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Abstract: Oral squamous cell carcinoma (OSCC) ranks as the fifth most common cancer worldwide with poor prognosis. Recently, tumor necrosis factor receptor-associated factor 4 (TRAF4) has attracted increasing attenuation due
to its overexpression in certain cancers. However, its function and underlying mechanism in OSCC remains elusive.
In this study, the high expression of TRAF4 mRNA and protein levels was noted in OSCC cell lines. Its overexpression with pcDNA3.1-TRAF4 vector transfection dramatically promoted cell proliferation and inhibited cell apoptosis,
indicating a pivotal role of TRAF4 in OSCC cell growth. Simultaneously, TRAF4 elevation also increased cell invasion
and migration. Mechanism analysis confirmed that TRAF4 up-regulation induced the expression of β-catenin and
the downstream target molecules of cyclinD1, c-myc, Bcl-2, MMP-9 and MMP-2, indicating that TRAF4 could induce
the activation of Wnt/β-catenin pathway. After pretreatment with β-catenin siRNA, the pathway was remarkably silenced. Simultaneously, cell growth, invasion and migration induced by TRAF4 were strikingly abrogated, suggesting
that TRAF4 may promote OSCC cell growth, invasion and migration by Wnt/β-catenin pathway. Together, this study
confirmed that TRAF4 acts as an oncogene for the development and progression of OSCC. Therefore, our study may
support a promising therapeutic target for the treatment of OSCC.
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Introduction
Oral squamous cell carcinoma (OSCC) is one of
the most common malignant tumors in the
head and neck and ranks as the fifth most common cancer worldwide [1]. OSCC has been
identified as a significant public health threat
worldwide as its high proliferation and invasive
nature [2]. Despite considerable advances
being made in the diagnosis and clinical treatment of this tumor, the overall 5-year survival
rate of OSCC patients has not markedly
improved and remain at less than 50% [3, 4].
Though numerous researches have been performed to explore the etiology of OSCC, the
accurate molecular mechanism underlying the
pathogenesis and progression of OSCC remains undefined. Accordingly, understanding the
main mechanism related to OSCC progression
is pivotal for development of effective therapeutic strategies for OSCC patients.

Tumor necrosis factor receptor (TNFR)-associated factors (TRAFs) belong to a family of
cytoplasmic adaptors and can interact directly
or indirectly with TNFR to regulate various signaling events, such as cell growth, invasion,
immunity and so on [5-7]. As one of the important member of TRAF family proteins, TRAF4
was initially isolated from breast carcinomas
and identified as the first member of the TRAF
family to be up-regulated in human carcinomas
[8]. Unlike other members of TRAF4 family, the
biological function of TRAF4 is still elusive.
Recently, TRAF4 has drawn increasing attention
due to its critical functions in the development
and progression of tumors. Emerging evidences
have confirmed a abnormal expression of
TRAF4 in certain cancers, including breast cancer, lung carcinoma, prostate cancer [9, 10]. It
has been demonstrated that TRAF4 nuclear
expression is correlated with poor survival in
breast cancer patients [11]. Moreover, the ele-
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vated TRAF4 expression promotes breast cancer cell invasion, migration and tumor metastasis by regulating the pro-oncogenic TGF-βinduced SMAD and non-SMAD signaling [12]. A
recent study indicates that TRAF4 is overexpressed in lung cancer tissues and cells, and
that its silencing exhibits inhibitory effects on
cell proliferation and tumor development in a
xenograft mouse model, indicating as a candidate molecular target for lung cancer prevention and therapy [13]. Although abundant studies on TRAF4 roles in certain cancers have
been explored, its roles and underlying molecular mechanism in the development of OSS
remain poorly elucidated.
In this study, we examined the expression of
TRAF4 on OSCC cell lines and investigated its
effect on cell growth, invasion and migration.
The underlying mechanisms involved in these
processes were also explored.
Materials and methods
Reagents
Unless otherwise mentioned, all substances
were purchased from Gibco (Grand Island, NY,
USA). The primary antibodies against human
β-catenin, Bcl-2, c-myc and β-actin were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA). Rabbit polyclonal antibody to cyclinD1
was bought from Abgent (San Diego, CA).
Mouse anti-Ki67 monoclonal antibodies were
from Sigma (St. Louis, MO). Rabbit anti-human
MMP-2 and MMP-9 antibodies were from
Chemicon (Temecula, CA).
Cell culture
Human tongue squamous cell carcinoma cell
lines Tca8113, SCC-4, SCC-25 and SCC-9 were
purchased from the American Type Culture
Collection (ATCC, Rockville, MD) and cultured in
DMEM containing 10% fetal bovine serum, 2
mM glutamine, 1 mM sodium pyruvate, 10 mM
HEPES, 100 U/mL penicillin G and 100 mg/ml
streptomycin. The human normal oral keratinocyte cell lines HOK were obtained from the
ScienCell Research Laboratories (ScienCell,
Ca) and used as “normal”. The obtained HOK
cells were incubated with Oral Keratinocyte
Medium (OKM) consisted of 500 mL basal
medium, 5 ml of oral keratinocyte growth supplement. All cells were maintained at 37°C with
5% CO2 humidified atmosphere.
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Construction of recombinant TRAF4 expression vectors and stable transfection in vitro
The total RNA was extracted by RNeasy Mini Kit
with an on-column deoxyribonuclease digestion (QIAGEN, Valencia, CA), followed by the
reverse transcription to cDNA using the Promega Reverse Transcription System (Promega,
Southampton, UK). Then, human full-length
TRAF4 cDNA was amplified with its specific
primers to obtain the TRAF4 expression vectors. Following digestion with Xho I and Apa l
restriction enzymes, the fragments were then
subcloned into the Xho I and Apa l cloning site
of the pcDNA3.1 (+) vector (Invitrogen, Carlsbad,
CA) to construct the recombinant pcDNA3.1TRAF4 expression vector. For transfection, cells
were cultured to 60% confluence, then transfected with 15 µg of pcDNA3.1-TRAF4 or empty
vector in SCC-25 cells using the FuGENE HD
transfection reagent (Roche, Indianapolis, IN).
The empty vector was performed as a negative
control.
Transfection of β-catenin siRNA
Synthetic small interference RNA (siRNA)
fragments targeting human β-catenin and
control siRNA were obtained from GenePharma (Shanghai, China). For siRNA transfection
experiments, TRAF4-overexpressed and control cells were dissociated into single cells in
suspension and plated on 12-well plates for 24
h. Then, cells were transfected with 2 μg/mL
β-catenin siRNA mixed with 5 μL Lipofectamine RNAi MAX (Invitrogen, Carlsbad, CA).
Approximately 24 h later, cells were harvested.
The transfection efficiency was analyzed by
western blotting.
Quantitative RT-PCR
Total RNA from the above cells were isolated
and reverse-transcribed to synthesize the first
strand cDNA as described above. Then, the
obtained cDNA was subjected to real-time PCR
with specific primers for TRAF4 (sense: 5’AGGAGTTCGTCTTTGACACCATC-3’; anti-sense:
5’-CTTTGAATGGGCAGAGCACC-3’), yielding a
product of 162 bps in a total of 20 μL.
Quantitative real-time RT-PCR was performed
using the SYBR Premix Ex TaqTM II Kit (Takara
Bio Inc., Otsu, Japan) on an ABI PRISM 7000
sequence detection system. The reaction conditions were done according to the manufacInt J Clin Exp Pathol 2015;8(9):11837-11846
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llowing preconditioning with the indicated treatments, the medium was removed from each
well and was replaced with PBS solution with 5
mg/ml MTT (Sigma-Aldrich, St. Louis, MO) for
further 5 h. Then, the supernatant was replaced
with 200 μl isopropanol to dissolve the formazan production. Cell viability was determined by
measuring the absorbance of MTT at 590 nm
with a micro-ELISA reader (Bio-Rad, Hercules,
CA).
Apoptosis assay
Figure 1. The up-regulation of TRAF4 was observed
in OSCC cell lines. The mRNA levels of TRAF4 in four
OSCC cell lines (Tca8113, SCC-4, SCC-25 and SCC-9)
and human normal oral keratinocyte cell lines HOK
(used as normal) were determined by RT-PCR (A).
The corresponding protein levels were evaluated by
western blotting (B). *P < 0.05 versus normal groups.

turer’s instructions. For normalization, β-actin
mRNA was used. All samples were tested in
triplicate. All results were represented as relative mRNA levels and calculated according to
the 2-ΔΔCt method.
Western blot analysis
Cells were lysed by RIPA lysis buffer (100 mM
NaCl, 50 mM Tris-HCl pH 7.5, 1% Triton X-100,
1 mM EDTA, 10 mM b-glycerophosphate, 2 mM
sodium vanadate and protease inhibitor)
(Sigma). Then, the extracted protein concentration was measured by the Micro BCA protein
assay kit from Pierce Chemical (Rockford, IL).
Protein electrophoresis was performed to separate the obtained proteins by SDS-PAGE, and
was transferred to a PVDF membrane
(Schleicher & Schuell, Germany). The membranes were blocked with 5% non-fat milk to
block the nonspecific binding. Then, the membranes were incubated with the primary antibodies against TRAF4, β-catenin, cyclinD1,
Ki67, c-myc, Bcl-2, MMP-9 and MMP-2, followed
by the incubation with the secondary antibodies conjugated with HRP (Jackson Immuno
Research). The LumiGLo reagent (KPL,
Gaithersburg, MD) was introduced to visualize
the bound antibodies. β-actin was used for
normalization.

To quantitatively assess the rate of apoptosis,
annexin V-propidium iodide (AV-PI) staining was
conducted. Following pretreatment with the
indicated conditions, cells were lysed with lysis
buffer (10 mM Tris, 10 mM EDTA, 0.5% Triton
X-100, pH 7.5). Then, cells were rinsed with
PBS, followed by resuspension in 200 μL of
PBS binding buffer including 5 μL FITCconjugated annexin V, according to the instructions of manufacturers (Beyotime, Shanghai,
China). Propidium iodide (PI; KeyGEN) was subsequently added. Cells were analyzed by a
FACScan flow cytometer (Becton Dickinson)
using FlowJo software (Tree Star Inc.) and the
results were expressed as a percentage of total
cells counted.
Invasion assay
Cell invasion assay was performed using the
QCMTM 24-well Invasion Assay kit (Chemicon
International, Temecula, CA) as per the manufacturer’s instruction. Briefly, cells were resuspended in serum-free DMEM medium and then
were then added into the interior of the insert
containing an 8-mm-pore-size polycarbonate
membrane coated with a thin layer of ECMatrix.
The medium containing 10% fetal bovine serum
was added into the lower compartment as chemoattractant. About 48 h later, the non-invading cells (upper chamber) were gently removed,
then cells that passed through the bottom side
of membrane were fixed and stained with 0.1%
crystal violet, followed by photographed under
a light microscope. The quantified analysis was
performed by counting six high-powered fields
in the center of each well.

Proliferation assays

Cell migration assay

Cells were seeded in 96-well plate and MTT
was used to evaluate cell proliferation. Fo-

Cell migration was determined using a scratch
wound healing assay. The treated cells were
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Figure 2. TRAF4 overexpression enhanced cell
growth through rTRAF4 transfection. Following transfection with recombinant pcDNA3.1-TRAF4 (rTRAF4)
or empty vector, the mRNA (A) and protein (B) levels were detected by RT-PCR and western blotting in
SCC-25 cells. Furthermore, the effect of rTRAF4 on
cell proliferation was analyzed by MTT assay (C). The
corresponding marker molecule of Ki67 was evaluated by western blotting (D). (E) After staining with
Annexin V/PI, further effects on cell apoptotic rates
were demonstrated by flow cytometry. *P < 0.05.

seeded on a 24-well plate with their respective
culture media and grown until confluence.
Then, a single scratch wound was generated
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with 200 μL-disposable pipette tip. After gently
washing with serum-free medium, the wounded
cell monolayer was allowed to heal in a com-
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SCC-4, SCC-25 and SCC-9). Compared with
human normal oral keratinocyte cell lines HOK,
the obvious up-regulation in TRAF4 mRNA levels was demonstrated in OSCC cell lines, especially in SCC-25 and SCC-4 cells (Figure 1A).
Simultaneously, western blotting analysis confirmed the dramatic increase of TRAF4 protein
levels in OSCC cell lines. Therefore, these data
indicated a notable elevation of TRAF4 in OSCC
cells, which would be relevant to the development of human OSCC cancer.
Effect of TRAF4 overexpression through
rTRAF4 transfection on cell growth

Figure 3. Overexpression of TRAF4 promoted OSCC
cell invasion and migration in vitro. Following the
stable overexpression of TRAF4 or not, the effect on
cell invasive ability was evaluated by Transwell assay
(A). Furthermore, the function in cell migration was
determined using a scratch wound healing assay (B).
*
P < 0.05.

plete culture medium. The inverted microscope
and digital camera were used to photograph
the scratch wounds, which was quantitated
using the ImageJ software. The results were
shown as the percentage of wound closure setting the initial scratch width as 100%.
Statistical analysis
All data were carried out using SPSS software
(Ver. 16.0, SPSS Inc., Chicago, IL). The Student’s
t-test was used to analyze the statistical significance differences between groups. All results
were presented as mean ± SD. P < 0.05 was
considered statistically significant.
Results
Expression of TRAF4 was elevated in OSCC cell
lines
Given that TRAF4 possesses the critical function in the development of several cancers.
However, the related research into TRAF4 and
OSCC is still poor understanding. To address
this problem, we evaluated the expression levels of TRAF4 in four OSCC cell lines (Tca8113,
11841

To explore the effect of TRAF4 on the development of OSCC, we evaluated the roles of TRAF4
in SCC-25 cell growth. Firstly, the recombinant
pcDNA3.1-TRAF4 (rTRAF4) was transfected into
highly malignant SCC-25 cells. As expected,
this transfection obviously induced a 4.2-fold
increase in TRAF4 mRNA levels, compared
with the vector control clone (Figure 2A).
Consistently, rTRAF4 transfection also strikingly enhanced TRAF4 protein levels and constructed a stable TRAF4 overexpression clones
named SCC25-145 cell line (Figure 2B). Then,
we further assessed TRAF4 function on cell
growth. As shown in Figure 2C, a significant
increase in cell proliferation was observed in
TRAF4-overexpressed groups. Additionally,
TRAF4 up-regulation remarkably induced the
expression of Ki67 protein, a common marker
for cell proliferation (Figure 2D). Further apoptosis analysis confirmed that the apoptotic rate
was dramatically decreased from 27.5% to
14.6% by Annexin V-FITC and PI staining after
rTRAF4 transfection (Figure 2E). Together,
these results shown that TRAF4 up-regulation
strongly promoted cell growth by enhancing cell
proliferation and blocking cell apoptosis, implying as a potential oncogene of TRAF4 in the progression of OSCC.
Overexpression of TRAF4 promoted OSCC cell
invasion and migration in vitro
To further validate the involvement of TRAF4 in
OSCC metastasis, the functional assay was
performed to investigate the roles of TRAF4 on
cell invasion and migration. As shown in Figure
3A, ectopic transfection of rTRAF4 resulted in
the significant increase in cell invasion. The
number of SCC-25 cells invading through the
membrane following rTRAF4 transfection was
Int J Clin Exp Pathol 2015;8(9):11837-11846
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Figure 4. Effect of TRAF4 on the Wnt/β-catenin pathway. Following transfection with rTRAF4, the expression levels of
β-catenin were detected by western blotting (A). The expression of downstream targets were also assessed including
cyclinD1, c-myc, Bcl-2, MMP-9 and MMP-2 (B). All of the corresponding quantitative analysis of western band densities was analyzed using ImageJ software. *P < 0.05.

dramatically enhanced from 145 to 211 when
compared to cells transfected with the vector
control. Further scratch wound healing assay
confirmed that TRAF4 up-regulation elevated
the rate of cell migration from 24.6% to 36.8%
compared with control groups (Figure 3B).
Hence, all data suggested that rTRAF4 enhanced OSCC cell invasion and migration, indicating a potential regulatory effect of TRAF4 on
OSCC metastasis.
TRAF4 overexpression enhanced the activation of Wnt/β-catenin pathway
Accumulating evidence has shown that the
abnormally high activation of the Wnt/β-catenin
pathway is required for the initiation and progression of various tumors [14-16]. In order to
explore the underlying mechanism involved in
TRAF4-induced OSCC cell growth, invasion and
migration, we investigated the activation of
Wnt/β-catenin pathway. After transfection with
rTRAF4, the expression levels of β-catenin were
11842

obviously up-regulated and induced an approximate 1.98-fold increase in β-catenin protein
levels (Figure 4A). Further western blotting
analysis demonstrated the notable up-regulation of cyclinD1, c-myc and Bcl-2 protein when
cells were transfected with rTRAF4, all of them
are the key targeted molecules in Wnt/β-catenin
signaling and related to cell growth [17].
Moreover, the expression levels of its downstream targets MMP-2 and MMP-9 were also
strikingly increased following rTRAF4 treatment; both of them are correlated with cell
invasion and migration (Figure 4B). Together,
these results indicated that TRAF4 could promote the activation of Wnt/β-catenin pathway.
Wnt/β-catenin signaling was responsible for
TRAF4-induced tumorgenesis
To further investigate whether TRAF4 enhanced
OSCC cell growth, invasion and migration by
Wnt/β-catenin pathway, we constructed the
specific β-catenin siRNA. As shown in Figure
Int J Clin Exp Pathol 2015;8(9):11837-11846
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Figure 5. Effect of β-catenin siRNA on TRAF4-induced activation of Wnt/β-catenin pathway. Cells were pretreated
with specific β-catenin siRNA. Then, cells were transfected with rTRAF4. The silencing effect on β-catenin levels
was validated by western blotting (A). The effect of β-catenin siRNA transfection on TRAF4-triggered activation of
the Wnt/β-catenin pathway was corroborated by determining the expression of its downstream targets via western
blotting (B). *P < 0.05.

5A, pretreatment with β-catenin siRNA obviously abrogated the expression of β-catenin
siRNA in SCC-25 cells. Simultaneously, the
increases in downstream targets of cyclinD1,
c-myc, Bcl-2, MMP-9 and MMP-9 induced by
TRAF4 were remarkably dampened when
silencing β-catenin expression (Figure 5B).
Importantly, β-catenin siRNA transfection evidently mitigated TRAF4-induced up-regulation
of cell viability (Figure 6A). The similar elevated
effects on cell invasion (Figure 6B) and cell
migration (Figure 6C) triggered by TRAF4 overexpression were also corroborated in cells
treated with β-catenin siRNA transfection.
Hence, these data suggested that TRAF4 might
induce tumorgenesis of OSCC by Wnt/β-catenin
signaling.
Discussion
Oral squamous cell carcinoma (OSCC) accounts
for 95% of oral cavity carcinomas and has a
11843

5-year survival rate of only about 50% [1].
Despite all the advances in modern medicine,
the incidence remains high and constitutes a
major health problem in developing countries,
representing a leading cause of death. This
study presents the important finding that
TRAF4 was notably up-regulated in several
OSCC cell lines. Importantly, TRAF4 overexpression promoted OSCC cell growth, invasion and
migration through the activation of Wnt-βcatenin pathway. Accordingly, this study may
corroborate an important function of TRAF4 in
the development and progression of OSCC.
TRAF4 (also known as RING finger protein 83)
belongs to the TNF receptor associated factor
(TRAF) family and was originally identified as a
gene that is elevated in breast cancer [8]. The
subsequent has been validated that TRAF4
exerts anti-apoptotic effects induced by TNF-α
in MCF-7 cells. Furthermore, TRAF4 expression
enhances breast cancer cell invasion, migraInt J Clin Exp Pathol 2015;8(9):11837-11846
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Figure 6. Wnt/β-catenin signaling was responsible
for TRAF4-induced tumorgenesis. The TRAF4-transfected cells were pretreated with β-catenin siRNA.
Then, cell proliferation was analyzed by MTT assay
(A). Moreover, β-catenin silencing on TRAF4-induced
cell invasion (B) and migration (C) was also performed. *P < 0.05.

tion, tumor metastasis and is correlated with
poor survival in breast cancer patients [11, 12].
Recent researches have demonstrated a
abnormal high expression of TRAF4 in several
cancers, including breast cancer, lung carcinoma and prostate cancer [9, 10, 18]. However,
numerous studies still focus on its function in
breast cancer; its effect on other cancers and
the underlying mechanism remains elusive. In
this study, we first confirmed a similar high
expression of TRAF4 mRNA and protein levels
in OSCC cells in contrast to human normal oral
keratinocyte cell lines HOK. Moreover, TRAF4
overexpression promoted OSCC cell proliferation and attenuated cell apoptosis, indicating a
pivotal role of TRAF4 in OSCC cell growth.
Therefore, these data suggest that TRAF4 may
act as a potential oncogene during the progression of OSCC.
11844

Wnt/β-catenin pathway ranks as the best
understood Wnt signaling pathway and is highly
conserved during evolution. Accumulating evidences confer that Wnt/β-catenin pathway
possesses multiple roles in regulating diverse
physiological processes, including cell proliferation, survival, cell behavior and fate [19, 20].
Recently, hyperactivity of the Wnt/β-catenin
signaling pathway has been found in many
human cancers, such as colorectal cancer, liver
cancer and gastrointestinal cancers [21-24].
Wnt/β-catenin signaling has been reported to
play vital roles in carcinogenesis by regulating
cell growth, cell cycling, cell survival and invasion. Blocking its unrestricted activation will
attenuated the development of cancer and
thus holds promise for the development of new
anti-carcinoma drugs [23, 25]. In breast cancer, TRAF4 facilitates the activation of Wnt/βcatenin pathway [26]. To further clarify the
molecular mechanism involved in TRAF4induced OSCC cell growth, we analyzed the
expression levels of β-catenin, the central component of this pathway. As expected, TRAF4 upregulation obviously induced β-catenin expression. It is known that cyclinD1, c-myc and Bcl-2
are common downstream molecules of this
pathway, which are proved to be related with
cell proliferation and apoptosis [17, 27]. Further
analysis confirmed a similar effect on the
expression of cyclinD1, c-myc and Bcl-2 in
TRAF4-overexpressed cells, indicating that
TRAF4 induced the activated the Wnt/β-catenin
pathway. Importantly, blocking this pathway by
β-catenin siRNA transfection evidently mitigated TRAF4-induced up-regulation in cell viability.
Together, these results indicated that TRAF4
may promote OSCC cell growth by regulating
the Wnt/β-catenin pathway.
The high invasiveness and migration are critical
for tumor progression and known as the prominent contributors to morbidity and mortality in
cancer patients [28]. To better understand the
function of TRAF4 in the development of OSCC,
we further analyzed its effect on OSCC cell
invasion and migration. In this study, TRAF4
overexpression dramatically enhanced OSCC
cell invasion, as well as the rate of cell migration, indicating a critical role of TRAF4 in OSCC
metastasis. It is generally believed that Wnt/βcatenin signaling can trigger a cascade of
responses, from cell growth to motility and
invasion, which drive tumor development and
Int J Clin Exp Pathol 2015;8(9):11837-11846
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progression [20, 21]. Based on the effect of
TRAF4 on Wnt/β-catenin activation, we can
speculate that TRAF4 may increase cell invasion and migration by Wnt/β-catenin pathway.
To further test our hypothesis, we silenced this
pathway by β-catenin siRNA transfection.
Moreover, the increase in MMP-9 and MMP-2
expression induced by TRAF4 was also notably
attenuated, both of these are key regulators of
cell invasion [29, 30]. Furthermore, the up-regulation in cell invasion and migration triggered
by TRAF4 was also obviously ameliorated when
inhibiting Wnt/β-catenin pathway, implying that
TRAF4 enhance OSCC cell invasion and migration by Wnt/β-catenin signaling.
In conclusion, we first demonstrated that
TRAF4 was overexpressed in OSCC cells.
Importantly, TRAF4 promoted OSCC cell growth,
invasion and migration by activating the Wnt/βcatenin signaling pathway. Therefore, these
findings will contribute to our understanding of
how TRAF4 regulates the pathogenesis of
OSCC, and support a promising therapeutic
agent for the future development of anti-OSCC
therapy.
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