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Abstract. Gastric cancer is a type of cancer that is characterized 
by high morbidity and mortality rates. Long non‑coding RNA 
(lncRNA) β‑1,3‑galactosyltransferase 5‑AS1 (B3GALT5‑AS1) was 
previously found to be highly expressed in the serum of patients with 
gastric cancer. However, the regulatory effects of B3GALT5‑AS1 in 
gastric cancer remain poorly understood. The present study aimed 
to investigate the effects of B3GALT5‑AS1 in gastric cancer cell 
lines. The expression levels of B3GALT5‑AS1 were determined 
in different gastric cancer cell lines (AGS, HGC‑27 and MKN‑45) 
using reverse transcription‑quantitative PCR. The potential interac‑
tion between B3GALT5‑AS1 and casein kinase 2 a1 (CSNK2A1) 
was evaluated using an RNA binding protein immunoprecipitation 
and RNA pull down assays. Western blot analysis was performed 
to measure protein expression levels. Cell Counting Kit‑8 assay 
was utilized to determine cell viability, whilst cell invasion and 
migration were assessed using Transwell and wound healing 
assays, respectively. Apoptotic cells were evaluated using TUNEL 
assays. The results showed that B3GALT5‑AS1 expression was 
upregulated in MKN‑45 cells compared with the control group. 
In addition, B3GALT5‑AS1 could bind to CSNK2A1 to regu‑
late its expression. B3GALT5‑AS1 knockdown attenuated cell 
viability, invasion and migration, whilst promoting cell apoptosis. 
These effects were partly reversed by CSNK2A1 overexpression. 
Overall, results of the present study revealed that interference with 
B3GALT5‑AS1 impeded gastric cancer cell migration and invasion 
whilst promoting apoptosis by regulating CSNK2A1 expression. 
These findings suggested that B3GALT5‑AS1 and CSNK2A1 may 
serve a tumorigenic role in the progression of gastric cancer and 
serve as therapeutic targets for this type of cancer.

Introduction

Gastric cancer is one of the most common and incurable types 
of cancer (1,2). Gastric cancer is associated with high rates 

of incidence and mortality, which imposes a considerable 
economic burden on society with 1 million new cases annually 
in the United States (1,2). However, the overall survival rate 
of patients with early stages of gastric cancer is significantly 
higher compared with that in patients with advanced stages 
of gastric cancer (3). Therefore, diagnosis of gastric cancer in 
the early stages is critical for improving the survival rate. In 
addition to upper gastrointestinal endoscopy and the detection 
of common tumor biomarkers, including carcinoembryonic 
antigen (CEA), cancer antigen (CA)72‑4 and CA19‑9 in the 
serum (4‑6), long non‑coding RNAs (lncRNAs) is garnering 
interest for reported their role in the early diagnosis, therapy 
and prognosis of gastric cancer (7,8).

The effects of lncRNAs in gastric cancer are gradually 
becoming unraveled. Wei and Wang (9) showed that lncRNA 
maternally expressed 3 was highly expressed in gastric cancer 
tissues compared with that in adjacent normal tissues (9). In 
addition, other studies revealed that lncRNA small nucleolar 
host gene (SNHG)1 and SNHG7 overexpression could 
promote gastric cancer cell proliferation  (10,11). A study 
demonstrated that B3GALT5‑AS1 expression was markedly 
increased in patients with gastric cancer compared with those 
with normal colonic epithelia  (12). Moreover, high serum 
B3GALT5‑AS1 levels were found to be associated with TNM 
stage and lymph node metastasis (13), suggesting a role of 
B3GALT5‑AS1 in gastric cancer occurrence and progression. 
Another study suggested that serum levels of B3GALT5‑AS1 
could also serve as a diagnostic biomarker of colorectal 
cancer (14). Indeed, B3GALT5‑AS1 was demonstrated to be 
localized predominantly in the nucleus, where it could directly 
bind to the promoter of microRNA (miR)‑203 to upregulate 
the expression of the target genes of miR‑203, which in turn 
suppresses colon cancer metastasis to the liver (12). However, 
to date, the regulatory mechanism of B3GALT5‑AS1 in gastric 
cancer remains elusive.

It has been previously demonstrated that casein kinase 2 a1 
(CSNK2A1) is associated with cell invasion and migration 
in several types of cancer, including lung  (15) and breast 
cancer  (16). Additionally, overexpression of CSNK2A1 in 
gastric cancer cells enhanced cell proliferation, invasion and 
migration (17), suggesting a regulatory role of CSNK2A1 in 
gastric cancer.

Therefore, in the present study, the expression profile of 
B3GALT5‑AS1 was determined in gastric cancer cell lines. 
Additionally, whether B3GALT5‑AS1 served a role in gastric 
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cancer cell proliferation, migration, invasion and apoptosis 
and its potential relationship with CSNK2A1 was assessed.

Materials and methods

Cell culture. Gastric cancer cell lines, AGS, HGC‑27 and 
MKN‑45 were purchased from the China Infrastructure of Cell 
Line Resources, Institute of Basic Medical Sciences, Chinese 
Academy of Medical Sciences. The human gastric mucosa 
cell line GES‑1 (cat. no. CL‑0563) was obtained from Procell 
Life Science & Technology Co., Ltd.. All cells were cultured 
in RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 10% FBS (Gibco; Thermo Fisher Scientific, 
Inc.) and maintained in an incubator with 5% CO2 at 37˚C.

Plasmid transfection. For B3GALT5‑AS1 knockdown, two 
short hairpin RNAs (shRNA/sh), namely sh‑B3GALT5‑​
AS1‑1 (5'‑GCA​TAA​GAG​AGA​CCA​ACT​TGG‑3') and 
sh‑B3GALT5‑AS1‑2 (5'‑GCA​AGA​CAG​CGC​ATT​GAT​
TGG‑3'), were constructed using the pGPU6/Neo plasmid 
(Shanghai GenePharma Co., Ltd.). Scrambled shRNA 
[shRNA‑negative control (NC)] served as the NC (5'‑ACT​TGC​
GCT​TGC​GAA​AAT​CTA​TAT​AGC‑3'). The pcDNA‑MFHAS1 
plasmid (Shanghai GenePharma Co., Ltd.) was used for 
CSNK2A1 overexpression (ov‑CSNK2A1). The empty vector, 
ov‑NC, served as the negative control for the overexpression 
experiments. Cells were seeded into six‑well plates at a density 
of 5x105 cells/well. When they reached 80% confluence, cells 
were transfected with 3 µg shRNA‑encoding plasmids or 
5 µg overexpression plasmids using Lipofectamine® 3000 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. Following incubation for 48 h at 
37˚C, transfected cells were used for subsequent experiments.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was extracted from the four cell 
lines (GES‑1, AGS, HGC‑27 and MKN‑45) using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Following 
reverse transcription using AMV Reverse Transcription kit 
(cat. no. A3500; Promega Corporation), this reaction was 
performed at 25˚C for 5 min, 50˚C for 20 min, and then 75˚C 
for 5 min. The FastStart Universal SYBR Green Master kit 
(Roche Diagnostics GmbH) was used for qPCR in an ABI 
PRISM 7900 HT system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). The primer sequences used were as 
follows: B3GALT5‑AS1 forward, 5'‑GAT​CCA​CGT​CCA​
GGC​TCA​CT‑3' and reverse, 5'‑GTG​CTG​GCT​GTC​AGG​ATG​
AG‑3'; CSNK2A1 forward, 5'‑GAA​CGC​TTT​GTC​CAC​AGT​
GA‑3' and reverse, 5'‑TAT​CGC​AGC​AG​TTT​GTC​CAG‑3' and 
GAPDH forward, 5'‑AAC​AGC​GAC​ACC​CAC​TCC​TC‑3' and 
reverse, 5'‑GGA​GGG​GAG​ATT​CAG​TGT​GGT‑3'. The ther‑
mocycling conditions for PCR reaction was as follows: Initial 
denaturation for 5 min at 95˚C, followed by 40 cycles of 30 sec 
at 95˚C and 45 sec at 65˚C. The relative mRNA expression was 
calculated using the 2‑∆∆Cq method (18) and GAPDH served as 
the internal control.

Bioinformatics analysis. The starBase 2.0 database 
(http://starbase.sysu.edu.cn/) was used to predict the binding 
sites between B3GALT5‑AS1 and CSNK2A1.

RNA immunoprecipitation (RIP) assay. RIP assay was 
performed using the Millipore Magna RIP™ RNA kit (EMD 
Millipore). Briefly, MKN‑45 cells were resuspended in RIP 
lysis buffer (EMD Millipore) and incubated on ice for 5 min. 
Subsequently, the cell lysate (100 µl per antibody per RIP) 
was incubated with an anti‑CSNK2A1 antibody (1:1,000; 
cat. no. ab70774; Abcam) or IgG antibody (0.2 µg/ml; cat. 
no.  ab190475; Abcam) and 40  µl protein A/G magnetic 
beads (EMD Millipore) at 4˚C overnight. The protein‑RNA 
complexes were digested with 2 µl proteinase K buffer at 55˚C 
for 30 min. The beads buffer was spun down at 2,000 x g for 
30 sec, and the supernatant was transferred to a fresh tube. 
Finally, the extracted RNA was subjected to RT‑qPCR.

RNA pull‑down assay. RNA pull‑down assay was performed 
using Pierce™ Magnetic RNA‑Protein Pull‑Down Kit 
(Thermo Fisher Scientific, Inc.). Briefly, MKN‑45 cells were 
lysed by RIPA lysis buffer (Sigma‑Aldrich; Merck KGaA). 
B3GALT5‑AS1 primers were 5'‑CCT​TGA​GAG​ACG​AAG​
CAC‑3' (sense) and 5'‑ATT​TCA​CGG​ATG​AGA​CGA​C‑3' 
(antisense). B3GALT5‑AS1 was labeled with biotin using 
Pierce RNA 3' End Desthiobiotinylation Kit (Thermo Fisher 
Scientific, Inc.) and then bound to streptavidin magnetic beads 
(~10 µg), before this complex was incubated with 1 ml cell 
lysates at 4˚C for 1 h. RNA‑protein complexes were eluted by 
adding 30 µl SDS sample buffer to the beads and heating at 
95˚C for 5 min. The samples were cooled on ice for 1 min, 
2 µl Benzonase added, and then incubated for 15 min at room 
temperature. The sample buffer was heated again at 95˚C for 
5 min. The magnetic beads were spun down at room tempera‑
ture at 12,000 x g for 1 min. The presence of CSNK2A1 
protein in the RNA‑protein complexes was analyzed by 
western blotting.

Western blotting. Total proteins were isolated from cell 
lysates using RIPA lysis buffer (Sigma‑Aldrich; Merck 
KGaA) and then quantified using a bicinchoninic acid protein 
assay kit (Thermo Fisher Scientific, Inc.). Subsequently, 
20  µg protein extracts per lane were separated by 10% 
SDS‑PAGE and transferred onto nitrocellulose membranes 
(EMD Millipore). Following blocking with 5% skim milk at 
room temperature for 2 h, membranes were incubated with 
antibodies against CSNK2A1 (1:1,000; cat. no.  ab70774; 
Abcam), matrix metalloproteinase (MMP)2 (1:2,000; 
cat. no.  AF0577; Affinity Biosciences), MMP9 (1:2,000; 
cat. no.  AF5228; Affinity Biosciences), phosphorylated 
(p)‑c‑Met (1:1,000; cat. no. AF3128; Affinity Biosciences), 
c‑Met (1:1,000; cat. no.  AF6128; Affinity Biosciences), 
Bcl‑2 (1:5,000; cat. no. AF6139; Affinity Biosciences), Bax 
(1:5,000; cat. no. AF0120; Affinity Biosciences), cleaved 
caspase‑3 (1:2,000; cat. no. AF7022; Affinity Biosciences), 
caspase‑3 (1:2,000; cat. no. AF6311; Affinity Biosciences) or 
GAPDH (1:5,000; cat. no. AF7021; Affinity Biosciences) at 
4˚C overnight. The next day, the membranes were incubated 
with corresponding HRP‑conjugated secondary antibodies 
(1:5,000; cat. no.  S0001; Affinity Biosciences) at room 
temperature for 2 h. The protein bands were visualized using 
the Immobilon Western Chemilum HRP substrate (EMD 
Millipore) and analyzed using Image Lab Software 3.0 
(Bio‑Rad Laboratories, Inc.).
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Cell Counting Kit 8 (CCK‑8) assay. For CCK‑8 assays, 
MKN‑45 cells were seeded into a 96‑well plates at a density of 
5,000 cells per well and incubated at 37˚C overnight. The next 
day, 10 µl CCK‑8 reagent (Dojindo Molecular Technologies, 
Inc.) was added into each well and cells were incubated for 
2 h at 37˚C. Finally, the optical density (OD) in each well was 
measured using a microplate reader (Bio‑Rad Laboratories, 
Inc.) at a wavelength of 450 nm.

Cell invasion assay. The upper chamber of the Transwell 
chamber (Corning, Inc.) was coated with 100 µl Matrigel 
(1 mg/ml; BD Biosciences) and incubated at 37˚C for 4 h. The 
cell density was then adjusted to 2x105 cells/ml and 100 µl 
cell suspension in serum‑free RPMI‑1640 medium was added 
to the upper chamber and cultured at 37˚C in the presence 
of 5% CO2 for 24 h. The lower chamber was supplemented 
with 600 µl RPMI‑1640 medium containing 20% FBS. At 
24 h post‑incubation, invasive cells were fixed with 4% para‑
formaldehyde at room temperature for 0.5 h, stained with 
0.1% crystal violet at 37˚C for 10 min and photographed in 
randomly selected nine fields of view under a light microscope 
(magnification, x100).

Cell migration assay. MKN‑45 cells were seeded into a 
six‑well plate (5x105 cells/well) and when they reached 100% 
confluence, scratches were created using a 20‑µl pipette tip. 
The medium was then replaced with fresh medium containing 
1% FBS and cells were cultured at 37˚C for 24 h (19). Finally, 
images of the migrated cells were captured at 0 and 24 h in 
randomly selected fields of view under a light microscope 
(magnification, x100). The migration distance was calculated 
as the width of the scratch at 24 h minus the width of the 
scratch at 0 h. The relative migration rate was calculated by 
normalizing to the control group.

Cell apoptosis assay. Apoptotic cells were assessed using an 
One Step TUNEL Apoptosis Assay kit (Beyotime Institute 
of Biotechnology). Briefly, MKN‑45 cells (3x105 cells/ml) 
were fixed with 4% paraformaldehyde at room temperature 
for 30 min and then incubated with 0.3% Triton X‑100 at 
room temperature for 5 min. Subsequently, each well of the 
24‑well plate was supplemented with 50 µl TUNEL detection 
reagent for 60 min at 37˚C in the dark. DAPI staining solution 
(10 µg/ml) was used to visualize all nuclei for 5 min at 37˚C. 
The coverslips were then washed with PBS and mounted on 
slides with anti‑fading solution. The apoptotic cells (green 
fluorescence) in three random fields were observed under a 
fluorescence microscope (magnification, x100).

Statistical analysis. All data in the study are expressed as the 
mean ± SD and analyzed using an independent unpaired t‑test 
or one‑way ANOVA followed by a Tukey's post hoc test. Each 
experiment was repeated ≥ three times. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Interaction between B3GALT5‑AS1 and CSNK2A1. The 
expression levels of B3GALT5‑AS1 were first determined 
in a range of gastric cell lines. The expression levels of 
B3GALT5‑AS1 in HGC‑27 cells were higher compared with 
that in the human gastric mucosa cell line GES‑1 (Fig. 1A). 
Compared with that in GES‑1 cells, B3GALT5‑AS1 expression 
was significantly higher in MKN‑45 cells (Fig. 1A). It has been 
previously suggested that B3GALT5‑AS1 may originate from 
autocrine gastric tumor cells and is closely associated with 
gastric tumor metastasis (13). However, the specific regulatory 
mechanism underlying the effect of B3GALT5‑AS1 on tumor 
metastasis remains unclear. Therefore, based on the expression 

Figure 1. Interaction between B3GALT5‑AS1 and CSNK2A1. (A) Expression levels of B3GALT5‑AS1 in a range of gastric cell lines were determined by 
reverse transcription‑quantitative PCR. *P<0.05 and ***P<0.001 vs. GES‑1. (B) Potential binding sites between B3GALT5‑AS1 and CSNK2A1 were predicted 
using the starBase 2.0 database. Interaction between B3GALT5‑AS1 and CSNK2A1 was evaluated using (C) RNA immunoprecipitation. *P<0.05 vs. IgG. 
(D) RNA pull‑down assays. **P<0.01 and ***P<0.001 vs. Input. B3GALT5‑AS1, β‑1,3‑galactosyltransferase 5‑AS1; CSNK2A1, casein kinase 2 a1; LncRNA, 
long non‑coding RNA.
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of B3GALT5‑AS1, the MKN‑45 cell line was used for the 
subsequent experiments. mRNA of CSNK2A1 was located 
in Chr20:453618‑453657. Bioinformatics analysis predicted 
that B3GALT5‑AS1 could bind to the sequence of CSNK2A1 
(Fig.  1B). Notably, bioinformatics analysis predicted 
binding sites between the sequences of B3GALT5‑AS1 and 
CSNK2A1, suggesting that B3GALT5‑AS1 may modulate 
CSNK2A1 expression by direct binding (12,20). As shown 
in Fig.  1C, the interaction between B3GALT5‑AS1 and 
CSNK2A1 was evaluated using RIP assays. Further evidence 
of a CSNK2A1‑complex interaction was found via a RNA 
pull down assay (Fig. 1D). Since B3GALT5‑AS1 was found 
to be enriched in the CSNK2A1‑complex, direct binding of 
CSNK2A1 to B3GALT5‑AS1 was reproduced in vitro by a 
RNA pull‑down assay.

Efficiency of B3GALT5‑AS1 knockdown and CSNK2A1 
overexpression. Since B3GALT5‑AS1 expression was the 
highest in MKN‑45 cells, these cells were transfected with 
plasmids encoding shRNAs to knockdown the expres‑
sion B3GALT5‑AS1. As shown in Fig.  2A, between the 
two shRNA clones, shRNA‑B3GALT5‑AS1‑1 exhibited 
the more potent silencing effect compared with that medi‑
ated by shRNA‑B3GALT5‑AS1‑2. The protein expression 
level of CSNK2A1 in MKN‑45 cells transfected with 
shRNA‑B3GALT5‑AS1‑1 was significantly lower compared 
with that in the shRNA‑NC group. However, no significant 
differences were observed in the protein expression of 
CSNK2A1 between the control and shRNA‑NC groups 
(Fig. 2B). Subsequently, MKN‑45 cells were transfected with 
a CSNK2A1 overexpression plasmid. mRNA and protein 

Figure 2. B3GALT5‑AS1 silencing and CSNK2A1 overexpression on MKN‑cells. (A) Expression levels of B3GALT5‑AS1 in MKN‑45 cells following trans‑
fection with shRNA‑NC, shRNA‑B3GALT5‑AS1‑1 or shRNA‑B3GALT5‑AS1‑2 were determined by RT‑qPCR. (B) Western blot analysis showing the protein 
expression levels of CSNK2A1. *P<0.05, **P<0.01 and ***P<0.001 vs. shRNA‑NC. (C) mRNA expression levels of CSNK2A1 following transfection with ov‑NC 
or ov‑CSNK2A1 were assessed by RT‑qPCR. (D) Western blot analysis showing the protein expression levels of CSNK2A1 following transfection of MKN‑45 
cells with ov‑NC or ov‑CSNK2A1. **P<0.01 and ***P<0.001 vs. ov‑NC. B3GALT5‑AS1, β‑1,3‑galactosyltransferase 5‑AS1; CSNK2A1, casein kinase 2 a1; 
NC, negative control; RT‑qPCR, reverse transcription‑quantitative PCR; LncRNA, long non‑coding RNA; Ov, expression; shRNA, short hairpin RNA.
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expression of CSNK2A1 were both significantly upregulated 
following cell transfection with ov‑CSNK2A1 compared with 
those transfected with ov‑NC (Fig. 2C and D).

B3GALT5‑AS1/CSNK2A1 axis controls cell migration 
and invasion. Subsequently, effects of gene knockdown 
or overexpression on the migratory and invasive behavior 
of MKN‑45 cells were investigated. Cell viability was 
significantly decreased following cell transfection with 
shRNA‑B3GALT5‑AS1‑1 compared with those transfected 
with shRNA‑NC at 72  h. However, co‑transfection with 
shRNA‑B3GALT5‑AS1‑1 and ov‑CSNK2A1 partially but 
significantly elevated cell viability compared with that in the 
shRNA‑B3GALT5‑AS1‑1 + ov‑NC group (Fig. 3A). MMPs 
are involved in the remodeling of the extracellular matrix and 
basement membrane, which is a key process in the invasion 
and metastasis of cancer cells (21,22). The protein expression 
levels of MMP2 and MMP9 were significantly reduced after 
cell transfection with shRNA‑B3GALT5‑AS1‑1 compared 
with that in the shRNA‑NC group, which was significantly 
reversed by CSNK2A1 plasmid co‑transfection (Fig.  3B). 
Transwell assays showed that the invasive ability of MKN‑45 
cells was significantly decreased following B3GALT5‑AS1 

knockdown compared with that in the shRNA‑NC group 
(Fig. 3C). B3GALT5‑AS1 silencing also significantly attenu‑
ated the migratory ability of MKN‑45 cells compared with 
that in cells transfected with shRNA‑NC (Fig. 3C). For both 
migration and invasion, CSNK2A1 plasmid co‑transfection 
significantly reversed the inhibitory effects of B3GALT5‑AS1 
knockdown (Fig. 3C).

B3GALT5‑AS1/CSNK2A1 axis modulates cell apoptosis. 
Furthermore, a TUNEL assay was performed to measure 
cell apoptosis. The number of apoptotic cells in the 
shRNA‑B3GALT5‑AS1‑1 group was markedly higher compared 
with that in the shRNA‑NC or control group, which was 
reversed by CSNK2A1 plasmid co‑transfection (Fig. 4A). The 
levels of the pro‑apoptotic proteins Bax and cleaved caspase‑3 
were both significantly upregulated following B3GALT5‑AS1 
knockdown, but their protein levels were significantly restored 
after CSNK2A1 overexpression in addition to B3GALT5‑AS1 
knockdown (Fig. 4B). By contrast, the expression levels of the 
anti‑apoptotic proteins Bcl‑2 and p‑c‑Met were decreased in the 
shRNA‑B3GALT5‑AS1‑1 group compared with those in the 
shRNA‑NC group. However, co‑transfection of MKN‑45 cells 
with shRNA‑B3GALT5‑AS1‑1 and ov‑CSNK2A1 upregulated 

Figure 3. B3GALT5‑AS1/CSNK2A1 axis regulates MKN‑45 cell migration and invasion. (A) Cell viability in the different transfection groups was eval‑
uated by Cell Counting Kit‑8 assay. (B) Western blot analysis showing the protein expression levels of MMP2 and MMP9 in different groups. (C) Cell 
invasion and migration in different groups of cells after transfection. Scale bar, 100μm, ***P<0.001 vs. shRNA‑NC; #P<0.05, ##P<0.01 and ###P<0.001 vs. 
shRNA‑B3GALT5‑AS1‑1 + ov‑NC. B3GALT5‑AS1, β‑1,3‑galactosyltransferase 5‑AS1; CSNK2A1, casein kinase 2 a1; MMP, matrix metalloproteinase; 
LncRNA, long non‑coding RNA; Ov, expression; shRNA, short hairpin RNA; OD, optical density.
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Bcl‑2 and p‑c‑Met compared with cells transfected with 
shRNA‑B3GALT5‑AS1‑1 and ov‑NC (Fig. 4B). Dysregulation 
in c‑Met has been implicated in the pathogenesis and develop‑
ment of gastric cancer, where its downregulation can induce 
apoptosis (23,24). These results aforementioned suggest that 
B3GALT5‑AS1 knockdown promotes gastric cancer cell 
apoptosis by binding to CSNK2A1.

Discussion

The incidence rate of gastric cancer is particularly high in 
developing countries, such as China and India  (25). Data 
suggests that gastric cancer ranks second in terms of incidence 
among all malignancies in China  (26,27). Gastric cancer 
has long been considered to be a difficult challenge to treat 
clinically  (28). Therapeutic interventions in patients with 
gastric cancer typically involve alterations in diet, psycho‑
logical support and changes in daily life habits to optimize the 
therapeutic effects and improve the quality of life (29). The 
moderate diagnostic value of CEA and CA199 for the early 
detection of gastric cancer highlights the importance and 
urgency of developing novel biomarkers with high specificity 
and sensitivity (30). It has been reported that B3GALT5‑AS1 
can acts as a diagnostic and prognostic biomarker of gastric 
cancer (13).

The present study demonstrated that B3GALT5‑AS1 was 
highly expressed in MKN‑45 cells compared with that in 
normal gastric mucosa GES‑1 cells. In addition, binding sites 

between the sequences of B3GALT5‑AS1 and CSNK2A1 
were identified. B3GALT5‑AS1 silencing repressed the 
protein expression of CSNK2A1. The catalytic subunit of 
CK2α is encoded by CSNK2A1 (31) and is associated with 
cell proliferation and invasion in colorectal cancer (32). A 
previous study showed that the knockdown of CSNK2A1 
expression attenuated the proliferative and invasive capa‑
bilities of breast carcinoma cells (16). In the present study, 
B3GALT5‑AS1 knockdown in MKN‑45 cells reduced cell 
viability, which was reversed by CSNK2A1 overexpres‑
sion. The reduced MKN‑45 cell migration and invasion, 
mediated by shRNA‑B3GALT5‑AS1, were also restored 
following CSNK2A1 overexpression. Furthermore, silencing 
of B3GALT5‑AS1 expression induced cell apoptosis in a 
manner that was partially counteracted by CSNK2A1 overex‑
pression. However, there are some limitations in the present 
study. These findings were based on in  vitro cell model, 
which require further validation using in vivo animal models 
or human tissues in future studies. In addition, the underlying 
mechanism of the B3GALT5‑AS1/CSNK2A1 axis regulating 
gastric cancer physiology has not been studied in depth in the 
present study.

To conclude, the present study demonstrated that 
knocking down B3GALT5‑AS1 expression, which was 
upregulated in gastric cancer cells, could reduce cell 
viability and inhibit migration whilst inducing cell apop‑
tosis. These effects could be restored by increasing the 
expression of CSNK2A1.

Figure 4. B3GALT5‑AS1/CSNK2A1 axis regulates cell apoptosis. (A) Cell apoptosis in different transfection groups was assessed using a TUNEL assay. 
Magnification, x100. (B) Western blot analysis showing the protein levels of Bcl‑2, Bax, cleaved caspase‑3, caspase‑3, p‑c‑Met and c‑Met in different groups. 
***P<0.001 vs. shRNA‑NC; #P<0.05 and ###P<0.001 vs. shRNA‑B3GALT5‑AS1‑1 + ov‑NC. B3GALT5‑AS1, β‑1,3‑galactosyltransferase 5‑AS1; CSNK2A1, 
casein kinase 2 a1; p‑, phosphorylated; Ov, expression; shRNA, short hairpin RNA; NC, negative control.
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