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Introduction
Gastric cancer (GC) is the fourth most common malignant tumor, and the second leading
cause of cancer-related death in the world." As a fatal tumor that develops from the lining of
the stomach, GC can be induced by diverse factors, such as diet, obesity, smoking, and
chronic infection.” In clinical practice, surgical resection remains the most effective ther-
apeutic strategy against GC, and adjuvant chemotherapy and chemotherapy are also
commonly used.> However, the prognosis of GC patients remains poor, especially for
those at advanced stages.* The five-year survival rate is less than 20% for GC worldwide,’
and less than 10% for metastatic GC [6]. Researching of novel therapeutic targets for GC is
urgently needed.

Estrogen receptor beta (ERP) is a hormone-inducible transcription factor that
downregulated in diverse cancers, such as colon cancer,® breast cancer,” ovarian
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cancer,® and prostate cancer.” A large number of previous
studies have proved that ER plays a key regulatory role in
the occurrence and development of cancers. For example,
ERp agonists significantly decrease the proliferation of
OVCAR-3 and OAW-42 cells (ovarian cancer), and
knockdown of ERp increases the proliferation of OAW-
42 cells 1.9-fold."”
decreases the growth rate and motility of MCF-7 cells

about Overexpression of ERP
(breast cancer) in vitro, as well as the tumor volume in
mice.'" Overexpression of ERB inhibits the migration of
HCT-116 cells (colon cancer),'” as well as the migration
and invasion of MCF-7 cells."* Noteworthily, ERp is also
downregulated in GC, and negatively associated with
tumor stage, lymph node metastasis, poor overall survival,
and recurrence of GC patients.'*'® However, the specific
regulatory roles of ERf on GC cells are not fully revealed.

Nuclear factor-kappa B (NF-«B) is an important transcrip-
tion factor that involved in the regulation of diverse cellular
processes in cancers, such as transformation, proliferation,
migration, invasion, angiogenesis, chemoresistance, and
radioresistance.'” The inhibition of NF-kB signaling has been
considered as a therapeutic target for cancers.'® Diverse NF-
kB-targeting agents have been identified to be effective in
treatment of GC, such as palrthenolide,19 celastrol,

propranolol,®' and toxicarioside A.*> However, whe

NF-kB signaling are still unclear.

In this study, ER} was overexpr
lines, SGC7901 and MKN45
pEGFP-C1-ERp. The effects

ator, PMA,

Materials
Cell Culture

Human gastric cancer cell lines SGC7901 and MKN45, and
human venous endothelial cells (HUVECs) were purchased
from Cell Bank of the Chinese Academy of Science
(Shanghai, China). Cells were cultured in complete Roswell
Park Memorial Institute (RPMI) 1640 medium (HyClon,
Loga, UT, USA) containing 10% fetal bovine serum (FBS)

and penicillin. Cells were maintained in an incubator at 37°C

with 5% CO,, and passaged until 80% confluence.
Logarithmic growth phase cells were used for further assays.

Cell Transfection And Treatments

The plasmids of pEGFP-C1-ERf and pEGFP-C1 were pur-
chased from Beijing Huada Gene Technology Co., Ltd.
(Beijing, China). Cells were seeded in 6-well plates at a density
of 6 x 10° cells/well, and cultured until 80% confluence. Then,
cells were transfected with pEGFP-C1-ERP (ERp group), and
pEGFP-C1 (ERB-Control) using 2000
(Invitrogen, Carlsbad, CA, USA). Pg

lipofectamine

facturers’ instructions. qRT-PCR was per-
s ABI 7500 (Applied Biosystems, Foster City, CA,
A) using specific primers (Table 1). The PCR program
cluded 95°C for 10 min, 40 cycles of 95°C for 10 s, 60°C
or 20 s and 72°C for 34 s. B-actin was used as an internal
control. The relative expression of target genes was calcu-
lated in accordance with the 224" method.*?

Table | The Primer Sequences Used In Quantitative Real-Time PCR

Genes Primer Sequences
ERB F: 5'-CAACACCTGGGCACCTTTC-3'
R: 5'-TGAGCATCCCTCTTTGAACC-3'
VEGF-A F: 5-TGCTGTGGACTTGAGTTGGGAG-3'
R: 5'-CCTGGCCTTGCACATTCCTG-3'
MMP-2 F: 5-GCTGACGGTAAGGACGGACTC-3'
R: 5'-CGTTGCATTGAACAAGAAGG-3'
NF-kB p65 F: 5-GTTCACAGACCTGGCATCCGT-3'
R: 5'-GAGAAGTCCATGTCCGCAATG-3’
B-actin F: 5-TGGCACCCAGCACAATGAA-3’
R: 5'-CTAAGTCATAGTCCGCCTAGAAGCA-3'

Notes: ERp, estrogen receptor beta (ERp); VEGF-A, vascular endothelial growth
factor A; MMP-2, matrix metalloproteinase 2 ; NF-kB, nuclear factor-kappa B.
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Western Blot

Cells were lysed in RIPA Lysis buffer (Invitrogen). Total
proteins were quantified using a bicinchoninic acid assay
kit (Invitrogen), separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, and transferred to
polyvinylidenefluoride membrane (Millipore, Billerica,
MA, USA). The membrane was blocked with 5% skim
milk in Tris-buffered saline Tween (TBST) for 2 h, and
incubated with specific primary antibodies, including anti-
ERB, -NF-kB p65, -p-NF-kB p65, -vascular endothelial
growth factor A (VEGF-A), -matrix metalloproteinase 2
(MMP-2), and -GAPDH (Rabbit anti-human, 1:1000,
Abcam, Cambridge, MA, USA) overnight at 4°C. Then
the membrane was washed with TBST for three times, and
incubated with horseradish peroxidase (HRP)-conjugated
secondary antibody (goat anti-rabbit, 1:5000, Abcam) for
1 h at 25°C. The protein bands were visualized using HRP
color development kit (Invitrogen).

Enzyme-Linked Immunosorbent Assay

(ELISA) Assay
The DNA binding activity of NF-kB p65 was detected by

After the transfection for 24, 48, 72, and 96 h, MTT assay
was performed to detect the cell activity in different

groups. Simply, 200uL cells were seeded in 96-well plates
at a density of 6 x 10%/well, and incubated with 20 pL
MTT (Sigma, St. Louis, MO, USA) for 4 h. Then, cells
were incubated with 150 uLL DMSO for 10 min. OD at 495
nm was detected by a Microplate Reader (Biotek).

Immunofluorescence

After the transfection for 48 h, immunofluorescence was per-
formed to detect the expression of Ki67 (a proliferation mar-
ker) in cells of different groups. Simply, cells were fixed in 4%
paraformaldehyde for 20 min at 4°C and permeated in 0.1%
Triton X-100 for 5 min. After blocked with 5% BSA for 30
min, cells were incubated with anti-Ki67 (1:100, Abcam) over-
night at 4°C. Then, cells were washed with PBS for 3 times and
incubated with Alexa Fluor 488-conjugated secondary anti-
body (goat anti-rabbit, 1:500, Abcam) for 1h at 37°C.

Followed by staining with DARM mino-2-phenylin-

dole), cells were observed d fluorescence

microscope (Olympus).

e with a plastic scraper, and the cell debris was
ed by washing with PBS. After 48 h of culture, the
migration distance was measured under a microscope

(Olympus), and the migration rate was calculated.

Transwell Assay

Transwell assay was performed by using trans-well chambers
(Invitrogen), cells were seeded in the upper chamber at a
density of 0.1 x 10°/uL, and RPMI-1640 containing 10%
FBS were added in the lower compartment. After 24 h of
incubation at 37°C, cells on the upper chamber were removed
with cotton swabs. Cells on the lower chamber were fixed in
formaldehyde for 30 min and stained with 0.1% crystal violet
for 20 min. Positive stained cells were counted under micro-

scope (Olympus) in 10 randomly selected fields.

Flow Cytometry

The cell cycle of cells in different groups was detected by
Flow cytometry. Simply, cells were washed with PBS, fixed
in 70% pre-cooled ethanol, and stained with Muse Cell
Cycle Reagent (Millipore, USA). After 30 min of incuba-
tion under darkness, the percentage of cells in different cell
cycle phases was analyzed on Flow cytometry (Invitrogen).
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Zymography

The MMP-2 activity of cells in different groups was
detected by using MMP2/9 zymography kit (Xinfan,
Shanghai, China) in accordance with the manufacturer’s
instructions. Simply, the protein samples were separated
by 10% gelatin-polyacrylamide gel electrophoresis, incu-
bated with renaturation solution (Buffer A) for 24 h at 37°C.
Then, the gel was incubated with incubation solution
(Buffer B) for 20 h at 37°C, and stained with coomassie
brilliant blue for 30 min. Negative stained bands were
observed under Gel scanner (Invitrogen).

Angiogenesis Assay

The angiogenesis of HUVECs induced by cell supernatant
was detected. Simply, cells were cultured for 3 days with-
out medium refreshing. Cell supernatants were added into
24-well plates pre-coated with matrigel (matrigel and med-
ium at a volume ratio of 1:9). Then, HUVECs were seeded
in plates at a density of 5 x 10°/well, and cultured for 72 h.
Vessel-like structures were observed under an inverted

A Mock

ERp-Control ERB

SGC7901

60kDa endogenous ERp

87kDa exogenous ERp

35kDa GAPDH

fluorescence microscope (Olympus) and counted at five
randomly selected fields.

Statistical Analyses

All data were expressed as mean + standard deviation.
Statistical analysis was performed by SPSS version 13.0
(SPSS Inc., Chicago, IL, USA). Comparison between differ-
ent groups was determined by one-way ANOVA. A P-value
of less than 0.05 represented significantly different.
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Figure | The expression of estrogen receptor beta (ERp) in SGC7901 and MKN45 cells. (A) Green fluorescence under microscope (% 200, bar = 50 pm); (B) Relative ERp
expression detected by quantitative real-time PCR (mRNA level); (C) Protein bands of endogenous and exogenous ERf detected by Western blot; (D) Relative endogenous
and exogenous ERP expression detected by Western blot (protein level). Mock, cells without transfection; ERB-Control, cells transfected with pEGFP-CI; ERB, cells

transfected with pEGFP-CI-ERp. *P < 0.05 vs Mock and ERB-Control.
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1B), and increased the protein
? < 0.05) (Figure 1C and D). The
endogenous ERfB was not significantly influ-
enced by the trafgection of pPEGFP-C1-ERp in SGC7901 and
MKN4S5 cells (Figure 1C and D).

Overexpression Of ER} Downregulated

p-NF-kB P65 In GC Cells

The regulatory relationship between ER and NF-kB p65
was evaluated in SGC7901 and MKN45 cells. As shown in
Figure 2A, the DNA binding activity of NF-kB p65 (ODys
value) was significantly lower in the ERP group than in

0.6 MKN45
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) p65 expression in SGC7901 and MKN45 cells. (A) DNA binding activity (OD4sq value) detected by
-NF-kB p65 expression detected by Western blot (protein level) in SGC7901 cells; (C) Relative NF-kB

ERB-Control and Mock group (P < 0.05) (Figure 2A). In
addition, the expression of p-NF-kB p65 was significantly
lower in the ERB group than in ERB-Control and Mock
group at the protein level (P < 0.05). However, the expres-
sion of NF-kB p65 in the ERf group was not significantly
different with ERB-Control and Mock group (Figure 2B
and C). No significant differences in the DNA binding
activity and expression of p-NF-xB p65 were observed
between ERB-Control and Mock group (Figure 2A—C).

Overexpression Of ERf Inhibited The

Proliferation Of GC Cells
The activity of SGC7901 and MKN4S5 cells in different groups
was detected by MTT assay. As shown in Figure 3A, the
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activity of SGC
in a time-dependent

(ODy495 value) was significantly increased
anner. The activity of SGC7901 cells
was significantly lower in the ERP group than in ERB-Control
and Mock group and was significantly higher in the PMA
group than in ERB-Control and Mock group starting from the
48 h (P < 0.05). The intervention of ERp significantly
decreased the activity of PMA-treated SGC7901 cells starting
from the 48 h (P < 0.05) (Figure 3A). In addition, the expres-
sion of a proliferation marker, Ki67 was detected in SGC7901

and MKN45 cells by immunofluorescence. As shown in

0.05 vs Mock and ERB-Control; #, P < 0.05 vs ERB; &, P < 0.05 vs PMA.

Figure 3B, the expression of Ki67 (fluorescence intensity)
was significantly lower in the ERB group and significantly
higher in the PMA group than in ERB-Control and Mock
group at 72 h post-treatment (P < 0.05). The intervention of
ERp significantly decreased the expression of Ki67 in PMA-
treated SGC7901 cells at 72 h post-treatment (P < 0.05)
(Figure 3B). Flow cytometry further showed that the number
of SGC7901 cells in GO/G1 phase was significantly higher in
the ERP group, and significantly lower in the PMA group than
in ERB-Control and Mock group at 72 h post-treatment
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(P <0.05). On the contrary, the number of SGC7901 cells in the
G2/M phase was significantly lower in the ERB group and
significantly higher in the PMA group than in ER3-Control and
Mock group at 72 h post-treatment (P < 0.05). The intervention
of ER significantly reversed the effect of PMA on the cell
cycle of SGC7901 cells (P < 0.05) (Figure 3C). No significant
differences in the cell activity, Ki67 expression, and cell cycle
were observed between ERB-Control and Mock group.

d MKN45 cells. (A) Cell mobility (%) detected by wound healing assay (x 50, bar = 200 pm); (B) Migration cells detected by transwell assay
out transfection; Estrogen receptor beta (ERB)-Control, cells transfected with pEGFP-C|; ER, cells transfected with pEGFP-CI-ERB; PMA,
A; ERB + PMA, cells transfected with pEGFP-C1-ER and then treated with PMA. *P < 0.05 vs Mock and ERB-Control; #, P < 0.05 vs ERp; &, P < 0.05 vs PMA.

Consistent results with SGC7901 cells on cell proliferation
were also observed in MKN45 cells (Figure 3A-C).

Overexpression Of ERP Inhibited The

Migration Of GC Cells

The migration ability of SGC7901 and MKN45 cells was
detected by wound healing and transwell assay. As shown
in Figure 4A and B, the migration rate and the number of
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were also obsci@Rd in MKN45 cells (Figure 4A and B).

Overexpression Of ERp Inhibited The

Angiogenesis Of HUVECs

The regulatory role of ERB on angiogenesis was further
evaluated in HUVECs. As shown in Figure 5A, vessel-like
structures were obviously formed by inducing with the super-
natant of SGC7901 and MKN45 cells. The number of vessel-
like structures was significantly lower in the ER group, and
significantly higher in the PMA group than in ERB-Control

ERB PMA

mber of vessel-like

and Mock group (P < 0.05). The intervention of ERP sig-
nificantly decreased the number of vessel-like structures in
PMA-treated SGC7901 and MKN45 cells (P < 0.05). No
significant difference in the number of vessel-like structures
was observed between ERp-Control and Mock group
(Figure 5B).

Overexpression Of ERf Decreased

VEGF-A And MMP-2 Levels In GC Cells

The levels of VEGF-A and MMP-2 were detected in
SGC7901 and MKN45 cells. As shown in Figure 6A and
B, the expression of VEGF-A and MMP-2 was significantly
lower in the ERP group and significantly higher in the PMA
group than in ERB-Control and Mock group at both the
mRNA and protein level (P < 0.05). The VEGF content
and MMP2 activity were also significantly decreased, and
increased by the intervention of ERP, and PMA in
SGC7901 and MKN45 cells, respectively (P < 0.05)
(Figure 6C and D). The intervention of ERp significantly
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°d that the expression of ERp is significantly

wies than in normal tissues.'* ERB may also
tnor potential on GC, while related studies
on the regulatory roles of ERB on GC cells are still limited. In
this study, ERB was overexpressed in SGC7901 and MKN45
cells by the transfection of pEGFP-C1-ERp. Then the specific
effects of ERP overexpression on GC cells were evaluated.
The anti-proliferation effects of ERP on cancer cells have
been identified by a large number of studies. For example,
overexpression of ERP results in a 38.7% decreased growth
rate of MCF-7 cells.'" WAY200070 and ERB-041 (ERB

SGC7901 and MKNA45 cells. (A) Relative expression of VEGF-
d MMP-2 detected by Western blot (protein level); (C) The

agonists) inhibit the growth of OAW-42 cells by 26.8%, and
24.4%, respectively.'® ERB agonists significantly inhibit the
growth of chemotherapy-resistant ovarian cancer cells (ES2
and SKOV-3TR), and sensitize them to apoptosis.** In consis-
tence with previous studies, we found that the activity of
SGC7901 and MKN45 cells was significantly decreased by
the transfection of pPEGFP-C1-ERp. Ki67 is not only known as
a proliferation marker, but also a prognostic marker for
GC.*% Previous studies have proved that Ki67 is upregulated
in GC tissues, and positively correlated with the pathological T
stage, poor overall survival and disease-free survival rate.””®*
In this study, Ki67 was significantly downregulated in SGC790
and MKN45 cells by the transfection of pPEGFP-C1-ER. In
addition, we also found that the transfection of pEGFP-C1-
ERB significantly increased the number of cells in the GO/G1
phase, and decreased the number of cells in the G2/M phase.
These findings indicate that ERP overexpression may inhibit
the proliferation of GC cells through blocking cells in GO/G1.

Metastasis is initiated when cancer cells migrated from
the primary site to the surrounding tissues.?’ The migration
ability of cancer cells is considered as the rate-limiting step
for metastasis.>® The anti-migration effects of ERf have also
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been identified in cancer cells. It has been reported that ERf
ligands (raloxifene, tamoxifen, genistein and curcumin) sig-
nificantly decrease the migration of DU145 and PC3 cells
(prostate cancer).’! Overexpression of ERB inhibits the
migration of HCT-116 cells and MCF-7 cells.'*" In this
study, we found that the migration of SGC7901 and
MKN45 cells was significantly inhibited by the transfection
of pEGFP-CI1-ERp. Our findings are just consistent with
previous studies, and further indicate that ERp overexpres-
sion inhibits the migration of GC cells.

Angiogenesis, the recruitment of new blood vessels is
essential for tumor growth and metastasis.*” In this study,
we found that the number of vessel-like structures formed
by HUVECs was significantly lower in the ERB group than
in ERB-Control and Mock group. These findings are just
consistent with previous studies that overexpression of ER3
decreases the number of blood microvessels in the tumor
periphery,®® as well as the number of intratumoral blood
vessels in T47D breast cancer xenografts.>* VEGF-A and
MMP-2 are key angiogenesis factors that upregulated in GC
tissues.>>* It has been reported that resveratrol, an ERp
agonist significantly reduces the extracellular levels of
VEGF in MDA-MB-231 cells (breast cancer).”’” ERp
reduces the expression of MMP2 at the mRNA level
the enzymatic activity of MMP2 in ES2 cells.*® In th
study, the transfection of pEGFP-CI1-ER[ sjgsmé

signaling.*® Toxicari®®de A inhibits the proliferation, migra-
tion and invasion of SGC7901 cells via inhibiting NF-xB
signaling.?” In this study, the DNA binding activity and
expression of p-NF-kB p65 in SGC7901 and MKN45 cells
were significantly decreased by the transfection of pEGFP-
CI-ERB. These results illustrate that overexpression of ER
inhibits the NF-kB signaling in GC cells. ERp overexpres-
sion may exert similar functions with parthenolide, propra-
nolol, and toxicarioside A, and contribute to the inhibition of

the proliferation, migration, and angiogenesis of GC cells. In
addition, our further assays showed that the intervention of
PMA, a NF-kB activator significantly increased the cell
activity, migration, number of vessel-like structures, as well
as VEGF-A and MMP-2 levels in pEGFP-C1-ERp-trans-
fected SGC7901 and MKN45 cells. These findings indicate
that the activation of NF-kB signaling reversed the anti-
tumor effect of ERpB overexpression on GC cells. A previous
study has proved that ERp acts as a gate-keeper of NF-xB
p65 by inhibiting its expression and nuclear translocation.*
mbhibit the prolif-
Is through

We suspect that ERf} overexpression 134

eration, migration, and angiogencg
targeting NF-«kB p65.

Conclusions
In conclusion, over

his study was conducted after obtaining local ethical
mmittee approval of Basic Medical College of Jiujiang
University.
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