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Tumor necrosis factor alpha-induced protein 3 (TNFAIP3), a deubiquitinating enzyme, plays an essential reg-
ulatory role in inflammation, immune responses and tumorigenesis. Our present study indicates that TNFAIP3 is
required for the ubiquitination degradation of epithelial-mesenchymal transition (EMT) related transcription
factors Snail and ZEB1, which further altered the expression of EMT-related marker proteins and eventually
contributing to the malignant phenotype and poorer prognosis of gastric carcinoma. Depletion of TNFAIP3
attenuated the capacity of proliferation, migration and invasion of gastric cancer cells in vitro. Taken together,

these findings propose a pathway linking the TNFAIP3 to the EMT-mediated metastatic process in gastric cancer,
which provides a viable strategy regarding the interventions and prognostic analysis of gastric carcinoma in

clinical practice.

1. Introduction

Globally, gastric cancer is the fifth leading cause of malignant tumor
and the third leading cause of death, therefore making a significant
contribution to the global health burden [6]. Due to the lack of therapy
with enough specificity and sensitivity, the prognosis of gastric cancer
is generally poor and unsatisfactory. Besides, gastric cancer is often
diagnosed with late stage disease and accompanied by malignant me-
tastasis, since the early symptoms of gastric cancer is not obvious. And
the five-year survival rate for gastric cancer patients is reported to be
less than 10 percent [7,13]. Therefore, it is strongly necessary to reveal
the molecular mechanisms underlying the gastric cancer genesis and
development, thus to identify effective therapeutic targets or prognosis
biomarkers for patients with gastric cancer.

The epithelial-mesenchymal transition (EMT) is a biological process
by which epithelial cells lose their polarity and adhesion between cells;
also, the migratory and invasive properties of cells were markedly en-
hanced [5,11]. Therefore, EMT, characterized by suppressing the ex-
pression of epithelial markers and enhancing the expression of me-
senchymal markers, as well as the EMT-related transcription factors like
Snail and ZEB1 [3,9,17], is highly associated with cancer progression
such as invasion and metastasis.

Tumor necrosis factor alpha-induced protein 3 (TNFAIP3), also re-
ferred to as A20, acts as a key regulator in NF-kappa B activation as well
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as TNF-mediated apoptosis [12]. It is reported that TNFAIP3 regulates
intracellular protein expression via facilitating ubiquitin degradation
[10]. Recent studies indicated that TNFAIP3 has cell- or tissue- specific
expression patterns and functions, which may be ascribed to its site-
specific ubiquitin modifying activity or ubiquitin-binding status with its
target molecules [4,16]. Generally, TNFAIP3 is transiently expressed in
a variety of cell types in response to inflammatory signals and immune
responses. Despite knowledge of the roles of TNFAIP3 in inflammation
and immune responses, its functions in gastric cancer are not yet fully
understood, especially in the aspects of EMT or other neoplastic ma-
lignant processes.

Although the functions of TNFAIP3 are well studied in inflammation
and immune responses, it remains unknown how TNFAIP3 contributes
to gastric tumorigenesis, invasion and metastasis. In the present study,
we uncover a mechanism where TNFAIP3 is involved in the ubiquiti-
nation degradation of EMT-related transcription factors (Snail and
ZEB1), which further altered the expression of EMT marker proteins
and subsequently affected the biological behaviors of gastric cancer
cells.
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2. Materials and methods
2.1. Tissue samples

We collected a total of 32 cases of gastric cancer tissues and paired
non-carcinoma tissues between May 2016 and February 2017 in the
Harbin Medical University Cancer Hospital (Harbin, China). We se-
lected 27 cases from the total 32 cases. There are 12 male patients and
15 female patients, with a medium age at 58 years old. No patients have
received chemotherapy or radiotherapy before surgery, and all cases
were diagnosed by pathology and immunohistochemistry. The present
study has been approved by the ethical committee of Harbin Medical
University Cancer Hospital and the written informed consents were
obtained from all patients recruited.

2.2. Cell culture and transfection

Human gastric cancer cell lines SGC-7901, MGC-803, HGC-27,
MKN-45, AGS and human gastric mucosal cell (GES-1) were all pur-
chased from the Chinese Academy of Sciences Shanghai Institutes for
Biological Sciences (Shanghai, China). Theses cell lines were cultured in
RPMI1640 medium (Gibco, Grand Island, NY, USA) supplement with
10% fetal bovine serum (Gibco, Grand Island, NY, USA) at 37 °C with
5% CO, in a humidified incubator. Two plasmids carrying shRNA
(pSUPER- TNFAIP3-shRNA) targeting TNFAIP3 respectively and the
scrambled negative control (NC) were designed and constructed by
RIBOBIO (Guangzhou, China) and then transfected into MGC-803 cells
by Lipofectamine 2000 according to the manufacturer’s instructions
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA).

2.3. Western blotting

Proteins were extracted from tissues and cells with RIPA buffer
(Thermo Fisher Scientific, Waltham, MA, USA) complemented with
protease inhibitors (Roche, Mannheim, Germany). The concentration of
protein was determined by using the NanoDrop 2000 (NanoDrop
Technologies, Wilmington, DE). Briefly, 1 ul of each protein sample was
added to the measured well, and the concentration of protein was re-
corded by the machine. For western blot analysis, equal amounts of
protein (100 pg) were subjected to electrophoresis on 8% SDS-PAGE
and transferred onto polyvinylidene fluoride membranes (Millipore,
Billerica, MA, USA). The membranes were blocked with 5% non-fat
milk dissolved in PBST for 1h at room temperature, then im-
munoblotted with the primary antibodies overnight at 4 °C. The pri-
mary antibodies included TNFAIP3 (#5630, Cell Signaling Technology,
Inc., Beverly, MA, USA), E-Cadherin (#14472, Cell Signaling
Technology, Inc., Beverly, MA, USA), N-Cadherin (#13116, Cell
Signaling Technology, Inc., Beverly, MA, USA), Vimentin (#5741, Cell
Signaling Technology, Inc., Beverly, MA, USA), Snail (#3879, Cell
Signaling Technology, Inc., Beverly, MA, USA), ZEB1 (#3396, Cell
Signaling Technology, Inc., Beverly, MA, USA), GAPDH (#5174, Cell
Signaling Technology, Inc., Beverly, MA, USA). Subsequently, the
membranes were incubated with fluorochrome labeled secondary an-
tibody Alexa Fluor 800 (#A32730, Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) or Alexa Fluor 700 (#A-11029, Thermo Fisher
Scientific, Inc., Waltham, MA, USA). The bands were visualized by the
Odyssey Infrared Imaging System (LI—COR Biosciences, Lincoln, NE,
USA) and the band intensity was measured by Odyssey software version
1.2 (LI-COR Biosciences, Lincoln, NE, USA). The expression of pro-
teins was all normalized to GAPDH.

2.4. Quantitative real-time polymerase chain reaction (qRT-PCR)
Total RNA was extracted using the Trizol reagent (Thermo Fisher

Scientific, Inc., Waltham, MA, USA) according to the manufacturer’s
instructions. 0.5 ug RNA of each sample was then reverse transcribed by
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the High-Capacity cDNA Reverse Transcription kit (Applied Biosystems,
Thermo Fisher Scientific, Inc., Waltham, USA). Afterwards, the cDNA
was subjected to quantitative qRT-PCR using the Power SYBR Green
PCR Master Mix (Roche Applied Science, Penzberg, Germany), and the
detection was performed on the ABI 7500 Detection System (Life
Technologies, NY, USA). GAPDH was used to normalize the expression
of TNFAIP3 between different samples. The primer sequences for real
time PCR were listed as follows: TNFAIP3 F 5'— CCGGTCTCTGTTAAC
AAGTGG-3’, and R 5- GAGTGTTACAGATATCCCATCGTC-3’; GAPDH F
5’-ATCACTGCCACCCAGAAGAC-3’, R5’-TTTCTAGACGGCAGGTC
AGG-3'.

2.5. Proliferation assay

The Cell Count Kit 8 (CCK-8) were used to determine the cell pro-
liferation according to the manufacturer’s instructions. Briefly, cells
were seeded in triplicate in 96-well plates at 1 x 10* cells per well and
maintained for 24 h. After that, 10 ul CCK-8 working solution was
added to each well and the plates were incubated in 37 °C for another
2h. Absorbance was recorded at 450 nm using an Easy Reader 340 AT
(SLT-Lab Instruments, Salzburg, Austria). The experiment was in-
dependently repeated three times.

2.6. Wound-healing assay

For the wound-healing assay, 1 x 10° cells were grown on a six-well
plate until they reached 80% confluence. Then the monolayer cells
were scratched with a sterile pipette tip. The image of cell migration
was recorded at Oh, 24 h after wound scratch at the same position.
Three independent experiments were performed.

2.7. Cell invasion assay

Invasion assays were performed using Corning chambers (pore size,
8 um, Corning, MA, USA) with Matrigel (Corning, MA, USA). In brief,
cell suspensions (2 X 10°) prepared in 200 ul media containing 2% FBS
were added into upper chambers. While the bottom chamber contained
medium with 15% FBS as a chemoattractant stimulus. After a 24 -h
incubation at 37 °C, the non-invasive cells on the upper side of the
membrane were gently removed with a cotton swab, and the cells that
had migrated through the membrane filter were fixed in 4% paraf-
ormaldehyde. After that, the cells were stained with crystal violet
(Beyotime Biotechnology, Shanghai city, China) for 15min at room
temperature. Finally, cells in three randomly selected microscopic fields
(at 200 x magnification) were counted and photographed. All experi-
ments were independently repeated in triplicate.

2.8. Statistical analysis

All quantitative data are expressed as the mean * standard de-
viation (SD) and analyzed by using SPSS 17.0 (IBM; Armonk, NY, USA).
The differential expression level of TNFAIP3 between gastric cancer
tissues and adjacent normal tissues was evaluated by McNemar’s chi-
squared test. One-way analysis of variance (ANOVA) was used for sta-
tistical evaluation of the data between multiple groups with post hoc
contrasts. Statistical significance was achieved when the p value
is < 0.05.

3. Results
3.1. The expression of TNFAIP3 in gastric cancer tissues

Firstly, we analyzed the Oncomine datebases to compare the ex-
pression of TNFAIP3 in gastric carcinoma and normal tissues, and we

found that the mRNA expression level of TNFAIP3 was statistically
higher in gastric cancer tissues compared with normal tissues (Fig. 1A).
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Fig. 1. Abnormal expression of TNFAIP3 in gastric carcinomas. (A) The expression pattern of TNFAIP3 in different gastric carcinomas and normal tissue. The date
was from Oncomine datebase. (B) The mRNA expression level of TNFAIP3 in 27 cases of gastric cancer tissues and the adjacent noncancerous tissues determined by
qRT- PCR. n = 27, * p < 0.05. (C) The representative western blot results of TNFAIP3 in gastric cancer tissues and the adjacent noncancerous tissues. n = 27, *
p < 0.05. (D) The representative images of TNFAIP3 immunohistochemistry results. (E) The survival time of gastric cancer patients with different levels of TNFAIP3.

p = 0.391.

Thus, we performed qRT-PCR (quantitative real-time PCR) and western
blotting to investigate the expression status of TNFAIP3 in the 32 cases
of gastric cancer tissues and the corresponding adjacent noncancerous
tissues obtained from surgical resection specimens of gastric cancer
patients. The results were in accordance with the date from Oncomine,
the expression levels of both mRNA and protein were significantly
elevated in the carcinoma tissues compared with normal tissues (Fig. 1).

3.2. The expression pattern of TNFAIP3 in gastric cancer cell lines

To explore the role of TNFAIP3 on the biological characteristics of
gastric cancer cells, we first assessed the expression levels of en-
dogenous TNFAIP3 in a panel of 5 gastric cancer cell lines (SGC-7901,
MGC-803, HGC-27, MKN-45, AGS) and a normal human gastric mu-
cosal cell (GES-1) by qRT-PCR and western blotting. Fig. 2 indicated
that MGC-803 cell lines showed high endogenous TNFAIP3 expression
in this group and therefore was selected for a loss-of-function study.

3.3. Knockdown of TNFAIP3 inhibits proliferation, migration and invasion
of MGC-803 cells

Two plasmids carrying shRNA (pSUPER-TNFAIP3-shRNA) targeting
TNFAIP3 respectively (shRNA1 and shRNA2) were transfected into
MGC-803 cells, and then the expression of exogenous TNFAIP3 was
determined by qRT-PCR and western blotting (Fig. 3A-B). The knock-
down efficiency of shRNA2 plasmid on the target gene is superior to
shRNA1 plasmid. Thus, the shRNA2 plasmid was selected for the fol-
lowing study. The results of CCK8 showed that the cell proliferation was
decreased by about 20% compared with the control group (Fig. 3C).
Meanwhile, TNFAIP3 depletion markedly reduced the migration and
invasion capacity of MGC-803 cells (Fig. 3D-E). The statistical column
charts represent the migration and invasion ability of MGC-803 cells in
different experimental groups are shown in Fig. 3E-F. Collectively,
these results provided evidence that TNFAIP3 silencing could inhibit
the tumorigenicity of gastric cancer cell in vitro.
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Fig. 2. The expression patterns of TNFAIP3 in gastric cancer cells. (A) The mRNA expression level of TNFAIP3 in a panel of 5 gastric cancer cell lines (SGC-7901,
MGC-803, HGC-27, MKN-45, AGS) and a normal human gastric mucosal cell (GES-1) determined by qRT- PCR. n = 3, * p < 0.05 or ** p < 0.01 vs. GES-1.
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Fig. 3. TNFAIP3 silencing inhibits proliferation, migration and invasion of MGC-803 cells. (A) The efficiency of TNFAIP3 knockdown by shRNA1 and shRNA2
was confirmed by qRT-PCR.n = 3, *p < 0.050r ** p < 0.01 vs. control. (B) The efficiency of TNFAIP3 knockdown by shRNA1 and shRNA2 confirmed by western
blotting. n = 3, * p < 0.05 vs. control. (C) The proliferation of MGC-803 after transfection with negative control sShRNA (NC) or TNFAIP3-shRNA (shRNA2) for 24 h
determined by CCK8. n = 6, * p < 0.05 vs. control. (D) The migration ability of MGC803 cells assessed by scratch wound-healing assay. Scale bar 10 ym. (E) The
invasion ability of MGC803 cells assessed by cell invasion assay. Scale bar 50 pm. (F) The statistical column chart represents the migration ability of MGC803 cells.
n =3, *p < 0.05 vs. control. (G) The statistical column chart represents the invasion ability of MGC803 cells. n = 3, ** p < 0.01 vs. control.

3.4. TNFAIP3 is involved in the process of EMT

Since epithelial-mesenchymal transition (EMT) is the key event in
driving tumor migration and invasion, we further investigate the effects
of TNFAIP3 silencing on the expression levels of EMT markers.
Compared with the control cells, increase in E-cadherin protein ex-
pression and reduction in the protein expression of mesenchymal
markers, including N-cadherin and vimentin, were seen in TNFAIP3-
depleted MGC-803 cells. To investigate whether this variation caused
by TNFAIP3 silencing is pre-transcriptional or post-transcriptional,
qRT-PCR analysis was further performed. Interestingly, similar results
were observed in the mRNA expression of CDH1, CDH2 and VIM, which
encode E-cadherin, N-cadherin and vimentin, respectively (Fig. 4C).
These observations prompted the investigation of EMT-related tran-
scription factors including Snail and ZEB1.

3.5. TNFAIP3 is required for ubiquitination degradation of Snail and ZEB1

Based on our results that TNFAIP3 probably affects the expression of
EMT markers through a pre-transcriptional regulatory mechanism, we
investigated the expression of EMT-related transcription factors. As
Fig. 5 showed, knockdown of TNFAIP3 dramatically reduced the ex-
pression of Snail and ZEB1, which were important EMT-related tran-
scription factors. However, in the presence of the proteasome inhibitor
MG132, the decreased Snail and ZEB1 expression was restored, which
suggested that the reduction of EMT-related transcription factors (Snail
and ZEB1) is probably achieved through TNFAIP3-mediated ubiquiti-
nation degradation. In addition, our hypothesis was further confirmed
by the evidence that, 3-MA (inhibitor of PI3K) pre-treatment did not
rescue the TNFAIP3 silencing induced decrease in the expression of
Snail and ZEB1. Taken together, our results provide evidence that
TNFAIP3 plays an important role in the ubiquitination degradation of
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Fig. 4. Depletion of TNFAIP3 inhibits EMT. (A) Western blot analysis showed the decreased expression of epithelial makers (E-cadherin) and the increased
expression of mesenchymal markers (N-cadherin and Vimentin). (B) The statistical column chart represents the relative expression of EMT-related proteins. n = 3, *
p < 0.05 vs. control. (C) The statistical column chart represents the relative mRNA expression of CDH1, CDH2 and VIM determined by qRT- PCR, which encode E-
cadherin, N-cadherin and vimentin, respectively. n = 3, * p < 0.05 vs. control.

1.5 Fig. 5. TNFAIP3 affects EMT-related pro-
8
c teins through the ubiquitination pathway.
-g * (A) The protein expression of ZEB1 and Snail in
|
g —_ # the presence or absence of MG132 (proteasome
MG132 -t - g 1.0 - inhibitor) or 3-MA (inhibitor of PI3K). (B) The
ma - - - - + 2 statistical column chart represents the relative
Snail [F ——— — == —| 29kDa % expression of EMT-related transcription factors
naf a ZEB1 and Snail. n = 3, * p < 0.05 vs. control
ZEB1 [ sy s s | 200 kDa o 057 or *p < 0.05 vs. ShRNA2.
GAPDHl—————l 36 kDa g
> L 2
Q\"o eo e?' ev' é?‘
d L & &
S &S e ' '
control NC shRNA-2 shRNA-2 shRNA-2
MG132 - - - + -
3-MA - - - - +

Snail and ZEB1, which further altered the expression of EMT-related
proteins.

4. Discussion

Gastric carcinoma is considered to be a highly malignant tumor with
complicated pathogenesis. Notably, the average five-year survival rate
for gastric carcinoma is extremely poor and tumor metastasis is con-
sidered to be the major cause of gastric carcinoma-related deaths
[5,16]. Thus, in order to get a better therapeutic effect and to improve
the prognosis of this malignant tumor, the development of more effi-
cacious targets is strongly required for improvement of clinical man-
agement.

Metastasis involved a multi-step cellular biological process, while
EMT was identified as the essential initiation step for cancer metastasis
[18,20]. When intracellular EMT occurred, loss of E-cadherin was
considered as a fundamental event, which was accompanied with up-
regulation of important markers of EMT, such as N-cadherin and vi-
mentin [8,15]. Accumulating evidences have demonstrated that EMT
played a key role in the process of tumorous progression and metastasis.
Therefore, to reduce the capacity of gastric cancer metastasis, the po-
tential molecular mechanisms regarding the pathway of EMT are highly
valued.

In the previous researches, the functions of inflammation and im-
mune regulator TNFAIP3 are well studied in inflammation diseases and
immune responses [1,2], while it remains unknown whether it con-
tributes to gastric tumorigenesis, invasion and metastasis. Although
there was no direct evidence showing that TNFAIP3 is involved in
gastric tumor metastasis, the TNFAIP3 interacting proteins, including
transcription factors ZEB1 and Snail, have been demonstrated to be
associated with gastric tumor invasion and migration [4,14,19], which
prompted us to investigate the potential relationship between TNFAIP3

and gastric cancer metastasis.

In the present study, we identified that TNFAIP3 was frequently
overexpressed in gastric cancer tissues and cell lines, and TNFAIP3 si-
lencing statistically inhibited the proliferation, migration and invasion
in vitro. The underlying mechanism may be ascribed to the pivotal role
of TNFAIP3 in the ubiquitination degradation of EMT- related tran-
scription factors Snail and ZEB1, which further altered the expression of
EMT-related proteins and eventually contributing to the tumorous
metastasis.

However, there are some limitations in our present research. Tumor
cells possess high specificity and complexity, we only investigated the
function of TNFAIP3 in MGC-803 cells which expressing the highest
TNFAIP3 in a panel of 5 gastric cancer cell lines (SGC-7901, MGC-803,
HGC-27, MKN-45, AGS) and a normal human gastric mucosal cell (GES-
1). There is still lack of in vivo evidence in our study to further confirm
the role of TNFAIP3 in gastric cancer. Besides, based on our current
data, we conclude that TNFAIP3 plays a multi-faceted role in the de-
velopment of gastric cancer. However, if knocking out TNFAIP3 gene in
normal cells, will it affect the proliferation and apoptosis of normal
cells? This requires further experimental evidence to prove.

In conclusion, the evidences in our study strongly propose a
pathway linking the TNFAIP3 to the EMT-mediated metastatic process
in gastric cancer cells, indicating that TNFAIP3 may serve as a clinically
potential prognostic biomarker or effective therapeutic target for gas-
tric cancer treatment.
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