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COPB2-shRNA suppresses cell growth and induces apoptosis of
STAD SGC-7901 cells via inactivation of p38 MAPK/Smad2/Chk1/2
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Background: COPB2 is a subunit of the coatomer cytoplasmic protein complex that binds dilysine motifs
and associates with Golgi non-clathrin-coated vesicles. At present, gradually increased reports suggested that
COPB?2 is overexpressed in multiple malignant tumors, however, the function and role of COPB2 in human
stomach adenocarcinoma (STAD) still be kept in suspense. This study aimed to discover the significance and
function of COPB2 in STAD, and to evaluate whether it could act as a potential molecular target for early
diagnosis and gene therapy in STAD.

Methods: COPB2 expression in STAD tissue and clinical pathological characteristics were analyzed with
the aid of UALCAN and GEPIA online database. COPB2 expression between STAD cell lines and GES-
1 cells was measured by real-time PCR and compared. Lentivirus COPB2-shRNA was constructed and
infected into SGC-7901 cells to analysis its influences on cancerous behavior. The effects of RNAi-mediated
COPB2 downregulation on SGC-7901 cell proliferation and colony-formation ability were detected by
MTT and Cellomics Array Scan imaging assay detection, and colony-formation assay respectively. The
effects of COPB2 downregulation on SGC-7901 apoptosis were analyzed by FCW detection, and an
antibody array of stress and apoptosis signaling pathway was used to explore relevant molecular mechanisms
caused by COPB2 knockdown.

Results: COPB2 is upregulated in STAD tissues, and which was associated with cancer stagel, H. pylori
infection and histological subtypes. COPB2 mRNA was expressed highly in STAD cell lines. Knocking
down of COPB2 in SGC-7901 by COPB2-shRINA lentivirus infection significantly inhibited cell growth and
colony formation ability, promoted cell apoptosis, and antibody array assay revealed that phosphorylation
protein of Bad, Smad2, p38 MAPK, IkBa (Total), Chkl, Chk2 and TAKI were down regulated significantly
after COPB2 silenced in SGC-7901 cells.

Conclusions: COPB2 is overexpressed in STAD tissues and cell lines compared with normal stomach
tissue and cell line. Knockdown of COPB2 in SGC-7901 could inhibit cell growth and colony formation
ability, promote cell apoptosis, and the mechanisms of which were associated with inactivation of
phosphorylation expression of Smad2, p38 MAPK signal pathway. Therefore, it may be considered as a
valuable target for gene therapeutic strategies in STAD.
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Introduction

Stomach adenocarcinoma (STAD) is a common and
lethal cancer over the world, with dramatic morbidity and
mortality. A report of epidemiology data of gastrointestinal
and liver cancers in the Asia-Pacific region showed that the
incidence of STAD has declined significantly in the West
but has increased in East Asia (1). Population-based cancer
registration data of china in 2013 indicated that STAD
incidences ranked the second in males’ population and the
fourth in males population, mortalities ranked the third in
males population and the second in males population (2).
In spite of some developments in the treatment of STAD,
the overall survival of STAD patients remains poor, since
most STAD patients have local and distant metastases at
diagnosis. Thus, it is of vital importance to find biomarkers
and investigate relevant molecular mechanisms underlying
vicious behaviors of STAD to provide novel targets for
treatment. COPB2 is a subunit of the coatomer protein
complex, a cytoplasmic protein complex that binds
dilysine motifs and associates with Golgi non-clathrin-
coated vesicles (3). The coatomer functions to mediate
biosynthetic protein transport from the endoplasmic
reticulum via the Golgi up to the #rans-Golgi network. The
coatomer is also required for Golgi membrane budding
and is essential for the retrograde Golgi to endoplasmic
reticulum transport of proteins. The coatomer is also
involved in membrane trafficking in the exocytic pathway
and for endocytic recycling of cell surface receptors. The
association of the coatomer with the Golgi is regulated by
binding ADP ribosylation factors and is GTP dependent.
The coatomer sub-unit, which contains COPB2, can only
be recruited when activated small guanine triphosphatases
(GTPases) attract coat proteins to specific membrane
export sites, thereby linking coatomers to export cargos.
Recent researches indicated that COPB2 was a target gene
of tumor target treatment with evidences in pancreas (4),
colorectal cancer cell lines (4), prostate cancer cell line (5).
Silencing COPB2 by lentivirus-mediated small interfering
RNA (siRNA) would inhibit cell proliferation, arrest cell
cycle at G1- and G2-phase (5), and even induce apoptosis.
RNAi-mediated knockdown of COPB2 could inhibit
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growth and cellular invasion of lung cancer A549 cells
significantly (6). However, there is still no report of COPB2
in STAD presently, it is extremely needed to investigate
the function of COPB2 in STAD, such as cell proliferation,
apoptosis and its mechanisms involved to uncover its role
in STAD tumor genesis, and even find a new promising
potential biomarker and target therapy gene.

Methods
Extraction and analyses of clinical data of COPB2

Expression data of COPB2 in STAD and clinical
pathological characteristic data were collected from
UALCAN (7) and GEPIA (8) web server (supported
by TCGA database and the GTEx projects). COPB2
expression levels in STAD tissues and adjacent tissues,
or other classification of pathological characteristic were
compared and indicated as aberrant values of transcripts per
million (TPM), and these pathological characteristic were
as follows: expression of COPB2 in STAD based on tumor
grade, H. pylori infection status, histological subtypes which
could reflect clinical significances.

Cell lines and cell preparation

STAD cell lines, including AGS, MKN-45, MGC-803,
BGC-823, SGC-7901, HGC-27, normal gastric epithelial
cell line GES-1 and 293T cell line were provided by the
Type Culture Collection of Cancer Institute and Hospital,
Chinese Academy of Medical Sciences (CAMS) (Beijing,
China). All cell lines were cultured in a medium containing
DMEM and 10% heat-inactivated fetal bovine serum
accompanied with 100 IU/mL Penicillin and 100 pg/mL
Streptomycin. The cell culturing environment was prepared
in an incubator having a humidified atmosphere of 5% CO,
at 37 °C. All cells reaching to exponential growing stage
were used for further experiments.

Real-time quantitative PCR

Total RNA was separated from STAD cells and GES-1 cell
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Table 1 The primers used in this study
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Gene

Sequence

Product size

COPB2-forward
COPB2-reverse
GAPDH-forward
GAPDH-reverse

5'-GTGGGGACAAGCCATACCTC-3'

211

5'-GTGCTCTCAAGCCGGTAGG-3'
5'-TGACTTCAACAGCGACACCCA-3'

121

5'-CACCCTGTTGCTGTAGCCAAA-3'

line using RNAiso Plus (Takara Bio, Dalian, China). RNA
purity and concentration were determined by P100+ UV-Vis
spectrophotometer (Pultton, California, sunnyvale, United
States). RNA was reversely transcribed using a Prime
ScriptT’'M RT Reagent Kit (Takara Bio, Dalian, China).
The reactions were performed by a Bio-Rad Real-Time
PCR Detection System (ABI, ABI7500, USA) using a SYBR
Master Mixture (Takara Bio, Dalian, China). The primers
used were listed in Tible 1. Each amplification reaction
was executed in a tube with 20 pL volume containing 1 pL
of cDNA, 0.5 mM of each primer and 1X SYBR Master
Mixture. The amplification reaction program was composed
of predenaturation step at 95 °C for 15 s, followed by
denaturation and annealing steps of 40 cycles of 95 °C for 5 s,
60 °C for 30 s, in which fluorescence was collected. At the
end of the amplification cycles, melting curve was generated
to validate the specificity of the expected PCR product of
COPB2. The expression levels of COPB2 mRNA were
compared using normalization method with GAPDH, and
the fold change was calculated using the 27**“ method.
Each sample was run in triplicates to get average value for
analysis.

Detection of COPB2 mRNA expression in STAD cell lines

To understand the expression of COPB2 mRNA in COPB2
cell lines, Total RNA of STAD cell lines and GES-1 cells
was extracted and reversely transcribed to cDNA, next,
COPB2 was amplified in STAD cell lines and GES-1 cells,
and the procedure were listed above. Following termination
of PCR reaction, COPB2 mRNA expression was calculated
and calibrated by GES-1 cells.

Lentiviral infection of SGC-7901 cells

Human STAD SGC-7901 cells were plated on six-well
plates at 5x10* cells/well and incubated at 37 °C at 5x10*
cells/well and incubated at 3 °C in 50 mL/L CO, until
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30% confluence was reached. The study was designed
as both groups: negative control (shCtr, transfected with
empty green fluorescent protein (GFP) lentivirus) and
shCOPB2 group (shCOPB2, transfected with shCOPB2
GFP lentivirus). An appropriate amount of lentivirus was
added according to the multiplicity of infection (MOI). The
cells were repeatedly cultured in normal culture medium
after 12 h. GFP-tagged gene expression was observed under
a fluorescence microscope at 3 d after transfection, and
cells with a transfection efficiency >80% were selected for
subsequent analyses. Cells were harvested at 48 h after post-
transfection for further analysis.

ShCOPB?2 plasmid transfection in 293T cells

When the 293T cells were cultured and grew to the density
of logarithmic growth phase, it was seeded in 24-well plate
with 5x10%mL. Once reached to 80-90% confluence, the
culture medium was replaced by opti-MEMI1 of 400 pL
for RNAI plasmid transfection. Next, the successfully
constructed plasmids containing shCOPB2 or shCtrl of
0.5 pg and lipofectamine 2000 (Life Technologies, China
headquarters of USA company, Shanghai, China) were
dissolved in opti-MEM medium respectively and remained
at room temperature for 5 minutes, and then, the plasmids
and lipofectamine 2000 were mixed together and remained
at room temperature for 20 minutes. After that, the mixture
of plasmid DNA and Lipofectamine 2000 was added to
293T cells and cultured for 6-8 hours in incubator at 37 °C,
5% CO, environment, and replaced with fresh complete
culture medium containing 10% serum. The transfection
rate was estimated by fluorescence microscope observation
after 24 hours transfection.

Western blotting analysis of knockdown efficiency in 293T

cells

After completed transfection for 36-48 hours, 293T cells
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of shCOPB2 and shCtr group were collected and lysed
with the ice-cold lysis buffer for isolating total protein
according to the manufacturer’s guide. After measured
the protein concentrations using a Bio-Rad protein assay
kit (Bio-Rad Laboratories, Shanghai, China), all protein
samples were separated by 10% SDS-PAGE electrophoresis
and transferred to PVDF membranes. Blots on PVDF
membranes were incubated with the appropriate primary
antibody (Mouse Anti-Flag, Sigma, 1:2,000, China
headquarters, Shanghai, China) at room temperature. After
washed in 5% non-fat milk in TBST (composed of Tris-
Hcl, NaCl and tween20) saline at room temperature for
1 h, blots were incubated with the corresponding
horseradish peroxidase (HRP)-conjugated secondary
antibody (Goat Anti-Mouse IgG, 1:2,000, Santa-Cruz
Biotechnology, Dallas, Texas, USA) for 1.5 h. Bands
were evaluated using chemiluminescence (ECL, Thermo
Scientific Pierce, Shanghai, China) and scanned images
were quantified using Image] software (NIH Image for
the Macintosh, USA). Western blotting experiments were
performed in triplicate and the relative expression level of
COPB2 was calculated using GAPDH (Mouse Anti-Flag,
1:2,000, Santa-Cruz Biotechnology, Dallas, Texas, USA)
as a normalized control that is convenient to compare the
relative expression level of COPB2 between shCOPB2 and
shCtr group.

Cell proliferation

Following transfection, Cells of shCOPB2 and shCtr group
were trypsinized and figured out the cell number. Cells
(3,000 cells /well) were seeded in each well of 96-well plates
in triplicate for each group and incubated at 37 °C for 24,
48, 72 and 96 hours. The cell counts were monitored over
for these five 5 consecutive days. Prior to each termination
time of cell culture in 5 consecutive days, 20 pL of 5 pmol/L
MTT Formazan (Sigma-Aldrich, USA) was added and
used to detect cell proliferation. The spectrophotometric
absorbance of each sample was measured at 490 nm using a
Benchmark microtiter plate reader (Bio-Rad Laboratories,

Hercules, CA, USA).

Cell counting by MTT and Cellomics Array Scan imaging
detection

SGC-7901 cells of shCOPB2 and shCtr group were
removed from plate using 0.25% trypsin-EDTA and
suspended in standard medium when cells growth achieving
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logarithmic stage. Cells were seeded in five wells at 1000
cells/well, followed by further incubation at 37 °C and
50 mL/L CO,. A Cellomics Array Scan VT1 (Thermo
Fisher Scientific) was used to monitor GFP expression of
cells in both group continuously in each well over a 5-day
period. In this study, statistical data were mapped and cell
proliferation curves were drawn to compare the growth

ability of SGC-7901 cells in both shCOPB2 and shCtr
group.

Colony formation assay

Lentivirus-transduced shCOPB2 and shCtr cells were
digested in 0.25% trypsin cells at 5x10* cells/mL. A
hemocytometer was used to assess the cell count, and
cell suspensions were transferred into six-well plates at
400-1,000 cells/well. The medium was replaced every three
days for offering nutrition, and cell growth was observed
usually. Till incubation lasted for 14 days or cells number in
each colony in wells amounts to or more than 50, Colonies
were visualized under a fluorescence microscope. Cells were
washed with PBS and fixed with 4% paraformaldehyde for
30 min at room temperature. The fully fixed SGC-7901
cells were stained with Giemsa (Dingguo Biotechnology
Co., Ltd, Shanghai, China) 500 pL for 20 min, washed with
ddH,O water and air-dried at room temperature. The total
number of colonies with more than 50 cells was counted
and images were captured using a light microscope and
a fluorescence microscope. The assay was repeated three
times.

Apoptosis assay

The cells were harvested with 0.25% trypsin from and
washed once with 4 °C ice-cold D-Hanks (pH=7.2~7.4).
Cells were centrifuged at 1,300 rmp for 5 min and rewashed
with 1x binding buffer, and recentrifuged at 1,300 rmp
for 3 min. The cells were then resuspended in 200 pL
binding buffer to a final concentration of 10° cells/mL for
subsequent analysis with the Annexin V-APC Apoptosis
Detection Kit (eBioscience, San Diego, CA, United States)
applied to assess apoptosis. The cell suspension of 100 pL.
volume was incubated with 10 pL. Annexin V-APC in
the dark for 15 min at room temperature. If needed,
400-800 pL 1x binding buffer was added to the stained
cells according to the amounts of cells. The percentage of
apoptotic rate was analyzed by flow cytometry. This assay
was repeated in triplicate.

Transl Cancer Res 2018;7(6):1714-1727
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PathScan stress and apoptosis signaling antibody array
assay

To detect the activation of possible intracellular signaling
related to the influences in STAD induced by COPB2
silencing, the PathScan Stress and Apoptosis Signaling
Antibody Array was used to screen and analysis relevant
potential proteins. The procedure was briefed as follows, 5
days after lentivirus infection, SGC-7901 cells were collected
and lysed. Intracellular signaling was detected using a
PathScan® Stress and Apoptosis Signaling Antibody array kit
(Cell Signaling Technology, Danvers, MA, USA) following
the manufacturer’s instructions. This antibody Array is
a slide-based antibody array which is upon the sandwich
immunoassay principle used for detection of signaling nodes
and downstream target nodes when phosphorylation activated
at tyrosine or other residues. Detection of cells samples
between COPB?2 silenced group and that of ShCtr group was
repeated in triplicate. Images were captured and analyzed
to gather signals of aberrantly expressed protein targets by
briefly exposing the slide to standard chemiluminescent film
and were compared and calculated between two groups.

Statistical analysis

All experimental data were expressed as the means =
standard deviation from at least 3 separate experiments.
Statistical analyses were evaluated using Student’s two-
tailed #-test or analysis of variance by one-way ANOVA.
Differences with P values of <0.05 are considered
statistically significant.

Results

COPB?2 was overexpressed in STAD tissue with clinical
features

In order to discover the expression of COPB2 in
STAD tissues and its potential clinical significances, we
preliminarily analyzed the expression levels of COPB2 in
STAD and adjacent tissues, in addition, other classification
of pathological characteristic were also searched and
analyzed by means of TCGA datasets through UALCAN
and GEPIA web server. This result showed that COPB2 is
upregulated in STAD tissues than in adjacent normal tissues
(Figure 14,B), and overexpression of COPB2 in cancer stage
1, 2, 3, 4 embodies more TPM values than normal tissues
(Figure 1C) supported by both UALCAN and GEPIA web
server. Overexpression of COPB2 in tumor stagel embodies
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higher TPM value than in normal tissues (Figure 1D),
overexpression of COPB2 in STAD tissues accompanied
with or without H. pylori infection status, or not available
status embodies more TPM values than in normal tissues
(Figure 1E), overexpression of COPB2 in STAD tissues
with histological subtypes also embodied higher TPM value
than in normal tissues (Figure 1F). In summary, COPB2 is
upregulated in STAD tissues, and which was associated with
cancer stage 1, H. pylori infection and histological subtypes.

COPB?2 was overexpressed in STAD cell lines

To investigate COPB2 expression in STAD cell lines, we
detected its expression level by qRT-PCR in six STAD cell
lines, including AGS, MKN-45, MGC-803, BGC-823, SGC-
7901 and HGC-27, and the qRT-PCR results showed that the
expression level of COPB2 mRNA in all six STAD cell lines is
upregulated compared with GES-1 cell line (Figure 2).

ShRNA-mediated COPB2 knockdown efficiency in SGC-
7901 and 293T cells

To investigate the effects of function loss of COPB2,
we knocked down COPB2 in the SGC-7901 cells and
293T cells. STAD cell line SGC-7901 was cultured and
successfully infected with Lv-shCOPB2 or Lv-shCtr with
an infection rate greater than 80% for up to 72 hours
after lentivirus infection. The mRINA expression level of
COPB2 were significantly decreased in Lv-shCOPB2 group
with a significant silenced efficiency amounts to 78.9%
(P=0.0001) compared with Lv-shCtr group, as shown in
Figure 34. Human embryonic kidney 293T cells were
transfected with shCOPB2 plasmid or shCtr plasmid, as
shown in Figure 3B,C, Western blotting method detection
showed that COPB2 protein expression was greatly reduced
in the COPB2-shRNA infected cells compared with Lv-
shCtr group (P=0.0023), indicating COPB2-shRNA could
effectively silence COPB2 expression of the target sequence.
These results demonstrated that the lentivirus-mediated
targeting of COPB2 could effectively downregulate COPB2
expression in SGC-7901 cells and 293T cells at mRNA and
protein levels respectively.

COPB? silencing inbibited STAD cell proliferation by
MTT and Cellomics Avray Scan imaging detection

MTT results showed that the number and fold change of
proliferation in SGC-7901 cells in Lv-shCOPB2 group

Transl Cancer Res 2018;7(6):1714-1727
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Figure 1 Expression of COPB2 in gastric cancer tissues and clinical features. Expression of COPB2 were upregulated in tumors than that
in corresponding adjacent tissues of all organs, the median value of gastric cancer tumor tissues and corresponding adjacent tissues were
73.973 and 35.160, respectively, and Log2 fold change was 1.052, as shown is the value of STAD in (A,B) (GEPIA database supported by
Match TCGA normal and GTEx data). Overexpression of COPB2 in cancer stage 1, 2, 3, 4 embodies more TPM values than normal tissues
(C) supported by both UALCAN and GEPIA web server. Overexpression of COPB2 in tumor stagel embodies higher TPM value than in
normal tissues (D), overexpression of COPB2 in STAD tissues accompanied with or without H. pylori infection status, or not available status
embodies more TPM values than in normal tissues (E), overexpression of COPB2 in STAD tissues with histological subtypes also embodied
higher TPM value than in normal tissues (F). In summary, COPB2 is upregulated in STAD tissues, and which was associated with cancer
stagel, H. pylori infection and histological subtypes. (*P<0.05, **P<0.01 or **P<0.001 vs. Normal, or between Not available group without

H.pylori infection group, or between Adenocarcinoma (NOS) group and Intestinal Adenocarcinoma (Tubular) group).

were markedly reduced than that of cells in Lv-shCtrl group The number of cells and the fold-change of proliferation
on the fourth and fifth day following COPB?2 significantly were markedly reduced in the COPB2-shRNA-silenced
silenced in SGC-7901 cells (P<0.05), as shown in Figure 4. STAD cells on the third, fourth and fifth day following
Accordingly, the results suggested that knockdown of COPB2 silenced significantly in SGC-7901 cells (P<0.05
COPB2 will lead to the reduction of cell proliferation. or P<0.01 or P<0.001), as shown in Figure 5. Accordingly,
GFP-based cellomics array scan imaging assay showed the results suggested that downregulation of COPB2 could
that cell proliferation was significantly inhibited in COPB2- inhibit STAD cell proliferation.
shRNA-silenced cells relative to cells of Lv-shCtrl group. COPB2 silencing reduced STAD cells colony formation
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Silencing of COPB2 reduced the anchorage-independent
growth of STAD cell SGC-7901 in soft agar. The number
of cell clones was significantly decreased in SGC-7901 cells
infected with Lv-sh COPB2 (P=0.0005), as shown in Figure

20 -
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Relative expression of COPB2(27*%)
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Figure 2 Expression of COPB2 gene in gastric cancer cell
lines. The results of quantitative PCR showed that COPB2 was
overexpressed in gastric cancer cell lines, including AGS, MKN-
45, MGC-803, BGC-823, SGC-7901, HGC-27 was high when
compared with GES-1 cell line (***, P<0.001 vs. GES-1.).
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6. The colony formation experiment confirmed that the
silencing of COPB2 reduced the proliferative potential of
SGC-7901 cells.

COPB?2 silencing induced cell apoptosis

To elucidate whether downregulation of COPB2 could induce
apoptosis in SGC-7901 cells, an apoptosis detection was
designed to investigate the apoptotic rate between SGC-7901
cells of COPB2 silenced group and that of negative control
cells. The apoptotic rate was assessed by flow cytometry using
the Annexin V-APC Apoptosis Detection Kit. The proportion
of apoptotic cells was significantly higher than that in SGC-
7901-silenced cells than in the control cells, as shown in Figure
7. These data suggested that silencing of COPB2 could affect

cell survival and induce apoptosis.

Apoptosis mechanisin study of COPB?2 silencing in STAD cells

To investigate the modulation mechanism of COPB2 in
the tumorigenesis of STAD, stress and apoptosis signaling
pathway were analyzed in SGC-7901 cells after COPB2
knockdown. COPB2-triggered signal transduction was
determined using the PathScan stress and apoptosis
signaling antibody array kit. Knockdown of COPB2
significantly induced downregulation of phosphorylation
expression of Bad, Smad2, p38 MAPK, IkBa (Total), Chkl,
Chk2 and TAKI at the level about -17.14%, -22.54%,

C 1.5
shCOPB2 _
[0
>3  1.04
o
g
°<
°Q
2D
2 g
5 0.5+
2
o
*k%
0.0

shCtrl shCOPB2

Figure 3 Effect of COPB2 infection efficiency and gene knockdown efficiency in SGC-7901 cells and 293T cells. The mRINA expression
level of COPB2 were significantly downregulated (**, P<0.01 vs. shCtrl group) in Lv-sh COPB2 groups, compared with Lv-shCtr group
with a significant knockdown efficiency amounts to 78.9% (P<0.01), as shown in (A). Human embryonic kidney 293 T cells were infected
with COPB2 -shRNA lentivirus or negative control lentivirus, as shown in (B,C), COPB2 protein expression was greatly reduced in the
COPB2-shRNA transfected 293T cells detected by western blotting, indicating effective knockdown of COPB2 (***, P<0.001 vs. shCtrl
group). These results indicated that lentivirus-mediated shCOPB2 could effectively down regulate COPB2 expression in STAD cells.
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Figure 4 Effect of COPB2 gene knockdown on cell proliferation by MTT detection. This result showed that the comparison of the
absorptivity the number of active cells at 490 nm wavelength light with time in SGC-7901 cells of Lv-shCOPB2 and Lv-shCtrl groups after
infection with shRINA lentivirus for 3 days, SGC-7901 cells were harvested and planted on 96-well plate with a number of 1,500 cells per
well. It was found that the proliferation rate of SGC-7901 cells in the Lv-shCOPB2 infection group was significantly inhibited at 4, 5 days,

as shown in (A,B) (*P<0.05 or ***P<0.001 vs. Lv-shCtrl group at the same day), suggesting that COPB2 gene was significantly related to the
proliferation ability of SGC-7901 cells.
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Figure 5 Effect of COPB2 gene knockdown on cell proliferation by Cellomics Array Scan VTT imaging detection. The detection result
of GFP-based Cellomics Array Scan VTI imaging assay showed the number of cells and the fold-change of proliferation were markedly
reduced in the COPB2-shRINA-silenced gastric cancer cells on the third, fourth and fifth day following COPB2 silenced significantly in
SGC-7901 cells compared with that of Lv-shCtrl group (*P<0.05 or **P<0.01 or ***P<0.001 vs. Lv-shCtrl group at the same day), as shown
in (A,B,C) (magnification, x100). Accordingly, the results suggested that silencing of COPB2 could inhibit gastric cancer cell proliferation.
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Figure 6 Effect of COPB2 gene knockdown on apoptosis by FCW detection. After infection with shRINA lentivirus for 5 days, the apoptotic
SGC-7901 cells in Lv-shCOPB2 infection group increased significantly with the comparison of that in Lv-shCtrl group (***, P<0.001 vs.
shCtrl group), suggesting that COPB2 gene was significantly associated with the apoptosis of SGC-7901 cells, as shown in Figure.
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Figure 7 Effect of COPB2 gene knockdown on the ability of cell clone formation under microscope detection. After infection with shRINA
lentivirus for 3 days, the SGC-7901 cells were harvested and planted on 6-well plate with a number of 400 cells per well. 11 days later,
the number of clones in each wells of both group was observed after 400. It was found that the colony number of SGC-7901 cells of Lv-
shCOPB2 infection group decreased, when comparing with that of Lv-shCtrl group, suggesting that the COPB2 gene was significantly
related to the clone formation ability of SGC-7901 cells (***, P<0.001 vs. shCtrl group), as shown in Figure.
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Figure 8 Effects of COPB2 gene knockdown on relevant targets of stress and apoptosis signaling pathway in SGC-7901 cells. After COPB2

gene was knockdown successfully in SGC-7901 cells, PathScan RTK Signaling pathway Antibody Array was used to explore aberrantly
expressed proteins between Lv-shCOPB2-infected SGC-7901 cells and Lv-shCtrl-infected SGC-7901 cells. The results showed that
knockdown of COPB2 could significantly induce downregulation of phosphorylation expression of Bad, Smad2, p38 MAPK, IkBa (Total),
Chk1, Chk2 and TAKI at the level about -17.14%, -22.54%, -13.43%, -23.18%, -14.33%, -7.10% and -29.02%, respectively (P value
=0.0087, 0.0041, 0.0016, 0.0120, 0.0342, 0.0096, 0.0000), as shown in Figure.

~13.43%, -23.18%, —14.33%, -7.10% and -29.02%,
respectively (P value=0.0087, 0.0041, 0.0016, 0.0120,
0.0342, 0.0096, 0.0000), as shown in Figure &, lable 2. This
result indicated that COPB2 could affect cell proliferation
possibly via the phosphorylation—activated ATM/ATR-
Chk1/Chk2 pathway and Ras/PI3K/Akt pathway. In
addition, COPB?2 silencing decreased the expression levels
of Smad2, p38 MAPK, IkBa (Total), Chkl, Chk2 and TAKI
in STAD cells, indicating that Smad2, p38 MAPK, IkBa
(Total), Chk1, Chk2 and TAKI play important roles in the
apoptotic process of SGC-7901 cells following COPB2
silencing. Furthermore, insightful studies are needed to
clarify the mechanisms of COPB2 in STAD progression.

Discussion

In this study, we performed a clinical data analysis of COPB2
compared with normal tissues to discover its expression
and clinical significances, and which was searched and
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extracted from UALCAN and GEPIA web server in
STAD tissues. To be sure, COPB2 is upregulated in STAD
tissues, and which was associated with cancer stage 1,
H. pylori infection and histological subtypes. Therefore, it is
suggested that overexpression of COPB2 in STAD tissues
is likely to be a potential STAD biomarker and is worthy
of be studied to explore its role, function and relevant
mechanism in STAD cells. Subsequently, we found that the
expression of COPB2 mRNA was significantly higher in all
the tested human STAD cell lines compared to the normal
gastric epithelium cell GES-1. In addition, silencing COPB2
inhibited proliferation, reduced cell colony formation and
induced apoptosis of SGC-7901 cells. These data indicated
that COPB2 overexpression play essential roles in the
tumorigenicity of human STAD. These findings intensively
suggested that COPB2 contributes to the pathogenesis of
STAD through its proliferative and anti-apoptotic effects. Our
data suggested that COPB2 overexpression may be an early
event in gastric cell carcinogenesis. Therefore, COPB2 may
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Table 2 The detected proteins screened and validated by PathScan-Stress and Apoptosis Signaling Antibody Array between shCtrl treated cells
and shCOPB2 treated cells

Average gray value STDEV
No. Target Site Modification P Up/down
shCtrl  shCOPB2  shCtrl shCOPB2

1 Positive control N/A N/A - - - - - -

2 Negative control N/A N/A - - - - - -

3 P44/42 MAPK (ERK1/2)  Thr202/Try204 Phosphorylation 10.65 10.15 1.51 1.15 0.5335 -4.69%
4 Akt Ser473 Phosphorylation 11.05 10.87 2.08 2.13 0.8831 -1.66%
5 Bad Ser136 Phosphorylation 22.47 18.62 2.60 1.28 0.0087 -17.14%
6 HSP27 Ser82 Phosphorylation 12.00 12.93 2.58 1.14 0.4370 7.78%
7 Smad2 Ser465 Phosphorylation 13.53 10.48 1.80 0.90 0.0041  -22.54%
8 p53 Ser15 Phosphorylation 6.97 7.20 0.99 0.62 0.6340 3.35%
9 p38 MAPK Thr180/Try182 Phosphorylation 18.62 16.12 1.21 0.75 0.0016  -13.43%
10 SAPK/INK Thr183/Try185 Phosphorylation 14.63 12.30 2.36 0.77 0.0603 -15.95%
11 PARP Asp214 Cleavage 11.72 10.62 2.47 1.16 0.3461 -9.39%
12 Caspase-3 Asp175 Cleavage 9.62 9.48 1.22 0.45 0.8097 -1.39%
13 Caspase-7 Asp198 Cleavage 11.13 10.92 1.89 0.93 0.8062 -1.95%
14 IkBa Total N/A 24.30 18.67 4.15 1.74 0.0120 -23.18%
15 Chk1 Ser345 Phosphorylation 14.53 12.45 1.93 0.78 0.0342  -14.33%
16 Chk2 Thr68 Phosphorylation ~ 36.60 34.00 1.60 1.19 0.0096 -7.10%
17 IkBa Ser32/36 Phosphorylation 10.20 10.53 1.15 1.03 0.6072 3.27%
18 elF2a Ser51 Phosphorylation 8.82 8.83 1.57 0.55 0.9812 0.19%
19 TAK1 Ser412 Phosphorylation ~ 29.40 20.87 1.59 0.99 0.0000 -29.02%
20 Survivin Total N/A 12.17 13.37 2.28 2.10 0.3663 9.86%
21 a-Tubulin Total N/A 14.45 15.60 1.98 0.80 0.2169 7.96%

The result indicated that knockdown of COPB2 could significantly induce downregulation of phosphorylation expression of 7 targets
in Stress and Apoptosis Signaling pathway including Bad, Smad2, p38 MAPK, |kBa (Total), Chk1, Chk2 and TAK1 at the level about
-17.14%, -22.54%, -13.43%, -23.18%, -14.33%, -7.10% and —-29.02%, respectively (P value =0.0087, 0.0041, 0.0016, 0.0120, 0.0342,

0.0096, 0.0000).

represent a new promising target for gene therapy of STAD.
These findings suggested that shRNA mediated COPB2
knockdown result in a significant down-regulation of
cell proliferation, colony formation, and a significant up-
regulation of apoptosis in STAD cells. Our results were
coincident with the outcome of COPB2 silencing in lung
adenocarcinoma cells, in which cell growth was suppressed
through apoptosis (6). From these data, it is suggested
that COPB2 plays an essential role in STAD cell growth,
indicating that the up-regulated expression of COPB2 has
a positive impact on the progression of STAD cells and
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that shRNA-mediated gene silencing could effectively
downregulate STAD progression in SGC-7901 cells.
Apoptosis has been considered as a principal role in anti-
tumor strategy and designed to treat multiple cancers. There
are multiple signaling pathways involved in the process of
apoptosis; however, the pathways participate in apoptosis
induced by COPB2 silencing still remained unknown.
Therefore, this study was designed to analysis relevant
signaling pathways using the Stress and Apoptosis Signaling
Antibody Array comprehensively. The pathways and targets
included in this array have been adopted to analysis relevant
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mechanisms of apoptosis, such as in glioblastoma cells (9),
esophageal squamous cell carcinoma cells (10) and human
bronchial epithelial cells (11). In this study, The results
of Stress and Apoptosis Signaling Antibody Array assay
showed that COPB2 silencing inhibited the activation of
phosphorylation expression of Bad, Smad2, p38 MAPK, IkBa
(Total), Chkl1, Chk2 and TAK1. And these proteins represent
essential molecular in multiple intracellular signal pathways.

Bad, an important molecular of the Bcl-2 family that
normally binds to the Bcl-2/Bcl-extra larger (Bcl-xL)
complex and could trigger cell apoptosis potentially, Once
phosphorylation form of Bad dissociates from the Bel-2/Bcl-
xL complex, it could lead to the suppression of apoptosis. Bad
of phosphorylation form at Ser-136, as a substrates of Akt,
is always phosphorylated to promote cell proliferation and
protein synthesis of human STAD cells, Downregulation p-Bad
at Ser-136 is existed in apoptosis process (12). In addition,
ERK could phosphorylate BAD at Ser-112 via p90RSK and
promote cell proliferation of HeLa Cells and SH-SY5Y
Cells (13,14), knockdown of ERK1 and/or ERK2 decreased
p-Bad levels in the A375 melanoma cells (15). In this study,
phosphorylation of p-Bad at Ser-136 is downregulated at about
-17.14% in COPB2 silenced SGC-7901 cells compared with
negative control SGC-7901 cells. This data indicated p-Bad
at Ser-136 is downregulated after COPB2 silencing in human
gastric adenocarcinoma SGC-7901 cells, and which proved
apoptosis rates results detected by flow cytometry.

ChklI and Chk2 kinases act as downstream targets of ATM
and ATR signaling pathway, which belongs to the PI3/PI4-
kinase family, respectively. Briefly, Chk1/Chk2 and upstream
ATM/ATR are thought to be dominant controllers of cell
cycle checkpoint signaling pathway, and which could respond
to DNA damage and maintaining of genome stability, Chk2
is phosphorylated by ATM at residue Thr68 (16), and Chkl
is activated by the ATR-dependent phosphorylation of
residue Ser345 (17). In this study, phosphorylation of Chkl
and Chk2 at Ser345 and Thr68 were downregulated at about
14.33% and 7.10% in COPB2 silenced SGC-7901 cells
compared with negative control SGC-7901 cells respectively.
This data suggested that the mechanisms of inhibition and
apoptosis effects induced by silencing COPB2 is related to
inactivation of ATM/ATR-Chk1/Chk2 signaling pathway.

Smad2, as a key mediator of TGF-p signaling,
once stimulated by TGF-B, Smad2 phosphorylation
at Ser465/467 would initiate and translocate into the
nucleus (18). The outcome of TGF-p signaling is context
dependent and can either induce apoptosis or contribute
to tumor cell metastasis and epithelial-mesenchymal
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transitions in hepatoma cells (19,20). TAK1, as a kinase,
it could be activated by TGF-B, bone morphogenetic
proteins and other cytokines, Inhibition of both BMP and
TGEFP signaling could promote the downregulation of
TAK1 (21). TAK1 phosphorylates and activates the IKK
complex composed of IKKa, IKKB and NEMO (also called
IKKY), which leads to phosphorylation and degradation
of IxB resulting in activation of NF-xB (22). Activated
TAK1 also phosphorylates and activates MAPKKs leading
to activation of MAPKSs such as ERK, p38 and JNK (22).
Phosphorylation of TAKI at Ser412 responsible for
activating NF-«kB signaling and promotes aggressiveness
of ovarian cancer cells, suppression of TAKI activity
would remarkably impair tumor growth and metastasis
in ovarian cancer in vitro and in vivo (23). In this study,
phosphorylation of Smad2 and TAKI at Ser465 and Ser412
were downregulated at about -22.54% and -29.02% in
COPB?2 silenced SGC-7901 cells compared with negative
control SGC-7901 cells. This data suggested that the
mechanisms of growth inhibition and apoptosis effects
induced by silencing COPB2 is related to inactivation of
TGF-B-Smad2/TAK]1 signaling pathway.

IxBa, a member of the NF-«xB inhibitor family,
could interact with Rel dimers to inhibit NF-«xB/Rel
complexes. Activation of NF-kB/Rel could occur through
a proteasome-mediated degradation of IxkBa and the
inhibitor IxBa is targeted to its proteasome is mediated
by phosphorylation of IxBa at Ser32 and Ser36 sites (24).
In this study, phosphorylation of IxkBa (Total) was
downregulated at about -23.18% in COPB2 silenced SGC-
7901 cells compared with negative control SGC-7901 cells.
"This data suggested that the mechanisms of growth inhibition
and apoptosis effects induced by silencing COPB2 is related
to downregulation of IxBa (Total) and activation NF-xB/Rel
expression.

P38 MAPK is a member of the mitogen-activated
protein kinase (MAPKs) family of serine/threonine protein
kinases involved in many cellular processes such as cell
proliferation, cell movement and cell death. The p38
MAPK signaling cascade is initiated when external stimuli
such as growth factors, cellular stress. The mammalian
p38 mitogen-activated protein kinases (MAPKs) family is
composed of four members (p38a, p38P, p38y, and p389),
which are very similar in amino acid sequence but differ
in their expression patterns, alternative p38MAPKs, p38y
and p388. These p38MAPKSs show similarities to the
classical p38a isoform and play an important role in certain
physiological and pathological processes (25). Thr180 of
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p38alpha molecules is essential for catalysis, whereas Tyr182
is required for autoactivation and substrate recognition (26).
In this study, phosphorylation of p38 MAPK at Thr180/
Try182 is downregulated at about -13.43% in COPB2
silenced SGC-7901 cells compared with negative control
SGC-7901 cells. This data indicated p-p38 MAPK at
Thr180/Try182 is downregulated after COPB2 silencing in
human gastric adenocarcinoma SGC-7901 cells. This data
suggested that the mechanisms of growth inhibition and
apoptosis effects induced by silencing COPB?2 is associated
with downregulation p-p38 MAPK at Thr180/Try182 and
inactivation MAPK signaling pathway.

A previous study showed that COPB2, act as a potential
synthetic lethal partners of KRAS, knocking down of COPB2
by siRNA induces a viability reduction of homozygous
pancreatic KRAS mutated cell lines and heterozygous colorectal
cancer cell line, downregulate the expression of p-Akt, p-Erk,
p-Stat3, Xiap, Bel-xl, and upregulate the expression of LC3I
and LC3, which suggested that COPB2 influences KRAS
signaling, apoptosis and autophagy by inactivating downstream
RalGDS signaling including the small GTPases. RALA
and RALB are activated which play a major role in vesicular
trafficking and tumor proliferation (4). Protein microarrays or
antibody array is an easily applicable tool to study disease by
sandwich immunoassays with the features of high-throughput,
high sensitivity and stringency (27-29), and upon these
advantages, antibody array usually be employed in diagnosing
inflammatory diseases, screening tumor biomarkers, and
quantitatively detecting phosphorylation protein targets (30-32).
In this study, a Stress and Apoptosis Signaling Antibody Array
was utilized to screen and validate aberrant protein expression
of phosphorylation form with sandwich immunoassay method
linked by enzyme and amplified signals through biotin binding
streptavidin tagged by HRP. As an effective method, this
antibody array found 7 targets including Bad, Smad2, p38
MAPK, IkBa (Total), Chkl, Chk2 and TAK1 participate in
growth inhibition and apoptosis, which responsible for COPB2
silencing effects in SGC-7901 cells.

Collectively, knockdown COPB2 could inhibit
STAD cell proliferation and induce apoptosis, and the
mechanisms of which may occur, in part, via the blockade
of phosphorylation expression of Bad, Smad2, p38 MAPK,
IkBa(Total), Chkl1, Chk2 and TAKI.
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