA in CAL27 cells increased cell migration and invasion. The 
migrated or invaded cells were detected 12hrs or 24hrs after cells were seeded, respectively. Left panel was representative images and right 
panel was statistical column diagram; C. Analysis of NKILA expression levels in Tscca cells transfected with pcDNA3.1-NKILA (NKILA) 
or empty vector (vector) by qRT-PCR; D. Upregulation of NKILA in Tscca cells suppressed cell migration and invasion. The migrated or 
invaded cells were detected 3 hrs or 8 hrs after cells were seeded, respectively. Left panel was representative images and right panel was 
statistical column diagram. Scale bars as indicated in the pictures. *P<0.05, **p<0.01 versus corresponding controls.
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the surface of lungs in Tscca control mice and CAL27-
shNKILA mice. However, there was no visible metastasis 
in the lungs of Tscca-NKILA and CAL27-shGFP mice 
(Figure 6A). The extent of Tscca-NKILA and CAL27-
shGFP cells metastasis was also reduced when assessed 
by hematoxylin and eosin (H&E) staining of lung tissue 
sections which we only observed micrometastasis (Figure 
6B). The ratio of human HPRT mRNA relative to mouse 
18S rRNA and the average wet lung weight also showed 
the extent of lung metastasis was negatively related to the 
expression level of NKILA (Figure 6C & 6D).

DISCUSSION

LncRNAs are mRNA-like transcripts ranging 
in length from 200nt to ~100 kilobases (kb) that lack 
coding protein function [14]. In the past decades, 
accumulating evidence have indicated that lncRNAs were 
involved in a wide range of biological functions, such 
as cell proliferation, cell apoptosis and cell metastasis. 
Although lots of studies have demonstrated that lncRNAs 
deregulation is pivotal in cancer initiation and progression 

and metastatic spread, their biological functions and 
mechanisms of action are still not fully understood.

Recently, several lncRNAs have been documented 
to promote tumor progression and metastasis via different 
mechanisms. HOTAIR recruits polycomb repressive 
complex (PRC2) to specific targets genes promoter 
regions, leading to H3K27 trimethylation and epigenetic 
silencing of metastasis suppressor genes, and to increasing 
breast cancer invasiveness and metastasis [15]. H19 was 
overexpressed in many types of cancer including bladder, 
pancreatic and breast cancer. H19 increases bladder cancer 
metastasis by associating with EZH2, which increases Wnt/
β-catenin activation and results in a decreased expression of 
E-cadherin [16]. H19 also promoted pancreatic cancer cell 
invasion and migration at least partially by derepressing 
let-7’s inhibition on its target gene HMGA2 which induces 
EMT [17]. In Hepatocellular Carcinoma, lncRNA-activated 
by TGF-β (lncRNA-ATB) upregulated ZEB1 and ZEB2 
by competitively binding the miR-200 family and then 
induced EMT and invasion. lncRNA-ATB could also bind 
IL-11 mRNA and increased IL-11 mRNA stability, causing 
autocrine induction of IL-11, and then activating STAT3 

Figure 4: NKILA inhibits IκB phosphorylation and the activation of NF-κB in TSCC cells. A. Western blotting showing 
total and phosphorylated IKK and IκBa in Tscca cells and CAL27 cells. Left panel was representative images and right panel was statistical 
column diagram; B. p65 nuclear translocation in Tscca expressing NKILA or CAL27 cells expressing NKILA siRNAs treated with TNF-α 
20 ng/ml for 30 min or 5 ng/ml for 24h, respectively, assayed by immunofluorescent confocal microscopy; C. Western blotting for nuclear 
and cytoplasm p65 in Tscca cells and CAL27 cells. GAPDH or Lamin B is the loading control for cytoplasm or nuclear, respectively. 
Upper panel was representative images and lower panel was statistical column diagram; D. NF-κB activities of Tscca cells or CAL27 cells, 
assayed by EMSA. Upper panel was representative images and lower panel was statistical column diagram. *P<0.05, **p<0.01 versus 
corresponding mock group.
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Figure 5: NKILA inhibits EMT and migration of TSCC cells via NF-κB /Twist signaling. A. NKILA controls the EMT 
phenotype of TSCC cells, shown as bright field images; B. The levels of NKILA, Twist, E-cadherin, N-cadherin and Vimentin mRNA in 
Tscca cells and CAL27 cells, detected by qRT-PCR; C. The levels of NKILA, Twist, E-cadherin, N-cadherin and Vimentin protein in Tscca 
cells and CAL27 cells, examined by Western blot. Left panel was representative images and right panel was statistical column diagram. 
*P<0.05, **p<0.01 versus corresponding controls; D. migration and invasion of Tscca cells transiently transfected with mock, empty vector 
or NKILA in the presence or absence of 20 ng/ml TNF-α for 30 min. Left panel was representative images and right panel was statistical 
column diagram; E. migration and invasion of CAL27 cells transiently transfected with mock, NC or si-NKILAs in the presence or absence 
of 2 μM Bay-117082 or 30 μM JSH-23. Left panel was representative images and right panel was statistical column diagram. Scale bars as 
indicated in the pictures. *P<0.05, **p<0.01.
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signaling [18]. The lncRNA Low Expression in Tumor 
(lncRNA-LET) was downregulated in hepatocellular 
carcinomas, colorectal cancers and squamous-cell lung 
carcinomas and inhibited the metastasis of hepatocellular 
carcinomas by stabilizing nuclear factor 90, which leads to 
hypoxia-induced cancer cell invasion [19].

Our previous study reported a novel mechanism of 
action for lncRNA that lncRNA NKILA could directly 
interact with signaling protein NF-κB by blocking the IKK 
phosphorylating sites of IκB and therefore inhibiting NF-
κB mediated breast cancer cell apoptosis and migration. 
In this study, we also found IκBα phosphorylation was 
inhibited in Tscca cells by enforcing NKILA expression, 
but was enhanced in CAL27 cells by silencing NKILA. 
However, basal IKK phosphorylation was not affected by 
altering NKILA in both cell lines. Our previous study in 
breast cancer showed IKK kinase inhibitor could abolish 
the effects of NKILA-shRNA on IκB phosphorylation and 

NF-κB activation, indicating IKK is the upstream signal 
protein of NKILA. Furthermore, in cells with silenced 
IκB or trans-dominant IκB, knockdown of NKILA had 
no effects on NF-κB activation. Taken together, these 
previous study and our present results suggest NKILA 
blocks NF-κB activation by inhibiting IKK-induced IκB 
phosphorylation, but not affecting IKK activity (Figure 4).

Activated NF-κB translocates to the nucleus and 
binds to its cognate DNA motifs in the promoter regions 
and induces a diverse of genes expression which involved 
in multiple biological processes including migration 
and EMT. In this study, we found NKILA expression 
levels were higher in the low- metastatic TSCC cell lines 
(CAL27) than in the high-metastatic cell lines (Tscca and 
Tca8113). Enhancing NKILA expression in Tscca cells 
led to the significant inhibition of cell metastasis both at 
basal condition and TNF-α treatment condition (Figure 
3D & 5D). Knockdown of NKILA expression in CAL27 

Figure 6: NKILA negatively regulates TSCC cells metastasis in NOD/SCID mice. A. Lung images of female NOD/SCID 
mice intravenously injected with Tscca-vector, Tscca-NKILA, CAL26-shGFP, CAL27-shNKILA cells. (n=6 per group); B. representative 
microphotos of lung tissue sections stained with H&E. The magnificant is 200×(upper) and 400× (lower). Scale bars as indicated in the 
pictures; C. Wet lung weight in tumor-bearing mice; D. qRT-PCR for human HPRT mRNA normalized to mice 18S rRNA in the lungs of 
mice intravenously injected with Tscca or CAL27 cells. **p<0.01.
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cells enhanced migration and invasion which could be 
antagonized when applying NF-κB inhibitors (Figure 3B 
& 5E). These results suggested NF-κB mediated NKILA 
regulated TSCC cells mobility.

Twist is a basic helix-loop-helix (b-HLH) transcription 
factor that plays an essential role in mediating cell motility 
and invasiveness by regulating EMT [20]. Upregulation of 
Twist was associated with tumor aggressiveness and poor 
survival in several human cancers, such as hepatocellular 
cancer, breast cancer, pancreatic cancer, and gastric cancer 
[21–23]. Studies had reported in various cancer types 
that NF-κB regulated the expression of transcriptional 
repressor Twist and promoted cell EMT and metastasis 
[24–26]. In lung cancer, knockdown of BRMS1 drove 
NSCLC cells EMT and lung metastasis via NF-κB/Twist 
signaling pathway, while silencing of Twist not only 
blocked BRMS1KD cells to undergo EMT and invasion, but 
also reversed the EMT process [27]. Consistent with the 
observation in lung cancer, Li et al found in breast cancer 
that NF-κB bond to the functional site in the Twist promoter 
and induced transcriptional upregulation of Twist as well 
as EMT and migration of cancer cells. Suppressing Twist 
abrogated NF-κB induced EMT, migration and invasion 
[28]. These results indicated Twist was required for NF-
κB induced EMT and metastasis. In this study, we also 
found when overexpression of NKILA in Tscca cells which 
decreased the NF-κB activation, the expression of Twist 
was attenuated accompanied by the increase of E-cadherin 
and decrease of vimentin and N-cadherin, as well as the 
poor motility of the cells. On the contrary, knockdown of 
NKILA in CAL27 cells which promoted the translocation 
of p65 enhanced the expression of Twist, vimentin and 
N-cadherin, and the migration and invasion of cells. These 
results indicated Twist was the downstream signaling protein 
of NF-κB regulating TSCC cells EMT and migration.

Consistent with the in vitro study, NKILA negatively 
control the tumor metastasis in experimental metastasis 
model. Tscca-vector cells and CAL27-shNKILA cells were 
more prone to develop lung metastasis with H&E staining 
of large amount of tumor cells, while Tscca-NKILA and 
CAL27-shGFP cells were less efficient to form metastasis. 
H&E staining showed there had micrometastasis in lung 
sections. Notably, there has no liver metastasis observed 
(data not shown), probably because the liver metastasis are 
not easy to occur at TSCC cells experimental metastasis 
model.

Our experimental data strongly suggested NKILA 
play an important role in regulating TSCC cells migration 
and invasion. And the clinical data further proved the clinical 
significance of NKILA in TSCC. The results demonstrated 
that the expression of NKILA was significantly 
downregulated in TSCC tissues when compared to matched 
normal tissue. This expression pattern of NKILA in TSCC 
was consistent with our previous observation in breast 
cancer that NKILA expression in normal breast tissues 
was significantly higher than that in the ductal carcinomas 
in-situ without metastasis or metastasis. In TSCC the low 
expression level of NKILA was associated with tumor size, 
advanced clinical staging, lymph node metastasis and poor 
survival, indicating that the low NKILA expression may 
promote an aggressive phenotype of TSCC and serve as a 
prognostic marker.

In summary, our present findings further proves 
that NKILA plays vital roles in controlling tumor cell 
migration and invasion by blocking the phosporylation 
of IκB, NF-κB activation and the following EMT 
process (Figure 7). Our findings indicate NKILA might 
be developed to a useful tool agent to inhibit NF-κB 
signaling pathway. Also, given the good prognostic 
value of NKILA for TSCC and migration inhibitory 

Figure 7: Schematic summary of the model of mechanism of NKILA.
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effects in vitro, NKILA also serves as a potential 
therapeutic target for TSCC treatment.

MATERIALS AND METHODS

Ethic statement

All samples were collected with informed consent 
from patients, and all related procedures of investigation 
have been conducted in accordance with the ethical 
standards and according to the Declaration of Helsinki 
and according to national and international guidelines and 
have been approved by the review board of Sun Yat-Sen 
Memorial Hospital at Sun Yat-Sen University.

Patients and tissue specimens

A total of 96 paraffin-embedded TSCC samples 
from Sun Yat-Sen Memorial Hospital from 2008 to 2011 
were examined in the present study. Fresh tumor samples 
of primary TSCC and matched adjacent non-TSCC tissues 
were obtained from Department of Oral & Maxillofacial 
Surgery of Sun Yat-Sen Memorial Hospital. The disease 
stages of the patients were classified according to 
American Joint Committee on Cancer (AJCC).

Cell cultures and treatment

CAL27 was purchased from American Type Culture 
Collection (ATCC, Manassas, VA, USA), Tca8113 cell 
line was from Shanghai Jiao Tong University College of 
Stomatology. And Tscca was from School of Stomatology 
Wuhan University. The primary normal oral epithelial 
cells were isolated as previously reported [29]. Cells 
were cultured in Dulbecco’s Modified Eagle’s Medium 
(DMEM; Life Technologies, Carlsbad, CA, USA) 
supplemented with 10% fetal bovine serum (FBS; Life 
Technologies, USA). All the cells were maintained in a 
humidified atmosphere containing 5% CO2 at 37°C.

Transient transfection in TSCC cells was performed 
by using lipofectamine 2000 (Life Technologies, USA) 
according to the manufacture’s protocol. And permanent 
transfection was conducted by using commercial 
Lentiviral supernatant (GenePharm, Shanghai, China) as 
previously reported [30].

Quantitative real time PCR (qRT-PCR)

Total RNA from cancerous, noncancerous 
specimens or cell lines was extracted with the Trizol 
reagent (Life Technologies, USA) according to the 
manufacturer’s protocol. The complementary DNA 
(cDNA) was synthesized using the PrimeScript RT reagent 
Kit (TaKaRa, Dalian, China). And the RNA expression 
levels were performed using the Roche LightCycler® 
480 Real-Time PCR System. The gene-specific primers 
were as follows: GAPDH (sense: 5- ATC ACC ATC TTC 

CAG GAG CGA-3’; antisense: 5’- CCT TCT CCA TGG 
TGG TGA AGA C-3’); NKILA( sense: 5’-AAC CAA 
ACC TAC CCA CAA CG-3’; antisense: 5’-ACC ACT 
AAG TCA ATC CCA GGT G-3’); Twist (sense: 5’- GGA 
GTC CGC AGT CTT ACG AG-3’; antisense: 5’- TCT 
GGA GGA CCT GGT AGA GG-3’); E-cadherin (sense: 
5’- GGA GGA GAG CGG TGG TCA AA-3’; antisense: 
5’- TGT GCA GCT GGC TCA AGT CAA-3’); vimentin 
(sense: 5’- GAC AAT GCG TCT CTG GCA CGT CTT-
3’; antisense: 5’- TCC TCCG CCT CCT GCA GGT TCT 
T-3’); N-cadherin (sense: 5’-CAC TGC TCA GGA CCC 
AGA T-3’; antisense: 5’-TAA GCC GAG TGA TGG TCC-
3’); human HPRT (sense:5’- TTC CTT GGT CAG GCA 
GTA TAA TCC-3’; antisense: 5’- AGT CTG GCT TAT 
ATC CAA CAC TTC G-3’), mouse 18S rRNA (sense: 
5’-CGG CTA CCA CAT CCA AGG AA-3’; antisense: 5’- 
GCT GGA ATT ACC GCG GCT-3’).

Western blot analysis and subcellular fraction

Whole cell lysates were resolved by 10% SDS 
polyacrylamide gels electrophoresis (BioRad, Berkeley, 
CA, USA) and transferred to PVDF membranes. The 
membrane was probed with specific antibodies against 
human GAPDH (Sigma, USA), p65 (CST, Danver, MA, 
USA), IKK (CST, USA), p-IKK (CST, USA), IκB (CST, 
USA), p-IκB (CST, USA), E-cadherin (CST, USA), 
vimentin (CST, USA), N-cadherin (R&D, Minneapolis, 
MN, USA) or Twist (CST, USA). Peroxidase-conjugated 
anti-mouse IgG or anti-rabbit IgG (CST, USA) was used 
as secondary antibody. And the antigen-antibody reaction 
was visualized by using enhanced chemiluminescence 
assay (ECL, Thermo, Rockford, USA).

Subcellular fractions were prepared from TSCC 
cells with an NE-PER Nuclear and Cytoplasmic Extraction 
kit (Thermo Scientific, USA) according to manufacturer’s 
instructions.

Transwell assay

TSCC cells were transiently transfected with 
NKILA siRNAs and NKILA overexpression plasmid, as 
well as their corresponding contols. After incubation for 
48 hours, the cells were digested and 1×105 cells in serum-
free DMEM were seeded on the upper inserts of 24-well 
Boyden chambers (Corning, New York, NY, USA) with 
(for invasion) or without (for migration) matrigel (R&D, 
USA). DMEM medium supplemented with 10% FBS 
was added to the lower chambers. For Tscca cells, we 
detected cell mobility after 3 hrs (for migration) or 8 hrs 
(for invasion) culture. And for CAL27 cells, we detected 
cell mobility after 12 hrs (for migration) or 24 hrs (for 
invasion) culture. The migrated and invaded cells that 
crossed the inserts were stained with 0.1% crystal violet, 
and counted as the number of cells per field of view using 
phase-contrast microscopy.
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In situ hybridization (ISH) and data analyses

NKILA expressions in paraffin-embedded sections 
were examined using in situ hybridization (ISH) as 
previously reported [13].

Electromobility shift assay (EMSA)

EMSA Assay was performed using LightShift 
Chemiluminescent EMSA Kit (20148, Pierce, 
Rockforld, IL) according to manufacturer’s 
instructions. The sequence of canonical NFκB 
probe is AGTTGAGGGGACTTTCCCAGGC. The 
sequence of OCT1 EMSA probe as a loading control is 
TGTCGAATGCAAATCACTAGAA.

Immunofluorescence

For immunofluorescent (IF) staining, the cells were 
incubated with primary antibodies against p65 (1:300, 
CST, USA), E-cadherin (1:400, CST, USA), vimentin 
(1:400, CST, USA), followed by incubation with Alexa 
Fluor 488/Alexa Fluor 555 secondary antibodies 
(1:1000, Life Technologies, USA). Then, the cells were 
counterstained with DAPI (Sigma, USA) and images were 
obtained by Confocal laser-scanning microscopy (Zeiss 
LSM710, Germany).

Tumor xenografts

Female 4-6 weeks old NOD/SCID mice were used. 
All animal experiments were approved by Sun Yat-sen 
University laboratory animal care and use committee. 
1×106 Tscca and CAL27 cells with or without adjusting the 
expression of NKILA were injected in PBS intravenously 
in the mice tail vein. 8 weeks after tumor inoculation, the 
mice were sacrificed and livers and lungs were collected, 
weighed, fixed for paraffin-embedded section and RNA 
extraction. Paraffin section (4μm) were stained with 
hematoxylin and eosin (HE) [31].

Statistical analyses

Statistical analyses were performed using SPSS 
version 16.0 (SPSS, Chicago, IL, USA). A Chi-squared 
test was used to analyze the relationship between 
NKILA expression levels and the clinicopathological 
characteristics. A one-way ANOVA was used to compare 
the NKILA expression levels between the TSCC tumors 
of different clinical stages. Survival curves were plotted 
using the Kaplan–Meier method and compared using 
the log-rank test. The survival data were evaluated using 
univariate and multivariate Cox regression analyses. 
Student's t-tests were used to calculate the p-value. P < 
0.05 was considered significant. All experiments were 
performed at least 3 times and results were presented as 
mean±s.d.

ACKNOWLEDGMENTS

This work was funded by grants from the Natural 
Science Foundation of China (81230060, 81490750, 
81272951); the Foundation for the Young Teachers in the 
Higher Education Institutions of China (20110171120082); 
Science Foundation of Guangdong Province 
(S2012030006287); Sun Yat-sen University Training 
Project Grants (13ykpy27, 14ykpy20); Special Project on 
New Drug Innovation of Sun Yat-sen University; Grant 
KLB09001 from the Key Laboratory of Malignant Tumor 
Gene Regulation and Target Therapy of Guangdong 
Higher Education Institutes, Sun Yat-Sen University; 
Grant [2013] 163 from Key Laboratory of Malignant 
Tumor Molecular Mechanism and Translational Medicine 
of Guangzhou Bureau of Science and Information 
Technology; Guangdong Science and Technology 
Department (2015B050501004); Translational medicine 
public platform of Guangdong Province (4202037).

CONFLICTS OF INTEREST

The authors declare that they have no competing 
interests.

REFERENCES

1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. 
CA Cancer J Clin. 2012; 62:10-29.

2. Sano D, Myers JN. Metastasis of squamous cell carcinoma 
of the oral tongue. Cancer metastasis reviews. 2007; 
26:645-662.

3. Ruland J. Return to homeostasis: downregulation of 
NF-kappaB responses. Nature immunology. 2011; 
12:709-714.

4. Hayden MS, Ghosh S. Signaling to NF-kappaB. Genes & 
development. 2004; 18:2195-2224.

5. Scheidereit C. IkappaB kinase complexes: gateways to 
NF-kappaB activation and transcription. Oncogene. 2006; 
25:6685-6705.

6. Huber MA, Beug H, Wirth T. Epithelial-mesenchymal 
transition: NF-kappaB takes center stage. Cell cycle. 2004; 
3:1477-1480.

7. Yang J, Weinberg RA. Epithelial-mesenchymal transition: 
at the crossroads of development and tumor metastasis. 
Developmental cell. 2008; 14:818-829.

8. Peinado H, Olmeda D, Cano A. Snail, Zeb and bHLH 
factors in tumour progression: an alliance against the 
epithelial phenotype? Nature reviews Cancer. 2007; 
7:415-428.

9. Guttman M, Amit I, Garber M, French C, Lin MF, Feldser 
D, Huarte M, Zuk O, Carey BW, Cassady JP, Cabili MN, 
Jaenisch R, Mikkelsen TS, Jacks T, Hacohen N, Bernstein 
BE, et al. Chromatin signature reveals over a thousand 



Oncotarget62532www.impactjournals.com/oncotarget

highly conserved large non-coding RNAs in mammals. 
Nature. 2009; 458:223-227.

10. Ponting CP, Oliver PL, Reik W. Evolution and functions of 
long noncoding RNAs. Cell. 2009; 136:629-641.

11. Wilusz JE, Sunwoo H, Spector DL. Long noncoding 
RNAs: functional surprises from the RNA world. Genes & 
development. 2009; 23:1494-1504.

12. Wang KC, Chang HY. Molecular mechanisms of long 
noncoding RNAs. Molecular cell. 2011; 43:904-914.

13. Liu B, Sun L, Liu Q, Gong C, Yao Y, Lv X, Lin L, Yao H, 
Su F, Li D, Zeng M, Song E. A cytoplasmic NF-kappaB 
interacting long noncoding RNA blocks IkappaB 
phosphorylation and suppresses breast cancer metastasis. 
Cancer cell. 2015; 27:370-381.

14. Lee JT. Epigenetic regulation by long noncoding RNAs. 
Science. 2012; 338:1435-1439.

15. Gupta RA, Shah N, Wang KC, Kim J, Horlings HM, Wong 
DJ, Tsai MC, Hung T, Argani P, Rinn JL, Wang Y, Brzoska 
P, Kong B, Li R, West RB, van de Vijver MJ, et al. Long 
non-coding RNA HOTAIR reprograms chromatin state to 
promote cancer metastasis. Nature. 2010; 464:1071-1076.

16. Luo M, Li Z, Wang W, Zeng Y, Liu Z, Qiu J. Long non-
coding RNA H19 increases bladder cancer metastasis 
by associating with EZH2 and inhibiting E-cadherin 
expression. Cancer letters. 2013; 333:213-221.

17. Ma C, Nong K, Zhu H, Wang W, Huang X, Yuan Z, Ai K. 
H19 promotes pancreatic cancer metastasis by derepressing 
let-7's suppression on its target HMGA2-mediated EMT. 
Tumour biology : the journal of the International Society 
for Oncodevelopmental Biology and Medicine. 2014; 
35:9163-9169.

18. Yuan JH, Yang F, Wang F, Ma JZ, Guo YJ, Tao QF, Liu F, Pan 
W, Wang TT, Zhou CC, Wang SB, Wang YZ, Yang Y, Yang 
N, Zhou WP, Yang GS, et al. A long noncoding RNA activated 
by TGF-beta promotes the invasion-metastasis cascade in 
hepatocellular carcinoma. Cancer cell. 2014; 25:666-681.

19. Yang F, Huo XS, Yuan SX, Zhang L, Zhou WP, Wang F, 
Sun SH. Repression of the long noncoding RNA-LET by 
histone deacetylase 3 contributes to hypoxia-mediated 
metastasis. Molecular cell. 2013; 49:1083-1096.

20. Yang J, Mani SA, Donaher JL, Ramaswamy S, Itzykson 
RA, Come C, Savagner P, Gitelman I, Richardson A, 
Weinberg RA. Twist, a master regulator of morphogenesis, 
plays an essential role in tumor metastasis. Cell. 2004; 
117:927-939.

21. Kwok WK, Ling MT, Lee TW, Lau TC, Zhou C, Zhang 
X, Chua CW, Chan KW, Chan FL, Glackin C, Wong YC, 
Wang X. Up-regulation of TWIST in prostate cancer and its 
implication as a therapeutic target. Cancer research. 2005; 
65:5153-5162.

22. Kyo S, Sakaguchi J, Ohno S, Mizumoto Y, Maida Y, 
Hashimoto M, Nakamura M, Takakura M, Nakajima M, 
Masutomi K, Inoue M. High Twist expression is involved in 

infiltrative endometrial cancer and affects patient survival. 
Human pathology. 2006; 37:431-438.

23. Yuen HF, Chan YP, Wong ML, Kwok WK, Chan KK, 
Lee PY, Srivastava G, Law SY, Wong YC, Wang X, Chan 
KW. Upregulation of Twist in oesophageal squamous cell 
carcinoma is associated with neoplastic transformation 
and distant metastasis. Journal of clinical pathology. 2007; 
60:510-514.

24. Tsubaki M, Komai M, Fujimoto S, Itoh T, Imano M, 
Sakamoto K, Shimaoka H, Takeda T, Ogawa N, Mashimo 
K, Fujiwara D, Mukai J, Sakaguchi K, Satou T, Nishida S. 
Activation of NF-kappaB by the RANKL/RANK system 
up-regulates snail and twist expressions and induces 
epithelial-to-mesenchymal transition in mammary tumor 
cell lines. Journal of experimental & clinical cancer 
research. 2013; 32:62.

25. Yu L, Mu Y, Sa N, Wang H, Xu W. Tumor necrosis factor 
alpha induces epithelial-mesenchymal transition and 
promotes metastasis via NF-kappaB signaling pathway-
mediated TWIST expression in hypopharyngeal cancer. 
Oncology reports. 2014; 31:321-327.

26. Li S, Kendall SE, Raices R, Finlay J, Covarrubias M, 
Liu Z, Lowe G, Lin YH, Teh YH, Leigh V, Dhillon S, 
Flanagan S, Aboody KS, Glackin CA. TWIST1 associates 
with NF-kappaB subunit RELA via carboxyl-terminal WR 
domain to promote cell autonomous invasion through IL8 
production. BMC biology. 2012; 10:73.

27. Liu Y, Mayo MW, Xiao A, Hall EH, Amin EB, Kadota K, 
Adusumilli PS, Jones DR. Loss of BRMS1 promotes a 
mesenchymal phenotype through NF-kappaB-dependent 
regulation of Twist1. Molecular and cellular biology. 2015; 
35:303-317.

28. Li CW, Xia W, Huo L, Lim SO, Wu Y, Hsu JL, Chao 
CH, Yamaguchi H, Yang NK, Ding Q, Wang Y, Lai YJ, 
LaBaff AM, Wu TJ, Lin BR, Yang MH, et al. Epithelial-
mesenchymal transition induced by TNF-alpha requires 
NF-kappaB-mediated transcriptional upregulation of 
Twist1. Cancer research. 2012; 72:1290-1300.

29. Oda D, Watson E. Human oral epithelial cell culture I. 
Improved conditions for reproducible culture in serum-free 
medium. In vitro cellular & developmental biology. 1990; 
26:589-595.

30. Yu F, Yao H, Zhu P, Zhang X, Pan Q, Gong C, Huang Y, Hu 
X, Su F, Lieberman J, Song E. let-7 regulates self renewal 
and tumorigenicity of breast cancer cells. Cell. 2007; 
131:1109-1123.

31. Yao YD, Sun TM, Huang SY, Dou S, Lin L, Chen JN, Ruan 
JB, Mao CQ, Yu FY, Zeng MS, Zang JY, Liu Q, Su FX, 
Zhang P, Lieberman J, Wang J, et al. Targeted delivery 
of PLK1-siRNA by ScFv suppresses Her2+ breast cancer 
growth and metastasis. Science translational medicine. 
2012; 4:130ra148.


