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Long non-coding RNAs (IncRNAs) play an important role in the progression of gastric
cancer (GC), but its specific regulatory mechanism remains to be further studied. We
previously identified that IncRNA B3GALT5-AS1 was upregulated in GC serum. Here,
we investigated the functions and molecular mechanisms of BSGALT5-AS1 in GC tu-
morigenesis. qRT-PCR was used to detect BSGALT5-AS1 expression in GC. EdU, CCK-
8, and colony assays were utilized to assess the proliferation ability of B3GAL5-AS1,
and transwell, tube formation assay were used to assess the invasion and metastasis
ability. Mechanically, FISH and nuclear plasmolysis PCR identified the subcellular lo-
calization of BSGALT5-AS1. RIP and CHIP assays were used to analyse the regula-
tion of B3GALT5-AS1 and B3GALT5. We observed that BSGALT5-AS1 was highly
expressed in GC, and silencing BSGALT5-AS1 could inhibit the proliferation, invasion,
and migratory capacities of GC. Additionally, BSGALT5-AS1 was bound to WDR5 and
modulated the expression of B3GALT5 via regulating the ZEB1/p-catenin pathway.
High-expressed BBAGLT5-AS1 promoted GC tumorigenesis and regulated BSGALT5
expression via recruiting WDRS5. Our study is expected to provide a new idea for clini-

cal diagnosis and treatment.
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1 | INTRODUCTION

Gastric cancer (GC) is one of the most common malignant tumours
worldwide. According to a statistical report on cancer in 2023, GC
ranks fifth in the incidence and mortality of gastrointestinal tu-
mours.! Although the incidence of GC has decreased in recent years,
chronic H. pylori infection is the most powerful pathogenic factor
of GC in China.2 As a result, the incidence of GC remains high in our
country. At the same time, due to the lack of sensitive and specific

diagnostic markers for GC, most of the patients were found in the
late stage, and extensive invasion and metastasis have become one
of the main causes of death from GC.3~> However, the exact aetiol-
ogy and mechanisms of GC remain unclear.

Long non-coding RNAs (IncRNAs) can be divided into five cat-
egories according to their positions related to coding genes in the
genome.® Among them, antisense INncRNAs are a kind of IncRNAs
transcribed by antisense chains of genes and overlap with the mRNA
of this gene.7 It has been reported that approximately 70% of genes
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have antisense IncRNAs, and antisense IncRNAs can participate in the
pathophysiological process of diseases by regulating the expression
of endogenous genes of the positive-sense strand.8? Previously, we
screened IncRNA B-1,3-galactosyltransferase5-AS1 (B3GALT5-AS1)
via GC microassay and literature reference'®, and our study confirmed
that B3GALT5-AS1 was upregulated in the serum of GC patients.'!
However, the mechanisms underlying the oncogenic functions of
B3GALT5-AS1 require further investigation. In addition, according
to the different localization of antisense IncRNAs, their regulatory
mechanisms for homologous genes are diverse. INcRNAs located in
the cytoplasm can directly bind to and stabilize homologous sense
genes. Meanwhile, antisense IncRNAs can form different splicing
variants that have opposite effects on related genes. IncRNAs lo-
cated in the nucleus can interact with chromatin regulatory proteins
to promote their recruitment to chromatin, thereby regulating tran-
scriptional activity and affecting the expression of adjacent related
genes.}?% B3GALT5 is a homologous sense gene of B3GALT5-AS1
and has been reported to be associated with cancer progression and
can serve as a cancer biomarker for diagnosis.*>¢ In this study, we
aimed to delineate the clinical significance of BSGALT5-AS1 and in-
vestigate its involvement in GC progression by regulating BSGALT5.

2 | MATERIALS AND METHODS

2.1 | GCtissue samples

All GC tissue samples were collected from patients who underwent
surgery at the Affiliated Hospital of Nantong University (Nantong,
China) between June 2018 and July 2020. Imaging and postopera-
tive pathological reports indicated GC in all patients, who were not
treated with chemotherapy or other drugs and had no other diges-
tive diseases. This study was approved by the Clinical Research
Ethics Committee of the Affiliated Hospital of Nantong University
(Ethical Review Report No. 2021-L048).

2.2 | Celllines and culture

Human GC cell lines (SGC-7901, AGS, MKN-45, MGC-823 and HGC-
27) and a gastric epithelial cell line (GES-1) were purchased from the
Chinese Academy of Sciences Committee on Type Culture Collection
Cell Bank (Shanghai, China). GES-1 and GC cells were attached to the
wallin a complete culture medium at 37°Cin a 5% CO, cell incubator.
The complete medium consisted of RPMI-1640/DMEM (Corning,
USA) supplemented with 10% fetal bovine serum (FBS).

2.3 | RNA extraction and quantitative real-time
polymerase chain reaction (qRT-PCR)

Trizol Reagent (Invitrogen, Carlsbad, CA, USA) was used to extract
total RNA. The concentration and purity of RNA were determined

using a micro-spectrophotometer (Thermo Scientific, USA). Two
microgram total RNA reversed transcription into complementary
DNA (cDNA) using the Revert Aid First Strand cDNA Synthesis Kit
(Thermo Scientific, MA, USA). The expression of B3GLAT5-AS1
was determined by qRT-PCR using SYBR Green Master Mix (Roche,
Basel, Switzerland) according to the manufacturer's protocol. 185
rRNA was used as an internal control. The expression levels of these
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genes were calculated by the 2~ method. Specific primer se-

quences used in this study are listed in Table S1.

2.4 | Celltransfection

B3GALT5-AS1 short hairpin  RNAs (shRNA) and pcDNA-
B3GALT5-AS1 were obtained from GenePharma (Suzhou, China).
B3GALT5 and WDR5 small interfering RNA (siRNAs) were pur-
chased from RiboBio (Guangzhou, China). Transfection was
performed using Lipofectamine 3000 (Invitrogen, Carlsbad,
Calif, USA), according to the manufacturer's instructions. The
shRNA and siRNA sequences used for the transfection are listed
in Table S2.

2.5 | Cell proliferation assays

Cell proliferation ability was detected by using EdU cell proliferation,
Cell Counting Kit-8 (CCK-8), and colony formation assay. The cell-
light EAU Apollo567 In Vitro Kit (RiboBio, Guangzhou, China) was
used to detect cell proliferation. In total of, 40,000 transfected cells
were grown in 24-well plates, incubated with EdU, fixed with 4%
paraformaldehyde and incubated with Apollo567. Stained cells were
photographed using a fluorescence microscope.

The CCK-8 assay kit (Dojindo, Kumamoto, Japan) was used to
measure cell viability. In total of, 3000 transfected cells were grown
in 96-well plates and incubated with 10 pL CCK-8 solution for 10 min,
and absorbance was measured at 450nm every 24 h. All the experi-
ments were repeated five times.

The transfected cells were collected, the suspended cells were
diluted, 600 cells per well were added to a six-well plate, and 10%
was replenished to 2mL. Culture was in the box for 14 days, during
which the fresh medium was changed every 4 days. The culture was
terminated when the cells were distributed in clumps under the mi-
croscope, forming visible patches of white cells. After washing with
PBS, 0.1% crystal violet dye solution was added for staining and

counting.

2.6 | Flow cytometry assay

After 48h of transfected with sh-B3GALT5-AS1/pcDNA-
B3GALT5-AS1 and the negative control, GC cells were collected and
cell cycle assays were performed according to the manufacturer's
protocol.
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2.7 | Cell migration and invasion assays

A wound healing assay was used to detect the cell migration ability.
The 48h transfected cells were placed on a 6-well plate, and after
the cells were attached to the wall and grown on the full plate, a
cross line was crossed with a 10plL tip. The scratch distance was
photographed under a microscope and the distances between 0 and
24h were compared.

The transfected cells of each group were collected, and the
cell density was adjusted to (1-10) x 10°/mL. The transwell cham-
ber was placed in a 24-well plate and 600 pL medium containing
20% FBS was added to the lower chamber. For the invasion assay,
cells were added to the upper chamber pre-coated with Matrigel
(BD Bioscience). Three random fields per chamber were counted
using a microscope (Olympus). All experiments were repeated

three times.

2.8 | Tube formation assay

GC cell culture medium transfected with BSGALT5-AS1 related vec-
tor for 48h was co-cultured with HUVECs. After 6 h of culture, the
ability of HUVECs to form tubules was observed and photographed
under an inverted microscope.

2.9 | Tumour xenografts in null mice

Five-week-old male nude mice were divided into two groups, MKN-
45 cells were injected subcutaneously (transfected with NC plasmid
or B3GALT5-AS1-sh1 or BBGAL5-A51-sh2,1x 107/mL, 200pL). The
length, width, and height of the xenograft tumours were measured
every 3days. After 30days, the tumours were excised and weighed.
The xenograft tumours were cut and subjected to immunohisto-
chemical staining.

2.10 | Subcellularlocation of BSGLAT5-AS1 and
B3GALT5

FISH and subcellular fractionation analyses were used to deter-
mine the distribution of BSGALT5-AS1 and B3GALTS5. Cytoplasmic
RNA and nuclear RNA were extracted using a nuclear-cytoplasmic
separation kit. qRT-PCR was used to detect relative expression. Ué
was used as the nuclear control, and GAPDH was used as the cyto-
plasmic control. The pretreated cells were first added with probe
pre-hybridization solution and incubated for 30 min at 37°C, then
the probe containing the designed B3GALT5-AS1 and B3GALT5
and incubated overnight at 37°C with hybridization solution.
Finally, cells were stained with DNA and observed under a fluo-

rescence microscope.
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2.11 | Pull-down analysis

The biotin-labelled B3GALT5-AS1 probe was designed in advance
and tested using the operation steps of Pierce™ Magnetic RNA-
Protein Pull-Down Kit (Thermo Scientific, Rockford, IL, USA). Finally,
the obtained protein bands were silver stained, and specific bands

were selected for mass spectrometry analysis.

2.12 | AQualitative protein analysis (Shotgun)

Shotgun LC-MS/MS mass spectrometry to identify the protein mix-
ture. Protein strips were digested with protease into peptide mix-
tures, which were then separated by HPLC and imported in series
into a high-resolution mass spectrometer for analysis. After the pep-
tide isionized in the mass spectrometer, it will carry a certain amount
of charge. Through the detector analysis, the mass-to-charge ratio
(m/z) of each peptide can be obtained. At the same time, the mass
spectrometer will further bombard the peptide ions to obtain the
secondary mass spectrum signal. The mass spectrometry data were
analysed using the retrieval software and the corresponding pro-

teome database.

2.13 | RNA immunoprecipitation (RIP) assay

Cells were treated with the RIP kit (BersinBio, Guangzhou, China)
according to the manufacturer's instructions. Samples with anti-
WDRS5 and IgG antibodies were used to extract total RNA using the
TRIzol reagent. The RNA samples were reverse-transcribed accord-
ing to the reverse transcription kit steps, and PCR was performed
using the PCR system. The amplification effect of the final product

was tested by 3% agarose gel electrophoresis.

2.14 | Chromatin immunoprecipitation (ChIP) assay
Following the CHIP kit instructions, SGC-7901 cells were fixed with
4% paraformaldehyde and incubated with glycinate for 10min to
produce DNA-protein crosslinks. The cells were then lysed using
cell lysis buffers, nuclear lysis buffers and ultrasound treatment to
produce chromatin fragments of 200-300bp. Next, lysate-coupled
magnetic protein A beads were immunoprecipitated. 1gG was used
as the negative control. Finally, PCR probes containing binding sites

were designed to analyse the DNA precipitated by gqRT-PCR.

2.15 | Western blotting analysis

The cells were lysed, protein samples were collected, total protein

was extracted, and protein concentration was measured using the
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BCA method. After sample loading, electrophoresis, membrane
transfer, sealing, primary antibody and secondary antibody incuba-
tion, ECL tablets were developed (Quantity One software, Bio-Rad).
Using GAPDH as the internal reference, ImageJ image analysis soft-
ware was used to detect the expression of the relative proteins. The
antibodies used are listed in Table S3.

2.16 | Statistical analysis

All Data were analysed using SPSS software (version 20.0; IBM
SPSS Statistics, Chicago, IL, USA) and GraphPad 9.0. Student's t-
test was conducted to analyse the differences in BSGALT5-AS1
levels in GC tissues, one-way analysis of variance (ANOVA) was
used to analyse the different treated groups in our study, and a
chi-squared test was used for statistical analysis of clinicopatho-
logical features. p <0.05.

3 | RESULTS

3.1 | Highly expressed B3GALT5-AS1 is associated
with poor prognosis in GC

In our previous study, we confirmed that BSGLAT5-AS1 was sig-
nificantly increased in serum samples of GC patients and had
potential auxiliary diagnostic value.' Excitingly, we analysed the
expression of BGALT5-AS1 in 90 GC tissues and paired normal tis-
sues and found that B3GALT5-AS1 was upregulated in GC tissues
compared with normal tissues (p <0.05) (Figure 1A). Furthermore,
according to the TCGA database, BSGALT5-AS1 was also found
to be highly expressed in GC, and highly expressed B3GALT5-AS1
was associated with poor overall survival (Figure 1B,E). In addi-
tion, we also analysed the diagnostic value of B3GALT5-AS1 in GC
tissues, and the area under the receiver operating characteristic
(ROC) curve was 0.754 (95% confidence interval [Cl]=0.653-
0.854; p<0.001), which indicated a better diagnostic efficiency
(Figure 1C). Furthermore, we divided GC patients into two groups
according to the mean value and analysed the correlation between
B3GALT5-AS1 expression and the clinical characteristics, and the
results showed that the high expression of B3GALT5-AS1 was
significantly correlated with lymphatic metastasis and TNM stage
(Table 1). Subsequently, we performed a survival prognosis analysis
of these patients, and the results showed that the overall survival of
patients with high B3GALT5-AS1 expression was worse than that
of patients with low B3GALT5-AS1 expression (Figure 1D). gRT-
PCR was used to detect the expression of B3GALT5-AS1 in the col-
lected GC cell lines, and the results indicated that B3GALT5-AS1
was upregulated in GC cell lines (Figure 1 F). These data suggest
that BSGALT5-AS1 expression was enhanced in GC, and the level
of B3GALT5-AS1 was significantly correlated with the survival
prognosis of patients.

3.2 | Knockdown of B3GALT5-AS1 inhibits
proliferation and cell growth in GC

Based on these results, we selected SGC-7901 and MKN-45 cells for
further study. We transfected the shRNA vector into these two cell
lines, as well as an overexpression vector into AGS cell lines. qRT-
PCR was used to detect the knockdown efficiency and overexpres-
sion efficiency in GC cells (Figure S1). EAU cell proliferation, CCK-8,
and colony formation assays showed that silencing BSGALT5-AS1
significantly reduced cell growth in vitro (Figure 2A-C). Flow cytom-
etry was used to detect the cell cycle in GC cell lines. The results
showed that knockdown of B3GALT5-AS1 led to cell arrest in the
GO0/G1 phase and decreased in the S phase (Figure 2D). Conversely,
overexpression of B3GALT5-AS1 promoted cell proliferation, and
the number of cells in the S phase increased, while there were no
such changes in the control group (Figure S2A-D). All results cor-
roborated that the knockdown of B3GALT5-AS1 inhibited cell prolif-
eration and contributed to cell cycle arrest in GC.

3.3 | B3GALT5-AS1 contributes to cell invasion,
migration and angiopoiesis in GC

Accumulating evidence has confirmed that extensive invasion
and metastasis are the main causes of death in GC patients.'®*’
Moreover, the occurrence and development of GC is complicated
and involves the dysregulation of multiple oncogenes and can-
cer suppressors, among which epithelial-mesenchymal transition
(EMT) and angiopoiesis play important roles in GC metastasis.2>"%*
Subsequently, the wound healing assay revealed that silencing
B3GALT5-AS1 may markedly reduce GC cell migration (Figure 3A).
The transwell migration assay also showed that B3GALT5-AS1
knockdown significantly inhibited cell migration compared to
the control groups in SGC-7901 and MKN-45 cells. In addition,
transwell invasion assay analysis found that BSGALT5-AS1 knock-
down dramatically reduced the number of invaded SGC-7901
and MKN-45 cells in comparison with those in the control group
(Figure 3B,C). In contrast, enhancing B3GALT5-AS1 expression
produced the opposite effect (Figure S2E,F). Moreover, the tube
formation assay results showed that the tubule formation ability
of HUVECs was decreased in GC cell culture medium with inter-
ference of BSGALT5-AS1 (Figure 3D), while the tubule formation
ability of HUVECs was enhanced in GC cell culture medium with
overexpression of BSGALT5-AS1 (Figure SG). Besides, the levels
of EMT markers were also assessed in GC cells. As expected, in-
terfering with B3GALT5-AS1 could decrease the expression of
interstitial marker Vimentin and increase the expression of epithe-
lial marker E-cadherin in GC cells (Figure 3E). Thus, we speculated
that BSGALT5-AS1 could affect the EMT process in GC. The above
studies revealed that high expression of B3GALT5-AS1 promoted
GC cell invasion, migration, and angiogenesis, and facilitated tu-

mour metastasis.
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FIGURE 1 Highly expressed BSGALT5-AS1 is associated with poor prognosis in GC. (A) B3GALT5-AS1 expression in GC and adjacent
normal tissues (n=90). (B) Expression of BSGALT5-AS1 from the TCGA database. (C) Diagnostic value of BSGALT5-AS1. (D) Survival analysis
comparing patients with high and low B3GALT5-AS1 expression in GC using the Kaplan-Meier method. (E) Survival analysis downloaded
from the TCGA database. (F) Expression of BSGALT5-AS1 in GC cell lines (AGS, HGC-27, BGC-823, SGC-7901 and MKN-45) and the normal
gastric epithelial cell line GES-1. *p<0.05, **p<0.01, ***p<0.001.
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TABLE 1 The relationship between B3GALT5-AS1 levels and
clinicopathologic features of GC patients.

B3GALT5-AS1
Total (n %)

Low High x2

Characteristic n n=37 n=53 value p

Gender
Male 52 22 30 0.082  0.775
Female 38 15 23

Age (years)
<61 32 17 15 0.035 0.852
>61 58 20 38

Tumour size (cm)
<5 54 23 31 1.755 0.261
>5 36 14 22

Histological differentiation
Well- 55 17 38 1.333  0.248
moderate
Poor 35 20 15

TNM stage
land Il 37 19 18 6.842 0013
Illand IV 53 18 35

Lymph node metastasis
Yes 60 21 39 4.535  0.041
No 30 16 14

'p<0.05
3.4 | B3GALT5-AS1 silencing inhibits tumour

growth in vivo

To further verify the effect of B3GALT-AS1 on GC progression, we
constructed a subcutaneous xenograft tumour nude mouse model
for the following study. MKN-45 cells (transfected with BSGALT5-
AS1-sh1 or B3GAL5-AS1-sh2 or NC plasmid) were injected sub-
cutaneously. After 30days, the tumours from the knockdown
group were remarkably smaller and developed more slowly than
those in the control group (Figure 4A-D). Furthermore, qRT-PCR
analysis confirmed that B3GALT5-AS1 expression in xenograft
tumours in the knockdown group was lower than that in the con-
trol group (Figure 4E). In addition, immunohistochemical analysis
showed that the expression levels of Ki67 and MMP9 in the sh-
B3GALT5-AS1 group were lower than those in the control group.
Meanwhile, to find out whether B3GALT5-AS1 regulates EMT
in vivo as well, we observed E-Cadherin and Vimentin expression
in GC tissues of nude mice by IHC. Compared to the control group,
the B3GALT5-AS1-sh1 or sh2 group had upregulated E-Cadherin
and reduced Vimentin expression (Figure 4F). These results sug-
gested that BSGALT5-AS1 affects the proliferation and metastasis
of GC cells in vivo.

3.5 | B3GALT5-AS1 modulates GC progression via
B3GALT5/p -catenin/ZEB1 pathway

To further verify the mechanism by which B3GALT5-AS1 regulates
the progression of GC, we downloaded the co-expressed genes of
IncRNA B3GALT5-AS1 using the Multi Experiment Matrix database
(MEM, https://biit.cs.ut.ee/mem/index.cgi). The results showed that
its sense strand B3GALT5 had the highest correlation with IncRNA
B3GALT5-AS1 (Figure 5A). RNA-protein interaction prediction
(RPISeq) also confirmed this situation (Figure 5B). Accumulating evi-
dence has verified that antisense INcRNAs can participate in the pro-
cess of diseases by moderating the expression of endogenous genes
of their sense genes.” The data from the TCGA database showed that
B3GALT5 was upregulated in GC tissues as well as B3GALT5-AS1
(Figure 5C). GEPIA (Gene expression Profiling Interactive Analysis)
Correlation analysis showed that BSGALT5-AS1 expression was sig-
nificantly positively correlated with BSGALT5 expression in GC tissues
(Figure 5D). We also detected the relative expression of B3GALT5 in
30 GC tissues and cell lines via gRT-PCR analysis. The results also
showed that B3GALT5 was highly expressed in GC, and the expres-
sion of BEGALT5 was directly proportional to that of BSGALT5-AS1
(Figure 5E,F). Furthermore, we found that the B3GALTS5 level was also
increased in GC cell lines. While silencing BSGALT5-AS1 could sig-
nificantly decrease the level of B3GALT5 (Figure 5G,H). The above
studies confirmed that IncRNA B3GALT5-AS1 has a significant cor-
relation with its sense strand B3GALT5, and indicated that BSGALT5
is a potential target of IncRNA B3GALT5-AS1.

To further verify the regulation of BSGALT5-AS1 on B3GALTS5,
we performed rescue assays to validate whether B3GALT5 was in-
volved in B3GALT5-AS1 mediated regulation of GC progression. The
results showed that the effects of si-B3GALT5 on GC cell prolifer-
ation were partially reversed by overexpression of B3GALT5-AS1
(Figure 6A-C). Similarly, the transwell assay and tube formation assay
showed that silencing B3GALT5 may attenuate invasion and angio-
poiesis of GC cells and that co-transfection of pcDNA-B3GALT5-AS1
and si-B3GALT5 could partly reverse the effect knockdown of
B3GALTS5 (Figure 7A,B). Studies have shown that B3GALTS5 is upreg-
ulated in breast cancer and can regulate the expression of zinc finger
E-box binding homeobox transcription factor 1 (ZEB1) as well as the
activation of f-catenin nuclear translocation, promoting the progres-
sion of breast cancer metastasis.'® In our study, the highly expressed
B3GALT5-AS1 could promote the malignant progression of GC cells
such as proliferation, invasion, and metastasis, while si-B3GALT5
could partially inhibit the effects of BSGALT5-AS1. Therefore, we
hypothesized that BSGALT5 regulates GC EMT progression also by
affecting the p-catenin/ZEB1 axis. To further determine whether
B3GALT5-AS1 modulates GC metastasis via the EMT-related path-
way, we examined the expression of ZEB1 and f-catenin, which are
key factors in the activation of EMT.?*2> Western blotting was used
to detect these genes in different treatment groups. These obser-
vations suggested that after BSGALT5-AS1 knockdown, E-cadherin
expression was upregulated, while B3GALTS5, Vimentin, B-catenin
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and ZEB1 expression were downregulated (Figure 7C). These results
indicated that B3GALT5-AS1 can indeed affect B3GALTS5 level, and
the differentially expressed B3GALT5 can regulate GC invasion and
metastasis through the p-catenin/ZEB1 axis.

3.6 | B3GALT5-AS1 positively regulates B3GALT5S
expression in GC via recruiting WDR5

Furthermore, subcellular localization analysis revealed that
B3GALT5-AS1 and B3GALT5 were both enriched in the nucleus

(Figure 8A,B). To determine how B3GALT5-AS1 regulated the
expression of BSGALT5, RNA pull-down analysis was carried out.
The results showed that the specific band was located between
30 and 42kDa (Figure 8C). We then subjected gels in this range
to mass spectrometry. Based on the functional annotation of
mass spectrometry analysis and previous literature, WDR5 was
selected for further study. WDR5 was reported to be recruited
to the promoter region of its target gene by IncRNAs and to
activate target gene promoter DNA demethylation to promote
gene expression.26 It is a key component of the histone H3K4
methyltransferase complex and can catalyse H3K4me3, which is
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associated with the transcriptional activation of target genes.?’

Similarly, the bioinformatics prediction revealed the presence of
CpGislandsinthe B3GALT5 promoter region (Figure 8l). Therefore,
we predicted that BSGALT5-AS1 might influence the expression
of B3GALT5 by recruiting WDR5 to its promoter region and
regulating H3K4me3 levels. RIP assays performed with an anti-
WDRS5 antibody also confirmed the interaction between WDR5
and B3GALT5-AS1 (Figure 8D,E). Interestingly, gRT-PCR showed
that silencing B3GALT5-AS1 markedly reduced the expression

of BGALTS5, but had no influence on WDR5, and treatment with
si-WDR5 decreased the expression of B3GALT5 at the mRNA
and protein levels (Figure 8F-H). In addition, the results of the
ChIP assays showed that enforced expression of BBGALT5-AS1
markedly increased the active modification H3K4me3 of the
B3GALT5 promoter region (Figure 8J). Taken together, these
data suggest that B3GALT5-AS1 was able to promote B3GALT5
level by recruiting WDR5 to its promoter region of BSGALT5 and
regulating H3K4me3 levels in its promoter region.
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4 | DISCUSSION B3GALT5-AS1 is a novel antisense IncRNA, and studies have
shown that antisense IncRNAs are often expressed from cancer-
Recently, growing evidence has shown that IncRNAs play a associated neighbouring genes together with concordant ex-

crucial role in tumorigenesis in several cancers.?73% LncRNA pression of their sense genes.’>32 For instance, HIF-1« induced
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NR2F1-AS1 upregulation in pancreatic cancer (PC) and highly ex-
pressed NR2F1-AS1 promoted PC cell proliferation, migration, and
invasion by modulating the expression of its sense gene NR2F1,
which activates the AKT/mTOR pathway in PC.% Tian et al. re-
ported that IncRNA DPP10-AS1 is upregulated in lung cancer, and
high expression of DPP10-AS1 is associated with poor prognosis
in lung cancer. Furthermore, DPP10-AS1 promotes tumorigen-
esis in lung cancer. Mechanistically, DPP10-AS1 positively mod-
ulates DPP10 expression, and hypomethylation of DPP10-AS1
and DPP10 contributes to their coordinated upregulation in lung
cancer.®* Jiang et al. found that the expression of MARCKSL1-2
was significantly reduced in DTX-resistant LAD cells. Mechanism
studies have shown that MARCKSL1-2 can recruit SUZ12 to the
promoter region of HDAC1, enhancing its H3K27me3 levels and
downregulating the HDAC1 levels. Low expression of HDAC1
can restore the activity of miR-200b, thereby reducing the resist-
ance of LAD cells to DTX.** B3GALT5-AS1 was first reported in
colon cancer and was found to be downregulated in colon cancer.
B3GALT5-AS1 suppressed cell proliferation but promoted inva-
sion and migration of colon cancer cells In addition, BSGALT5-AS1
suppressed colon cancer liver metastasis via miR-203/ZEB2-
SNAI2/EMT axis.%” Similarly, BSGALT5-AS1 was downregulated
in hepatocellular carcinoma, and B3GALT5-AS1 inhibited tumour
progression in vivo and in vitro. Furthermore, BSGALT5-AS1 nega-
tively regulates miR-934 and inhibits the PISK/AKT pathway to
suppress hepatocellular carcinoma.®®

Due to the tissue and spatial specificity of IncRNAs, their reg-
ulatory effects in different diseases are diverse. In the present
study, we found that the expression of BSGALT5-AS1 in GC was
enhanced and that highly expressed B3GALT5-AS1 was associ-
ated with lymphatic metastasis and TNM stage. At the same time,
data downloaded from the TCGA database also indicated that
overexpression of B3GALT5-AS1 was related to poor prognosis.
Knockdown of B3GALT5-AS1 suppressed GC cell proliferation, in-
vasion, migration, and angiogenesis in vitro. Simultaneously, a nude

mouse transplantation tumour experiment showed that silencing
B3GALT5-AS1 could inhibit GC cell growth in vivo. Furthermore,
immunohistochemical
B3GALT5-AS1 could significantly inhibit the proliferation of GC
cells and promote mesenchymal epithelial transformation (MET).

analysis showed that knocking down

Conversely, BSGALT5-AS1 overexpression promoted GC cell prolif-
eration, invasion, migration, and angiogenesis. These data indicate
that BBGALT5-AS1 is critical for GC and could be used as a potential
biomarker for the diagnosis of GC.

Mechanistically, BSGLAT5-AS1 was mainly localized in the nu-
cleus, and combined with bioinformatic analysis, BSGALT5-AS1
could regulate B3GALT5 in GC. Evidence has shown that IncRNAs
can interact with chromatin regulatory proteins to promote their
recruitment to chromatin, thereby regulating transcriptional ac-
tivity and influencing the expression of neighbouring genes.13
Xu et al. found that IncRNA SATB2-AS1 expression is downreg-
ulated in colorectal cancer (CRC). Low expression of SATB2-AS1
inhibits CRC metastasis and immune response. Simultaneously,
SATB2-AS1 directly combines with WDR5 and GADD45A to cis-
activate SATB2 transcription and affect SATB2 expression.37
Another study showed that TM4SF19-AS1 is significantly highly
expressed in lung squamous cell carcinoma (LSCC) and affects
LSCC cell proliferation. Mechanistically, TM4SF19-AS1 directly
binds to WDR5, which is recruited to the TM4SF19 promoter
region, and modulates DNA demethylation. Subsequently,
TM4SF19-AS1 mediated TM4SF19 expression by recruiting
WDRS5, thereby promoting the proliferation and adhesion of
LSCC.%8 In our study, B3GALT5-AS1 and B3GALT5 coordinated
upregulation in GC, and the expression of BSGALT5 was posi-
tively correlated with that of B3GLAT5-AS1. We also found
that BSGALT5-AS1 could interact with WDR5, which is an im-
portant chromatin-modulating protein, and recruited WDR5 to
the B3GALT5 promoter region and modulated the methylation
level of BSGALTS5. Moreover, the knockdown of B3GALT5-AS1
inhibited the expression of B3GALT5 but did not affect WDRS5,
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whereas silencing WDR5 decreased the expression of BSGALTS.
Rescue assays confirmed that the effects of si-B3GALT5 on GC
cell proliferation, invasion, and angiogenesis were partially re-
versed by overexpressing B3SGALT5-AS1. Studies have shown
that BBGALTS5 is a precursor of sialyl Lewis A (SLe?), also known
as CA19-9. Overexpression of the HBV X protein in Chang cells
enhances SLe? expression and mediates cell adhesion and metas-
tasis to endothelial cells by inducing B3GALT5. Therefore, high
expression of BSGALT5 may promote tumour metastasis through
SLe? in hepatocellular carcinoma tissues.3*° According to a pre-
vious study, B3GALT5-AS1 regulates GC metastasis and EMT
plays an important role in tumour metastasis. Western blotting
showed that the expression of ZEB1, p-catenin, and EMT-related
proteins was affected in different treatment groups.

Collectively, B3GALT5-AS1 is upregulated in GC and regulates
the expression of BSGALTS5 by recruiting WDRS5 to the promoter re-
gion of B3GALT5. B3GALTS5 enhances the expression of activated f3-
catenin and ZEB1 to promote the invasion and migration of GC cells

and accelerate the malignant process of GC metastasis (Figure 9).
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