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STAMBPL1 knockdown has antitumour effects
on gastric cancer biological activities
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Abstract. The present study aimed to investigate the
effects and mechanisms of STAM binding protein-like 1
(STAMBPL1) knockdown in the suppression of gastric cancer
activities. Pathological data and STAMBPLI protein expres-
sion were analysed in 36 patients with gastric cancer, including
24 stage I-II and 12 stage III-IV patients, by haematoxylin
and eosin staining and immunohistochemistry. In vitro cell
experiments were performed to measure AGS cell prolifera-
tion, apoptosis, invasion and migration by MTT, Celigo cell
count, flow cytometry, Transwell and wound healing assays
following STAMBPL1 knockdown. The relative protein
expression levels were evaluated by western blotting. When
compared with the adjacent normal tissues, STAMBPLI1
protein expression in the gastric cancer tissues with increasing
stages was significantly upregulated (P<0.01 or P<0.001).
STAMBPLI1 gene expression was not identified to be signifi-
cantly different between AGS and MGC80-3 gastric cancer
cells (P>0.05). Following STAMBPLI1 knockdown by short
hairpin RNA (sh)STAMBPLI, cell proliferation was signifi-
cantly suppressed, the cell apoptosis rate was significantly
upregulated, and the numbers of invasive AGS cells and the
AGS wound healing rate were significantly decreased (P<0.01
and P<0.001, respectively), compared with those in the shCon-
trol group. Additionally, STAMBPLI and NF-«B protein
expression levels were significantly downregulated in the shST-
AMBPLI group (P<0.001, respectively). STAMBPLI may be
oncogenic in gastric cancer, and STAMBPLI1 knockdown may
suppress gastric cancer development.

Introduction

Gastric cancer was one of the four most common malignan-
cies and the third leading cause of cancer-associated mortality
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in the world in 2014 (1,2). Although the incidence of gastric
cancer has decreased in recent years (1,2), the prognosis of
patients remains unsatisfactory due to the lack of effective
early detection methods and efficient prognostic markers.
In the early stages of gastric cancer, patients experience no
specific symptoms, and the majority of patients with gastric
cancer are diagnosed at advanced stages, thereby missing the
optimal treatment time and, subsequently, resulting in a 5 year
survival rate of <20% (3). Therefore, the development of novel
molecular markers and therapeutic targets for the treatment of
gastric cancer is essential.

The results of molecular genetics studies demonstrated
that gastric cancer is a malignant tumour, and that gastric
cancer occurrence and development is a multi-stage process,
with multiple genes and multiple factors involved in a complex
process; these genes include oncogenes, tumour suppressor
genes and DNA mismatch repair genes (4,5). STAM binding
protein-like 1 (STAMBPLI) is a key member of the COP9
signalosome subunit 5/serine protease 27/proteasome 26S
subunit non-ATPase 7 (JAMM) family, and a previous study
reported that STAMBPLI1 was closely associated with tumour
development (5). A number of studies reported that STAMBPL1
(also known as AMSHLP) has a positive effect on NF-kB acti-
vation, and that it is required for optimal Tax-induced activation
of canonical and noncanonical NF-kB pathways which are the
key component of inflammation development (6,7). However,
the effects and mechanism of STAMBPLI remain unclear.
In the present study, STAMBPLI1 expression in gastric cancer
tissues at different stages was evaluated, and the association
between STAMBPLI1 protein expression and gastric cancer
stages in clinical settings was analysed. Furthermore, the
present study demonstrated how STAMBPL1 knockdown
affected the biological activities of AGS gastric cancer cells,
including proliferation, apoptosis, invasion and migration, as
revealed by experiments investigating the NF-«xB pathway
in vitro.

Materials and methods

Clinical data and samples. Adjacent normal (5 cm away from
cancer tissue) and gastric cancer tissues were collected from
patients with gastric cancer (n=36) who were treated at The
First Affiliated Hospital of Bengbu Medical College between
December 2016 and November 2017. The tissues were collected
from female (n=16) and male (n=20) patients aged between 30
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and 52 years (mean age, 45+4.5 years). The subjects included 24
stage I-IT and 12 stage III-I'V (8) patients with gastric cancer. All
patients were treated for the first time and none of the patients
received treatment prior to radical surgery. The adjacent normal
and cancer tissues were fixed by 10% formaldehyde at room
temperature for =24 h. The present study was approved by the
Ethics Committee of The First Affiliated Hospital of Bengbu
Medical College. All patients provided written informed
consent. Following surgery, the tissues were quickly stored in
10% formaldehyde for fixation until further use.

Haematoxylin and eosin (H&E) staining. The tissues were
fixed in 10% formaldehyde at room temperature and embedded
in paraffin. The wax blocks were sliced into sections of 4 ym
thickness. The sections of different tissues were stained
by H&E at room temperature to 6 h, and were subjected to
pathological classification by TNM staging (8). The sections
were observed under a light microscope. No cancer cells were
detected in the adjacent normal tissues.

Immunohistochemical (IHC) staining. The tissues were fixed
in 10% formaldehyde at room temperature and embedded in
paraffin. The paraffin blocks were sliced into 5 ym sections.
The sections were incubated at 60°C in an oven overnight,
dewaxed using a gradient alcohol series (100, 95 and 80%)
and endogenous peroxidase activity was blocked using 3%
H,0, at room temperature for 2 h. The remaining steps of
[HC staining were performed according to the manufac-
turer's instructions of the IHC kit (Wuhan Boster Biological
Technology, Ltd.). The primary antibody against STAMBPLI1
(1:500; cat. no. ab229144; Abcam) was added and incubated at
4°C overnight. Following washing with PBS at room tempera-
ture, secondary rabbit immunoglobulin G antibody (1:5,000;
cat. no. ab205718; Abcam) was added for 1 h at room tempera-
ture. Subsequently, the sections were observed under a light
microscope, and the images were analysed using Image-Pro
Plus version 6.0 image analysis software (Version X; Media
Cybernetics, Inc.) to measure the STAMBPLI protein
expression in different tissues.

Cell lines and cell culture. Gastric cancer cell lines (AGS and
MGCB80-3) were purchased from Nanjing KeyGen Biotech
Co., Ltd. RPMI 1640 medium (Abcam) containing 10% FBS
(Abcam) and 100 U/ml penicillin and 100 yg/ml streptomycin
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to
cultivate gastric cancer cell lines at 37°C with 5% CO,.

Reverse transcription-quantitative PCR (RT-qPCR) assay.
The AGS and MGC80-3 cells were collated, and total RNA
was extracted using TRIzol kits (Takara Bio, Inc.). GoScript™
Reverse Transcription System (Promega Corporation) was used
for RT of 2 ug total RNA to cDNA. The reaction parameters
were as follows: 37°C for 10 min, 42°C for 45 min and 70°C for
5 min, followed by cooling on ice for 5 min. Subsequently, 4 1
GoScript™ 5X reaction buffer, 1.7 ul MgCl, (final concentra-
tion 2 mM), 1 ul 0.5 mM dNTPs, 0.3 pl ribonuclease inhibitor
(20 U), 1 ul reverse transcriptase and ddH2O to a total of 15 ul
was added. Following mixing, the samples were incubated at
42°C for 60 min and inactivated at 70°C for 15 min. RT-qPCR
was performed using SYBR® Green Master Mix (Promega
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Corporation). The qPCR was performed in a total volume of
10 ul and included the following: 5 ul GoTaq 2X Master Mix,
0.5 ul forward primer (10 gM), 0.5 ul reverse primer (10 uM),
2 ul cDNA (diluted 10-fold) and 2 pl ddH,O. The primers
were purchased from Nanjing KeyGen Biotech Co., Ltd.
The sequences of primers used were as follows: STAMBPLI
forward 5'-AGGCAGAAAGGAAGCGGATTG-3'and reverse,
5" TTGCTGACTTCGCATTTGACC-3'; and GAPDH (refer-
ence gene) forward, 5" TGACTTCAACAGCGACACCCA-3'
and reverse 5'-CACCCTGTTGCTGTAGCCAAA-3". The
thermocycling conditions were as follows: Pre-denaturation
at 94°C for 2 min, followed by 35 cycles of 94°C for 45 sec
and 55°C for 60 sec and a final extension at 65°C for 20 sec.
The relative expression of the gene was calculated using the
2-44C4 (9) method.

Cell grouping and transfection. AGS cells were assigned to
the short hairpin RNA (sh)Ctrl group, which was transfected
with empty vector, and the sSASTAMBPLI1 group, which was
transfected with 2 ng/ml shSTAMBPLI (Shanghai GeneChem
Co.,Ltd.) by Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol to
knockdown STAMBPLI. At 48 h, the cells were collected for
use in further experiments.

Celigo cell count assay. Logarithmic growth period cells of
different groups were collected and digested using 0.05%
pancreatic enzyme to suspend the AGS cells in RPMI 1640
medium, followed by cell counting. AGS cells (100 ul;
1x109 cells/ml) were added to each well of a 6-well plate and
cultured at 37°C with 5% CO,. Starting the next day, the Celigo
assay was performed every day for 5 consecutive days.

MTT assay. AGS cell proliferation was measured using an
MTT assay kit (Beijing Dingguo Changsheng Biotechnology
Co., Ltd.). A total of 2x10°* cells were added to each well of a
96-well plate. The cells were allowed to adhere and 20 ul MTT
solution (5 mg/ml) was added at different time points (days 1,
2, 3,4 and 5) and incubated for 4 h at room temperature.
Subsequently, 100 #1 DMSO was added to the wells to stop the
reaction. Cell proliferation was finally measured for different
cell groups at different time points at 490 nm.

Cell cloning test. The logarithmic AGS cells of the shCtrl
and shSTAMBPLI1 groups were collected and suspended in
the medium. The cells were inoculated into a 6-well plate at
a density of 1,000 cells/well. Following inoculation, the cells
of different groups were continually cultured for 14 days at
room temperature. Subsequently, they were washed by PBS,
followed by the addition of 1 ml 4% paraformaldehyde at room
temperature to a final concentration of 2% to fix the AGS cells
for 45 min at room temperature and washing by PBS. Next,
1,000 ul of 4% crystal violet dye was added to the reaction mix
for 15 min at room temperature. ddH,O was used to wash the
cells three times, followed by the counting of the cloned cell
numbers and capturing of images under a light microscope at
x200 magnification.

Cell apoptosis Annexin V-allophycocyanin (APC) assay.
AGS cell apoptosis rates of the shCtrl and shSTAMBPL1
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groups were measured using an Flow Cytometry apoptosis kit
(cat. no. 88-8007; eBioscience; Thermo Fisher Scientific, Inc.)
according to the manufacturer's instructions. In brief, the cells
of the experimental groups were collected and centrifuged
for 5 min at 1,300 x g at 4°C, the supernatant was removed,
and pre-cooled D-Hanks (pH 7.2-7.4) was used to wash the
cells at 4°C. Binding buffer (1X) was used to wash the cells,
followed by centrifugation for 3 min at 1,300 x g at 4°C to
remove the supernatant. Then, the cells were collected, and
200 pl 1X Binding Buffer was added to prepare the suspen-
sion. Subsequently, 10 yl Annexin V-APC was added for
staining and allowed to react for 15 min in the dark at room
temperature. Subsequently, cell apoptosis was measured by
flow cytometry analysis (FACScalibur; BD Biosciences).

Transwell assay. Matrigel was diluted with fresh medium with
10% FBS at a 1:6 ratio (by volume) after refrigerating at 4°C
overnight, and the Transwell insert was placed in a 24-well
plate. Subsequently, 50 ul Matrigel was added and allowed to
dry prior to further use. The cells were digested by adding
trypsin to the single cell suspension, and the cell density was
adjusted with 10% FBS. To each well, 1x10° cells in 600 ul
RPMI 1640 medium were added to the upper chamber, and
RPMI 1640 medium with 10% FBS was added to the lower
chamber, followed by incubation for 24 h at room temperature.
Subsequently, the Transwell chambers were removed and the
culture medium was collected, washed with PBS three times,
fixed with 95% ethanol and stained with 0.5% crystal violet
for 10 min at room temperature., with a final washing step of
washing with PBS three times. Using a cotton swab, the cells
were gently wiped off the membrane of the upper chamber,
and five fields were randomly selected to count the numbers of
cells under a light microscope.

Wound healing assay. AGS cells of the shCtrl and shST-
AMBPLI groups were collected, the medium of the 6-well
plate was removed and the cells were washed three times
with PBS. A 200-ul pipette tip was used to draw a straight
line across the centre of the plate along the longitudinal
axis, followed by washing twice with PBS and the addition
of medium to continue culturing. After 0, 24 and 48 h, five
fields were randomly selected to count the number of cells
that had migrated into the wound area under an inverted light
microscope and images were captured. The experiment was
repeated three times.

Western blotting (WB) assay. The AGS cells of shCtrl and
shSTAMBPLI1 groups were collected, 200 u1 Cell Lysis Buffer
(cat. no. 9803; Cell Signaling Technology, Inc.) was added to
extract total protein, and the samples were placed in an ice
bath for 20 min, followed by centrifugation at 12,000 x g for
30 min at 4°C; subsequently, the supernatant was removed.
The bicinchoninic acid assay method was used to measure
the protein concentration. Proteins were separated using 10%
SDS-PAGE with 25 ug protein per lane, and the proteins were
transferred onto polyvinylidene difluoride membranes. The
membranes were blocked with 5% skimmed milk for 2 h at
room temperature. STAMBPL1 (1:500; cat. no. ab205718;
Abcam), NF-xB (1:500; cat no. ab32536; Abcam) and
GAPDH (1:1,000; cat no. ab181602; Abcam) antibodies were

4423

added and incubated overnight at 4°C. Then, the membrane
was washed three times with PBS for 5 min and incubated
with a horseradish peroxidase-conjugated anti-rabbit IgG
secondary antibody (dilution, 1:1,000; cat. no. MBS435036;
MyBioSource, Inc.) at room temperature for 2 h. Following
washing with PBS, ECL (cat. no. PO018; Beyotime Institute
of Biotechnology) was added and the membrane was placed
in the Gel Imaging system to develop. The ratio of the target
stripe grey value to the internal reference GAPDH grey scale
value represented the relative expression amount of each
target protein. Quantity one version 4.62 software (Bio-Rad
Laboratories, Inc.) was used for analysis.

Statistical analysis. The clinical and experimental data were
analysed by SPSS version 22.0 software (IBM Corp.). The
data are expressed as the mean + standard deviation, and
the differences among three or more groups were analysed
by one-way ANOVA followed by a post hoc least significant
difference-t test. Student's t-test was used to analyse the differ-
ences between two groups. P<0.05 was considered to indicate
a statistically significant difference. All experiments were
repeated 3 times.

Results

Clinical data and analysis. H&E staining revealed infiltration
of the gastric cancer cells compared with the adjacent normal
tissues and this was upregulated with increasing disease
stage (Fig. 1A). To evaluate STAMBPLI protein expression
in different tissues, STAMBPLI expression was measured by
IHC staining in adjacent normal, stage I-II and stage I1I-IV
gastric cancer tissues. The present study demonstrated that
STAMBPLI protein expression was significantly upregulated
in stage I-II and stage III-IV gastric cancer tissues compared
with in the adjacent normal tissues (P<0.01 and P<0.001,
respectively; Fig. 1B).

STAMBPLI expression and transfection. No significant
differences were identified among the AGS and MGC80-3
cells in terms of STAMBPLI gene expression (Fig. 2A). The
STAMBPLI gene expression in AGS was higher compared
with that in MGC80-3 cells; therefore, the AGS cell line was
selected as a representative gastric cancer cell line.

For shCtrl and shASTAMBPLI transfection, the efficiency
of transfection reached >80% and the cell state was normal
(Fig. 2B). Following transfection, STAMBPLI1 gene expres-
sion in the sShSTAMBPLI1 group was significantly decreased
compared with that in the shCtrl group (P=0.014; Fig. 2C).

Cell proliferation. Following transfection, cell proliferation
was evaluated by a Celigo assay for 5 days. Cell prolifera-
tion was suppressed from day 3 in the shASTAMBPLI group
(Fig. 3A). An MTT assay revealed that the cell proliferation
rates of the shASTAMBPLI1 group were significantly decreased
compared with those of the shCtrl group on days 3, 4 and 5
(P<0.05,P<0.01 and P<0.001, respectively; Fig. 3B). Following
transfection for 5 days, AGS cell proliferation was evaluated
using a clone test. The results of the present study revealed that
the AGS clone cell numbers of the shSTAMBPLI1 group were
significantly decreased compared with those of the shCtrl
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Figure 1. Clinical data and analysis. (A) Pathology of different tissues according to haematoxylin and eosin staining. Magnification x100. (B) STAMBPLI1
protein expression of different groups according to immunohistochemical staining. Magnification, x100. “P<0.01, ““P<0.001. I-II stage, stages I-II of gastric
cancer; III-IV stage, stages III-IV of gastric cancer; adjacent, adjacent normal tissues which did not contain cancer cells; IOD, integral optical density;

STAMBPLI1, STAM binding protein-like 1.
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Figure 2. STAMBPLI expression in different cell lines and transfection. (A) STAMBPLI1 gene expression in different gastric cancer cell lines. (B) Transfection
of AGS cells with empty vector and shSTAMBPL1. Magnification x100. (C) STAMBPLI1 gene expression in different groups. Ctrl, control/empty vector;

sh, short hairpin RNA; STAMBPLI, STAM binding protein-like 1.
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Figure 3. Cell proliferation rates of the ssSSTAMBPLI and shCtrl groups. (A) Celigo cell count assay. Magnification x100. (B) Cell proliferation as determined
by an MTT assay. (C) Clone formation assay. “P<0.05, “P<0.01, ““P<0.001 vs. shCtrl group. Ctrl, control/empty vector; sh, short hairpin RNA; STAMBPLI,

STAM binding protein-like 1.
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Figure 4. Gastric cancer AGS cell apoptosis, invasion and migration. (A) Cell apoptosis of the ssSTAMBPLI1 and shCtrl groups. (B) Invasive cell numbers of
AGS cells of the sSsSTAMBPLI and shCtrl groups. Magnification x200. (C) Wound healing rate of different groups. Scale bar, 100 gm. “P<0.01, ““P<0.001
vs. shCtrl group. Ctrl, control/empty vector; sh, short hairpin RNA; STAMBPLI, STAM binding protein-like 1.
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Figure 5. Relative protein expression levels according to western blotting. ““P<0.001 vs. shCtrl group. Ctrl, control/empty vector; sh, short hairpin RNA;

STAMBPLI1, STAM binding protein-like 1.

group (P<0.001; Fig. 3C). These results suggested that AGS
cell proliferation was suppressed by STAMBPLI1 knockdown.

AGS cell apoptosis, invasion and migration. The results of
the Annexin V-APC assay revealed that the AGS cell apop-
tosis rate was significantly increased in the STAMBPLI1
knockdown group compared with the shCtrl group (P<0.001;
Fig. 4A). AGS cell invasion abilities of the shCtrl and shST-
AMBPLI groups were evaluated using a Transwell assay. The
results revealed that numbers of invasive AGS cells in the
shSTAMBPLI group were significantly decreased compared
with those in the shCtrl group (P<0.001; Fig. 4B). To evaluate
the AGS cell migration ability, the wound-healing distance in
different groups of AGS cells were measured at 0,24 and 48 h
post-transfection. The results revealed that the wound healing
rate of the sSAISTAMBPLI1 group was significantly decreased
compared with that of the shCtrl group after 24 and 48 h
(P<0.01 and P<0.001, respectively; Fig. 4C).

Relative protein expression levels in the WB assay. Compared
with in the shCtrl group, the STAMBPL1 and NF-kB protein
expression levels of the sSsISTAMBPLI group were significantly
decreased in AGS cells (P<0.001; Fig. 5).

Discussion

In China, the incidence of gastric cancer is high, and it was the
second-most common type of cancer in 2017 (10). The early

symptoms of gastric cancer are insignificant. On discovery, it
usually presents at its advanced or metastasised stage, when
surgical treatment is not ideal. Presently, a combination of
surgery and chemotherapy is used for treatment. However,
chemotherapy may result in drug resistance, and the drug
toxicity is relatively strong (11). Invasion and metastasis occur
frequently in patients with advanced gastric cancer, which
affects the therapeutic efficiency of gastric cancer. Therefore,
the molecular mechanism of the invasion and metastasis of
gastric cancer cells is of great significance for the diagnosis
and treatment of gastric cancer.

STAMBPLI is the main factor of the JAMM family
members. Additionally, previous studies have reported high
expression levels of STAMBPLI in cancer tissues and that
knockdown of STAMBPLI1 could suppress the biological
activities of leukaemia via regulation of NF-«B activity (12-14).
In the present study, it was also demonstrated that STAMBPLI1
protein expression was higher in gastric cancer tissues
compared with that in adjacent normal tissues and that the
expression levels increased with advanced stages in the
clinical samples. Furthermore, knockdown of STAMBPLI by
shSTAMBPLI resulted in STAMBPL1 downregulation, which
in turn decreased the cell proliferation of AGS gastric cancer
cells, increasing cell apoptosis, cell invasion and migration
in vitro. The present study also revealed that NF-xB expression
was decreased following STAMBPLI knockdown.

Previous studies have indicated that NF-kB serves an
important role in cell proliferation, differentiation and
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apoptosis pathophysiological processes (15,16). Cell migra-
tion and invasion serve an important role in the process of
cancer metastasis (17,18). NF-kB is a transcription factor with
various regulatory functions in the body, and is involved in
the differentiation, apoptosis and migration of tumour cells
and can promote the development of tumours (19,20). NF-kB
is usually present in the cytoplasm in an inactive manner, and
it is activated by phosphorylation following stimulation. The
abnormal activation of its pathway can cause the abnormal
expression of several tumour suppressor genes, resulting in
the inhibition of apoptosis of tumour cells, normal cell differ-
entiation and, notably, NF-xB overexpression leads to tumour
metastasis (21-25). The results of the present study suggested
that NF-kB expression was significantly decreased following
STAMBPLI1 downregulation, which may be associated with
the antitumour effects of STAMBPL1 knockdown.

There were some limitations of the present study. Only one
gastric cancer cell line (AGS) was extensively analysed in the
present study. In future studies, the effects and mechanism of
STAMBPLI1 on biological activities in two or more gastric
cancer cell lines will be assessed.

In conclusion, STAMBPLI may be an oncogene in gastric
cancer, and knockdown of STAMBPLI affected the regulation
of gastric cancer cell biological activities, including the prolif-
eration, apoptosis, invasion and migration via suppression of
NF-«B signalling in vitro.
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