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TNFAIP3 inhibits migration and invasion in nasopharyngeal carcinoma
by suppressing epithelial mesenchymal transition
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TNF alpha induced protein 3 (TNFAIP3), a member of zinc finger protein family, is a gene whose expression level is
promptly induced by the tumor necrosis factor. In this study, the clinical significance of TNFAIP3 was analyzed based on
available samples in The Cancer Genome Atlas database. TNFAIP3 downregulation was associated with distant metastasis
and worse patient prognosis. TNFAIP3-overexpressing and TNFAIP3-knockdown NPC cell line models were established
through plasmid-mediated overexpression and small interfering RNA (siRNA), respectively. Cell migration and invasion
capacities were evaluated by wound-healing and transwell assays. Functional studies indicated that TNFAIP3 knockdown
promoted migration and invasion, whereas TNFAIP3 overexpression alleviated these functions. Western blot analysis was
used to examine protein changes from TNFAIP3 overexpression and knockdown, in which TNFAIP3 promoted the protein
expression of E-cadherin and suppressed vimentin expression. Our data suggested that TNFAIP3 inhibited migration and
invasion by suppressing epithelial mesenchymal transition in NPC.
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Nasopharyngeal carcinoma is characterized by high me-
tastasis as well as invasion with high incidence in southern
China and Southeast Asia [1, 2]. About 90% of the patients
with NPC at the initial encounter have lymph node metastases,
which is closely related to poor prognosis [3]. With improved
chemoradiotherapy, recent advances have been achieved in
the local control of NPC; however metastasis remains to be
the main cause for shorter survival time of NPC, especially
in advanced stage patients [4, 5]. Thus, a deeper understand-
ing of the molecular mechanism that regulates invasion and
metastasis in NPC is urgently needed.

Mounting evidence demonstrates that TNF alpha induced
protein 3 (TNFAIP3) is a significant regulator of inflammation
and immunity, which play important roles in the modulation of
immune response to pathogens and the development of inflam-
matory and autoimmune disease [6-8]. Moreover, TNFAIP3 has
been shown to be involved in several tumor biological features,
including tumor radiosensitization [9], drug resistance [10], and
cell proliferation [11]. However, few studies have investigated
the role of TNFAIP3 in migration and invasion of NPC.

In the current study, we demonstrate that TNFAIP3 ex-
pression tends to be downregulated in NPC tissues and is
closely associated to patient prognosis. Moreover, we con-
firmed that TNFAIP3 inhibits NPC migration and invasion
by suppressing epithelial-mesenchymal transition (EMT)
in vitro. Our findings suggest that TNFAIP3 may act as
a valuable target in personalized therapeutic strategies for
NPC patients.

Patients and methods

Patients and samples. Clinicopathological data were
retrieved from The Cancer Genome Atlas (TCGA) database
(https://portacancergenome.nih.gov/publications and ge-
nome-cancer.ucsc.edu/proj/site). Samples without completed
data for analysis were excluded.

Celllines and culture conditions. NPC cell lines originated
from Research Center of Clinical Oncology of the Affiliated
Jiangsu Cancer Hospital, Nanjing Medical University, Nanjing,
China. The cells were propagated in RPMI 1640 medium
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(Hyclone, Logan, UT, USA) containing 10% FBS (Gibco BRL,
Gaithersburg, MD, USA) and 1% antibiotic (Gibco BRL), and
were incubated at 37 °C with CO2 saturated.

RNA sample preparation. Total RNA was extracted using
TRIzol reagent (Invitrogen, Burlington, ON, Canada) accord-
ing to manufacturer’s protocol. RNA yield and purity was
determined by measuring the absorbance (Abs) at 260 and
280 nm. Only RNA samples with Abs260/Abs280 nm ratio
of >1.8 were used.

Cell transfection. CNE-1 and CNE-2 cells were trans-
fected with TNFAIP3-siRNA (RiboBio Guangzhou, China)
and TNFAIP3 ORF clone (GeneCreate Biological Engineer-
ing Co., Ltd Wuhan, China) according to manufacturer’s
protocol. TNFAIP3 siRNAs were synthesized by RiboBio
(Guangzhou, China). The targeting sequences were as fol-
lows: si-TNFAIP3-1, 5'- GCACCATGTTTGAAGGATA-3’
and si-TNFAIP3-2, 5'- CAGCATGAGTACAAGAAAT -3'.
To minimize the possibility of off-target effects, siRNA-1 and
siRNA-2 were cotransfected into NPC cell lines.

Quantitative reverse transcription-polymerase
chain reaction analysis. According to manufacturer’s
instructions,total RNA was purified by using TRIzol rea-
gent (Invitrogen, Carlsbad, CA). Then, 2 pg of total RNA
,according to manufacturer’s instructions, was reverse-
transcribed using Moloney murine leukemia virus reverse
transcriptase (Promega, Madison, WI, USA). Expression
levels of mRNAs were amplified using SYBR Green quan-
titative RT-PCR (qRT-PCR) on an ABI7300 real-time
PCR machine (Applied Bio-systems). The expression of
TNFAIP3 and B-actin was examined using the following
specific primers: 5-TGTGTATCGGTGCATGGTTTTA-
3" and 5'-TCCTCAGGCTTTGTATTTGAGC-3’
and 5'-GGACTTCGAGCAAGAGATGG-3" and
5'-AGCACTGTGTTGGCGTACAG-3', respectively. All
reactions were performed in triplicate for each sample.

Cell wound healing assay. NPC cells were cultured in
six-well plates (1-1.5x10° cells per well) and transfected with
TNFAIP3-siRNA and TNFAIP3 ORF clone. When the cells
reached 80%-90% confluence, a single wound was created
in the center of the cell monolayer using a T-200-Y pipet tip.
Wound areas were visualized under an optical microscope
with a magnification of 100x. Cell migration capability was
examined by gap closure.

Migration and invasion assays. For transwell migration
assays, CNE1 or CNE2 transfected cells (5 x 10°) were plated
in the top chamber with the non-coated membrane (24-well
insert; pore size, 8 um; BD Biosciences, San Jose, CA, USA).
For invasion assays, CNE1 or CNE2 transfected cells (5 x
10*) were plated in the top chamber with coated membrane.
In both assays, cells were plated in the top chamber in me-
dium with 1%-2% serum; the lower chamber was filled with
20% FBS. After 24-48 h of incubation, cells that invaded
through the membrane were fixed with 4% paraformalde-
hyde and stained with crystal violet. Cells were counted in
five random fields in each well under a microscope at 100x

magnification [12]. Three independent experiments were
performed.

Western blot analysis. NPC cells were harvested and
prepared in RIPA buffer (Beyotime, Shanghai, China) after
48 h of transfection. A total of 16-22 mg of protein from
each sample was used for Western blot. Primary antibod-
ies used in this study included monoclonal anti-TNFAIP3
(1:1000; Abcam, HK), anti-vimentin (1:1000; Cell Signaling
Technology, USA), anti-E-cadherin (1:1000; Cell Signaling
Technology, USA). B-actin (1:1000; Cell Signaling Technol-
ogy, USA) was used as loading control. Immunoreactive
bands were visualized using ECL detection reagent (Mil-
lipore, Billerica, MA, USA). All data analyses were repeated
independently three times.

Statistical analysis. Statistical analyses were performed
using Student’s t-test and one-way ANOVA using GraphPad
Prism 5.0 software and SPSS 13.0. Data are presented as
meantstandard deviation (SD) of three independent ex-
periments. Differences were considered significant at P<0.05.

Results

TNFAIP3 downregulation is associated with distant
metastasis and poor patient prognosis. We analyzed clin-
icopathological data retrieved directly from TCGA. TNFAIP3
showed a negative correlation with distant metastasis of
patients, in which low expression of TNFAIP3 was observed
more frequently in distant metastatic group than in non-
metastatic group (Figure 1A). The cutoff value of TNFAIP3,
as determined by receiver-operating characteristic analysis,
was used to differentiate between high and low TNFAIP3
level among NPC patients (Figure 1B). Kaplan—Meier sur-
vival analysis was performed on patients based on TNFAIP3
expression levels. The results revealed that low TNFAIP3 level
was associated with worse overall survival of patients (Figure
1C). A univariate Cox regression analysis confirmed that
TNFAIP3 expression level, perineural invasion, and lymph
node classification significantly affected overall survival of
patients. Multivariate Cox regression analysis showed that
low TNFAIP3 expression level and perineural invasion were
independent predictors of reduced overall survival of patients
(Supplementary Table 1). All together, these results indicate
that TNFAIP3 downregulation may be involved in metastasis
and prognosis.

TNFAIP3 inhibits cell invasion and migration in NPC
cell lines. To investigate whether TNFAIP3 affects the migra-
tion and invasion of NPC cells, CNE-1 and CNE-2 cells were
transfected with TNFAIP3 ORF clone and TNFAIP3-siRNA.
The successful knockdown of ADAM17 in NPC cells was con-
firmed by qRT-PCR (Figure 2A). The cells were subjected to
a wound-healing assay. In this test, TNFAIP3 overexpression
noticeably slowed down NPC cell migration in the scratched
“wound” at the edges of CNE-1 and CNE-2 cells. Knockout
of TNFAIP3 enhanced NPC cells migration capability (Figure
2B). The transfected cells were further cultured on a transwell
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Figure 1. TNFAIP3 downregulation is associated with worse patient prognosis. (A) TNFAIP3 mRNA expression levels in the distant metastatic and
nonmetastatic groups. (B) Receiver-operating characteristic analysis was performed to determine the cutoff value of TNFAIP3. (C) Patients with low
TNFAIP3 expression had significantly worse overall survival than those with high TNFAIP3 expression. Log-rank test was used.
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Figure 2. TNFAIP3 inhibits cell invasion and migration in NPC cell lines. (A) Quantification of TNFAIP3 mRNA expression by qRT-PCR. (B) Effect on
migration by wound-healing assays. (C) Effect on migration by transwell assays. (D) Effect on invasion by transwell assays.
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apparatus. As shown in Figure 2C, the numbers of migrated
cells were significantly less in the TNFAIP3-overexpressing
cells. The number of migrated cells was significantly more
in TNFAIP3-siRNA transfected cells. A matrigel model was
established to examine the role of TNFAIP3 in NPC cell in-
vasion. The number of invaded cells significantly decreased
in cells transfected with TNFAIP3 ORF clone. As expected,
knockdown of TNFAIP3 expression significantly promoted
CNE1 and CNE2 invasion (Figure 2D). In conclusion, these
data suggest that TNFAIP3 inhibits migration and invasion
in NPC cells.

TNFAIP3 inhibits epithelial mesenchymal transition
in NPC cells. EMT is closely related to tumor migration and
invasion. A key molecular feature in EMT is the downregula-
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tion of E-cadherin and upregulation of vimentin. As such,
we examined the expression levels of these two proteins and
found that knockdown of TNFAIP3 significantly promoted the
protein expression of vimentin and suppressed the expression
of E-cadherin (Figure 3). In addition, TNFAIP3 overexpression
promoted E-cadherin expression and suppressed vimentin
expression. Thus, TNFAIP3 suppressed cell migration and
invasion in NPC by inhibiting EMT.

Discussion

TNFAIP3 is identified as a gene whose expression level is
promptly induced by the tumor necrosis factor. It is a zinc
finger protein and plays an important role in cytokine-me-

CNE2
siRNA

CNE2 CNE2
TNFAIP3 Vector

CNE2
Si-NC

~ 82KD
65KD
65KD

S57KD

W— Ny NN — -- P " 35KD

-..-“45@

-1 %

CNE1 CNE1 CNE1 CNE1 CNE2 CNE2 CNE2 CNE2
siRNA si-NC TNFAIP3 vector siRNA si-NC TNFAIP3 vector

CNE1 CNE1 CNE1 CNE1 CNE2 CNE2 CNE2 CNE2
siRNA si-NC TNFAIP3 vector siRNA si-NC TNFAIP3 vector

Figure 3. TNFAIP3 depresses EMT in NPC cells. (A) Western blot analysis to detect the expression of p-catenin, vimentin, E-cadherin, and TNFAIP3.

(B) The relative protein expression levels were represented as columns.
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Table 1. Univariate and multivariate analyses of prognostic factors for
overall survival using Cox proportional hazards regression model (N=321)

Overall survival

Variable
Univariate analysis ~ Multivariate analysis

Age HR 95% CI HR 95% CI
<6l 0.803  0.546-1.181 0.776  0.521-1.156
>61 1 1

Gender

Male 1.089  0.712-1.665 0.954 0.612-1.487
Female 1 1

Primary tumor (T) stage

T-T, 0.871  0.574-1.323  0.970  0.507-1.855
T, T, 1 1

Lymph node(N) metastasis

N,, 0.642*  0.428-0.961 0.664 0.424-1.039
N,, 1 1

Clinical TNM Staging

I-1I 0.849  0.526-1.372  1.038  0.472-2.285
II-1v 1 1

perineural invasion

NO 0.445*  0.297-0.667 0.467*  0.310-0.705
YES 1 1

neoplasm histologic grade

G -G, 0.861 0.56-1.325 0.829  0.536-1.280
GG, 1 1

TNFAIP3 expression level

Low 1.513* 1.029-2.225 1.483* 1.004-2.191
High 1 1
'P<0.05

diated immune and inflammatory responses [13, 14]. Some
studies have shown that TNFAIP3 acts an important tumor
suppressor in several malignancies. TNFAIP3 suppresses
hepatocellular carcinoma proliferation through inhibition
of Twistl expression. TNFAIP3 deletion is tightly related
with Epstein-Barr virus-associated lymphoproliferative dis-
orders/lymphomas [15]. TNFAIP3 has also been proposed to
function as a tumor suppressor in several human B-cell lym-
phomas. Moreover, TNFAIP3 takes part in cell differentiation
in dendritic cell [16]. Indeed, the highest level of expression
was observed in CNE1 (well-differentiated squamous cell
carcinoma) and the highest level of expression was observed
in C666 (undifferentiated squamous cell carcinoma, Sup-
plementary Figure 1).

Low expression of TNFAIP3 was observed more frequently
in the distant metastatic group than in the nonmetastatic
group. Thus, we hypothesize that TNFAIP3 is involved in the
NPC cell invasion and migration.

We further provide data indicating that knockdown of
TNFAIP3 significantly stimulated migration and invasion,
whereas TNFAIP3 overexpression inhibited migration and
invasion in NPC cells. EMT, a key promoting factor for
cancer invasion and migration, results in the downregula-

tion of epithelial marker and upregulation of mesenchymal
markers toward mesenchymal phenotype [17-19]. Mount-
ing evidence suggests that EMT is a vital prerequisite for
invasion and migration in various cancer [18, 20-22]. In the
present study, epithelial marker E-cadherin was found to be
upregulated, whereas mesenchymal marker vimentin was
downregulated in TNFAIP3-overexpressing cells. On the
other hand, E-cadherin was downregulated and vimentin
was upregulated in cells expressing less TNFAIP3. Thus,
TNFAIP3 was demonstrated to alleviate an EMT-like phe-
notypic transition.

In summary, our data revealed that TNFAIP3 is down-
regulated in NPC and serves as an independent predictor for
patient survival. Our study is the first to demonstrate a sig-
nificant role of TNFAIP3 in NPC cell invasion and migration,
indicating that it is a molecular marker and a vital therapeutic
target for NPC management.

Supplementary information is available in the online version
of the paper.
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Supplementary Figure 1, TNFAIP3 expression levels in NPC. (A) TNFAIP3
mRNA expression levels in NPC. (B) TNFAIP3 protein expression levels
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Supplementary Table 1. Correlation between the expression of TNFAIP3 and clinical features

TNFAIP3 expression level

All cases Low expression High expression P value
Gender
Female 88 30 58 0.374
Male 233 92 141
Age at diagnosis
<61 170 67 103 0.582
>61 151 55 96
T classificaction
T,-T, 112 46 66 0.408
T3-Ty 209 76 133
N classificaction
Ny, 220 84 136 0.924
N,3 101 38 63
Clinical TNM
Staging
[-11 74 31 43 0.432
-1v 247 91 156
perineural invasion
NO 170 63 107 0.711
YES 151 59 92
Neoplasm histologic
grade
G;-G; 242 85 157 0.063

G3-Gy 79 37 42




