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Abstract

[ Objectives | To study the effects of JAG-1 on silencing TRAIP (tumor necrosis factor receptor associated factor interaction pro-

tein) after regulating Notch signaling pathway on the proliferation and migration of gastric adenocarcinoma cells. [ Methods ] Gastric adenocar-
cinoma cells were categorized into si-NC + DMSO ( control + DMSO) , si-TRAIP#1 + DMSO ( transfected with TRAIP + DMSO) , si-NC + JAG-1
(control + JAG-1), and si-TRAIP#1 + JAG-1 (transfected with TRAIP + JAG-1), and the proliferation of the cells was detected by CCK-8 as-

say and plate colony formation assay. Transwell assay was used to detect cell migration, and Western blot was adopted to detect the expression

of proliferation-associated protein CyclinD1, migration-associated protein MMP2 | and key proteins of Notch signaling pathway Notchl, Hesl
and Jaggedl. [ Results] Compared with siTRAIP#1 + DMSO, the gastric adenocarcinoma cells in si-TRAIP#1 + JAG-1 group showed increased
proliferation and migration (P <0.05), and there was a significant increase in the expression of CyclinD1, MMP2, Notchl, Hesl, and Jag-
gedl (P <0.05). [ Conclusions] After TRAIP knockdown, JAG-1 increased not only the proliferation and migration ability of gastric adeno-
carcinoma cells, but also the expression of key proteins of Notch signaling pathway Notchl , Hesl, and Jaggedl.
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1 Introduction

The statistical result of global cancer in 2020 show that gastric
cancer ranks fifth in incidence and fourth in mortality, with more
than 1 million new cases and an estimated 769 000 deaths'"
(among cancer patients worldwide, one cancer patient died of gas-
tric cancer every 13 deaths). The occurrence and development of
gastric cancer is a complex process, and its etiology and pathogen-
esis remain to be studied. Currently, protein ubiquitination is one
of the important reasons leading to the occurrence and development
of gastric cancer, and E3 ubiquitin ligase plays a crucial role in
gastric cancer™ . As an important member of the E3 ubiquitin lig-
ase family, TRAIP is widely involved in the biological processes of
various cells and the progression of cancer'.

Previous experimental results show that at the tissue level,
the expression of tumor necrosis factor receptor associated factor
interaction protein ( TRAIP) in gastric adenocarcinoma tissues
was significantly higher than that in adjacent normal gastric mu-
cosa tissues; at the cellular level, after TRAIP knockout, the
proliferation and migration ability of gastric adenocarcinoma
cells significantly declined, and the expressions of key proteins
of Notch signaling pathway Notchl, Hesl and Jaggedl also sig-
nificantly dropped. It has been confirmed that TRAIP was in-
volved in the occurrence and development of gastric adenocarci-
noma, and it promoted the proliferation and migration of gastric

adenocarcinoma cells through Notch signaling pathway. In order
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to better verify the accuracy of the previous experimental re-
sults, after TRAIP was knocked down, Notch signaling pathway
agonist (JAG-1) was added, and the proliferation and migration
ability of gastric adenocarcinoma cells were detected again by
CCK-8 experiment, colony formation experiment and Transwell
experiment. Besides, the expressions of key proteins of Notch
signaling pathway Notchl, Hesl and Jaggedl were detected by

Western blot assay.

2 Materials and methods
2.1 Materials
2.1.1

low-temperature refrigerator and pure water machine were manu-

Main instruments and equipment. The cell incubator,

factured by Thermo Scientific Company. The fluorescence micro-
scope was produced by Olympu Company, Japan; the electropho-
resis apparatus, film transfer apparatus and gel imager were manu-
factured by BIO-RAD Company; the ice maker was made by
SANYO in Japan; the shaker was produced by Beijing Liuyi Bio-
logical Company.

2.1.2  Principal reagents. Gastric adenocarcinoma cell lines
AGS and MGC-803 were provided by Shanghai Cell Bank of
Chinese Academy of Sciences; fetal bovine serum, RPMI-1640
medium and F12 medium were offered by American Gibico Com-
pany; TRAIP siRNA was given by Guangzhou Ruibo Biological
Company ; transfection reagent LipofectamineTM3000 was provided
by American invitrogen Company; protein quantification kit was
offered by Beijing Solarbio Company; Notch signaling pathway ag-
onist JAG-1 was given by American ANASPEC Company ; GAPDH
internal reference antibody was provided by Cell Signal Company ;
Goat Anti-Mouse IgG-HRP and Goat Anti-rabbit IgG-HRP were
offered by American KPL Company; TRAIP, CyclinD1 and MMP2
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antibodies were given by Wuhan Sanying Biological Company;
Notchl antibody was provided by American CST Company; Hesl
and Jaggedl antibodies were offered by American immunowang
Company.

2.2 Methods

2.2.1 Cell culture. MGC-803 cells were cultured in 10% 1 640
medium, and AGS cells were cultured in 10% F12 medium in an
incubator containing 5% CO, at 37 °C. When the cell length was
more than 90% , the cells in the logarithmic growth period were
taken for subsequent experiments.

2.2.2 Cell transfection and addition of JAG-1. Cells in the loga-
rithmic growth period were inoculated into a 6-well plate and incu-
bated in an incubator. Cell transfection was conducted when the
cell density reached 50% . The transfection was performed on the
next day according to the instructions of the LipofectamineTM3000
kit. The cells were slightly shaken and further cultured in the in-
cubator. Notch signaling pathway was activated. After transfection
for 36 h, JAG-1 was dissolved in dimethyl sulfoxide ( DMSO),
and 40 pmol/L JAG-1 was added to the cells after TRAIP knock-
down. An equal amount of DMSO was added to the control group.
2.2.3 Cell counting. The cells were put into a super-clean ta-
ble, and washed with 2 mL of PBS. 1 mL of pancreatic enzyme
containing EDTA was added to them. After the pancreatic enzyme
was discarded, and 1 mL of complete medium was used to termi-
nate digestion. The cells were blown evenly to make cell suspen-
sion. The cell suspension was diluted 10 times and mixed well.
10 L of cell suspension was added to both sides of the cell count-
ing plate to count the number of the cells.

2.2.4 CCK-8 experiment. After cell counting, the cells were in-
oculated into five 96-well plates with a density of 1 000 cells, and
5 compound pores were set in each group. They were incubated in
an incubator. The pore plates with the cells cultured for 0, 24,
48, 72 and 96 h were added with the corresponding CCK-8 work-
ing solution ( basic medium; CCK-8 stock solution was 10 : 1).
After they were incubated at 37 °C for 2 h, the absorbance of each
pore at 450 nm were detected by enzymoleter, and cell viability
was calculated.

2.2.5 Experiment on plate colony formation. After cell count-
ing, the cells were inoculated in a 6-well plate with a density of
200 AGS cells/pore. They were inoculated in a 6-well plate with a
density of 150 AGS cells/pore, and 2 mL of 10% medium was
added to each well. Cell fluid was changed every 5 d, and the
cells were cultured in an incubator for 15 d. The cells were taken
out for staining, fixed with ice methanol for 30 min, stained with
crystal violet for 15 min, and photographed.

2.2.6 Transwell experiment. After cell counting, the cells were
inoculated in the Transwell upper chamber of a 24-well plate with
a density of 60 000 AGS cells/pore. They were inoculated in the
Transwell upper chamber of a 24-well plate with a density of

40 000 MGC-803 cells/pore, and the lower chamber was added
with 600 pL of 20% medium. After being cultured in an incubator
for 24 h, they were taken out, and fixed with ice methanol for
30 min. They were stained with crystal violet for 15 min, and the
unpenetrated cells in the upper chamber were gently wiped with
cotton swabs. They were counted after taking photos.

2.2.7 Detection of protein expression by Western blot. The trea-
ted gastric adenocarcinoma cells ( RIPA lysate : protease inhibitor
=100 : 1) were lysated with lytic solution, and quantified by
BCA protein quantitative kit. They were equipped with protein
samples, and denatalized at 100 °C for 10 min. The electrophore-
sis was performed in a 30 pg/15 pL system with 10% lower glue
and 5% upper glue, and the membrane was transferred at 150 V
for 2 h. They were closed with 5% milk powder for 2 h, and the
antibodies were diluted (the ratio of CyclinD1, MMP2, Notchl,
Hesl and Jaggedl was all 1 : 1000; that of GAPDH was 1 : 10 000).
The primary antibody was incubated, and stayed overnight at
4 °C. Tt was taken out on the next day, and washed with TBST 5
times for 5 min. The antibody was diluted (the ratio of Goat Anti-
Mouse/Rabbit IgG-HRP was 1 : 10 000) , and the secondary anti-
body was incubated at 37 °C for 1 h. Tt was washed with TBST 5
times for 5 min.

2.2.8 Statistical analysis. Graphpad 9.0 was used for statistics
and mapping, and ¢ test was used for comparison between two
independent samples. Results were expressed as x % s, and
P <0.05 meant the difference was statistically significant. The ex-

perimental data were repeated 3 times.

3 Results and analysis

3.1 Effects of JAG-1 on the proliferation of gastric adeno-
carcinoma cells after silencing TRAIP CCK-8 assay showed
that compared with siNC + DMSO group, the cell viability of si-
TRAIP#1 group decreased, indicating successful transfection of
TRAIP. Compared with siNC + DMSO group, the cell activity of
siNC + JAG-1 group enhanced, suggesting that JAG-1 could en-
hance the activity of gastric adenocarcinoma cells. Compared with
siTRAIP#1 group, the cell viability of siTRAIP#1 + JAG-1 group
enhanced, revealing that JAG-1 reversed the proliferation of gas-
tric adenocarcinoma cells after TRAIP knockdown (P <0.05,
Fig.1).

From colony formation assay, it is found that compared with
siNC + DMSO group, the number of cell colonies in siTRAIP#1
group reduced, suggesting that TRAIP transfection was successful.
Compared with siNC + DMSO group, the number of cell colonies
in siNC + JAG-1 group increased, revealing that JAG-1 could pro-
mote the proliferation of gastric adenocarcinoma cells. Compared
with siTRAIP#1 group, there was an increase in the number of cell
colonies rose in siTRAIP#1 + JAG-1 group, showing that JAG-1
reversed the proliferation of gastric adenocarcinoma cells after

TRAIP knockdown (P <0.05, Fig.2).
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Fig.1 Proliferation of gastric adenocarcinoma cells detected by CCK-8 assay after the use of JAG-1 ( = : P <0.05)
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Fig.2 Proliferation of gastric adenocarcinoma cells detected by colony formation assay after the use of JAG-1 (

3.2 Effects of JAG-1 on the migration of gastric adenocarci-
noma cell after silencing TRAIP Transwell assay revealed that
compared with siNC + DMSO group, the number of migrated cells
in siTRAIP#1 group reduced, indicating that TRAIP transfection
was successful. Compared with siNC + DMSO group, the number
of migrated cells increased in siNC + JAG-1 group, suggesting that
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JAG-1 promoted the migration of gastric adenocarcinoma cells.
Compared with siTRAIP#1 group, the number of migrated cells in
siTRAIP#1 + JAG-1 group rose, showing that JAG-1 reversed the
migration ability of gastric adenocarcinoma cells after TRAIP
knockdown (P <0.05, Fig.3).
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Fig.3 Migration ability of gastric adenocarcinoma cells detected by Transwell assay after the use of JAG-1 ( = ; P <0.05)

3.3 Effects of JAG-1 on the proliferation and migration of
gastric adenocarcinoma cells after silencing TRAIP Western
blot assay showed that compared with siNC + DMSO group, the ex-

pression of proliferation-related protein CyclinD1 and migration-re-
lated protein MMP2 in siTRAIP#1 group decreased, indicating that
TRAIP transfection was successful. Compared with siNC + DMSO
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group, the expression of proliferation-related protein CyclinD1 and
migration-related protein MMP2 in siNC + JAG-1 group enhanced,
suggesting that JAG-1 could activate the downstream proliferation

ed protein CyclinD1 and migration-related protein MMP2 in si-
TRAIP#1 + JAG-1 group enhanced, suggesting that JAG-1 could

reverse the proliferation and migration of gastric adenocarcinoma

and migration-related proteins of Notch signaling pathway. Com- cells after TRAIP knockdown (P <0.05, Fig.4).
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Fig.4 Expression of proliferation- and migration-related proteins in gastric adenocarcinoma cells detected by Western blot assay after the use of
JAG-1 ( = : P<0.05)

3.4 Effects of JAG-1 on key proteins of Notch signaling
pathway in gastric adenocarcinoma cells after silencing
TRAIP Western blot assay showed that compared with siNC +
DMSO group, the expression of key proteins of Notch signaling
pathway in gastric adenocarcinoma cells in siTRAIP#1 group re-
duced, indicating that TRAIP transfection was successful. Com-

pared with siNC + DMSO group, the expression of key proteins of
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Fig.5 Expression of key proteins of Notch signaling pathway in gastric adenocarcinoma cells( = .

4 Discussion

Tumor necrosis factor (TNF) receptor associated factor (TRAF)
interaction protein (TRAIP) contains a ring structure,, and belongs
to the E3 ubiquitin ligase family’’. Tt has been confirmed that
TRAIP has biological functions such as promoting cell mito-
+ [5-6] b ic devel [7]
sis , embryonic development
*!. TRAIP is associated with the development

of various types of cancer, and it has been confirmed that it mainly
[10]

[ , and participating in DNA
damage and repair'®”

promotes the occurrence and development of osteosarcoma , liv-

11
er cancer | lung cancer'?’ | and breast cancer'’

. However, its
biological function and mechanism of action in gastric adenocarci-
noma have not been reported.

The previous results of the research group showed that at the
tissue level, the positive expression of TRAIP in gastric adenocar-
cinoma tissues significantly increased through immunohistochemi-

cal SP detection, and the expression of TRAIP protein was related

Notch signaling pathway in siNC + JAG-1 group increased, sugges-
ting that JAG-1 could activate Notch signaling pathway. Compared
with siTRAIP#1 group, the expression of key proteins of Notch sig-
naling pathway in siTRAIP#1 + JAG-1 group also enhanced, show-
ing that JAG-1 reversed the expression of key proteins of Notch sig-
naling pathway in gastric adenocarcinoma cells after TRAIP knock-

down (P <0.05, Fig.5).
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to the differentiation degree, TNM stage, depth of invasion and
lymph node metastasis of gastric adenocarcinoma tissues. Western
blot and qRT-PCR were used to detect the expression of protein
and mRNA of TRAIP in fresh gastric adenocarcinoma tissues, and
it was found that the expression of protein and mRNA of TRAIP in
gastric adenocarcinoma tissues was significantly higher than that in
At the cellular level,
Western blot was used to detect the expression of TRAIP in gastric
adenocarcinoma cell lines MGC-803, SGC-7901, AGS, BGC-823

and normal gastric mucosal epithelial cell line GES-1,

adjacent normal gastric mucosa tissues.

and the re-
sults showed that the expression of TRAIP in gastric adenocarcino-
ma cell lines was higher than that in normal gastric mucosal cell
line. In order to further study the biological function of TRAIP in
cell lines MGC-803 and AGS with

high expression were selected for follow-up cell experiments. From

gastric adenocarcinoma cells,

CCK-8 assay, plate colony formation experiment and Transwell ex-
it is found that TRAIP knockdown resulted in the de-

periment,
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creases in the activity of MGC-803 and AGS gastric adenocarcino-
ma cells, the number of cell colonies, and the migration ability of
the cells. Moreover, after TRAIP knockdown, the expression of
proliferation-related protein CyclinD1, migration-related protein
MMP2 and key proteins of Notch signaling pathway Notchl , Jag-
gedl and Hesl significantly reduced. Previous experiments con-
firmed that TRAIP was involved in the occurrence and development
of gastric adenocarcinoma, and promoted the proliferation and mi-
gration of gastric adenocarcinoma cells through Notch signaling
pathway.

To further confirm that TRAIP promoted the proliferation and
migration of gastric adenocarcinoma through Notch signaling path-
way, Notch signaling pathway agonist (JAG-1) was added on the
basis of TRAIP knockdown. From CCK-8 assay, it is found that
the activity of gastric adenocarcinoma cells significantly enhanced.
Plate colony-forming assay showed that the colony-forming ability
of gastric adenocarcinoma cells significantly improved. Through
Transwell assay, the migration ability of gastric adenocarcinoma
cells increased significantly. Western blot assay revealed that the
expression of proliferation-related protein CyclinD1, migration-re-
lated protein MMP2, key proteins of Notch signaling pathway
Notchl, Hesl and Jaggdel increased significantly. It was con-
firmed that after TRAIP knockout, JAG-1 not only increased the
proliferation and migration ability of gastric adenocarcinoma cells,
but also enhanced the expression of key proteins of Notch signaling
pathway Notchl, Hesl and Jaggedl.
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