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Abstract: The inflammatory tumor microenvironment has been identified to play a pivotal role in tumor develop-
ment and metastasis. Tumor necrosis factor-α (TNF-α) is one of the key cytokines that regulate the inflammatory 
processes in tumor promotion. In the current study, we treated three oral squamous cell carcinoma (OSCC) cell 
lines with TNF-α to study its role in inflammation-induced tumor progression. Here we show that TNF-α induces 
stabilization of the transcriptional repressor Snail and activates NF-κB pathway in the three OSCC cell lines. These 
activities resulted in the increased motility and invasiveness of three OSCC cell lines. In addition, upon dealing with 
TNF-α for the indicated time, three OSCC cell lines underwent epithelial-to-mesenchymal transition (EMT), in which 
they presented a fibroblast-like phenotype and had a decreased expression of epithelial marker (E-cadherin) and an 
increased expression of mesenchymal marker (vimentin). We further demonstrated that TNF-α can up-regulate the 
expression of Id2 while inducing an EMT in oral cancer cells. Finally, we showed that Id2 interacted with Snail which 
may constrain Snail-dependent suppression of E-cadherin. In conclusion, our study indicates that TNF-α induces 
Snail stabilization is dependent on the activation of NF-κB pathway and results in increasing cell invasion and migra-
tion in OSCC cells. Id2 may contribute to regulate the function of Snail during TNF-α-mediated EMT in OSCC. These 
findings have significant implications for inflammation-induced tumor promotion in OSCC.

Keywords: Epithelial-to-mesenchymal transition, Id2, oral squamous cell carcinoma, Snail, tumor necrosis factor-α

Introduction 

Mounting evidence has demonstrated that the 
inflammatory tumor microenvironment contrib-
utes a pivotal role to tumor development and 
metastasis [1-4]. The inflammatory tumor 
microenvironment is largely orchestrated by 
immune cells and their secretory cytokines 
and/or chemokines, which facilitate extracellu-
lar matrix breakdown, angiogenesis, tissue 
remodeling and promote tumor cell motility [5]. 
In particular, tumor necrosis factor-α (TNF-α) is 
one of the key cytokines that regulate the 
inflammatory processes in tumor promotion, 
which is mainly derived from activated macro-
phages infiltrated in tumor. Despite high-dose 
of TNF-α used as a cytotoxic agent, increasing 

evidences have provided that chronic and low 
level of TNF-α can acquire a tumorigenic fea-
ture. TNF-α can activate the major inflammatory 
response NF-κB pathway, which facilitates to 
mediate many critical processes of tumor pro-
gression [6, 7]. Recently, studies revealed that 
TNF-α could induce epithelial-mesenchymal 
transition (EMT) and further promote invasion 
and metastasis in breast cancer, renal cell car-
cinoma cells and prostate cancer [8-10]. In 
addition, it has been reported that TNF-α domi-
nates genotypes were considered as indepen-
dent predictors for early, advanced and overall 
oral squamous cell carcinoma (OSCC) stages 
[11]. However, there is little known about the 
role of TNF-α in OSCC progression.
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EMT is defined as the conversion of epithelial 
cells to mesenchymal cells with migratory and 
invasive capabilities during embryonic develop-
ment, tissue remolding, wound healing and 
tumor metastasis [12-14]. During this transi-
tion, epithelial cells lose apico-basal polarity 
and cell-cell interactions, acquire mesenchy-
mal and migratory behavior [13, 15, 16]. One 
hallmark of EMT is the loss of E-cadherin, which 
is thought to be a functional suppressor of inva-

sion during carcinoma progression [15, 17]. 
Currently, several transcription factors has 
emerged as fundamental regulators for the 
potent repression of E-cadherin, such as the 
Snail (Snail1 and Slug), ZEB (ZEB1 and ZEB2) 
and basic helix-loop-helix (bHLH: Twist, E12/
E47) families [18]. 

Snail was first identified in Drosophila as the 
zinc-finger transcriptional repressor, which can 

Figure 1. TNF-α induces Snail stabilization through NF-κB activation. OSCC cells were treated with TNF-α (10 ng/
ml) for the indicated times. A. The mRNA level of Snail was analyzed by real-time RT-PCR. GAPDH was used as a 
control. Each bar represents the mean ± s.d. *P<0.05, **P<0.01, ***P<0.001. B. The western blot analysis was 
performed to assess the expression of Snail on the protein level. β-actin was employed as a loading control. C. SCC9 
and SCC25 cells were treated with TNF-α (10 ng/ml) for 48 h. Western blotting was performed to assess the expres-
sion of NF-κB pathway-related proteins in cytoplasmic and nuclear extracts in SCC9 and SCC25 cells with or without 
dealing by TNF-α. β-actin and Histone 3 (H3) were employed as the positive controls for cytoplasmic and nuclear 
proteins, respectively.
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bind to E-boxes of the E-cadherin promoter [17]. 
Snail is known as a central mediator of EMT 
and can strongly induce EMT by repressing the 
transcription of E-cadherin in tumor progres-
sion [19-21]. In addition, overexpression of 
Snail correlates with tumor grade, tumor recur-
rence and cancer cell invasion [22]. Recent 
study has demonstrated that TNF-α stabilizes 
Snail dependent on NF-κB activation and trig-
gers EMT [23]. However, the role of TNF-α 
inducing EMT in OSCC has not been studied yet 
and the underlying molecular mechanism 
remains undefined. 

Inhibitor of DNA-binding-2 (Id2) is a member of 
the Id proteins that belongs to the HLH protein 
family. The Id protein functions by binding to 
specific transcription factors and preventing 
their dimerization and DNA binding. Id2 has 
been shown to be important in regulating cel-
lular differentiation, proliferation, development 
and tumorigenesis [24-28]. In tumor, Id2 plays 
two opposite roles in the same or different 
types of cells depending on extracellular sig-

nals and microenvironments [26, 27]. Over-
expression of Id2 has been shown to be associ-
ated with tumors progression in pancreatic 
cancer, neuroblastoma, and lung cancer [29-
31]. In contrast, studies have demonstrated 
that over-expression of Id2 blocks EMT induced 
by TGF-β to have an anti-oncogenic potential in 
breast cancer and hepatocellular carcinoma 
[32-35]. However, the expression pattern and 
functional mechanism of Id2 in OSCC is rarely 
investigated.

Based on the above studies, we explored the 
role of TNF-α in OSCC progression. Here we 
show that TNF-α induces Snail stabilization 
through activation of NF-κB pathway, and fur-
ther promotes the invasive and migratory activ-
ities in OSCC. In addition, TNF-α can up-regu-
late the expression of Id2 while inducing an 
EMT in oral cancer cells. Finally, we also dem-
onstrate that Snail interacts with Id2, which 
may have an effect on the suppression of 
E-cadherin mediated by Snail and regulate TNF-
α-induced EMT in OSCC.

Figure 2. TNF-α could enhance migration behavior of OSCC cells. A. Photographs were taken at the same position 
of the wound at the indicated time points (×40 magnification). Bar, 100 μm. B. OSCC cells were incubated in the 
absence or presence of TNF-α (10 ng/ml) for 48 h, flow cytometric cell-cycle analysis showed that there was no 
significant difference of proliferation ability between TNF-α treatment group and nontreatment group.
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Materials and methods

Cell culture

Three human OSCC cell lines (SCC4, SCC9 and 
SCC25) were purchased from the American 
Type Culture Collection (ATCC, Manassas, VA, 
USA). Cells were cultured in a mixture of 
Dulbecco’s Modified Eagle’s medium and 
Ham’s F12 medium (1:1) (Invitrogen, Burlington, 
Ontario, Canada) supplemented with 400 ng/
ml hydrocortisone (Sigma-Aldrich, St Louis, MO, 
USA), penicillin (100 U/ml), streptomycin (100 
μg/ml) (Invitrogen) and 10% fetal bovine serum 
(FBS, Invitrogen). After serum starvation for 16 
to 18 h, tumor cells (2×105/ml) were treated 
with or without TNF-α (10 ng/ml) (Peprotech, 
Rocky Hill, NJ, USA) for the indicated time.

Real-time RT-PCR

Total mRNA of OSCC cells was extracted after 
treatment of TNF-α (10 ng/ml) for 0 h, 0.5 h, 1 
h, 2 h, 4 h, 8 h, 24 h, 48 h and 72 h using the 

TRIzol reagent (Invitrogen). For cDNA synthesis, 
mRNA was reverse-transcribed into cDNA using 
the 5×PrimeScript RT Master Mix (TaKaRa) at 
37°C for 15 min and 85°C for 5 s according to 
the manufacturer’s protocol. Gene expression 
was quantified by real-time quantitative PCR 
using 2×SYBR Premix Ex Taq (TaKaRa) with a 
7300 ABI Real-Time PCR System (Applied 
Biosystems, Foster City, CA, USA) under the 
conditions of 95°C for 30 s, 95°C for 5 s, and 
60°C for 31 s for 40 cycles. The relative gene 
expression was calculated using the 2(−ΔΔCT ) 
method at least three independent experi-
ments. Briefly, the resultant mRNA was normal-
ized to its own GAPDH. The primers utilized for 
the real-time RT-PCR were as followed: GAPDH 
(5’-GAAGGTGAAGGTCGGAGTC-3’, 5’-GAGATGG- 
TGATGGGATTTC-3’), E-cadherin (5’-TACACTGC- 
CCAGGAGCCAGA-3’, 5’-TGGCACCAGTGTCCGGA- 
TTA-3’), vimentin (5’-TGAGTACCGGAGACAGG- 
TGCAG-3’, 5’-TAGCAGCTTCAACGGCAAAGTTC- 
3’), Snail (5’-GACCACTATGCCGCGCTCTT-3’, 5’- 
TCGCTGTAGTTAGGCTTCCGATT-3’), ID2 (5’-CAT- 
CTTGGACCTGCAGATCG, 5’-ATGAACACCGCTTAT- 
TCAGC-3’).

Figure 3. TNF-α promotes the invasive ability of OSCC cells. A. Pictures presenting the cells penetrating the Matrigel 
basement membrane matrix after 24 h. Bar, 100 μm. B. Quantitative analysis of cell invasion in ten different ran-
dom fields. The data were calculated as the mean ± s.d. ***P<0.001.
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Western blotting

The cells were lysed using RIPA lysis buffer 
(Beyotime) after treated with TNF-α (10 ng/ml) 
for 0 h, 0.5 h, 1 h, 2 h, 4 h, 8 h, 24 h, 48 h, 72 
h. Total protein (30 μg) from each sample was 
separated on the SDS-PAGE and then trans-
ferred into PVDF membranes (Millipore, 
Billerica, MA, USA), which were blocked with 5% 

nonfat milk in PBST for 2 h at room tempera-
ture, then the membranes were incubated with 
primary antibodies at 4°C overnight. The anti-
bodies were used as following: anti-β-actin 
(1:1000, Santa Cruz Biotechnology, Santa Cruz, 
CA, USA), anti-E-cadherin (1:1000, Cell Sig- 
naling Technology, Danvers, MA, USA), anti-
vimentin (1:500, Santa Cruz Biotechnology), 
anti-Snail (1:500, Abcam, Cambridge, MA, 

Figure 4. TNF-α induces EMT in OSCC. A. OSCC cells were treated with TNF-α (10 ng/ml) for 0 h, 24 h, 48 h, 72 h. 
Cell morphological changes associated with EMT are shown in the phase contrast image. Photographs were taken 
under inverted microscope (Olympus). Bar, 100 μm. B. OSCC cells were treated with TNF-α (10 ng/ml) for the indi-
cated times. The mRNA levels of E-cadherin and vimentin were analyzed by real-time RT-PCR. GAPDH was used as 
a control. Each bar represents the mean ± s.d. *P<0.05, **P<0.01. C. OSCC cells were incubated in the presence 
of TNF-α (10 ng/ml) for the indicated times, and the protein levels of E-cadherin and vimentin were analyzed by 
western blotting. β-actin was employed as a loading control.
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USA), anti-Id2 (1:500, Abcam). Then the mem-
branes were incubated with HRP-conjugated 
secondary antibodies (1:1000, R&D Systems, 
Minneapolis, MN, USA) for 2 h at room temper-
ature. Immunoreactive material was visualized 
using the Immun-Star WesternC Kit (Bio-Rad, 
Hercules, CA, USA) products and bands were 
detected via ImageQuantLAS4000 (GE, Fair- 
field , CT, USA).

Transwell invasion assay

According to the manufacturer’s procedures, 
the polycarbonate filters (8 μm pore size, 
costar, Lowell, MA, USA) were pre-coated with 
Matrigel Basement Membrane Matrix (BD 
Biosciences, MA, USA) diluted with serum-free 
medium (1:3) for 30 min at 37°C. The cells 
(3×105/ml) were resuspended with 200 μl 
serum-free medium inoculated in the upper 
chamber while 500 μl medium containing 10% 
FBS with or without TNF-α (10 ng/ml) was 
placed in the lower chamber. The plates were 
placed at 37°C in 5% CO2 for 24 h. The cham-
bers were fixed with 4% paraformaldehyde 
(PFA) and stained with 0.1% crystal violet 

(Beyotime) for 30 min. Then non-invasive cells 
were carefully wiped, and the invasive cells pre-
senting on the lower surface of the upper cham-
ber were counted and captured under the 
microscope at ×100 magnification (10 random 
fields per chamber).

Wound healing assay

For the wound healing assay, the cells were 
allowed to grow to 90 % confluence and then 
wounded by scratching with a pipette tip in the 
central area. Floating cells and debris were 
removed, and the medium was changed to 
serum-free with or without TNF-α (10 ng/ml). 
The cells were incubated for 24 h to allow cells 
to grow and close the wound. Photographs 
were taken at the same position of the wound 
at the indicated time points.

Flow cytometry

For flow cytometric cell-cycle analysis, the cells 
were synchronized with serum-free medium for 
18 h, released and then cultured using the 
medium with or without TNF-α (10 ng/ml) for 

Figure 5. Immunofluorescence analysis of E-cadherin and vimentin in the three OSCC cell lines. Double immuno-
fluorescence staining of E-cadherin (E-cad: red) and vimentin (Vim: green) in the three OSCC cells with or without 
dealing by TNF-α treatment. The nuclei in image sets were stained with DAPI (blue). Images were taken at ×200 
magnification. Bar, 100 μm.
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48 h. Then cells were detached from the cul-
ture plate with trypsin, washed with PBS, and 

then resuspended in 75% alcohol. The pre-
pared cells were stained with 100 mg/ml of 

Figure 6. TNF-α up-regulates Id2 while inducing Snail stabilization. OSCC cells were incubated in the presence of 
TNF-α (10 ng/ml) for the indicated times. A. Quantitative determination of Id2 mRNA expression in three OSCC cells. 
Each bar represents the mean ± s.d. *P<0.05, **P<0.01. B. The western blot analysis was performed to assess the 
expression of Id2 on the protein level. β-actin was employed as a loading control. C. Immunofluorescence analysis 
of Snail and Id2 in three OSCC cells. Double immunofluorescence staining of Snail (green) and Id2 (red) in the three 
OSCC cells culturing in the absence or presence of TNF-α. The nuclei in image sets were stained with DAPI (blue). 
Images were taken at ×400 magnification. Bar, 100 μm.
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propidium iodide (BD Pharmingen, San Jose, 
CA, USA) prior to analysis using flow cytometry 
with a BD FACS Calibur (BD Biosciences) and 
Cell Quest Pro software (BD Biosciences).

Immunofluorescence

After serum starvation for 18 h, OSCC cells 
were incubated with or without TNF-α (10 ng/
ml) for 72 h. Cells were washed three times 
with PBS, fixed with 4% PFA for 20 min at room 
temperature, permeabilized with 1% Triton 
X-100 for 15 min. After blocked with goat serum 
albumin for 30 min at 37°C, the cells were incu-
bated with specific antibodies anti-E-cadherin 
(1:100, Cell Signaling Technology) and anti-
vimentin (1:100, Santa Cruz Biotechnology), or 
anti-Snail (1:100, Abcam) and anti-Id2 (1:100, 
Santa Cruz Biotechnology) at 4°C overnight. 
The appropriate secondary antibodies (diluted 
1:50) were used, and then nuclei were stained 
with 4, 6-diamidino-2-phenylindole (DAPI, 
1:1000, Invitrogen) for 2 min. Immunofluo- 
rescence was visualized using a Zeiss LSM-710 
laser-scanning con-focal microscopy.

Co-immunoprecipitation (co-IP) assays

After serum starvation for 18 h, OSCC cells 
were treated with or without TNF-α (10 ng/ml) 
for 72 h. In brief, cells were lysed in RIPA buffer 
on ice for 20 min, then 300 μg total cellular pro-
tein were incubated at 4°C for 2 h with 1.0 μg of 
the appropriate control lgG (Santa Cruz 
Biotechnology) or 2.0 μg anti-Snail (Abcam), 
after which 20 μl of resuspended volume of 
Protein A/G Plus Agarose (Santa Cruz 
Biotechnology) were added, and the mixture 
was incubated on a rocker at 4°C overnight. 
The protein A/G Plus Agarose bound immuno-
complexes were washed 4 times with ice-cold 
RIPA buffer to eliminate non-specific interac-
tions, isolated by centrifugation and then ana-
lyzed by Western blotting protocols as intro-
duced above.

Statistical analysis

The assays were repeated three or more inde-
pendent experiments as the mean ± s.d. 
Statistical significance was assessed using 

Figure 7. Snail interacts with Id2. A. OSCC cells were treated with or without TNF-α (10 ng/ml) for 72 h, then cells 
were immunoprecipitated with anti-Snail antibodies and control IgG and analyzed by Western blotting with the 
indicated anti-Snail and anti-Id2 antibodies. B and C. Id2 knockdown prevent Snail expression in SCC9 cells after 
incubation with TNF-α. SCC9 cells after dealing with TNF-α were transfected with either control siRNA (siNC) or Id2 
siRNA (siId2). Cells were analyzed for Id2, Snail and epithelial and mesenchymal markers by real-time RT-PCR and 
western blot. GAPDH was used as a control. Each bar represents the mean ± s.d. *P<0.05. β-actin was employed 
as a loading control.
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independent-samples t test. P-value<0.05 was 
considered significant.

Results

TNF-α induces Snail stabilization through NF-
κB activation

Snail as one of the transcription factors plays a 
fundamental role in EMT [18]. Our published 
data demonstrated that overexpression of 
Snail repressed expression of E-cadherin and 
induced EMT in SCC9 cells [21]. Recent 
research revealed that TNF-α was the major 
inflammatory cytokine to induce Snail stabiliza-
tion in tumor cells [23]. In the current study, 
Snail was detected to increase significantly 
after TNF-α stimulation in SCC4 and SCC9 
cells. The results of real-time RT-PCR and west-
ern blot revealed that the level of Snail was 
obviously activated after 0.5 h of TNF-α treat-
ment and remained stabilization at all time 
points in the OSCC cells (Figure 1A and 1B). 
Western blotting analysis was performed to 
assess the activation of the components of the 
NF-κB pathway. The results showed that nucle-
ar translocation of p65 was detected in SCC9 
and SCC25 cells dealing by TNF-α treatment 
(Figure 1C). This result indicated that TNF-α 
induced Snail stabilization was correlated with 
the activation of NF-κB pathway in oral cancer 
cells.

TNF-α promotes migration and invasion of 
OSCC cells

The wound healing assay showed that OSCC 
cells treated with TNF-α could close the scratch 
wound at 24 h while untreated groups could 
not, especially in SCC9 and SCC25 cells (Figure 
2A). Flow cytometric cell-cycle analysis showed 
that there was no significant difference of pro-
liferation between TNF-α treatment and non-
treatment groups (Figure 2B). All these indicat-
ed that TNF-α could promote migratory ability 
of OSCC cells. The photographs of transwell 
invasion assay demonstrated that the cells 
treated with TNF-α were more invasive than 
untreated group (Figure 3A). The quantitative 
analysis confirmed that the invasive abilities 
were significantly increased in SCC4 (1.591-
fold), SCC9 (1.812-fold) and SCC25 (1.772-fold) 
after TNF-α treatment (Figure 3B). Thus, we 
conclude that TNF-α can promote the migratory 
and invasive ability of OSCC cells.

TNF-α induces EMT in OSCC

After treated with 10 ng/ml TNF-α for 0 h, 0.5 h, 
1 h, 2 h, 4 h, 8 h, 24 h, 48 h and 72 h, three 
OSCC cell lines gradually changed from typical 
cobblestone appearance to a spindle-like fibro-
blastic appearance. The cell-cell junction pre-
sented to become loose. The morphological 
changes of cells were captured at the time 
point of dealing after 72 h (Figure 4A). The 
results of real-time RT-PCR revealed that TNF-α 
treatment down-regulated E-cadherin expres-
sion and up-regulated vimentin expression. 
However, the down-regulation of E-cadherin 
expression only occurred at the beginning of 
the stimulus, whereas the maximal level of 
vimentin were seen at 48 h of SCC4, 24 h of 
SCC9, 72 h of SCC25, respectively (Figure 4B). 
Western blotting analysis showed that the 
down-regulation of E-cadherin and the up-regu-
lation of vimentin on the protein level, and the 
decreased trends of E-cadherin expression 
were more obvious than the mRNA level (Figure 
4C). Additionally, immunofluorescence analysis 
further confirmed that the three OSCC cells 
underwent EMT by TNF-α treatment. The mor-
phological changes presented with a decreased 
expression of E-cadherin and an increased 
expression of vimentin (Figure 5). Collectively, 
these results demonstrated that three OSCC 
cells underwent an EMT after treating with 
TNF-α.

TNF-α-mediated Snail expression interacts 
with Id2

The data shown in Figure 4B, E-cadherin 
expression was not repressed so much while 
Snail was extensively activated in three OSCC 
cells. These results illuminated that there may 
exist some factors which constrained the 
repressive function of Snail. Of the many fac-
tors that associated with tumor invasion and 
metastasis, we found that the expression of Id2 
was up-regulated after treating with TNF-α in 
the three OSCC cells (Figure 6A and 6B). As 
shown in Figure 6C, TNF-α significantly activat-
ed the nuclear expression of Snail compared 
with the control group. Simultaneously, immu-
nofluorescence pictures showed that the 
expression of Id2 also increased in the three 
OSCC cells (Figure 6C). All these results sug-
gested that TNF-α induces Snail stabilization 
meanwhile up-regulates Id2 expression.



TNF-α-induced oral cancer cell invasion and migration

1689	 Am J Cancer Res 2015;5(5):1680-1691

Although Id2 can interact with bHLH protein 
[25, 28], little is known about its interaction 
with zinc finger proteins. The immunofluores-
cence images showed that Id2 was localized in 
both the nucleus and cytoplasm of the three 
cell lines, while Snail was detected activation in 
nucleus (Figure 6C). Thus co-immunoprecipita-
tion assay was performed to test the possibility 
that Snail partners with Id2. After pulling down 
the Snail protein, Id2 was also detected by 
western blot in SCC4, SCC9 and SCC25 (Figure 
7A). To further investigate the interaction of Id2 
and Snail in TNF-α-induced EMT, siRNA was 
constructed to interfere the expression of Id2. 
When Id2 was partially depleted by siRNA, Snail 
shown to be downregulated and E-cadherin 
was performed to increase in SCC9 cells com-
pared to control siRNA (Figure 7B and 7C). 
These data indicate that Snail protein interacts 
with Id2, which may contribute to regulate the 
function of Snail in repressing E-cadherin in 
OSCC.

Discussion

Invasion and metastasis induced by chronic 
inflammation is a main challenge in cancer 
therapy [1]. Some inflammatory mediators have 
been demonstrated to as key initiators of EMT 
in various cancers [8, 36, 37]. In this study, we 
showed that TNF-α-induced Snail stabilization 
played a critical role in oral cancer cell invasion 
and metastasis. Our research provides insights 
to the regulation of inflammatory cytokine and 
tumor invasion in OSCC. First, our study indi-
cates that TNF-α induces Snail stabilization, 
dependent on the activation of NF-κB pathway 
and promotes the invasive and migratory activi-
ties in oral cancer cells. Second, TNF-α induces 
an EMT and up-regulates the expression of Id2. 
In addition, Id2 complexes with Snail and may 
constrain the repressive function of E-cadherin 
mediated by Snail.

Snail, as one of the pivotal EMT regulators, con-
trols repression of E-cadherin by binding to 
three independent E-boxes in the E-cadherin 
promoter [15, 18, 38]. Our previous study dem-
onstrated that overexpression of Snail played 
an important role in inducing EMT in SCC9 cells 
[21]. Recent study indicated that TNF-α induced 
EMT through mediating Snail stabilization in 
breast cancer cells [23]. In this study, we 
detected the expression of transcriptional fac-
tors in three OSCC cells after TNF-α treatment, 

there was no significant difference in the mRNA 
levels of Slug, Twist, ZEB1 and ZEB2 (data not 
shown). However, Snail was detected to pres-
ent a rapid activation and stable expression in 
three OSCC cells after TNF-α stimulation. 
Based on that Snail acting as a labile protein, 
had a half-life of about 25 min, our study indi-
cated that TNF-α could regulate the nuclear 
stabilization of Snail in OSCC. This Snail stabili-
zation mediated by TNF-α was dependent on 
the activation of NF-κB pathway. Recent study 
reported that activation of NF-κB pathway was 
required for the stabilization of Snail [23]. Our 
research was consistent with this viewpoint. It 
has become increasing clear that inflammation 
is correlated with tumor progression [1, 39]. 
Our study verified that TNF-α promoted cancer 
cell invasion and migration in OSCC. TNF-α 
treatment resulted in a change in the biological 
properties of the three OSCC cells. The cells 
acquired highly invasive and migratory capaci-
ties after interacting with TNF-α.

Studies have showed that TNF-α can induce 
EMT with the down-regulation of E-cadherin 
and promotes invasion and metastasis in can-
cer cells [9, 23]. In our study, TNF-α induced 
morphological changes in three OSCC cells that 
are consistent with the acquisition of EMT phe-
notype, presenting the up-regulation of mesen-
chymal marker vimentin. However, after stimu-
lating by TNF-α, the E-cadherin expression was 
not repressed so much while Snail exhibited 
high activation. It is known that Snail has a pre-
eminent role in the repression of E-cadherin. 
Thus we suppose that there may exist some 
factor impedes the ability of Snail to repress 
E-cadherin. We proceeded to detect key factors 
involved in EMT process and Id2 was observed 
to display highly expression in the three OSCC 
cells by TNF-α treatment. It has been reported 
that Id2 is repressed dramatically in TGF-β-
induced EMT of epithelial cells [34]. Based on 
our observation, it is possible that there may be 
interaction between Id2 and Snail. 

Id2 belongs to the HLH subfamily protein, which 
do not contain a basic region preventing to bind 
to DNA [40]. It has been proposed that Id2 can 
interact with bHLH proteins, and recent study 
revealed that Id2 complexes with SNAG domain 
of Snail on the β4 promoter and constrains the 
repressive function of Snail [41]. In our study, 
Snail and Id2 was observed to colocalize within 
the nuclei of OSCC cells. The results of co-
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immunoprecipitation assay and siRNA interfer-
ence of Id2 further indicated that Id2 interact-
ed with Snail protein, and thus we infer that this 
interaction may inhibit the function of Snail to 
regulate E-cadherin. However, further investiga-
tion is required, exploring the mechanistic rela-
tionship between Id2 and Snail and the Id2-
mediated regulation of E-cadherin expression.

In conclusion, our study demonstrated that 
TNF-α induces Snail stabilization is dependent 
on the activation of NF-κB pathway and results 
in increasing cell invasion and migration in 
OSCC cells. Furthermore, Id2 may contribute to 
regulate the function of Snail during TNF-α-
mediated EMT in OSCC. Collectively, our data 
may have significant implications for inflamma-
tion-induced tumor promotion in OSCC.
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