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Abstract: Although an increasing number of findings have proven that glutathione peroxidase 3 (GPX3) is methyl-
ated and down-regulated in various cancers, the underlying mechanism of its occurrence in esophageal squamous
cell carcinoma (ESCC) remains unknown. In the present study, we found that the methylation rate in advanced can-
cers was significantly higher than that in early stage cancers by a methylation-specific polymerase chain reaction.
Furthermore, the proliferation and migration capacities of KYSE-510 cells were inhibited after up-regulating GPX3
expression by GPX3 lentivirus transfection. As expected, the proliferation and migration capacities of KYSE-150
cells were promoted after down-regulating GPX3 expression with siRNA interfering. Moreover, we found that GPX3
might have deactivated the FAK/AKT signaling pathway to lower the expression of MMP-9 to suppress the migration
and invasive capacities of KYSE-150 and KYSE-510 cells. Our findings suggested that GPX3 played a pivotal role in
the suppression of carcinogenesis and progression in ESCC, and GPX3 has the potential as a novel biomarker in
the diagnosis of ESCC.

Keywords: Esophageal squamous cell carcinoma, glutathione peroxidase 3, FAK/AKT pathway, methylation,

migration, invasion

Introduction

Esophageal cancer is a common digestive tract
malignancy that has the sixth highest mortality
rate worldwide. There are two pathology pat-
terns of esophageal cancer, namely, esopha-
geal adenocarcinoma and esophageal squa-
mous carcinoma. Esophageal adenocarcinoma
is prevalent in western countries. In eastern
countries, there are more esophageal squa-
mous carcinoma patients, particularly in China.
More than 150 thousand unfortunate people
died from the torture of esophageal cancer.
With the progress in multidisciplinary treat-
ment, the 5-year survival rate of early esopha-
geal cancer has improved dramatically, but the
risk of death from advanced esophageal can-
cer remains high. The prognosis of advanced
esophageal cancer is not as good as that of
early esophageal cancer because of the distant
metastasis of tumors or recurrence after treat-
ment. Therefore, a novel biomarker that can

detect early esophageal cancer needs to be
identified.

Accumulating evidences has demonstrated
that the silencing of tumor suppressor genes
by methylation is closely related to the occur-
rence and development of malignant tumors.
Glutathione peroxidase (GPX) is an important
peroxide that is widely involved in the decom-
posing of enzymes, the reduction of toxic perox-
ides into hydroxyl compounds and nontoxic
compounds, and the promotion of the decom-
position of the H,0, interference structure that
functions to protect the cell membrane from
the oxides and damage [1]. Therefore, GPX
reduces the occurrence and development of
tumors [2]. GPX3, which is a member of the GPX
family, as a tumor suppressor gene, has been
shown to increase the incidence of liver, breast,
ovarian cancer and many other malignancies
greatly when silenced by methylation [2], indi-
cating that GPX3 plays a crucial role in anti-car-
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cinogenesis. Nevertheless, the mechanism of
GPX3 in the carcinogenesis and progression of
esophageal cancer remains largely unknown.

In the present study, we first examined the clini-
cal role of GPX3 in ESCC patients and found
that the down-regulation of GPX3 was signifi-
cantly related to tumor T-stage and N-stage.
Second, we explored the biological role of GPX3
in esophageal squamous cell lines by up-regu-
lating and down-regulating GPX3 expression.
Thirdly, we further illustrated the biological role
of GPX3 in vivo. Finally, we elucidated the medi-
ated function of GPX3 in the FAK/AKT pathway.
Taken together, the present findings indicated
that GPX3 may play a critical role in tumorigen-
esis and the progression of tumors.

Materials and methods
Tissue samples

Atotal of 24 cancer tissue samples from esoph-
ageal squamous carcinoma, along with ma-
tched samples of adjacent tissue and 6 of
non-tumor esophageal epithelial samples were
collected from Zhujiang Hospital, Guangdong
province, China, from June to September 2012.
After the operation, tissue specimens were fro-
zen in nitrogen immediately, then stored at
-80°C until use. None of the patients had been
treated with radiotherapy or chemotherapy. All
the patients and controls were informed of the
questionnaire and signed the informed con-
sent. The diagnosis of esophageal squamous
carcinoma was confirmed by two experienced
pathologists. Staging of the tumor was as-
sessed according to the TNM classification of
the American Joint Committee on Cancer
(AJCC).

Cells lines and cell culture

Human ESCC cell lines Eca-109, KYSE-150,
KYSE-450 and KYSE-510 were donated by the
Central Laboratory of Southern Medical Uni-
versity. All of them were grown in RPMI 1640
medium (Gibco; Invitrogen, Carlsbad, California,
USA), supplied with 10% FBS, 100 U/ml penicil-
lin and 100 mg/ml streptomycin in humid
atmosphere containing 5% CO, at 37°C.

Plasmids and transfection
The KYSE-150 cell line was transiently trans-

fected with siRNA and a negative control (NC,
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Ribobio, Guangzhou, China) using Lipofectamine
2000 (Invitrogen, Carlsbad, California, USA)
following the manufacturer’s instructions, and
the sequence of interference is as follows:
GTGGCACCATTTACGAGTA. RNA and proteins
were harvested at 48 h post-transfection. For
stable transfection of KYSE-510, an overex-
pression Lentivirus vector and a control vector
were purchased from Ribobio (Guangzhou,
China). Instructions of the manufacturer were
followed.

RNA extraction and qRT-PCR

The total RNA was obtained from the cell
lysates using the Trizol reagent (Invitrogen,
Carlsbad, California, USA), and reverse-tran-
scription reactions were performed using 1 ug
of total RNA with the Reverse Transcription
System (Takara, Dalian, China). GPX3 mRNA
level was measured by RT-PCR with the Pri-
meScript RT reagent kit (Takara, Dalian, China),
and the glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) was used as an internal refer-
ence. The primers used for GPX3 were GPX3-F:
5-CTTCCTACCCTCAAGTATGTCCG-3" and GPX3-
R: 5-GAGGTGGGAGGACAGGAGTTCTT-3' [8].
The RT-PCR consisted of 50 cycles with an
annealing temperature of 60°C.

Bisulfite modification of genomic DNA and
methylation-specific PCR (MSP)

Tissue DNA was extracted using a QlAamp
DNA Mini Kit (Qiagen), and cell DNA was extract-
ed by QlAamp DNA Blood Mini Kit (Qiagen).
Genomic DNA was bisulfited-modified with a
Zymo DNA Modification Kit (Zymo Research,
Orange, CA, USA) following the manufacturer’s
instructions. The bisulfite-modified genomic
DNA was amplified using either primer-methyl-
ated or primer-unmethylated in a total volume
of 10 pl containing 0.25 pl of hot start Tag-
polymerase (Takara) per reaction. Methylation-
primers were as follows: GPX3-MF: CGTTCG-
TTTTTGAAATTTTAGTC, and GPX3-MR: CTACC-
TAATCCCTAACCACCGT. Unmethylated primers
were as follows: GPX3-UF: TGTTTGTTTTTGA-
AATTTTAGTTGT, GPX3-UR: CTACCTAATCCCTAA-
CCACCATC. Finally, the MSP products were sep-
arated electrophoretically on 2% agarose gels.

Western blot assay and antibodies
Cell and tissue proteins were extracted from

the cell lysate using RIPA (Biyotime Biotech-
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nology), then the concentration was tested
with a BCA Kit (Biyotime Biotechnology), and
equal masses of protein were separated by
SDS-PAGE (10% or 8%) and then transferred
onto 0.45 uym PVDF membranes (Milipore,
Billerica, MA, USA). The PVDF membrane were
incubated in TBST blocking solution containing
5% skimmed milk at room temperature for 1 h
to block nonspecific proteins. After incubation
with primary antibodies at 4°C overnight, the
membrane was washed in TBST for 3x10 min-
utes, followed by incubation with secondary
antibodies at room temperature for 1 h, and
then once again with TBST, washing 3 times. A
chemiluminescence substrate solution (Pierce
Biotechnology; Rockford, IL, USA) was used to
visualize the protein signals on the membrane.
Rabbit antibodies against human FAK, phos-
phorylation-FAK, PI3K, MMP-9, phosphoryla-
tion-AKT and RAS were purchased from Cell
Signaling Technology, Inc. (Danvers, MA, USA).
Mouse antibodies against GPX3 were obtain-
ed from Abcam (USA), and mouse antibodies
against human AKT and rabbit antibodies
against human GAPDH were obtained from
Proteintech (Wuhan, Hubei, China).

Wound-healing assay

After successful transfection with the lentivirus
and siRNA, the KYSE-510 and KYSE-150 cells
were seeded at 3x10° cells/well in a 6-well
plate, respectively. When the cell confluence
reached approximately 90%, a sterile pipette
tip was used to make a scratch, scraped cells
were cleaned out with PBS, and then replac-
ed with 2% culture medium. The width of the
scratches was photographed at 200x using
an optical microscope at O h and 24 h after
scratching.

Transwell cell migration and invasion assay

As in previous assays, in the Transwell cell inva-
sion assay, we first coated it with Matrigel
matrix (BD, Biosciences, CA, USA) in the upper
chamber. Soon afterwards, 5x%10%/100 ul
transfected KYSE-510 cells suspended in 100
ul RPMI 1640 containing 5% FBS were added
into the upper chamber, RPMI 1640 containing
15% FBS was placed into the bottom, and then
the cells were allowed to invade for 48 h. In the
Transwell cell migration assay, 5x10%/100 ul
transfected KYSE-510 suspended in RPMI
1640 containing 5% FBS were placed into the
upper chamber without Matrigel matrix, and
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the cells were allowed to migrate for 24 h. For
the transfected KYSE-150 cells, the experi-
ments were the same as the KYSE-510, other
than the concentration of KYSE-150 cells were
8x10%/100 ul.

Cell viability assay

The KYSE-150 cells were seeded at 1500 cells/
well. After transient transfection with siRNA or
a negative control for 24 h, the cellular prolif-
eration of the cells was measured following
stable transfection with a lentivirus-expression
vector and control, with the cells seeded in
96-well plates at 2000 cells/well. After incuba-
tion for 24 h, according to the manufacturer’s
protocol, 10 ul of CCK-8 solution was added
into 100 pl of culture medium, then incubated
at 37°C for 2 h. The optical density at 450 nm
(OD450) was measured. Each experiment was
performed in triplicate.

Colony formation assay

Transfected KYSE-510 and KYSE-150 cells
were seeded at 200-300 cells/well, and for
transiently transfected KYSE-150 cells, owing
to the short silencing effect, transient transfec-
tion of KYSE-150 needed to be performed
again during the experiment. After 14 days, the
cells were fixed with 75% ethanol for 30 min
and stained with 0.2% crystal violet. The num-
ber of clones was counted. Each experiment
was repeated 3 times.

Immunohistochemistry

The tumor tissues were immersed in 4% para-
formaldehyde for 4 h and transferred to 70%
ethanol. Individual lobes of tissue biopsy mate-
rial were placed in processing cassettes, dehy-
drated through a serial alcohol gradient, and
embedded in paraffin wax blocks. Before immu-
nostaining, 5-um-thick tissue sections were
dewaxed in xylene, rehydrated through dec-
reasing concentrations of ethanol, and wash-
ed in PBS, and then stained with hematoxylin
and eosin (H&E). After staining, sections were
dehydrated through increasing concentrations
of ethanol and xylene.

Tail vein metastasis assay

Twelve male BALB/c nude mice were purchas-
ed from the animal experiment center of
Southern Medical University. GPX3-KYSE-510
cells and control-KYSE-510 cells were suspend-
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Figure 1. GPX3 expression was lower in ESCC tissues due to higher DNA methylation rate and could be reversed
by demethylation. (A) Representative images of strong immunostaining of GPX3 expression in normal esophageal
tissues (left) and weak immunostaining of GPX3 expression in ESCC tissues (right). (B) MSP was performed to
detect the level of GPX3 methylation in ESCC tissues, adjacent tumor tissues and normal tissues. (C) A represents
the GPX3 methylation state of four ESCC cell lines, and methylation states are present in all cell lines. B represents
the GPX3 methylation state of four ESCC cell lines after demethylating by 5-aza-dc, the methylation state disap-
peared after demethylation treatment. Moreover, RT-PCR (D) and Western-blot (E) were performed to examine the
demethylation efficiency. Similar to previous reports, the expression level of RNA and protein have been significantly

increased after gene demethylation (*P<0.05).

ed in 200 ul of PBS. The mice were injected
intravenously with 3.0x10°® GPX3-KYSE-510
and control-KYSE-510 cells, respectively. After
1 month, the two groups of mice were visual-
ized by live imaging. Soon afterwards, animals
were sacrificed and their lungs were removed
and fixed in 10% formalin for metastatic nodule
counting and further histopathological analy-
sis. The protocols of the animal studies were
approved by the Institutional Animal Care and
Use Committee of Southern Medical University.

Statistical analysis

For TMA, the relationship between the clinico-
pathological parameters of ESCC patients and
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GPX3 methylation was assessed by X? tests.
The differences between tumor tissues and
their corresponding normal tissues were also
evaluated by X2 tests. Students t-test or one-
way analysis of variance (ANOVA) was used to
calculate the P values with SPSS 22.0. P<0.05
was considered statistically significant.

Results

Correlation between the clinicopathological
parameters of ESCC patients and GPX3 meth-
ylation

An MSP analysis showed that 22 out of 24
ESCC tumor tissues had GPX3 methylation, and

Am J Transl Res 2018;10(6):1908-1920



GPX3 inhibits invasion by FAK/AKT pathway in ESCC

Table 1. The relationship between GPX3 methylation and clinicopath-

ological features in ESCC patients

eters, it was found that
GPX3 methylation was sig-

GPX3 methylation status Positive

nificantly associated with

Clinical data  Number Positive Negative rate (%) x2 P M-stage (P=0.014) and N-
Gender stage (P<0.01) of. ESCQ,
Male 13 12 1 0.923 0.167 0.683 bL.Jt had no relgtlon§h|p
with sex, age, family histo-
Female 11 10 1 0.909 ry, T-stage or tumor size
Age (year) (Table 1).
<60 8 7 1 0.727 2.667 0.102
>60 16 15 1 0.938 Frequency of GPX3 methyl-
Family history ation and down-regulation
Yes 8 8 0 1 0167 0.683 in ESCC cell lines
No 16 14 2 0.875 .
Tumor size All of the ESCC cell lines
<5 11 10 1 0.909 0.167 0.683 (Eca-109, KYSE-150, KY-
) ' ' SE-450, KYSE-510) show-
25 13 10 3 0.769 ed a methylation status
T-stage as being detected by MSP
T1-2 10 9 1 09 0.667 0.414 (Figure 1C). To elucidate
T3 14 13 1 0.929 whether the DNA methy-
N-stage lation state was reversi-
NO-1 21 19 2 0.905 13.5 0.0001* ble, 5-zza-2’-deoxycytidine
N2 3 3 0 1 (5-A, Sigma, St. Louis, MO,
Tumor-stage USA) was added to cell
-1l 18 17 1 0.944 6 0.014* cultures for demethyla-
I 6 6 0 1 tion. The methylation sta-

*significant difference.

Table 2. Frequency of methylation in ESCC

and normal tissues

Frequency of methylation (%)

Gene P value
ESCC Normal

GPX3  91.70% 16.70%

*significant difference.

0.01*

20 out of 24 ESCC adjacent tumor tissues had
gained GPX3 methylation (Figure 1B). How-
ever, only 1 in 6 paired normal tissues had it.
The difference between GPX3 methylation of
tumor tissues and that of paired normal tissu-
es was statistically significant (P=0.001) (Ta-
ble 2), but there was no significant difference
(P=0.333) between the rate of GPX3 methyla-
tion of the tumor tissues and adjacent-tumor
tissues. Immunohistochemistry results also sh-
owed that GPX3 expression in tumor tissues
with hypermethylation were significantly lower
than that of normal tissues without hypermeth-
ylation (Figure 1A). In the relationship between
GPX3 methylation and clinicopathology param-
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tus of the ESCC cell lines
were disappeared after 5-
zza-2'-deoxycytidine treat-
ment, and expression of GPX3 mRNA and pro-
tein increased significantly (Figure 1D, 1E).

Successful construction of stable GPX3-
overexpression KYSE-510 and transfection of
KYSE-150 with siRNA

As the RT-PCR and WB results showed (Figure
1D, 1E), the expression of GPX3 mRNA and
protein in KYSE-150 was higher than those in
other cells; while the KYSE-510 cells had the
lowest expression of GPX3 among all. Sub-
sequently, KYSE-510 was successfully trans-
fected with overexpression-lentivirus vector
and a control vector. GPX3 mRNA expression in
GPX3-KYSE-510 group was 250 times higher
compared with that of NC-KYSE-510 group
(P<0.001, Figure 2A). Expression of GPX3 in
KYSE-150 was also successfully knocked down
by transient transfection of GPX3-siRNA, mean-
while, transfection of negative control siRNA
was also performed for control. The expression
of GPX3 mRNA in siRNA-KYSE-150 group was
significantly lower than that of NC-KYSE-150

Am J Transl Res 2018;10(6):1908-1920
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Figure 2. Successful transfection of lentivirus and SiRNA. A. After 48 hours of transfection with lentivirus overex-
pressing GPX3 and empty vector lentivirus in KYSE-510 cells, the successful transfection of more than 95% cells
was observed under the fluorescence microscope (Left), and verified by RT-PCR (middle) and Western-blot (right); B.
KYSE-150 cells were transfected with siRNA and negative control siRNA for 24 hours and 48 hours after transfec-
tion, respectively. RT-PCR (Left) and Western-blot (right) demonstrated the successful interference of GPX3 expres-

sion (*P<0.05).

group (0.44+0.04 vs 1, P=0.0013, Figure 2B).
Consistent with the mRNA expression change,
we further confirmed the expression of GPX3
protein was increased or decreased according-
ly (Figure 2A, 2B).

GPX3 inhibited migration and invasion in vitro

Since down-regulation of GPX3 may be related
to metastasis of tumors in patients with ESCC,
wound-healing and transwell cell migration/
invasion assays were performed to explore the
relationship between GPX3 expression and
migration and invasion function of ESCC cell
lines. Comparing the scratch width at O h with
that at 24 h after scratching, the results indi-
cated that the healing ability of the GPX3-
KYSE-510 group was worse than that of the
NC-KYSE-510 group (Figure 4A). Moreover, we
also found that the migration (Figure 4B) and
invasion (Figure 4C) ability of KYSE-510 cells
were significantly inhibited after up-regulation
of GPX3 expression. However, the difference
was not sufficient to completely demonstrate
that GPX3 does have a significant inhibition
effect on the cell migration and invasion. Thus,
it was necessary to observe the changes of
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migration and invasion after down-regulation of
GPX3. The opposite results were observed
after down-regulation of GPX3, the healing
width of the siRNA-KYSE-150 group was sig-
nificantly wider than in the NC-KYSE-150 gro-
up (Figure 4A). We found that the migration
and invasion ability of KYSE-510 cells were sig-
nificantly promoted after down-regulation of
GPX3 expression (Figure 4B, 4C).

GPX3 suppressed proliferation in vitro

To study the effect of GPX3 on tumor growth,
CCK-8 and colony formation assays were per-
formed to examine the exact relationship be-
tween GPX3 and tumor growth. In the CCK-8
assay, GPX3-KYSE-510 showed a higher level
of cellular proliferation speed than that of
NC-KYSE-510. siRNA-KYSE-150 with lower G-P
X3 expression showed a slower growth rate
compared with NC-KYSE-150 (Figure 3A). In
addition, compared with the NC-KYSE-510
group, the GPX3-KYSE-510 group had a 3-fold
decrease in colony formation rate, while the
siRNA-KYSE-150 group demonstrated 2.13-
fold increase in colony formation rate (Figure
3B).

Am J Transl Res 2018;10(6):1908-1920
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Figure 3. GPX3 inhibits proliferation of KYSE-510 and KYSE-150 cells. A. In the CCK-8 assay, GPX3-KYSE-510
showed a higher level of cellular proliferation speed than that of NC-KYSE-510. siRNA-KYSE-150 with lower GPX3
expression showed a slower growth rate compared with NC-KYSE-150. B. colony formation study showed, compared
with the NC-KYSE-510 group, the GPX3-KYSE-510 group had a 3-fold decrease in colony formation rate, while the
siRNA-KYSE-150 group demonstrated 2.13-fold increase in colony formation rate (*P<0.05).

GPX3 down-regulated the expression of MMP-
9 through deactivation of the FAK/AKT signal-
ing pathway

To determine the underlying mechanism of
GPX3 on migration and invasion, we investigat-
ed the expression of the related proteins in
the FAK/AKT pathway, such as P-FAK, FAK,
PI3K, P-AKT, AKT and RAS, via western blot
analysis. After transfection with GPX3 lentivi-
rus or control lentivirus, total FAK, PISK and
total AKT all remained unchanged. The expres-
sion of P-FAK, P-AKT, RAS and MMP-9 were
reduced 4.36, 2.98, 3.57 and 2.37 folds
respectively, in GPX3-KYSE-510 group com-
pared with those in the NC-KYSE-510 group
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(Figure 5A). Moreover, we further investigated
the alteration of related proteins in the FAK/
AKT pathway after down-regulation of GPX3.
The expression levels of P-FAK, P-AKT, RAS and
MMP-9 were increased 3.24, 2.11, 1.59 and
1.58 folds in the siRNA-KYSE-150 group com-
pared with those of the NC-KYSE-150 group
(Figure 5B). In addition, we also found that the
FAK/AKT signaling pathway was suppressed
after up-regulating GPX3 expression, and the
FAK/AKT signaling pathway was restored after
the addition of P-AKT agonists SC-79 (Figure
5C). While the addition of P-AKT inhibitor
AZD5363 suppressed the FAK/AKT pathway,
which was activated by down-regulating GPX3
expression before (Figure 5D).

Am J Transl Res 2018;10(6):1908-1920
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pression of MMP-9 is suppressed with the inhibition of P-AKT expression. D. KYSE-150 cells were transfected with
siRNA against GPX3 or non-targeting control siRNA, and then 48 h later cells were pre-treated with P-AKT inhibitor
AZD5363 as described before, the expression of MMP-9 was up-regulated with the improvement of P-AKT expres-

sion (*P<0.05).

A

9.1e+003

6.1e+003

Figure 6. GPX3 inhibits distant metas-
3.0e+003 tasis in vivo. Stable transfected KYSE-510
cells were injected into nude mice through
the caudal vein, and the two groups of
mice were visualized by live imaging af-
ter 1 month. A. Living body image expe-
riments showed that overexpression of
GPX3 (Right) significantly inhibits distant
metastasis to the lungs compared with the
negative control (Left), while there have no
sign of metastasis in liver. B. H&E staining
and immunohistochemistry of the cancer
tissues showed that the expression of P-
AKT in the GPX3-KYSE-510 group (down)
was significantly lower than that of the NC-
KYSE-510 group (up).

-1.8e+001

GPX3 inhibits metastasis in vivo

To further validate the biological role of GPX3 in
vivo, we used BALB/c nude mice as animal
models. We conducted a tail vein metastasis
assay to study whether GPX3 has a biologic-
al function in inhibiting tumor metastasis in
vivo. GPX3-KYSE-510 and NC-KYSE-510 cells
(3.0x10°) were injected through the tail vein to
two groups of male nude mice (3 mice/per
group). Thirty days after injection, a biolumines-
cence imaging assay was used to observe the
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metastasis of the tumor in vivo. The thermo-
graphs showed that the tumors produced by
the GPX3-KYSE-510 cells were significantly
smaller and fewer compared with those pro-
duced by the NC-KYSE-510 cells (Figure 6A).
The lungs filled with metastatic tumors were
removed for immunohistochemistry, and GPX3
and P-AKT were found to be markedly reduced
in GPX3-KYSE-510 group compared with the
NC-KYSE-510 group (Figure 6B). Taken togeth-
er, our findings suggest that GPX3 inhibits
metastasis in ESCC in vivo.
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Discussion

There are many complicated, undiscovered
multi-factor and multi-steps in the tumorigene-
sis and progression of malignant tumors. It is
known that biology, chemistry, physics and
others are the common pathogenic causes
accounting for tumorigenesis. Along with the
advancement of treatment and diagnosis, the
5-year survival rate, prognosis and quality of
life of ESCC patients has improved greatly, but
this is only limited to early-stage cases. Al-
though an increasing number of biomarkers
have been discovered in past decades, a spe-
cific biomarker for esophageal cancer has not
been identified. It is apparent that an early
diagnosis of malignancy is the key to ensuring
a better patient prognosis. Consequently, it is
urgent to find promising biomarkers that pos-
sess both therapeutic and prognostic value for
ESCC patients.

Reactive oxygen species (ROS) have played a
crucial role in the development of various dis-
eases by damaging DNA structure. ROS-in-
duced DNA damage can not only initiate car-
cinogenesis but also boost its progression
[9-11]. Glutathione peroxidase can induce the
conversion of hydrogen peroxide and lipid per-
oxide to harmless hydroxy peroxide to protect
the cell membrane from damage from the oxide
[9-11]. Moreover, increasing evidence has elu-
cidated that GPX3, a plasma antioxidant en-
zyme, has its expression lowered by hyper-
methylation and other potential causes to play
a pivotal role in tumorigenesis [1, 3, 6, 13-15].
Chen etc. hypothesized that GPX3 methylation
may account for chemotherapy resistance [6].
In liver cancer, Qi etc. found that GPX3 methyla-
tion could be identified as an independent pre-
dictor after liver transplantation [16]. Similarly,
in the present study, widespread methylation
and down-regulation of GPX3 was confirmed in
ESCC. Furthermore, we found that GPX3 can
suppress ESCC cell proliferation, migration and
invasion in vivo and in vitro. These results sug-
gested that GPX3 could be a tumor suppressor
gene in patients with ESCC.

In esophageal cancer, an Infinium Methylation
450 k array was used to analyze the differenti-
ated methylation of ESCC tissues and paired
adjacent-tumor tissues, and our group proved
that GPX3 methylation frequency was higher in
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tumor tissues than in normal tissues [17].
Based on the research of GPX3 methylation fre-
quency in the different stages of esophageal
cancer, Lee etc. found that GPX3 methylation
frequency increased during the development of
esophageal cancer [17]. Consistent with our
results, he also validated the lower GPX3 meth-
ylation frequency in normal tissues than in
ESCC tumor tissues [19]. In addition to its role
in tumorigenesis, its functional role in the
migration and invasion of GPX3 has been fre-
quently researched [20, 21]. Qi etc. proved that
GPX3 may play a critical role in the progression
of hepatocellular carcinoma by mediating the
Erk-NFkB-SIP1 pathway [22]. Although accumu-
lating evidence has proven GPX3 may play an
important role in the progression of ESCC,
there has never been a meaningful study to
demonstrate the concrete mechanism of the
function of GPX3 in the progression of ESCC. In
our study, we found GPX3 could suppress the
level of MMP-9 expression via deactivating the
FAK/AKT pathway to weaken the migratory and
invasive capacity of KYSE-150 and KYSE-510
cells.

Focal adhesion kinase (FAK) is a protein tyro-
sine kinase involved in the regulation of cell
migration and invasion in the majority of cancer
cells. Previous studies have reported that the
down-regulation of FAK could reduce human
conventional renal cell carcinoma cell migra-
tion and invasion in vitro and in vivo. Their most
important finding was that FAK has the ability to
down-regulate the expression of AKT [23].
Shang and colleagues discovered that FAK is
activated by MEK, which then induces the acti-
vation of the AKT/Erk pathway and finally medi-
ates tumor proliferation [24]. The present study
confirmed that GPX3 overexpression decreased
the expression of P-FAK compared with that of
negative controls, and similarly, the down-regu-
lation of GPX3 increased P-FAK compared with
that of negative controls. However, regardless
of the level of expression of GPX3, the expres-
sion of FAK was not affected.

Accumulating findings have shown that P-FAK
can regulate the expression of AKT to monitor
the migration and invasion of cells. In gastric
carcinoma, P-AKT expression was widespread
in 78% of gastric tumor tissues, and as expect-
ed, P-AKT expression also had a strong rela-
tionship with the depth of invasion, number of
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lymph nodes and poor patient [25]. EGF-in-
duced CCR1 expression could be caused by
activating the AKT-mTOR-STAT3 pathway to pro-
mote the capacity of invasion and migration of
breast cancer cells, according to Shin’s findings
[26]. In our results, P-AKT was significantly
down-regulated in the KYSE-510 lentivirus
group compared with the KYSE-510 control
group. Conversely, the interference of GPX3
could contribute to the increasing in P-AKT.
However, the expression level of AKT remains
unchanged.

There have been numerous studies reporting
that distant metastasis of tumors results in the
death of patients, and moreover, extracellular
matrix is an important protective screen to
prohibit tumor cells from invading to distant
organs. Matrix metalloproteinases (MMPs) are
the key mediators to remodel the extracellular
matrix [27]. It has been reported that increas-
ing the expression of MMP-9 is related to a
poor prognosis in the majority of cancers [27].
This is consistent with our findings [28]; the
higher the expression of MMP-9, the stronger
the migration and invasive ability of KYSE-150
and KYSE-510 cells. To further verify that GPX3
activated the FAK/AKT signaling pathway and
then mediated the expression of MMP-9 to
alter the migration and invasion capacity, a
P-AKT agonist (SC-79) and an inhibitor
(AZD5363) were added to regulate the FAK/
AKT pathway. The findings showed that the
expression of MMP-9 changes along with the
changes of the expression of P-AKT, while the
expression of AKT had no change. Taken
together, the present study illustrated that
GPX3 might have deactivated the FAK/AKT sig-
naling pathway to lower the expression of
MMP-9 to suppress the migration and invasive
capacities of KYSE-150 and KYSE-510 cells.

In summary, GPX3 expression was down-regu-
lated in ESCC tissues and ESCC cell lines, and
it played the role of a suppressor tumor gene in
ESCC by mediating the FAK/AKT pathway. In
addition, the detection of GPX3 methylation in
blood might be a promising noninvasive bio-
marker, and GPX3 may become a potential
novel therapeutic target.
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