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 Background: Recent evidence reveals that the inflammatory microenvironment is associated with tumor migration, invasion, 
and metastasis. Tumor necrosis factor-a (TNF-a) play a vital role in regulation of the inflammatory process in 
tumor development. Nuclear factor-kappa B (NF-kB) is one of the key transcription factors which regulate pro-
cesses in tumor promotion. The aim of this study was to explore the role of NF-kB on the invasion and migra-
tion of oral squamous cell carcinoma (OSCC).

 Material/Methods: The IKKb and p65 mRNA and protein levels were determined by quantitative RT-PCR and western blot. Wound 
scratch healing assays and transwell migration assays were used to evaluate the effect of TNF-a and BAY11-
7082 on the migration of the OSCC cell lines (HN4, HN6, and CAL27).

 Results: We observed a significant increase of the expression level of IKKb and p65 in OSCC cells from the experimen-
tal group at 24 h, 48 h, and 72 h after TNF-a stimulation. Invasion and metastasis of OSCC cells was obviously 
improved after the TNF-a stimulation. Invasion and metastasis ability of OSCC cells was inhibited in the sup-
pression group, and no significant changes were observed in expression level of IKKb and p65 after the use of 
BAY11-7082.

 Conclusions: Our results suggest that TNF-a enhances the invasion and metastasis ability of OSCC cells via the NF-kB sig-
naling pathway.
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Background

Epidemiological studies report about 700 000 cases (includ-
ing 300 000 new-onset cases) of oral cancer worldwide in the 
past 5 years, with 145 000 deaths [1,2]. Although there has 
been improvement in diagnosis and treatment of oral cancer, 
prognosis of oral squamous cell carcinoma (OSCC) is still poor, 
the 5-year survival rate is low, and the average 5-year surviv-
al rate is about 50% [3]. The high mortality of OSCC is main-
ly due to invasion and metastasis in tumor cells. A growing 
number of studies have confirmed that the inflammatory tu-
mor microenvironment was associated with the development, 
invasion, and metastasis of tumor cells [4,5].

Tumor necrosis factor alpha (TNF-a) is secreted by macro-
phages and plays an vital role in the process of infection and 
immune response [6]. According to research on renal cell car-
cinoma, small doses of TNF-a in the tumor microenvironment 
can enhance tumor cell proliferation, invasion, and metasta-
sis, increase white blood cells, form blood vessels, and induce 
upregulation of other cytokines (e.g., angiogenesis factor and 
matrix metalloproteinases), and trigger epithelial-mesenchy-
mal transition (EMT) of tumor cells [7]. In addition, an animal 
experiment also found that silencing the TNF-a gene can in-
hibit the proliferation and migration of gastric cancer cells [8]. 
Nevertheless, how TNF-a promotes invasion and metastasis 
of tumor cells is unclear. Extensive research on the TNF-a/NF-
kB/Snail pathway confirmed that TNF-a can regulate the ex-
pression of transcription factor Snail to induce EMT and pro-
mote the invasive and migratory activities of tumor cells [9].

The NF-kB pathway is activated by TNF-a to promote tumor 
cell proliferation and inhibition of apoptosis, and enhances the 
tumor angiogenesis ability and the potential of invasion and 
metastasis [10]. The NF-kB signaling pathway includes recep-
tors and the proximal signal link protein, IkB kinase complex-
es, and IkB and NF-kB dimers. Normally, NF-kB is hidden by 
combining with IkB when cells are stimulated by various in-
flammatory stimuli such as growth factors and infectious mi-
crobes, activating IKK, which leads to IkB degradation, and re-
lease of NF-kB dimers [11,12]. Then, NF-kB is transferred to 
the nucleus with further activation, and combines with the 
gene to promote transcription of the target gene. NF-kB is a 
transcription factor for different biological processes: immune 
response; cell growth, proliferation, survival and apoptosis; 
stress response; embryogenesis; and development [13]. NF-kB 
is also essential to human health, but the abnormal activation 
of the NF-kB can cause a variety of autoimmunity, inflamma-
tion, and malignant diseases, including rheumatoid arthritis, 
atherosclerosis, inflammatory bowel disease, multiple sclero-
sis, and malignant tumors [14,15]. Recent data showed that 
IKK is involved in the main pathway of proinflammatory genes, 
and expression of IKK plays a central role in TNF-a-mediated 

NF-kB activation and expression [16].Therefore, inhibition of 
the NF-kB signaling pathway could be of use in treating can-
cer and inflammatory diseases.

Based on the above studies, the present study explored the 
role of NF-kB in OSCC progression. We observed invasive and 
migratory activities of OSCC after activation of the NF-kB path-
way by TNF-a and inhibition of NF-kB pathway signaling with 
the use of an inhibitor (BAY11-7082).

Material and Methods

Cell culture

Three human OSCC cell lines (HN4, HN6, and CAL27) were 
purchased from the American Type Culture Collection (ATCC, 
Manassas, VA, USA). OSCC cells were cultured in DMEM/F12 
(Gibco, France) supplemented with 10% fetal bovine serum 
(FBS) (Gibco), 100 U/ml penicillin, and streptomycin (100 μg/
ml) at 37°C in a 5% CO2 humidified incubator. The cells were 
seeded in 6-well plates and maintained until they reached 80–
90% confluence. Next, the cells were starved overnight in se-
rum-free DMEM/F12. The experimental group cells were stim-
ulated with 10 ng/ml TNF-a for 3 h, 6 h, 12 h, 24 h, 48 h, and 
72 h. HN6 cells were stimulated with 5 uM BAY11-7082, HN4, 
and CAL27 cells, as the suppression group, were stimulated 
with 10 uM BAY11-7082 for 24 h, 48 h, and 72 h, respective-
ly. No TNF-a or BAY11-7082 was added to the control group.

Real-Time polymerase chain reaction (RT-PCR)

Total RNA of the experimental group, suppression group, and 
control group OSCC cells was extracted using the TRIzol re-
agent (Ambion, USA). RNA was reverse-transcribed into cDNA 
with a one-step RT-PCR kit (TIANGEN Biotech Co., Ltd. Beijing 
China) at 37°C for 60 min. Real-time quantitative PCR, using 
RealMaster Mix (SYBR Green) (Tiangen) with a 7800 ABI RT-
PCR System (Applied Biosystems, Foster City, CA, USA). PCR 
proceeded under the conditions of 95°C for 30 s, 95°C for 15 
s, 60°C for 30 s, and 68°C for 30 s (40 cycles). The relative 
gene expression was calculated using the 2(–DDCT) method in 
at least 3 independent experiments. The resultant mRNA was 
normalized to its own B-actin. The primers used for the RT-
PCR were as followed: 
IKKb (5’-ACCTCGAGACCAGCGAACTG-3’, 
5’-TGCTATCCGGGCTTCCACTG-3’),
P65 (5’-TCCTGTGCGTGTCTCCATGC-3’, 
-TGGCTGATCTGCCCAGAAGG-3’),
B-action (5’-GCCGGGACCTGACTGACTAC-3, 
5’-CGGAGTACTTGCGCTCAGGA-3’).
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SDS-PAGE and western blotting

HN4, HN6, and CAL27 OSCC cells were seeded in 6-well plates 
(105 cells/well), and, after various treatments, they were lysed 
in pre-warmed Laemmli buffer (Sigma, USA). Each sample was 
electrophoresed through 10% SDS polyacrylamide gels. These 
membranes were subsequently blocked for 1 h with 5% non-
fat milk in TBST at room temperature and then incubated over-
night at 4°C with primary antibodies. A 1: 500 dilution of IKKb, 
p65, and a 1: 1000 dilution of B-actin was used. Blots were 
quantified by Amersham Imager 600 (GE，USA). Blots were an-
alyzed using ImageJ software.

Wound healing assay

HN4, HN6, and CAL27 OSCC cells were seeded in 6-well plates 
and cultured to reach 90% confluency in complete medium. 
Next, a sterile 10-ul pipet tip was used to scrape 3 wounds 
through the cell monolayer, and the cells were gently rinsed 
with PBS. The experimental group cells were treated with 10 
ng/ml TNF-a in serum-free medium. The suppression group cells 
were treated with BAY11-7082 in serum-free serum. Pictures 
were taken immediately before treatment as the control and 
after treatment for 6 h, 12 h, and 24 h on an inverted micro-
scope (Olympus).

Transwell migration assay

HN4, HN6, and CAL27 OSCC cells suspended in 200 ul of serum-
free medium were loaded onto an upper 8-μm pore size cham-
ber inserted in a 24-well cell culture plate. The lower chamber 
was filled with DMEM/F12 supplemented with 10% FBS as a 
chemoattractant. The cells were allowed to adhere before be-
ing treated with 10 ng/ml TNF-a and then incubated for 24 h 
at 37°C in 5% CO2. After this incubation, the inserts were re-
moved and the remaining non-migrating cells on the upper 
surface of the membrane were removed with a cotton swab. 
The cells that migrated to the lower surface of the membrane 
were fixed with 10% paraformaldehyde (Beyotime) for 30 min 
at room temperature, washed with PBS, and then stained with 
0.1% crystal violet (Beyotime). Then, the cells were examined 
using an inverted microscope at 20× magnification. Pictures 
of 5 randomly chosen fields were taken, and migrating cells 
were counted using Image J software.

Statistical analysis

The assays were repeated in 3 or more independent experi-
ments and results are expressed as the mean ± S.D. Statistical 
significance was assessed using the independent-samples t 
test. A P-value of less than 0.05 was considered to be statis-
tically significant.

Results

TNF-a activates NF-kB signaling pathway

We observed that IKKb and p65 in HN4, HN6, and CAL27 cells 
increased significantly after TNF-a stimulation. After being 
treating with 10 ng/ml TNF-a for 0 h, 3 h, 6 h, 12 h, 24 h, 48 
h, and 72 h, RT-PCR and western blot analysis revealed that 
the level of IKKb and p65 were significantly increased after 
24 h, 48 h, and 72 h (Figure 1A, 1B). Western blot analysis 
showed statistically significant differences (Figure 1C). The 
above results indicate that TNF-a activates the NF-kB path-
way in oral cancer cells.

BAY11-7082 blocks NF-kB signaling pathway

Firstly, HN4, HN6, and CAL27 cells were treated with BAY11-
7082 before 1-h TNF-a stimulation. After being treated with 
BAY11-7082 for 0 h, 24 h, 48 h, and 72 h, real-time RT-PCR 
and western blot analysis reveal that the level of IKKb and 
p65 were not significantly changed after 24 h,48 h, and 72 h 
(Figure 2A, 2B). The results of western blot analysis indicated 
no statistically significant difference (Figure 2C), showing that 
the NF-kB signaling pathway was not activated by TNF-a af-
ter blocking by BAY11-7082 in oral cancer cells.

BAY11-7082 inhibits migration and invasion of OSCC cells 
promoted by TNF-a

OSCC cells in the experimental group treated with TNF-a al-
most closed the scratch wound at 24 h, but the suppression 
group and control group could not, especially in HN4 and HN6 
cells (Figure3A). TNF-a promotes the migration ability of OSCC 
cells. There was no significant difference in migration abil-
ity between the BAY11-7082 treatment group and the con-
trol group (Figure3B). The photographs of transwell invasion 
assay demonstrate that the experimental group cells treated 
with TNF-a were more invasive than in the suppression group 
and control group (Figure 4A). The quantitative analysis con-
firmed that the invasive abilities were significantly increased 
in HN4 (2.785-fold), HN6 (2.512-fold), and CAL27 (2.058-fold) 
after TNF-a treatment (Figure 4B). There was no significant 
difference in invasive ability between the BAY11-7082 treat-
ment group and the control group (Figure 4C).

Thus, we conclude that BAY11-7082 inhibits the migratory and 
invasive ability of OSCC cells promoted by TNF-a.

Discussion

Our results showed that the mRNA and protein expression of 
IKKb and P65 in OSCC cells increase after TNF-a stimulation, 
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Figure 1.  OSCC cells were treated with TNF-a (10 ng/ml) for the indicated times. (A) The mRNA level of IKKb and p65 was analyzed by 
real-time RT-PCR. b-actin was used as a control. (B) Western blot analysis was performed to assess the expression of IKKb 
and p65 at the protein level. b-actin was used as a loading control. (C) Statistical analysis of western blot analysis. Each bar 
represents the mean ±S.D. * P<0.05, ** P<0.05, *** P<0.05, **** P<0.05.
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Figure 2.  OSCC cells were treated with BAY11-7082 1 h before TNF-a stimulation for the indicated times. (A) The mRNA level of IKKb 
and p65 was analyzed by real-time RT-PCR. b-actin was used as a control. (B) Western blot analysis was performed to assess 
the expression of IKKb and p65 on the protein level. b-actin was employed as a loading control. (C) The statistics analysis of 
western blot analysis. Each bar represents the mean ±S.D. The difference was not significant, P>0.05.
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Figure 3.  TNF-a enhanced migration behavior of OSCC cells. (A) Photographs were taken at the same position of the wound at the 
indicated time points (×40 magnification). (B) Quantitative analysis of cells migration in 12 h and 24 h. The data were 
calculated as the mean ±S.D.* P<0.05. ** P<0.05; NS – not significant. (C) The flow cytometric cell-cycle analysis showed that 
there was no significant difference of proliferation ability between the TNF-a treatment group, the BAY11-7082 treatment 
group, and the nontreatment group, P>0.05.
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Figure 4.  (A) Pictures presenting the cells penetrating the Matrigel basement membrane matrix after 24 h. (B) Quantitative analysis of 
cell invasion in 5 different random fields. The data were calculated as the mean ±S.D. * P<0.05; NS – not significant.
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and the invasion and metastasis ability of OSCC cells are en-
hanced. After adding BAY11-7082 to OSCC cells, the stimulat-
ing effect of TNF-a decreased. The expression of IKKb and P65 
was unchanged compared with the control group. The invasion 
and metastasis ability of OSCC cells was reduced. The results 
show that TNF-a promotes oral cancer cell invasion and me-
tastasis by activating the NF-kB signaling pathway. The stim-
ulating effect of TNF-a in OSCC cells decreased significantly 
but did not disappear completely after inhibiting the NF-kB 
signaling pathway. There may be other signaling pathways in-
volved. TNF-a can promote oral cancer cell invasion and me-
tastasis, and this effect may be associated with activation of 
the NF-kB signaling pathway.

Cancer recurrence and death in cancer patients are mostly due 
to invasion and metastasis of tumor cells. Tumor metastasis 
involves tumor cells spreading from the primary site to region-
al lymph nodes or spreading to a distant site through a vari-
ety of ways. Tumor cells grow and proliferate after arriving in 
other tissues and organs, forming secondary tumors with the 
same nature as the primary tumor. Tumor cells mainly metas-
tasize through lymphatic and blood vessels. Tumor cells are 
surrounded by the tumor microenvironment, which contains 
a variety of cell types (e.g., epithelial cells, fibroblasts, and in-
flammatory cells), as well as extracellular matrix and extra-
cellular molecules (e.g., TNF-alpha and TGF-beta) [17,18]. The 
tumor microenvironment also plays an important role in the 
occurrence, development, and metastasis of oral cancer [19].

TNF-a in the tumor microenvironment acts as an inflamma-
tory mediator that triggers EMT of tumor cells and promotes 
tumor metastasis [20]. Signaling pathways and transcription 
factors activated by TNF-a are considered key to invasion and 
metastasis in cancer cells. Cancer cells are more dependent on 
transcription factors than are normal cells. The growth of can-
cer cells is inhibited and the apoptosis of cancer cells is pro-
moted through targeted inhibition of transcription factors and 
signaling pathways [21]. TNF-a promotes oral cancer cell in-
vasion and metastasis, which relies on NF-kB signaling path-
way activation [22,23].

Infinite proliferation and anti-apoptosis are the basic charac-
teristics of tumor cells. NF-kB interacts with CyclinD1, Cyclin 
E, and c-myc to promote tumor cell proliferation [24], and pro-
motes survival and inhibits apoptosis through Bcl-2 and Bcl-
xL,which regulate transcription of the cellular inhibitor of apop-
tosis [25]. NF-kB has also been found to regulate the expression 

of matrix metalloproteinases (MMPs), especially the expression 
of MMP9 [26], which degrades and reshapes the extracellu-
lar matrix to enhance invasion of tumor cells. Several studies 
showed that the expression of Snail, Slug [27], ZEB1/2 [28], 
and Twist1 [29] is altered via NF-kB activation and triggers 
EMT. A breast cancer model experiment found that ENT was 
reversed and metastasis was reduced through inhibiting NF-
kB [30]. Research on pneumonia demonstrated that TNF-a and 
TGF-b upregulated Snail Twist1, Slug, and ZEB2, dependent on 
NF-kB activation, and triggered EMT [31].

In addition to the NF-kB signaling pathway, there are some 
other pathways related to tumor cell invasion and biological 
behavior. Akca et al. [32] found that PI3K/Akt/NF-kB pathway 
activation can enhance lung cancer cells invasive ability. The 
PI3K/Akt signaling pathway upregulated Snail and Slug to in-
hibit of the expression of E-cadherin; and promoted the deg-
radation by elevating MMPS, which directly induced EMT and 
strengthened the invasion ability [33].Watson confirmed that 
liver cancer cells secreted VEGF, activating the p38MAPK sig-
naling pathway, and promoting cell adhesion and angiogen-
esis [34]. A study on colon cancer and prostate cancer cells 
found that TNF-a induced Snail stabilization through the AKT/
GSK signaling pathway to induce EMT [35]. In colorectal tumor 
transplantation, model tumor growth was inhibited by sup-
pressing the Notch and Wnt pathways [36]. mRNA might play 
a tumor-suppressive role in OSCC [37,38].

NF-kB occupies an important position in the study of oral can-
cer. Cultivation of oral cancer cells in vitro found that TNF-a 
and NF-kB had high expression levels [39]. Our previous ex-
periments showed that after the application of TNF-a stimula-
tion in OSCC cultivated in vitro in a simulated tumor microen-
vironment, Snail of OSCC cells was upregulated, and invasion 
of OSCC cells also increased, probably via activation of the 
NF-kB pathway [40].

Conclusions

Our results suggest that TNF-a enhances the invasion and 
metastasis ability of oral cancer cells via the NF-kB signal-
ing pathway.
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