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Gpx3 prevents migration and invasion in gastric cancer
by targeting NFKB/Wnt5a/JNK signhaling
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Abstract: Purpose: Metastasis is the hallmark of gastric cancer (GC) and is the most widely recognized reason for
GC-related deaths. However, the underlying mechanism of GC metastasis remains unknown. Herein we sought to
investigate the biologic function of Gpx3 in gastric tumor metastasis and the underlying mechanism. Methods: Cell
migration and invasion was determined with Transwell chamber assay. Western blotting was used to determine
protein expression levels of Gpx3, EMT markers and Wnt signaling related molecules. In vivo metastasis was de-
termined with experiment lung metastasis model in tumor xenografts. Results: Gpx3 expression was lower in GC
patients and GC cell lines when compared with normal tissues and cells. Further studies showed that overexpres-
sion of Gpx3 was able to inhibit GC cell migration and invasion whereas Gpx3 knockdown promoted cell migration
and invasion. Furthermore, AGS cells overexpressing Gpx3 showed lower metastatic potential when compared with
the parental cells. Gpx3 was also found to regulate the expression of EMT markers. Mechanistic study showed that
Gpx3 selectively inhibited Wnt/JNK signaling pathway over canonical Wnt/B-catenin pathway. The data revealed
that blockade of NFKB and JNK signaling pathway abolished siGpx3-induced cell migration and invasion. Conclu-
sions: Taken together, we identify Gpx3 as a suppressor of GC metastasis. Above results provide the rationale that
regulation of Gpx3 serves as a potential therapeutic option for GC.
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Introduction are utilized by cells to confront free-radical-

mediated attacks [6]. There are seven isoforms

Gastric cancer (GC), a significant cause of can-
cer death, is subtyped into diffuse and intesti-
nal types with different prognostic and epide-
miological characteristics as per the Lauren
classification [1]. It is a multifactorial disease
with the risk factors including geneticand envi-
ronmental factors [2]. The large majority of the
patients are diagnosed at very late stages
when the therapeutics is substantially less
effective [3]. Currently, surgery, radiotherapy,
chemotherapy, and phototherapy are the thera-
peutics for GC treatment [4]. However, chemo-
therapy remains the most favorable treatment
for patients with gastric cancer [5]. Despite
recent advances in understanding of the biolo-
gy of gastric cancer, treatment of patients with
advanced gastric cancer remains a major
problem.

Glutathione peroxidase (GPx), a selenium-
dependent enzyme, is a group of proteins which

with diverse substrate profiles and different tis-
sue distribution pattern [7]. Glutathione peroxi-
dase 3 (GPx3), which is located in 5923, is an
extracellular enzyme that plays an important
role in the detoxification of hydrogen peroxide
and other oxygen free radicals [8]. Gpx3 mMRNA
is expressed in multiple tissues including gas-
trointestinal tract, kidney, brain, breast, liver,
heart, lung and adipose tissue [9]. Gpx3 pro-
moter hypermethylation in various tumor types
including gastric cancer has been reported
[10]. Furthermore, several types of tumors
exhibited reduced Gpx3 levels compared with
normal tissues, including hepatocellular carci-
noma (HCC) [11], lung cancer [9], gastric cancer
[12], thyroid cancer [13] and colorectal cancer
[14]. Gpx3 is reported to be involved in the met-
astatic progression of various cancers [13, 15].
However, the role of Gpx3 in GC metastasis has
not yet been elucidated.
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Wnt signaling regulates a diversity of processes
fundamental to normal development, including
cell proliferation, differentiation, polarity, adhe-
sion and motility [16]. It diversifies into three
branches including the [-catenin pathway
which is the canonical Wnt pathway, the plan-
ar cell polarity pathway, which involves jun
N-terminal kinase (JNK) and the Wnt/Ca?* path-
way [16]. The aberrant activation of the Wnt/[3-
catenin signaling pathway is involved in the
development and progression of a significant
proportion of gastric cancer cases [17]. Wnt5a,
which is upregulated in gastric cancer regard-
less of their histological phenotype, has an
increased expression in advanced stages of
gastric cancer and it is correlated with poor
prognosis [18].

The epithelial-mesenchymal transition (EMT) is
a developmental process in which epithelial
cells acquire mesenchymal characteristics that
change their morphology and enhance their
migratory capacity [19]. In cancer, EMT is
thought to facilitate the detachment of cancer
cells from the primary tumor to enable their
infiltration into surrounding tissues [20].
Triggering EMT in normal development and in
cancer is associated with activation of several
signaling pathways, including TGF-B, Wnt, EGF
and FGF [20]. While it is well-established that
canonical Wnt/B-catenin signaling can be an
activator of EMT, it was recently found that non-
canonical Wntba signaling components such
as PKC and JNK are also upregulated during
EMT [21].

In the present study, we confirmed that Gpx3
expression was lower in GC patients and GC
cell lines when compared with normal tissues
and cells. Overexpression of Gpx3 caused sig-
nificant metastatic suppression of GC cells in
vitro and in vivo. A mechanistic study revealed
that Gpx3 was involved in the metastasis of
GC through the NFkB/Wnt5a/JNK signaling
pathway.

Materials and methods
Patients and samples

Totally 13 pairs of GC tissues and matched nor-
mal tissues were collected from the patients
with GC, who were enrolled in Qilu Hospital of
Shandong University according to the protocols
approved by the Ethics Review Board. All
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patients provided signed, informed consent for
their tissues to be used for scientific research.

Cell culture

Human GC cell lines (AGS, BGC-823, SGC-
7901, MGC-803) were obtained respectively
from Cell Library, China Academy of Science
(Shanghai, China) and the cells were cultured in
RPMI 1640 (Sigma-Aldrich, St. Louis, MO, USA),
with 10% fetal bovine serum (Gibco-BRL, Grand
Island, NY, USA). Human normal gastric epithe-
lium cell line GES-1 was purchased from Cell
Library, China Academy of Science and cultured
in DMEM (Sigma-Aldrich, St. Louis, MO, USA)
with 10% fetal bovine serum at 37°C in a 5%
CO, incubator.

Vector construction and cell transfection

Human full-length Gpx3 was cloned into the
pcDNA™3.1 vector (Thermo Fisher). Plasmid
transfections were carried out using Fugene HD
(Promega) according to the manufacturer’s pro-
tocol. The cells were seeded onto 6-well culture
plates at a density of 2x10° cells/well and
transfected with the specific siRNAs for Gpx3 or
controls (Genepharma, Shanghai, China) at a
concentration of 50 nM by using Lipofectamine
TM 2000 (Invitrogen, Shanghai, China) accord-
ing to the manufacturer’s protocol.

Cell invasion and migration assay

Cell invasion and migration activity were ana-
lyzed by using 24-well trans-well chambers
coated with or without Matrigel (BD Biosciences)
on the upper surface of the membrane with a
pore size of 8 um (Sigma). Briefly, cells (1x10*
cells/well) were suspended in culture media
and added into the upper trans-well chamber.
The lower chamber was soaked with 500 yL
DMEM medium containing 10% FBS. After incu-
bation for 16 h, the chambers were washed
three times and fixed with 4% paraformalde-
hyde for 10 min. Finally, the chambers were
stained with crystal violet and the cells which
passed through the membrane were counted
visually under a microscope (OLYMPUS).

Western blot analysis and antibodies

The proteins were first subjected to SDS poly-
acrylamide gel electrophoresis (SDS-PAGE),
and then transferred onto polyvinylidene difluo-
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Figure 1. Decreased Gpx3 expression in GC patients and cell lines. A, B.
Western blot assays revealed the protein level of Gpx3 in 13 pairs of GC
cases and normal tissues. C, D. The expression of Gpx3 in GC cell lines and
normal cells “**” denotes P < 0.01. “***” denotes P < 0.001. Data are

expressed as the mean + SD.

ride (PVDF) filter membranes (Millipore, Bed-
ford, MA, USA). After blocking with PBS contain-
ing 5% non-fat milk and 0.1% Tween-20 for 2
hours, the membranes were then incubated
with the primary antibodies overnight at 4°C.
Then the membranes were washed three times
with PBST for 5 minutes each time and incu-
bated with horseradish peroxidase-conjugated
secondary antibody for 2 h at room tempera-
ture. Finally, the membranes were scanned by
the ECL detection system. The band density
was quantified using the Image J analysis sys-
tem (Wayne Rasband, National Institutes of
Health, USA). The primary antibodies includ-
ed: anti-Gpx3 antibody (ab104448; 1:1000;
Abcam), anti-Ecad antibody (14472; 1:1000;
Cell Signaling Technology), anti-Ncad antibody
(D4AR1H; 1:1000; Cell Signaling Technology),
anti-pB-catinin antibody (D10A8; 1:1000; Cell
Signaling Technology), anti-B-catinin antibody
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counting of macroscopic lung
metastases. All experimental
procedures involving animals
were performed according to
the Principles of Laboratory
Animal Care (NIH publication
no. 85-23, revised 1985) and/
or the Declaration of Helsinki promulgated in
1964 as amended in 1996.

Statistical analysis

Each experiment was repeated at least three
times. All values are reported as means + SEM.
The calculations were analyzed with the
Statistical Package for the Social Science SPSS
20.0 software (SPSS Inc., An IBM Company,
Chicago, IL, USA). The probability of 0.05 or
less was considered statistically significant.

Results

Gpx3 is downregulated in GC tissues and GC
cell lines

Expression of Gpx3 was confirmed in 13 gastric
cancer and paired adjacent normal tissues by
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Figure 2. Gpx3 suppressed GC cell migration, invasion, and metastasis. A. Protein expression of Gpx3 was detected in AGS cells when overexpressed with Gpx3 by
using western blot. B. The protein expression of Gpx3 was detected in SGC-7901 cells when transfected with the specific siRNA of Gpx3 by using western blot. C. Cell
migration and invasion of AGS cells was analyzed after overexpression of Gpx3 for 72 h by using transwell chamber assay, respectively. D. The cell migration and
invasion of SGC-7901 cells after transfection with the specific sSiRNA of Gpx3 for 72 h by using transwell chamber assay, respectively. E. AGS cells overexpressing
Gpx3 were i.v. injected into NCG animals (n=6 per group). The lung metastatic loci were counted and lung sections were subjected to H&E staining. “**” denotes P
< 0.01. “***” denotes P < 0.001. Data are expressed as the mean + SD.
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Figure 3. Gpx3 regulated EMT in GC cells. A. Protein expression of Gpx3
and EMT markers was detected in AGS cells when overexpressed with Gpx3
by using western blot. B. The protein expression of Gpx3 and EMT markers
was detected in SGC-7901 cells when transfected with the specific siRNA of
Gpx3 by using western blot. “**” denotes P < 0.01 and “***” denotes P <

0.001 Data are expressed as the mean + SD.

western blot analysis. Gpx3 was downregulated
in gastric cancer tissues compared with paired
adjacent normal tissues (Figure 1A and 1B).
We then assayed the expression level of Gpx3
in GC cell lines versus normal gastric epitheli-
um cell line GES-1. The results showed that
Gpx3 was downregulated in GC cell lines when
compared with normal gastric epithelium cell
line GES-1 (Figure 1C and 1D).

Gpx3 regulates GC cell migration and invasion
in vitro and in vivo

To determine the role of Gpx3 in GC migration
and invasion in vitro, cell migration and inva-
sion assay was conducted in AGS cells overex-
pessing Gpx3 and SGC-7901 cells with Gpx3
knockdown. The efficiency of the Gpx3 silenc-
ing and overexpression was confirmed by west-
ern blot (Figure 2A and 2B). As shown in Figure
2C, overexpression of Gpx3 caused inhibition
of cell migration and invasion in AGS cells,
while silencing of Gpx3 let to increase in cell
migration and invasion in SGC-7901 cells
(Figure 2D). Furthermore, we tested the effect
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of Gpx3 on GC metastasis
using a xenograft model. The
AGS cells overexpressing Gp-
x3 were implanted via tail vein
of NCG mice and the number
of lung metastatic foci were
evaluated 25 days later. A
significantly lower number of
lung metastatic foci could be
observed for Gpx3-overexpr-
essing AGS cells compared
with control cells. The lung
metastases were also validat-
ed in H&E stained sections of
lung (Figure 2E). The results
above demonstrated that
Gpx3 acted as metastasis
suppressor in GC.

Gpx3 regulates EMT in GC
cells

Due to the pivotal role of EMT
in tumor metastasis, EMT fea-
tures including changes in the
epithelial marker such as E-
cadherin and mesenchymal
markers including N-cadherin
and vimentin was assessed
upon changes of Gpx3 in GC
cells. Overexpression of Gpx3 dramatically
induced increase in E-cadherin expression but
decrease in expression of N-cadherin and
vimentin in AGS cells (Figure 3A). Conversely,
downregulation of Gpx3 resulted in decrease of
E-cadherin and increase of N-cadherin and
vimentin in SGC-7901 cells (Figure 3B). Taken
together, Gpx3 is involved in the regulation of
EMT in GC cells.

Gpx3 regulates WNT/JNK signaling in GC cells

To further explore the underlying mechanism of
Gpx3 in cell migration and invasion, the effect
of Gpx3 on Wnt signaling pathway was evaluat-
ed by measuring the changes of canonical and
non-canonical signaling pathways. The results
showed that overexpression of Gpx3 inhibited
JNK/c-Jun signaling in AGS cells, whereas
silencing of Gpx3 enhanced JNK/c-Jun signal-
ing in SGC-7901 cells (Figure 4A and 4B).
However, Gpx3 was found to have no obvious
effect on B-catenin/GSK-3p signaling (Figure
4A and 4B). Collectively, the data above indi-
cated that Gpx3 selectively regulated the
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of JNK by Gpx3 as well. In
summary, the data above indi-
cated that Gpx3 regulated the
non-canonical Wnt/JNK sig-
naling pathway by NFkB.

Gpx3 regulates cell migration
and invasion through NFkB/
Wnt5a/JNK signaling in GC
cells

To further investigate whe-
ther Gpx3 regulates cell migra-
tion and invasion by NFKB/
WNT5a/JNK signaling in GC
cells, blockade of NFkB and
JNK were utilized for cell treat-
ment. The results showed that
PDTC treatment abolished the
Gpx3 silencing-induced incre-
ase in cell migration and inva-
sion in SGC-7901 cells (Figure
6A). Similar to the results with
PDTC, JNK inhibitor SP600125
could also abolish the Gpx3

) el & R silencing-induced increase in
C'fi: °Q+ @5\\ o&")o Oé@o o'b{" cell migration and invasion
Q'bq' < Q,o) (.‘\&Q?' R (Figure 6C). Moreover, Gpx3
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Figure 4. Gpx3 regulated Wnt/JNK signaling in GC cells. A. Protein expres-

vasion. However, Wntb5a treat-
ment reversed Gpx3 induced

sion of Gpx3, B-catenin and JNK signaling were detected in AGS cells when cell migration and invasion

overexpressed with Gpx3 by using western blot. B. Protein expression of

(Figure 6C).

Gpx3, B-catenin, and JNK signaling were detected in SGC-7901 cells when

transfected with the specific SiRNA of Gpx3 by using western blot. “**” de-

Discussion

notes P < 0.01 and “***” denotes P < 0.001. Data are expressed as the

mean * SD.

non-canonical Wnt/JNK signaling pathway over
the B-catenin/GSK-33 canonical signaling pa-
thway.

Gpx3 regulates WNT5A/JNK signaling via
NFkB in GC cells

To understand the regulation of Wnt/JNK/c-Jun
signaling by Gpx3, we hypothesized that Gpx3
regulates the Wntba expression mediated by
NFkB. As shown in Figure 5A, knocking down of
Gpx3 was able to upregulate the expression of
Wntb5a. However, silencing p65 resulted in
abolishment of Wnt5a upregulation by Gpx3.
Moreover, treatment with NFkB inhibitor PDTC
reversed upregulation of phosphorylation level
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Gastric carcinoma (GC) is the

second leading cause of can-
cer-related death worldwide and fourth most
common malignant tumor [4]. In China, GC has
an estimated 380000 new cases annually.
Metastasis, the hallmark of GC, results in a
high mortality rate and a poor prognosis [2]. GC
metastasis is composed of multiple biologic
processes, which is a complex progression [5].
Therefore, the understanding of comprehen-
sive mechanisms of GC metastasis could assist
early diagnosis and therapy.

Gpx3 showed highly selective expression in
normal human tissues but dramatic reduction
in multiple tumor types, including gastric can-
cer [10]. The epigenetic mechanism regulating
Gpx3 expression has been extensively studied.

Int J Clin Exp Pathol 2019;12(4):1194-1203
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Figure 5. Gpx3 regulated Wnt/JNK signaling via NFkB in GC cells. A, B. Protein expression of Wnt5a was detected
in SGC-7901 cells when transfected with the specific SIRNA of Gpx3 or control siRNA in the absence or presence of
transfection of specific siRNA of p65 or control siRNA by using western blot. B. Protein expression of JNK and p-JNK
were detected in SGC-7901 cells when transfected with the specific SiRNA of Gpx3 or control siRNA in the absence
or presence of PDTC (2 uM) by using western blot. “**” denotes P < 0.01 and “***” denotes P < 0.001. Data are

expressed as the mean + SD.

DNA copy number loss and promoter hyper-
methylation as possible mechanisms mediat-
ing silencing of Gpx3 in gastric cancers has
been reported [12]. These data corroborate a
role for Gpx3 in cancer and pinpoint it as a bona
fide tumor suppressor in gastric cancer.
Consistent with previous reports, in this study
Gpx3 was confirmed to be downregulated in
gastric tumor tissues and cells while expressed
at comparatively reduced levels in normal sam-
ples and cells.

It has been reported that down-regulation of
Gpx3 may be related to tumor metastasis [22].
For example, Gpx3 was found to suppress
tumor migration and invasion by the FAK/AKT
pathway in esophageal squamous cell carcino-
ma [23]. Over-expression of GPx3 or adminis-
tration of rGPx3 significantly inhibited prolifera-
tion and invasiveness of HCC cells in vitro and
invivo [11]. Thus, we are interested in the effect
of Gpx3 on GC metastasis. The data showed
that Gpx3 inhibited cell migration and invasion
capability in vitro as well as suppressed the
lung metastatic loci in metastasis experimental
animal model. The role of EMT in gastric carci-
nogenesis has been demonstrated extensively
[24]. Consequently, a systematic exploration of
the role of EMT in GC could deepen our under-
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standing of GC tumorigenesis and progression.
Aberrant activation of Wnt signaling pathways
including canonical signaling and non-canoni-
cal signaling are implicated in EMT during
tumor initiation and progression [16].
Interestingly, we found that Gpx3 inhibited EMT
and metastasis via regulation of Wnt non-
canonical signaling pathway but sparing canon-
ical wnt/B-catenin signaling in GC cells.

Qi et al. demonstrated that NFKB nuclear trans-
location was significantly attenuated upon
GPx3 administration, indicating that activation
of NFKB could be inhibited by GPx3 treatment
[11]. Wntba, a non-transforming Wnt family
member, is an activator of the non-canonical
Wnt signaling pathway and it is commonly
linked with EMT in tumor metastasis [25].
Upregulation of Wntba were frequently report-
ed and correlated with aggressiveness of gas-
tric tumors [26]. Wntba transcription is regu-
lated by many proteins, included NFkB signaling
pathway [27]. Wntba expression induced GC
metastasis by several mechanisms [28].
Overexpression of Wntba expression into
MKN-7 cells induced high expression of genes
related to EMT and cancer stem cells (CSCs)
[26]. In this study we found that Gpx3 regulated
Wntba expression by NFkB signaling in GC

Int J Clin Exp Pathol 2019;12(4):1194-1203
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Figure 6. Gpx3 regulated cell migration by NFkB/ wnt/JNK signaling in GC cells. A. Cell migration and invasion were
detected in SGC-7901 cells when transfected with the specific siRNA of Gpx3 or control siRNA in the absence or
presence of transfection of specific sSiRNA of p65 or control siRNA for 72 h by transwell chamber assay. B. Cell mi-
gration and invasion were detected in SGC-7901 cells when transfected with the specific sSiRNA of Gpx3 or control
siRNA in the absence or presence of PDTC (2 uM) by transwell chamber assay. C. Cell migration and invasion were
detected in AGC cells when overexpressed Gpx3 or control vector in the absence or presence of treatment of Wnt5a
(100 ng/ml) by transwell chamber assay. “***” denotes P < 0.001. Data are expressed as the mean * SD.

cells. Furthermore, we also found that Wnt5a
induced GC cell migration by the JNK singling
pathway.

Collectively, in this study we demonstrated that
Gpx3 was downregulated when compared with
normal tissues and cells. The in vitro and in vivo
results provide evidence that Gpx3 participat-
ed in the cell migration, invasion, and metasta-
sis of GC. Gpx3 functions as an GC metastasis
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inhibitor by blocking the NFkB/Wnt/JNK path-
way. Gpx3 may be a candidate for the develop-
ment of a targeted gastric cancer therapy.
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