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Abstract

Our study was designed to investigate the role of B4GalT| in glioblastoma, in vitro and in vivo, to detect whether B4GalT |
knockdown could regulate the development of glioblastoma, and further observe the relationship between B4GalT| knockdown
and the apoptosis and autophagy of glioblastoma. To begin, we looked at TCGA and GEPIA systems to predict the potential
function of B4GalT|. Western blot and RT-PCR were used to analyze the expression, or mRNA level, of B4GalT| at different
tissue or cell lines. Next, the occurrence and development of glioblastoma, in vitro and in vivo, was observed by using B4GalT |
knocked down by lentivirus. Finally, the apoptosis and autophagy of glioblastoma was observed in vitro and in vivo. Results show
that B4GalT| was a highly variable gene, and GEPIA and TCGA systems show B4GalT| expression in GBM tumor tissue was
higher than in normal tissue. Pair-wise gene correlation analysis revealed a probable relationship between B4GalT | and autophagy
related proteins. The B4GalT| expression and mRNA level were increased in tumor cells, or U87 cells. B4GalT | knocked down
by lentivirus could inhibit glioblastoma development, in vitro and in vivo, by reducing tumor weight and volume, increasing survival,
and weakening tumor cells proliferation, migration, invasion. B4GalT| knockdown could increase apoptosis and autophagy of
glioblastoma in vitro and in vivo. Our study demonstrates that B4GalT| may be able to regulate apoptosis and autophagy of
glioblastoma. Bax, Bcl-2, cleaved caspase-3, Beclin-1, and LC3 s may be the downstream target factors of B4GalT | in apoptosis
and autophagy, which may provide a new strategy to reduce glioblastoma development by regulating apoptosis and autophagy.

Keywords
B4GalTl, glioblastoma, TCGA, apoptosis, autophagy

Received: July 26, 2020; Revised: October | I, 2020; Accepted: November 04, 2020.

Apoptosis, termed type 1 programmed cell death, shows
distinct morphological and biochemical features that differ
from other types of cell death which, in mammals, can be
initiated by the extrinsic or intrinsic pathway.® Apoptosis may
include intracellular hypoxia, DNA damage, defective cell
cycle, or a loss of cell survival factors, which is related with
the activated “effector” caspases-3, anti-apoptotic proteins of
the Bcl-2 and Bel-2-associated X protein (Bax).” Therefore,
searching the key factors to regulate the autophagy and apop-
tosis may be a vital step in the treatment of glioblastoma.

Introduction

Gliomas are primary brain tumors with highest incidence and
mortality. Glioblastoma multiforme (GBM), a grade IV tumor
(WHO) and the second-highest cause, are the most frequent
and malignant gliomas." The standard treatment for GBM is
surgical resection followed by concurrent radiation therapy and
chemotherapy. Despite tremendous advances in emerging diag-
nostics and therapeutics, the prognosis of GBM patients is still
dismal with a median survival time of 14.6 months.*
Autophagy, a highly conserved cellular homeostatic pro-
cess that can either suppress or promote tumors, depending on
the tumor type and stage, is considered a new target for ther-

apeutic interventions in brain tumors.*> Studies have shown 2
biomarkers of autophagy which are relative to brain tumors
and the survival rate of GBM patients: beclin-1 and
microtubule-associated protein 1 light chains LC3 5.7 How-
ever, the specific role of autophagy in brain tumors, especially
in GBM, remains unclear.
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The protein glycosylation, regulated by 1 4-galactosyl-
transferase I (B4GalT1), is closely related to microglial cell
activation and its mediated inflammatory response, which
plays a catalytic role in the coelomic surface of the Golgi.'°
B4GalTl plays an important role in embryo, neural crest
cell migration, endothelial cell migration, autoimmune dis-
eases and other processes.'''® Recent reports have shown
that expression of P4GalTl in GBM was significantly
increased and played an important role in the inflammatory
activation.'*

In this study, we focused on the role of B4GalT1 in glio-
blastoma and used B4GalT1 knocked down by lentivirus to
boost the autophagy, apoptosis, and tumor development in vitro
and in vivo. Our findings indicated that B4GalT1 may be able
to regulate autophagy and apoptosis in glioblastoma. These
results may provide a new strategy to reduce glioblastoma
development by autophagy and apoptosis.

Materials and Methods

For this study, we selected 24 patients pathologically diagnosed
with glioblastoma by our hospital’s neurosurgery department
between July 2018 to July 2019. We also selected 16 patients
who had been diagnosed with peritumoral tissue. All patients
gave informed consent and the experimental design was
approved by the Ethics Committee of our hospital.

Human astrocyte cell lines, SVG-P12, and glioblastoma cell
lines, A172, U251, and U87, were cultured in a DMEM/F12
medium containing 10% FBS and 1% PenStrept (10000U peni-
cillin and 10 mg streptomycin/ml) and incubated at 5% CO2
and 37°C, as described previously.'”

Healthy, male Balb/c mice, aged 2 to 4 weeks, were supplied
by Liaoning Changsheng Biotechnology Co., Ltd., located in
Shenyang, Liaoning, China. These mice were housed in a tem-
perature and light-controlled environment, under pathogen-free
conditions, and provided with unlimited access to food and
water. All animals were cared for in strict accordance with the
Guide for the Care and Use of Laboratory Animals (NIH Pub-
lication No. 85-23, revised 1996), and the experimental design
was approved by the Ethics Committee of our hospital. Table 1
lists the cell lines, reagents, and antibodies information.

For our study, we used B4GalT1 knocked down by lentivirus
(sh-B4GalT1) and a control lentivirus that were designed and
prepared by GenePharma Corporation, Shanghai, China. The
lentivirus vectors were stored at —80°C, accordingly We inocu-
lated glioblastoma cells into 6-well plates with 2x 105 cells/well
and replaced the serum-free medium after the density became
higher than 70%. Then, 10uL of knockdown lentivirus was
diluted in the medium and incubated for 6 h and the cell protein,
or mRNA, was collected after 72 hours. The sequences of
B4GalT1 lentivirus are shown in Table 2.

Next, we divided the subjects into 3 groups of 6. The con
group included U87 cells untreated or mice that had undergone
U87 injection; (2) The sh-B4GalT1 group included U87 cells
treated with B4GalT1 knocked down by lentivirus or mice that
had undergone U87 and been treated with an injection of

Table 1. Cell Lines, Reagents, and Antibodies.

Item

Item Name Number Company City Country
SVG-P12 cells BC1672  Biospes Chongqing China
A172 cells CL-0012  Procell Wuhan China
U251 cells CL-0237  Procell Wuhan China
U87 cells CL-0238 Procell Wuhan China
Anti-B4GalT1 ab121326 Abcam Cambridge USA
anti-IDH1 #66969s  Cell Signaling Danvers USA
anti-MGMT #58121s  Cell Signaling Danvers USA
anti-ki-67 #9449s Cell Signaling Danvers USA
anti-Bax ab32503 abcam Cambridge USA
anti-Bcl-2 ab182858 abcam Cambridge USA
anti-cleaved caspase-3 ab2302  abcam Cambridge USA
anti-GAPDH #5174 Cell Signaling Danvers USA
secondary antibodies ~ AS014 ABclonal Wuhan China

conjugated to

horseradish

peroxidase anti-

rabbit IgG (H+L)
anti-mouse IgG (H+L) AS003 ABclonal Wuhan China

Table 2. The Sequences of B4GalT1 Lentivirus.

Name Sequence

sh-B4GalT1-181
sh-B4GalT1-302
sh-B4GalT1-909
Negative Control
control-shB4GalT1

5’-CGAACAGTGCCGCCGCCATC-3’
5’-GGATTCTGGCCCTGGCCCCG-3’
5’-ATTGGGGCTGGGGAGGAGGA-3’
5’-TTTTGCCCCCAACTTGGCTC-3’
5’-TCCTATGTGTGTGGATTCCA-3’

B4GalT1 knocked down by lentivirus; (3) The control-
shB4GalT1 group included U87 cells treated with B4GalT1
control lentivirus or mice that had undergone U87 and been
treated with an injection of B4GalT1 control lentivirus.

Cells transfected with lentivirus and passaged to generation
were used to establish a glioblastoma mouse model after pas-
sage. To do this, 4-week-old male Balb/c mice were fed in SPF
environment, and U87 cells were injected subcutaneously.
After 72 hours, vital signs and inoculation sites of the mice
were observed, and tumor tissue was collected after modeled
for 28 days. Tumor volume was calculated as 0.5 x length x
width®> (mm®). The investigators observed the mice daily to
ensure the animal welfare and determine the humane end-
points. (e.g., ruffled and appearance, apathy, severe weight
loss, tumor burden). The mice were sacrificed when they exhib-
ited rapid weight loss (>20%) and showed signs of deteriorat-
ing health due to the metastatic burden such as hunching,
dehydration, labored breathing and so on.

The RIPA lysate containing the protease inhibitor was used
to lyse the cells and collect the supernatant after centrifugation.
We measured the total protein concentration with BCA, pre-
pared 12% separation gel and 5% concentrated gel, and
installed the gel electrophoresis chamber. After pulling out the
combs, we added in target protein and marker, in order, ran the
gel at 80 V, and then separated the sample to the bottom of the
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gel at 120 V. The target protein and marker were then put into
the electro-transfer procedure with PVDF membrane at
250 mA for 1 hour and blocked with 5% skim milk for 1 hour,
followed by overnight primary antibody incubation. Then, we
rinsed the membrane with TBST 3 times and incubated the
protein with secondary antibody for 1 hour; again, we rinsed
it with TBST 3 times and developed it. In brief, amounts of
40pg of protein from each brain sample were subjected to 12%
SDS-polyacrylamide gel electrophoresis and transferred to
nitrocellulose membrane. All data were detected with the Che-
miDocTM Touch Imaging System and analyzed with the
Image Lab 3.0 software (Bio-Rad, California, USA).

We extracted total RNA from the tissue of human tumor or
cell lines using Reagent Kit (TaKaRa Biotechnology, Dalian,
China). A total of 40uL RNA was reverse transcribed into
¢DNA. Quantitative PCR was performed as described.'® Pri-
mer sequences were prepared for the amplification of B4GalT1
and GAPDH. B4GalT1 mRNA level was calculated by its ratio
to GAPDH.

Through PI staining, cells were determined by PI-hoechst
assay (40755ES64, Qcbio Science & Technologies Co., Ltd,
Shanghai, China). The PI-hoechst assay was performed accord-
ing to the instruction manual. Images were photographed by
fluorescence microscopy at 400x magnification. Then, final
images were acquired with a Nikon EclipseNi inverted micro-
scope (TE2000, Nikon, Tokyo, Japan).

Tissue fraction was determined by TUNEL assay, which
was performed according to the instruction manual (ab66108,
Abcam, Cambridge, UK). Images were also photographed by
fluorescence microscopy at 400x magnification.

After stirring the solution for 30 minutes, the bacteria were
removed with a microporous (diameter 0.22 m) filter and stored
at 4°C, away from light. Cells in the logarithmic growth stage
were inoculated into 96-well plates in groups and performed as
described."’

For The Transwell migration and invasion assay, the Trans-
well chamber was pretreated with Matrigel (Corning, NY,
United States) and dried at 37°C for 1 hour. Other procedures
were the same as for the Transwell migration assay. The results
of the Transwell migration and invasion assay were also cal-
culated according to the number of transferred cells.

To complete a cell cycle analysis, cells were plated in 6-well
plates at a density of 2 x 10° cells per well. After 12 hours,
various concentrations (0, 25, 50, 100 mM) of eriodyctiol were
added to each well, and cells were incubated for an additional
48 hours. Detailed procedures were performed as described.'®

For monodansylcadaverine (MDC) staining, we placed
small coverslips in 24-well plates and digested the cells. We
seeded the passaged cells on slides after purification, spreading
the cells into a single layer after 2 days.'® After rinsing the cells
with PBS, we used 50uM MDC staining solution (30432,
Sigma-Aldrich, St. Lous, USA), incubated the cells at 37°C
and with 5% CO, for 15 minutes; again, we rinsed the cells
with PBS, placed it on the top of a slide pretreated with gly-
cerol, and observed the cells under a fluorescent microscope. '’

In our statistical analysis, data were all expressed as mean
+ standard. Data statistical analysis and correlation analysis
were performed using GraphPad Prism 6.0 (GraphPad Soft-
ware, San Diego, USA). The survival analysis was performed
using SPSS 19.0 (IBM, New York, USA). Differences were
analyzed using One-way ANOVA and multiple comparisons
were analyzed using Sidak test.'” All differences were consid-
ered statistically significant at a P value < 0.05.

Results

The predicted results of B4GalTl in GBM by GEPIA and
TCGA system are shown in Figure 1. The heat map of GBM
patients of Merged Cohort of LGG and GBM (TCGA, Cell
2016) in TCGA system are shown in Figure 1A; B4GalTl1 is
a highly variable gene in GBM on the right amplifying map. As
shown in Figure 1B, the expression profile and transcripts per
million were quantified in GBM and normal neuro-tissue;
B4GalT1 expression in GBM tumor tissue was higher than
normal. Meanwhile, in Figure 1C-D, given the high expression
of B4GalT1 isoform, the patients in GBM had a worse prog-
nostic outcome in disease-free survival, but not in overall sur-
vival. Pair-wise gene correlation analysis of B4GalT1 and
Beclin-1, or LC3, which were rectified by GAPDH, is shown
in Figure 1E-F, which reveals a probable relationship between
B4GalT1 and Beclin-1, or LC3.

As B4GalT1 was predicted to be a highly variable gene in
GBM by bioinformatics analysis, we detected the different
protein and mRNA level of B4GalT1 expression at different
tissues or cell lines by Western blot and RT-PCR (Figure 2).
The B4GalT1 expression and mRNA level in glioblastoma was
increased (p < 0.05), compared with peritumoral tissue
(Figure 2A-C). In addition, the B4GalTl expression and
mRNA level in U87 cells were most significantly increased
(p < 0.05), when compared with SVG-P12 (Figure 2D-F).
We used U87 cells as the glioblastoma model cell line for
follow-up experiments.

As B4GalT1 expression in tumor was increased, which
prompted B4GalT1 to likely be correlated with glioblastoma
progression, we also attempted a method for decreasing the
B4GalT1 level: B4GalT1 down-expressed by lentivirus (sh-
B4GalT1), as shown in Figure 3. We tested the proliferation,
cell-cycle migration, and invasion of Con, sh-B4GalTl,
and control-shB4GalT1 U87 cells. The OD value in 48 and
72 hours, tested by MTT in the sh-B4GalT1 group, was signif-
icantly lower than the other 2 groups (Figure 3A). The distri-
bution in GO/G1 phase in sh-B4GalT1 cells was significantly
higher than the other 2 groups and the contrary results in S
phase (Figure 3B, p < 0.05). The migration and invasion ability
test by Transwell assay in the sh-B4GalT1 group was also
decreased (Figure 3C-D, p < 0.05). In addition, we detected
the tumor biomarkers of glioblastoma by Western blot
(Figure 3E). The expression of IDH1, MGMT, and ki67 in the
sh-B4GalT1 group was reduced (p < 0.05), compared with
other groups (Figure 3F).
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Figure 1. (A) The heat map of GBM patients of Merged Cohort of LGG and GBM (TCGA, Cell 2016) in TCGA system. (B) Expression profile
assay in GBM and normal tissue. (C) Overall survival analyses of high level and low level B4GalT1 in GBM patients. (D) Disease free survival
analyses of high level and low level B4GalT1 in GBM patients. (E) Pair-wise gene correlation analysis of B4GalT1 and Beclin-1. (F) Pair-wise

gene correlation analysis of B4GalT1 and LC3.

As knockdown B4GalT1 administration could regulate the
development of glioblastoma in vitro, we also detected this
progress in vivo (Figure 4). First, we tested the tumor volume
and tumor weight of con, sh-B4GalT1, and control-shB4GalT1
mice. The tumor volume in 21 and 28 days in sh-B4GalT1 mice
was significantly lower than the other 2 groups (Figure 4A, p <
0.05). The tumor weight in sh-B4GalT1 mice was also reduced
(Figure 4B, p < 0.05). Second, we detected the tumor biomar-
kers of glioblastoma by Western blot (Figure 4C). The expres-
sion of IDH1, MGMT, and ki67 in sh-B4GalT1 group was also
decreased (p < 0.05), compared with other groups (Figure 3D).
This was consistent with the results in vitro. Last, the survival

rate in sh-B4GalT1 mice, which were sent to natural death, was
significantly increased (Figure 4E, p < 0.05).

B4GalT1 knockdown may induce the apoptosis and autop-
hagy of glioblastoma in vitro. To further confirm the tumor-
regulated effect of the B4GalT1, whether through apoptosis or
autophagy, we also observed apoptosis and autophagy related
proteins by immunofluorescence and Western blot (Figure 5).
As shown in Figure 5A, the PI-Hoechst positive cells were
obviously increased in sh-B4GalT1 group, compared to other
groups (Figure 5B, p < 0.05). The MDC staining, of which
fluorescent intensity is shown in Figure 5C, was also signifi-
cantly enhanced (Figure 5D, p < 0.05). B4GalT1 knocked
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down by lentivirus boosted Bax, cleaved caspase-3, Beclin-1, As knockdown B4GalT1 administration could induce the
and LC3 s protein levels, and blocked Bcl-2 level, as shown in  apoptosis and autophagy of glioblastoma in vitro, we also
Figure SE. The levels of Bax, cleaved caspase-3, Beclin-1, and  detected this progress in vivo (Figure 6). As shown in
LC3II/LC3I in sh-B4GalT1 group were increased, and Bcl-2  Figure 6A, the TUNEL positive cells were obviously increased
showed contrary outcome (Figure 5F). in the sh-B4GalTl group, compared to other groups
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(Figure 6B, p < 0.05). The Beclin-1 positive cells were also
significantly multiplied (Figure 5C-D, p < 0.05). B4GalT1
knocked down by lentivirus boosted Bax, cleaved caspase-3,
Beclin-1 and LC3 s protein levels, and blocked Bcl-2 level, as
shown in Figure 6E. The levels of Bax, cleaved caspase-3,
Beclin-1, and LC3II/LC3I in the sh-B4GalT1 group were
increased, and Bcl-2 showed contrary outcome (Figure 6F),
which is consistent with the results in vitro.

The potential mechanisms of B4GalT1 by apoptosis and
autophagy in glioblastoma are shown in Figure 7. B4GalT1
probably regulates the related proteins of apoptosis and autop-
hagy, just like Bax, Bcl-2, caspase-3, Beclin-1, or LC3 s, to
restrain the apoptosis and autophagy progress, enhance the
development of glioblastoma, and lead the mice with glioblas-
toma to death.

Discussion

Glioblastoma is the most common malignant primary brain
neoplasm, and its median survival after initial diagnosis is less
than 1 year without treatment.”’ Current standard treatment

options for malignant gliomas are multimodal, including sur-
gical resection, postoperative radiotherapy, and concomitant
chemotherapy with temozolomide.?! Nevertheless, there are
continuous efforts to improve survival outcomes that explore
multimodal approaches.

Accordingly, it is warranted to find novel prognostic para-
meters to help improve the survival of glioblastoma patients.
Gene therapy is the most promising treatment and has long
fascinated scientists, clinicians, and the public because of its
potential to treat cancer at its genetic roots.>? Due to the bad
outcomes of glioblastoma, treatment will be guided by search-
ing for genes which may play a regulatory role in glioblastoma.

B4GalT1 is closely related to microglial cell activation and
its mediated inflammatory response.'® Gene B4GalT1 has a
short amino terminal cytoplasmic region, a transmembrane
stem region, and a carboxy-terminal catalytic domain that plays
a catalytic role in the coelomic surface of Golgi.*** B4GalT1
promotes malignant transformation of biological cell behavior
and is related to the inflammatory microenvironment of
Glioma.*>*° In our study, we used GEPIA and TCGA systems
to predict B4GalT1 function in glioblastoma. Results show that
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MoGzfXd7jJ7ocgp]GxdEiGirjG2, cleaved caspase-3, Beclin-1 and LC3 s expression. (D) Quantification of BAX, Bcl-2, cleaved caspase-3,
Beclin-1 and LC3II/LC3. Protein levels were normalized to GAPDH. (sh-B4GalT1 vs. other group, *p < 0.05, n = 6 per group).
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Figure 6. (A) Inmunofluorescence assay of TUNEL (x400) and (B) TUNEL(+) cells assay in Con, sh-B4GalT1 and control-shB4GalT1 group
in vivo. (C) Immunofluorescence assay of Beclin-1 (x400) and (B) Beclin-1 (+) cells assay. (E) Western blot assay of Bax, Bcl-2, cleaved
caspase-3, Beclin-1 and LC3 s expression. (D) Quantification of BAX, Bcl-2, cleaved caspase-3, Beclin-1 and LC3II/LC3. Protein levels were
normalized to GAPDH. (sh-B4GalT1 vs. other group, *p < 0.05, n = 6 per group).
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Figure 7. The potential mechanisms of apoptosis and autophagy by B4GalT1 mediated in glioblastoma. B4GalT1 probably could reduce the
related proteins of apoptosis and autophagy expression just like Bax, Bcl-2, caspase-3, Beclin-1 or LC3 s, weaken the apoptosis and autophagy

progress to tumor cells, and cut down lives of mice.

B4GalT1 was a highly variable gene, revealed a probable rela-
tionship with autophagy protein, and expressed boosted GBM.
Meanwhile, the patients with high-level B4GalT1 expression
had a worse prognostic outcome. These results explain that the
high level of B4GalT1 may cause the development of glioblas-
toma by suppressing autophagy process.

To verify the bioinformatics analysis of B4GalTl, we
detected the protein and mRNA level of B4GalT1 in different
tissues and cell lines. We found the B4GalT1 in tumor or U87
cells was increasingly expressed, which means B4GalT1 may
be related to the development of glioblastoma.

Autophagy and apoptosis were 2 important mechanisms and
considered a new target for therapeutic interventions in brain
tumors.?” Therefore, searching key factors to regulate autop-
hagy and apoptosis may be a vital step in the treatment of
glioblastoma. However, the specific role of B4GalT1 for autop-
hagy and apoptosis in glioblastoma remains unclear.

Human BECNI1 (Beclin 1 autophagy-related gene) is
located on chromosome 17qg21, and monoallelic deletions of
that region are found in up to 50% of breast cancers, 75% of
ovarian cancers, and 40% of prostate cancers.”® Beclin-1 is
encoded by the BECNI1 gene and essential for autophagy.
Then, LC3 is conjugated to phagosome membranes using a
portion of the canonical autophagy machinery, generated onto
forming autophagosomes, allowing for substrate uptake upon
binding to several autophagy receptors.”’ As B4GalT1 was
related to belcin-1 and LC3 s by bioinformatics analysis, we
also detected this issue both in vitro and in vivo.

Bax is a member of the Bcl-2 family and core regulators of
the intrinsic pathway of apoptosis.>® The main biological func-
tions of anti-apoptotic Bcl-2 proteins is to prevent the disrup-
tion of mitochondrial integrity, but Bax acts as an apoptosis
initiator and direct antagonist of the anti-apoptotic Bcl-2 pro-
tein.>! Caspase-3 is a key enzyme in the execution of apoptosis
which belongs to the caspase family, 1 of the 6 families of
proteases and the main executioner of apoptosis.*> To investi-
gate the role of B4GalT1 in glioblastoma by apoptosis and its
related protein is also a highlight of our study.

Therefore, to further investigate the function of B4GalT1 in
development of glioblastoma, we used B4GalT1 knocked
down by lentivirus to reduce B4GalT1 expression in vitro and
in vivo. Our results show the inhibition of glioblastoma devel-
opment through reducing tumor volume, weight, and tumor
marker expression, weakening tumor proliferation, migration,
invasion, and enhancing autophagy and apoptosis was caused
by B4GalT1 knockdown. These results explained that low lev-
els of B4GalT1 could improve glioblastoma outcomes through
the autophagy and apoptosis process, and it may be the
mechanism of B4GalTl to regulate the glioblastoma
development.

Conclusion

Our findings indicate that B4GalT1 knockdown may signifi-
cantly activate the autophagy and apoptosis process, inhibited
the development of glioblastoma, and improve the level of
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glioblastoma autophagy and apoptosis, prolonging the survival
of mice. Taken together, these findings may provide a new
strategy for glioblastoma development by regulating autophagy
and apoptosis.

Author Contributions

PW and XL designed the study and write the first draft; Polished the
first draft and confirmed the methodology and material parts; YX
analyzed the data, write, and revised the paper. All authors read and
approved the final manuscript. Pu Wang, MS and Xiaolong Li, are
authors contributed equally to this work and should be considered as
equal first coauthors.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Ethics Statement

All animals were cared for in strict accordance with the Guide for the
Care and Use of Laboratory Animals (NIH Publication No. 85-23,
revised 1996), and the experimental design was applied by the Ethics
Committee of Xiangyang First People’s Hospital of Hubei University.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD
Pu Wang (® https://orcid.org/0000-0003-0389-9288

Supplemental Material

Supplementary material for this article is available online.

References

1. Mang A, Bakas S, Subramanian S, Davatzikos C, Biros G.Inte-
grated biophysical modeling and image analysis: application to
neuro-oncology. Annu Rev Biomed Eng. 2020;22:309-341. doi:
10.1146/annurev-bioeng-062117-121105

2. Izumi C, Laure HJ, Barbosa NG, et al. Sequesterpene lactones
isolated from a Brazilian Cerrado Plant (Eremanthus spp.) as anti-
proliferative compounds, characterized by functional and proteo-
mic analysis, are candidates for new therapeutics in glioblastoma.
Int J Mol Sci. 2020;21(13):4713. doi:10.3390/ijms21134713

3. Zhang J, Xue W, Xu K, et al. Dual inhibition of PFKFB3 and
VEGF normalizes tumor vasculature, reduces lactate production,
and improves chemotherapy in glioblastoma: insights from pro-
tein expression profiling and MRI. Theranostics. 2020;10(16):
7245-7259. doi:10.7150/thno.44427

4. Kaza N, Kohli L, Roth KA. Autophagy in brain tumors: a new
target for therapeutic intervention. Brain Pathol. Jan 2012;22(1):
89-98. doi:10.1111/j.1750-3639.2011.00544.x

5. Zhou N, Wei Z, Qi Z, Chen L. Abscisic acid-induced autophagy
selectively via MAPK/JNK signalling pathway in glioblastoma.
Cell Mol Neurobiol. 2020. doi:10.1007/s10571-020-00888-1

6. Huang X, Bai HM, Chen L, Li B, Lu YC. Reduced expression of
LC3B-II and Beclin 1 in glioblastoma multiforme indicates a
down-regulated autophagic capacity that relates to the

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

progression of astrocytic tumors. J Clin Neurosci. 2010;17(12):
1515-1519. doi:10.1016/j.jocn.2010.03.051

. Aoki H, Kondo Y, Aldape K, et al. Monitoring autophagy in

glioblastoma with antibody against isoform B of human
microtubule-associated protein 1 light chain 3. Autophagy.
2008;4(4):467-475. doi:10.4161/auto.5668

. Hombach-Klonisch S, Mehrpour M, Shojaei S, et al. Glioblas-

toma and chemoresistance to alkylating agents: involvement of
apoptosis, autophagy, and unfolded protein response. Pharmacol
Ther. 2018;184:13-41. doi:10.1016/j.pharmthera.2017.10.017

. Ghavami S, Hashemi M, Ande SR, et al. Apoptosis and cancer:

mutations within caspase genes. J Med Genet. 2009;46(8):
497-510. doi:10.1136/jmg.2009.066944

Khoder-Agha F, Harrus D, Brysbaert G, et al. Assembly of
B4GALT1/ST6GAL1 heteromers in the Golgi membranes
involves lateral interactions via highly charged surface domains.
J Biol Chem. 2019;294(39):14383-14393. doi:10.1074/jbc.
RA119.009539

Li Z, Wang Y, Hu R, Xu R, Xu W. LncRNA B4GALTI-AS1
recruits HuR to promote osteosarcoma cells stemness and migra-
tion via enhancing YAP transcriptional activity. Cell Prolif. 2018;
51(6):¢12504. doi:10.1111/cpr.12504

Xie H, Zhu Y, Zhang J, et al. BAGALT1 expression predicts
prognosis and adjuvant chemotherapy benefits in muscle-
invasive bladder cancer patients. BMC Cancer. 2018;18(1):590.
doi:10.1186/512885-018-4497-0

Nilius V, Killer MC, Timmesfeld N, et al. High beta-1,4-
Galactosyltransferase-1 expression in peripheral T-lymphocytes
is associated with a low risk of relapse in germ-cell cancer
patients receiving high-dose chemotherapy with autologous stem
cell reinfusion. Oncoimmunology. 2018;7(5):e1423169. doi:10.
1080/2162402X.2017.1423169

Yang X, Li ZY, Yuan CL, et al. Study on the role and mechanism
of beta4GalT1 both in vivo and in vitro glioma. Eur Rev Med
Pharmacol Sci. 2020;24(8):4368-4381. doi:10.26355/eurrev_
202004_21018

Godoy P, Pour Khavari A, Rizzo M, Sakamoto-Hojo ET, Hagh-
doost S.Targeting NRF2, regulator of antioxidant system, to sen-
sitize glioblastoma neurosphere cells to radiation-induced
oxidative stress. Oxid Med Cell Longev. 2020;2020:2534643.
doi:10.1155/2020/2534643

Kong Q, Yu M, Zhang M, et al. Conditional Dnmt3b deletion in
hippocampal dCA1 impairs recognition memory. Mol Brain.
2020;13(1):42. doi:10.1186/s13041-020-00574-9

Nesovic M, Divac Rankov A, Podolski-Renic A, et al. Src Inhi-
bitors Pyrazolo[3,4-d]pyrimidines, Si306 and Pro-Si306, inhibit
focal adhesion kinase and suppress human glioblastoma invasion
in vitro and in vivo. Cancers (Basel). 2020;12(6). doi:10.3390/
cancers12061570

Li W, Du Q, Li X, et al. Eriodictyol inhibits proliferation, metas-
tasis and induces apoptosis of glioma cells via PI3K/Akt/NF-
kappaB signaling pathway. Front Pharmacol. 2020;11:114. doi:
10.3389/fphar.2020.00114

Meng X, Xia C, Ye Q, Nie X. tert-Butyl-p-benzoquinone induces
autophagy by inhibiting the Akt/mTOR signaling pathway in


https://orcid.org/0000-0003-0389-9288
https://orcid.org/0000-0003-0389-9288
https://orcid.org/0000-0003-0389-9288

Wang et al

20.

21.

22.

23.

24.

25.

RAW 264.7 cells. Food Funct. 2020;11(5):4193-4201. doi:10.
1039/d0f000281j

Vogelbaum MA, Krivosheya D, Borghei-Razavi H, et al. Phase 0
and window of opportunity clinical trial design in neuro-
oncology: a RANO review. Neuro Oncol. 2020. doi:10.1093/
neuonc/noaal49

Zhang Q, Liu F. Advances and potential pitfalls of oncolytic
viruses expressing immunomodulatory transgene therapy for
malignant gliomas. Cell Death Dis. 2020;11(6):485. doi:10.
1038/s41419-020-2696-5

Naldini L. Gene therapy returns to centre stage. Nature. 2015;
526(7573):351-360. doi:10.1038/nature15818

Asadollahpour Nanaei H, Dehghani Qanatqestani M, Esmailiza-
deh A. Whole-genome resequencing reveals selection signatures
associated with milk production traits in African Kenana dairy
zebu cattle. Genomics. 2020;112(1):880-885. doi:10.1016/j.
ygeno.2019.06.002

Zhang Y, Fang Z, Guo X, et al. IncRNA B4GALT1-AS1 pro-
motes colon cancer cell stemness and migration by recruiting
YAP to the nucleus and enhancing YAP transcriptional activity.
J Cell Physiol. Aug 2019;234(10):18524-18534. doi:10.1002/jcp.
28489

Geisler C, Mabashi-Asazuma H, Kuo CW, Khoo KH, Jarvis DL.
Engineering betal,4-galactosyltransferase I to reduce secretion
and enhance N-glycan elongation in insect cells. J Biotechnol.
2015;193:52-65. doi:10.1016/j.jbiotec.2014.11.013

26.

27.

28.

29.

30.

31.

32.

Zhou H, Ma H, Wei W, et al. BAGALT family mediates the
multidrug resistance of human leukemia cells by regulating the
hedgehog pathway and the expression of p-glycoprotein and mul-
tidrug resistance-associated protein 1. Cell Death Dis. 2013;4:
€654. doi:10.1038/cddis.2013.186

Westhoff MA, Baisch T, Herbener VJ, Karpel-Massler G, Debatin
KM, Strobel H. Comment in response to “temozolomide in glio-
blastoma therapy: role of apoptosis, senescence and autophagy
etc. by B. Kaina”. Biomedicines. 2020;8(4). doi:10.3390/
biomedicines8040093

Vega-Rubin-de-Celis S. The role of Beclin 1-dependent autop-
hagy in cancer. Biology (Basel). 2019;9(1). doi:10.3390/
biology9010004

Galluzzi L, Baehrecke EH, Ballabio A, et al. Molecular defini-
tions of autophagy and related processes. EMBO J. 2017;36(13):
1811-1836. doi:10.15252/embj.201796697

Pena-Blanco A, Garcia-Saez AJ. Bax, Bak and beyond—mito-
chondrial performance in apoptosis. FEBS J. 2018;285(3):
416-431. doi:10.1111/febs.14186

D’Orsi B, Mateyka J, Prehn JHM. Control of mitochondrial
physiology and cell death by the Bcl-2 family proteins Bax and
Bok. Neurochem Int. 2017;109:162-170. doi:10.1016/j.neuint.
2017.03.010

Lossi L, Castagna C, Merighi A. Caspase-3 mediated cell death in
the normal development of the mammalian cerebellum. /nt J Mol
Sci. 2018;19(12). doi:10.3390/ijms1912399




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


