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Abstract. – OBJECTIVE: To discuss the role 
and mechanism of β4GalT1 both in vivo and in 
vitro glioma, observe whether pathophysiolog-
ical processes of glioma can be improved af-
ter β4GalT1 is knocked down, and study wheth-
er β4GalT1 plays a role in malignant biological 
processes of glioma by regulating the apopto-
sis and immune processes. 

PATIENTS AND METHODS: Firstly, the dis-
tribution difference of β4GalT1 in tumor tissues 
and normal tissues was analyzed by Gene Ex-
pression Profiling Interactive Analysis (GEPIA) 
tumor analysis system to deduce the possible 
role of β4GalT1 in glioma. Secondly, whether the 
malignant degree of glioma was related to the ex-
pression of β4GalT1 and its immunity using hu-
man tumor tissues and blood lymphocyte sub-
sets was analyzed. Thirdly, interfere lentivirus 
vector with β4GalT1 and knockdown β4GalT1 
was analyzed to observe whether the malignant 
degree of glioma has changed. Fourthly, interfere 
lentivirus vector with recombinant β4GalT pro-
tein and β4GalT1 was analyzed to verify the ef-
fect of β4GalT in vitro test. Fifth, interfere lentivi-
rus vector with recombinant β4GalT protein and 
β4GalT1 was analyzed to verify effect of β4GalT 
in vivo test. Finally, we discuss whether β4GalT 
is involved in the biological process of glioma 
through inflammatory reaction. 

RESULTS: In the GEPIA tumor analysis sys-
tem, the expression in tumor was significant-
ly higher than that in normal tissues. The ex-
pression of β4GalT1 in glioma tissues was high-
er than that in normal tissues, and the higher 
the malignancy of the tumor, the higher the ex-
pression of β4GalT1 in the glioma tissues, and 
the lower the immune level was. The expression 
of IDH1, MGMT, and ki-67 was reduced, and the 
survival rate of the mice with glioma was im-
proved after β4GalT1 was knocked down. In vi-
tro tests, the activity of tumor cells and their re-
productive ability can be reduced after β4GalT1 
was knocked down, the immune level of the 
body can be improved, and the level of tissue 
apoptosis can be reduced. After recombinant 
β4GalT1 was given alone, the result was oppo-
site to that of β4GalT1 knocked down group. In 

vivo tests, gross tumor volume can be reduced 
after β4GalT1 was knocked down, the immune 
level of the body can be improved, and the lev-
el of tissue apoptosis can be reduced. After re-
combinant β4GalT1 was given alone, the re-
sult was opposite to that of β4GalT1 knocked 
down group. After knocking down β4GalT1, the 
expression of inflammatory factors can be re-
duced both in vivo and in vitro, and the inflam-
matory microenvironment of tumors can be im-
proved. After recombinant β4GalT1 was given 
alone, the result was opposite to that of β4GalT1 
knocked down group. 

CONCLUSIONS: The level of β4GalT1 expres-
sion in tumor tissues was increased. The malig-
nant degree of glioma is related to the expres-
sion of β4GalT1 and its immunity. The level of tu-
mor marker can be decreased, and the survival 
rate of glioma model mice can be increased af-
ter β4GalT1 is knocked down. Apoptosis and im-
mune injury caused by tumor can be improved 
and gross tumor volume can be deduced after 
β4GalT1 is knocked down. During the develop-
ment of glioma, β4GalT1 may play a malignant 
biological role through inflammatory response. 
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Introduction

Glioma is the most common malignant tumor 
in the central nervous system of human beings, 
which seriously threatens human health1. The 
role of tumor inflammatory microenvironment 
is increasingly prominent in the development of 
glioma2. Due to the existence of blood-brain bar-
rier, it is difficult for biological macromolecules 
and peripheral immune cells to enter brain tis-
sues and ventricle3. The local immune response 
in the brain is mainly performed by microglia of 
innate immune cells in the brain4. It was found 
that the number of microglia in gliomas was 
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significantly higher than that in normal parts5. 
Malignant astroglioma cells expose tumor an-
tigens, which are recognized by microglia cells 
in the tumor area and promote the activation of 
microglia cells6,7. Activated microglia can secrete 
TNF-α, IL-1β, and other cytokines, which can 
further act on itself to form a positive feedback 
cycle of inflammatory cytokines secretion, pro-
motes the inflammatory microenvironment of 
glioma8-10, and also acts on glioma cells to accel-
erate the occurrence and development of glioma. 
Meanwhile, glioma cells can also secrete a va-
riety of cytokines, which can act on themselves 
and promote the occurrence and development 
of glioma11,12. It can also act on local microglia 
cells of the tumor, thereby affecting the immune 
function of microglia cells and causing immune 
escape of glioma13. The immune level is directly 
related to the local apoptosis of the body, and the 
apoptosis of nerve cells caused by the occurrence 
of glioma is one of the important mechanisms 
that cause the deterioration of glioma14. There-
fore, targeted intervention on the occurrence and 
development of glioma based on the above two 
mechanisms will provide a theoretical basis for 
the treatment of glioma.

The protein glycosylation regulated by β1 
4-galactosyltransferase 1 (β4GalT1) is closely 
related to microglial cell activation and its medi-
ated inflammatory response15. All the members 
of the 4GalT family where 4GalT1 is located 
have a short amino terminal cytoplasmic region, 
a transmembrane stem region and a carboxy-ter-
minal catalytic domain that plays a catalytic role 
in the coelomic surface of Golgi, mainly located 
in Golgi16-18. β4GalT1 plays an important role in 
egg fertilization, neural crest cell migration, en-
dothelial cell migration, autoimmune diseases, 
and other processes19-22. β4GalT1 can catalyze 
TNF-α and other inflammatory factors to induce 
immune response, thus aggravating the local 
inflammatory response23. Besides, it plays an 
important role in the inflammatory activation 
of glial cells in the nervous system, and the ex-
pression of β4GalT1 in the process of cerebral 
inflammation and microglial inflammation is 
significantly increased24,25. In normal astrocytes, 
overexpression of β4GalT1 can promote malig-
nant transformation of cell biological behavior26. 
It was also found that the expression of β4GalT1 
is closely related to the inflammatory micro-
environment of glioma, and intervention with 
β4GalT1 can inhibit the secretion of multiple cy-
tokines in glioma cells and the proliferation, mi-

gration, and invasion of glioma cells induced by 
inflammatory factors27. Therefore, it is of great 
significance to further explore the molecular 
mechanism of the development of inflammatory 
response mediated by activation of small glial 
cells during the occurrence and development of 
glioma, to control the occurrence of glioma, to 
find therapeutic targets for glioma, and to con-
duct comprehensive treatment.

The purpose of this study is to investigate the 
role and mechanism of β4GalT1 both in vivo and 
in vitro gliomas, to observe whether β4GalT1 
knocked down can improve the pathophysiologi-
cal process of gliomas, and to investigate whether 
β4GalT1 plays a malignant biological process 
of gliomas by regulating apoptosis and immune 
processes.

Materials and Methods 

Human Glioma Specimen
30 patients who underwent craniotomy tu-

mor resection and biopsy and were diagnosed 
as glioma by pathology in the Neurosurgery 
Department of Chongqing Medical University 
from 2015 to December 2018 were selected, and 
the normal tissues around the tumor were used 
as control group. There were 19 males and 11 fe-
males, with an average age of (46.41 ±10.22) years 
old. According to the Central Nervous System 
Histology Classification Standard (WHO, 2016), 
the patients were divided into Grade II (n = 11), 
Grade III (n = 8), and Grade IV (n = 11). Inclusion 
criteria: patients with no history of radiotherapy 
and chemotherapy, craniocerebral trauma, stroke, 
and intracranial infection, patients diagnosed by 
pathological diagnosis, patients with complete da-
ta, and regular follow-up. Exclusion criteria: pa-
tients with multiple intracranial space occupying, 
patients with other malignant tumors, patients 
with poor pathological quality or lack of results. 
All experimental procedures were approved by 
Ethics Committee of Deyang People’s Hospital.

Experimental Grouping Design
Patients were divided into four groups, in-

cluding Con group (administrated with β4GalT1 
control lentivirus), Con+β4GalT1 group 
(β4GalT1 control lentivirus and recombinant 
β4GalT1), LEN group (β4GalT1 lentivirus), and 
LEN+β4GalT1 group (β4GalT1 lentivirus and 
recombinant β4GalT1). 
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Culture, Passage, Cryopreservation and 
Seed Plate of Cells

C6, U251, and SVG P12 were taken from the 
liquid nitrogen tank and melted in the water 
solution tank. Each cell line was inhaled into 
each cryotherapy tube, and culture solution of 5 
times the volume was added and centrifuged at 
1000 r/min for 5 min. The extract was discarded 
and centrifuged with 10 times the volume culture 
medium 1000 r/min for 5 min. The extract was 
discarded, and 3 ml medium was added to the 
culture medium under 5% CO2.

The cells with density of more than 80% were 
selected for passage. Then, the culture medium 
was sucked out and washed with PBS. 1 ml of 
0.25% trypsin was added, and turned upside 
down, when the cells start to become round, the 
trypsin was absorbed. 6 ml of culture medium 
was added, and the cells at the bottom of the 
bottle were blown off and separated two culture 
bottles to continue to culture.

After digestion with trypsin, the cells were 
centrifuged at 1000 rpm for 5 min, and the super-
natant cells were collected. 10% dimethyl sulfox-
ide (DMSO) and 90% fetal bovine serum (FBS) 
were added into the suspension, and 3.0×106 cells 
/1 ml/ tube were labeled and frozen at -80°C.

1 ml trypsin was added for digestion for 30 
s, and DMSO was added to terminate digestion. 
Individual cells were blown off and the suspen-
sion was transferred into a 15 ml centrifuge tube, 
centrifuged at 1000 r for 5 min. The supernatant 
solution was added into 1 ml of culture solution 
to suspend the cells and count. The suspension 
concentration of C6 and SVG P12 was 8.0×103/
well and U251 was 1.0×104/well, respectively, 
which were inoculated on 96-well plates for MTT 
and cloning experiments. 

In cell intervention, β4GalT1 control lentivirus 
(GenePharma, Shanghai, China) was added to 
Con and Con+ β4GalT1 groups; β4GalT1 lenti-
virus (GenePharma, Shanghai, China) was added 
to LEN and LEN+ β4GalT1 groups; 1nM of 
β4GalT1 (3609-GT-010, R&D systems, Oakville, 
ON, Canada) was added to Con+ β4GalT1 or 
LEN+ β4GalT1 groups.

Establishment of Glioma Mouse Model28

5-7 weeks old Balb/c male nude mice were fed 
in SPF environment. U251 cells were digested 
and subcutaneously injected into the right armpit 
of nude mice with 2 × 106 phosphate-buffered 
saline (PBS) dissolved in 0.1 ml. They were 
divided into 4 groups. 10 μl of recombinant 

β4GalT1 was injected into the lateral ventricles 
of Con+ β4GalT1 and LEN+ β4GalT1 groups. 2 
μM of β4GalT1 lentivirus or control lentivirus 
was injected to the lateral ventricles. All ani-
mals used in this study were cared for in strict 
accordance with Guide for the Care and Use of 
Laboratory Animals (NIH Publication No. 85-
23, revised 1996). All experimental procedures 
were approved by Animal Ethics Committee of 
Deyang People’s Hospital. Measures were taken 
to minimize animal suffering.

Determination of Lymphocyte Subsets
100 μl of anticoagulant blood was added to 

CD3-FITC, CD4-APC, and CD8-PE with 20 μl 
for each and incubated in the dark for 20 min. 2 
ml of red blood cell lysate was added and kept 
for 10 min avoiding light. The cells were washed 
twice with PBS, and 5000 lymphocytes were 
collected by flow cytometry and the percentage 
of positive cells was analyzed by CellQuest 
software.

Western Blot
In vitro test, the cells were precooled and 

washed twice. Then, the radioimmunoprecipi-
tation assay (RIPA) lysate containing protease 
inhibitor was added to the cell lytic solution for 
cell lysis, and the culture fluid was collected af-
ter centrifugation. In the in vivo test, the tumor 
tissue was cut off after cardiac perfusion. The 
total protein concentration was determined by 
bicinchoninic acid (BCA) assay. 10% separation 
adhesive and 5% concentrated adhesive were 
prepared. The gel and electrophoresis cell were 
installed, the comb was pulled out, the target 
protein was connected with marker in turn. Af-
ter connecting the power supply, the samples 
were separated to the bottom of the glue at 80 
V and 120 V respectively, transferred to the 
electric-to-liquid working tank, and placed with 
polyvinylidene difluoride (PVDF) film at 250 mA 
electric-to-liquid for 1 h. It was sealed with 5% 
skim milk for 1 h and incubated overnight with 
the primary antibody of the target protein, rinsed 
with Tris-Buffered Saline and Tween-20 (TBST) 
solution for 3 times, and incubated with secondary 
antibody for 1 h after removing the membrane. 
TBST solution was rinsed 3 times to develop 
with developer. All the data were detected with 
the ChemiDocTM Touch Imaging System and ana-
lyzed with the Image lab 3.0 software (Bio-Rad, 
Irvine, CA, USA). The antibodies used in this test 
are as follows: β4GalT1 (ABIN6259493, Biotech 
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Co., Ltd, Luzern, Switzerland); β-actin (M01263-
2, Boster, Wuhan, China); IDH1 (#66969s, Cell 
Signaling Technology, Danvers, MA, USA); MG-
MT (#58121s, Cell Signaling, Danvers, USA); ki-
67 (#9449s, Cell Signaling, Danvers, USA); BAX 
(ab32503, Abcam, Cambridge, MA, USA); BCL-
2 (ab182858, Abcam, Cambridge, MA, USA); 
cleaved Caspase-3 (ab2302, Abcam, Cambridge, 
MA, USA); MMP4 (ab39973, Abcam, Cambridge, 
MA, USA), TLR4 (ab13556, Abcam, Cambridge, 
MA, USA), NF-κB (BM3940, Boster, Wuhan, 
China), TNF-α (ab1793, Abcam, Cambridge, MA, 
USA) and IL-1β (ab9722, Abcam, Cambridge, 
MA, USA), followed by secondary antibodies 
conjugated to horseradish peroxidase (HRP) an-
ti-rabbit IgG (H+L) (AS014, ABclonal, Wuhan, 
China) and anti-mouse IgG (H+L) (AS003, AB-
clonal, Wuhan, China).

ELISA
All the caspase-3, caspase-9, TNF-α, and IL- 

1 β enzyme activities were operated by en-
zyme-linked immunosorbent assay (ELISA) kit 
instructions provided by Wuhan Ph.D. Company. 
Glioma tissues were used in vivo and U251 cell 
line was used in vitro.

TUNEL Immunofluorescence
TUNEL was performed as previously de-

scribed29. TUNEL reaction solution (ab66108, 
Abcam, Cambridge, MA, USA). 

Flow Cytometry30

The cell culture solution was placed in a cen-
trifuge tube, washed with PBS, digested with 
trypsin, and blew off individual cells. The culture 
solution was collected into a 15 ml centrifuge 
tube, centrifuged at 1000 rpm for 6 min, and the 
supernatant was discarded. 1 ml of precooled 
PBS was added and the cells were resuspended. 
It was counted. Fifty to one hundred thousand 
resuspended cells were centrifuged, and super-
natant was discarded. 195 μl of Annexin V-FITC 
binding solution was added and mixed with 5 μl 
of Annexin V-FITC thoroughly. 10 μl of propidi-
um iodide (PI) dyeing solution was added to blow 
off and absorb and mix well. Flow cytometry was 
performed after 20 min under dark exposure.

Calculation of Volume of Tumor and 
Spleen Index

After modeling for 24 d, tumor tissues were tak-
en, and tumor volume = 0.5× length × width2 (mm3). 
Spleen index = (spleen weight/body weight) ×10.

MTT
The target cell culture medium was placed in 

96-well plate with 3 compound wells for each 
sample of 100 μl per well. 0 μmol/L was taken as 
control group. The 96-well plate was incubated at 
37°C and 5% CO2 for 48 h, and 5 mg/ml of MTT 
solution was added to each well for 20 mg /ml 
solution for 4 h. After the supernatant was dis-
carded, 150 μl of DMSO was added to each well 
to shock away light for 10 min. The absorbance 
at 490 nm was determined by microplate reader.

Cloning Experiment
The target cell culture solution was placed 

in 96-well plates with 3 multiple wells for each 
sample. It was washed with PBS twice and added 
with new culture solution for 10 d. When cloning 
was visible to the naked eye, culture was termi-
nated, and PBS was washed. It was fixed with 
4% paraformaldehyde for 20 min and washed 
with PBS twice. It was dyed with 0.4% trypan 
blue for 20 min, and the fixative was washed with 
flowing water and calculated. Clone formation 
rate = (clone number) number of inoculated cells 
× 100%.

Statistical Analysis
Data were expressed by mean ± annotation 

difference and analyzed by GraphPad Prism 6.0 
(San diego, CA, USA). SPSS 19.0 (IBM, Armonk, 
NY, USA) was used for survival analysis. One-
way ANOVA was used to analyze the overall dif-
ference, and Sidak test was used for inter-group 
comparison. p-value less than 0.05 was consid-
ered statistically significant.

Results

Distribution and Expression of β4GalT1 
in Tumor Tissues and Normal Tissues

As shown in Figure1A, 1B, and 1C, GBM was 
a glioma in the human GEPIA tumor analysis 
system, and its expression in the tumor was sig-
nificantly higher than that in normal tissues (3.32 
vs. 1.41).

Degree of Malignancy of the Glioma is 
Related to the Expression of β4GalT1 
and Its Immune Status

Figure 2A and 2B showed that the expression 
of β4GalT1 in G1, G2, and G3 was significantly 
increased. The expression level of β4GalT1 in 
the two levels of patients was compared in Figure 
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2C, and it can be seen that the expression level 
was higher in the high group, and the malignant 
degree of glioma was directly related to β4GalT1. 
Indexes of lymphocyte subsets in selected patients 
were observed to further research the relationship 
between inflammatory β4GalT1 and inflammatory 
reaction. In Figure 2E and 2F, it can be seen that 
CD3+ and CD4+ in high group were lower than 
that in low group, while CD8+ was lower than 
that in low group. At the same time, the trend of 
CD4+/CD8+ was the same as that of CD3+ and 
CD4+. The subcellular subsets of each patient were 
correlated with the level of β4GalT1 in the tumor 
tissues that were removed. As shown in Figure 2G 
and 2H, the higher the level of β4GalT1, the poorer 
the patient’s cellular immunity and the higher the 
malignancy of the tumor.

The Level of Tumor Markers Can Be 
Decreased and the Survival Rate of 
Glioma Model Mice Can Be Improved 
After β4GalT1 Was Knocked down

In Figure 3A, 3B, and 3C, it was shown in 
the results of Western blot that the expressions 
of IDH1, MGMT, and ki-67 in LEN group were 
significantly decreased after the interference of 
β4GalT1 lentivirus, which indicated that the ma-
lignant degree of glioma decreased after β4GalT1 
was knocked down. Figure 3D shows the survival 
analysis of glioma model mice. Con and LEN 
selected 30 mice for each. It can be seen that the 
survival rate of LEN group is significantly high-
er than that of Con group, which indicates that 
the survival rate of mice can be improved after 
β4GalT1 was knocked down.

Figure 1. A, TPM of β4GalT1 in GEPIA tumor analysis system. All of (B) and (C) were the relative expression of β4GalT1 
in each tumor tissue.
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Verification of the Role of β4GalT1 in 
Glioma in Vitro

Figure 4A shows MTT. After giving β4GalT1, 
MTT level of SVG P12 cell line decreased, which 
fully indicates the harm of β4GalT1. The cell activity 
of Con β4GalT1 group was the strongest, and that 
of LEN group was the lowest, and the results of C6 
and U251 were consistent. Figure 4B was the cloning 

experiment. The cloning ability of Con β4GalT1 
group was the strongest, and that of LEN group was 
the lowest. The results of C6 and U251 were con-
sistent. Figure 4C, 4D, 4E, 4F mainly describe the 
apoptosis-promoting effect of β4GalT1. Figures 4C 
and 4D show that BAX and cleaved caspase-3 were 
apoptotic genes, BCL-2 was anti-apoptotic gene, the 
levels of BAX and cleaved caspase-3 were the high-

Figure 2. A, Western blot assay of β4GalT1 expression in Con and glioma human sample. B, Quantification of β4GalT1 
expression, the protein levels were normalized to β-actin (G1, G2, G3 vs. Con group **p<0.05, n=6 per group). C, Western blot 
assay of β4GalT1 expression in low level and high-level human body tissues. D, Quantification of β4GalT1 expression, protein 
levels were normalized to β-actin (low level vs. high level group, **p<0.05, n=6 per group). E, % of lymphocyte subsets in 
low level and high-level patient’s blood sample. F, CD4+/CD8+in low level and high-level patient’s blood sample (low level 
vs. high level group, **p<0.05, n=6 per group). G, H, Correlation analysis of β4GalT1 expression and lymphocyte subsets or 
CD4+/CD8+(n=6 per group).
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est in Con+β4GalT1 group, the levels of BAX and 
cleaved caspase-3 (“it” refers to what? BAX and 
cleaved caspase-3 or Con+β4GalT1 group?) b) were 
the lowest in LEN group, the lowest in Con+β4GalT1 
group, and the highest in Con+β4GalT1 group. Fig-
ures 4E and F show flow cytometry. It could be seen 
that the level of apoptotic cells in Con+β4GalT1 
group was the highest, and that in LEN group was the 
lowest. Figure 4G shows the activity of caspase-3 and 
caspase-9. It can be seen that the activity of caspase-3 
and caspase-9 is the highest in Con+β4GalT1 group 
and the lowest in LEN group.

Verification of the Role of β4GalT1 in 
Glioma in Vivo

Figure 5A shows that the tumor volume was 
the highest in Con+β4GalT1 group and the lowest 

in LEN group. Figure 5B shows that the spleen 
index was the lowest in Con+β4GalT1 group and 
the highest in LEN group. Figure 5C shows WB 
data, which was consistent with Figure 4. Figure 
5E and F show the data of TUNEL immunofluo-
rescence staining, and it can be seen in the figure 
that the apoptosis of Con+β4GalT1 group was the 
strongest and LEN group was the lowest. Figure 
5G shows the ELISA data, which was consistent 
with the 4 parts. 

β4GalT1 Can Play A Role in Glioma by 
Stimulating Inflammatory Response

Figure 6A, 6B, and 6C show that MMP4, 
TLR4, NF- κ B, TNF- α, and IL-1 β were the 
highest in Con+β4GalT1 group and the lowest 
in LEN group. Figures 6D and E show the ac-

Figure 3. A, Western blot assay of IDH1, MGMT, ki-67 expression in Con and LEN group in vitro and in vivo. B, C, 
Quantification of IDH1, MGMT, ki-67 expression in vitro and in vivo. Protein levels were normalized to β-actin (LEN vs. Con 
group **p<0.05, n=6 per group). D, The survival analysis of Con and LEN mice.
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tivity data of TNF-α and IL-1β in vitro. It can 
be seen that the activities of TNF-α and IL-1β in 
Con+β4GalT1 group were the highest, and those 
in LEN group were the lowest. Figures 6F and G 
show the data of TNF-α and IL-1β activities in vi-
vo. It can be seen that the activities of TNF-α and 
IL-1β in Con+β4GalT1 group were the highest, 
and those in LEN group were the lowest.

Discussion

Glioma is the most common and malignant 
primary malignant brain tumor in human beings. 
Most gliomas, especially high-grade gliomas, are 
characterized by extensive invasive growth with-
out clear boundaries. This feature not only makes 
the operation more difficult, but also leads to the 

Figure 4. A, MTT assay in Con, Con+β4GalT1, LEN, LEN+β4GalT1 group of C6, U251, and SVG P12 cell line. B, 
Colonies assay in Con, Con+β4GalT1, LEN, LEN+β4GalT1 group of C6, U251 cell line. C, Western blot assay of BAX, 
BCL-2, cleaved caspase3 expression in Con, Con+β4GalT1, LEN, LEN+β4GalT1 group in vitro. D, Quantification of BAX, 
BCL-2, cleaved caspase3 expression, protein levels were normalized to β-actin (LEN vs. Con group, Con+β4GalT1 vs. Con 
group, **p<0.05, n=6 per group). E, Apoptosis assay in Con, Con+β4GalT1, LEN, LEN+β4GalT1 group. F, Apoptosis rate 
in Con, Con+β4GalT1, LEN, LEN+β4GalT1 group. G, ELISA assay of caspase3 and caspase9 in Con, Con+β4GalT1, LEN, 
LEN+β4GalT1 group.
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Figure 5. A, Tumor volume analysis in Con, Con+β4GalT1, LEN, LEN+β4GalT1 group. B, Spleen index in Con, Con+β4GalT1, 
LEN, LEN+β4GalT1 group. C, Western blot assay of BAX, BCL-2, cleaved caspase3 expression in Con, Con+β4GalT1, 
LEN, LEN+β4GalT1 group in vivo. D, Quantification of BAX, BCL-2, cleaved caspase3 expression, protein levels were 
normalized to β-actin (LEN vs. Con group, Con+β4GalT1 vs. Con group, **p<0.05, n=6 per group). E, TUNEL staining of 
Con, Con+β4GalT1, LEN, LEN+β4GalT1 group (magnification ×400). F, TUNEL(+) cells number in Con, Con+β4GalT1, 
LEN, LEN+β4GalT1 group. G, ELISA assay in Con, Con+β4GalT1, LEN, LEN+β4GalT1 group.
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fact that the operation cannot be completely re-
sected. Radiotherapy combined with chemother-
apeutic drugs is often needed after operation1,4,5,31.

Inflammatory response of microglia activation 
mediated plays an important role in glioma. Ac-

tivated microglia can secrete many kinds of cy-
tokines, such as TNF-α, IL-1 β and so on, which 
can not only further act on themselves, form pos-
itive feedback circulation of inflammatory factor 
secretion and promote the inflammatory micro-

Figure 6. A, Western blot assay of MMP4, TLR4, NF-κB, TNF-α, and IL-1β expression in Con Con+β4GalT1, LEN, 
LEN+β4GalT1 group in vitro and in vivo. (B) and (C), Quantification of MMP4, TLR4, NF-κB, TNF-α, and IL-1β expression 
in vitro and in vivo, protein levels were normalized to β-actin (LEN vs. Con group, Con+β4GalT1 vs. Con group, **p<0.05, n=6 
per group). D, E, ELISA assay of TNF-α and IL-1β of Con, Con+β4GalT1, LEN, LEN+β4GalT1 group in vitro. F, G, ELISA 
assay of TNF-α and IL-1β of Con, Con+β4GalT1, LEN, LEN+β4GalT1 group in vivo. (LEN vs. Con group, Con+β4GalT1 vs. 
Con group, **p<0.05, n=6 per group). 
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environment of glioma32, but also act on glioma 
cells, accelerate the occurrence and development 
of gliomas, induce apoptosis of nerve cells, and 
deteriorate the pathophysiological process of gli-
omas33.

Glycosylation modification of protein regu-
lated by β4GalT1 is closely related to the acti-
vation of microglia and its mediated inflamma-
tory response, and plays an important role in 
oocyte fertilization, neural crest cell migration, 
endothelial cell migration, autoimmune diseases 
and so on34. β4GalT1 can catalyze inflamma-
tory factors such as TNF-α to induce immune 
response, thus exacerbating local inflammatory 
response in the injured area. It plays an import-
ant role in the inflammatory activation of glial 
cells in the nervous system, and the expression of 
β4GalT1 is significantly increased in the process 
of brain inflammatory response and inflammato-
ry activation of microglial cells. Overexpression 
of β4GalT1 promotes malignant transformation 
of its cellular biological behavior35. It was also 
found that the expression of β4GalT1 is closely 
related to the inflammatory microenvironment 
of glioma. Intervention with β4GalT1 can inhibit 
the secretion of multiple cytokines in glioma cells 
and the proliferation, migration, and invasion of 
glioma cells induced by inflammatory factors36. 
Therefore, β4GalT1 can be used as a new thera-
peutic target for glioma.

In this study, we first applied the GEPIA tu-
mor analysis system to analyze the expression of 
β4GalT1 in various tumor tissues. In the field of 
glioma, the expression of β4GalT1 in tumor tis-
sues was significantly increased, which indicated 
that β4GalT1 was associated with the occurrence 
and development of glioma, so β4GalT1 may 
have some influence on the degree of malignan-
cy of glioma. So, whether there is a correlation 
between the degree of malignancy of glioma and 
β4GalT1. We selected human tissues with higher 
tumor grade and tissues with lower grade for pro-
tein analysis. The data showed that the higher the 
degree of malignancy of glioma, the higher the 
expression of β4GalT1. This suggests that 4GalT1 
may be associated with the degree of malignan-
cy of glioma, further indicating that β4GalT1 
plays an important role in the occurrence and 
development of glioma. However, how β4GalT1 
affects the occurrence and development of gli-
oma needs further discussion. Previous studies 
by have pointed out that β4GalT1 can promote 
the secretion of cytokines and the proliferation 
and migration of cells induced by inflammatory 

factors. Therefore, we explored whether β4GalT1 
can further aggravate glioma by promoting in-
flammatory response. At the same time, we also 
found that the higher the degree of malignancy of 
glioma, the lower the level of cellular immunity of 
the body, which further proved that the degree of 
malignancy of glioma was directly related to the 
tumor inflammatory microenvironment. Then, 
whether the cellular immune level of the body is 
related to β4GalT1. We did a correlation analy-
sis of the two and found that cellular immunity 
levels were positively correlated with β4GalT1, 
suggesting that the malignancy of the glioma was 
correlated with β4GalT1 and the inflammatory 
level induced by β4GalT1. Therefore, we can see 
that the increased expression of β4GalT1 and the 
inflammatory cascade induced by it may be one 
of the causes of glioma deterioration in the im-
mune dysfunction microenvironment of glioma.  

To further verify the relationship between ma-
lignancy of glioma and β4GalT1, we applied 
in vivo and external experiments. In cells and 
animal tissues, the expression of IDH1, MG-
MT, and ki-67, tumor markers related to glio-
mas, was down-regulated after the intervention 
of β4GalT1. These three markers are all asso-
ciated with the occurrence and development of 
glioma and are related to the malignant degree 
of the tumor. Their down-regulated expression 
fully indicates that there is a positive relationship 
between β4GalT1 and the malignant degree of 
glioma. In addition, we studied the survival rate 
of glioma mice. After intervention with β4GalT1, 
the survival rate of glioma mice was significantly 
improved, indicating that β4GalT1 was associ-
ated with the malignant degree of glioma again.

Apoptosis plays an important role in the devel-
opment of glioma, and normal nerve cell apop-
tosis can aggravate the malignant degree of gli-
oma7,15,30, which can also be caused by the injury 
of the inflammatory response. In the previous 
results, we concluded that β4GalT1 can promote 
the inflammatory cascade amplification reaction 
and lead to the deterioration of glioma. Howev-
er, whether β4GalT1 can promote inflammatory 
cascade amplification and induce glial cell apop-
tosis remains to be further verified. Therefore, 
we observed the relationship between β4GalT1 
and nerve cell apoptosis. In vitro, with the exog-
enous intervention of β4GalT1, the expressions 
of pro-apoptotic BAX and cleaved caspase-3 
were significantly increased, while the expres-
sion of apoptotic inhibitor Bcl-2 was significant-
ly decreased. However, after β4GalT1 knocked 
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down, the expression levels of BAX and cleaved 
caspase-3 were significantly down-regulated, 
while Bcl-2 levels were significantly increased, 
indicating that β4GalT1 can induce nerve cell 
apoptosis in glioma and promote the deteriora-
tion of glioma. In addition, the protease activ-
ity of caspase-3 and caspase-9 was observed, 
and the data showed that β4GalT1 promoted 
the inflammatory microenvironment of glioma, 
accelerated the occurrence and development of 
glioma, induced the apoptosis of nerve cells, and 
worsened the pathophysiological process of glio-
ma. In vivo, the expression trend of BAX, cleaved 
caspase-3, and bcl-2, as well as the protease ac-
tivity of caspase-3 and caspase9 after exogenous 
intervention with β4GalT1 or interference with 
lentivirus intervention were completely consis-
tent with the cell test. In addition, tumor volume 
and immune level were monitored, and the data 
showed that spleen index decreased significantly 
after exogenous intervention of β4GalT1, while 
increased after interference of β4GalT1, indi-
rectly indicating the pro-inflammatory effect of 
β4GalT1, and directly indicating the biological 
role of β4GalT1 in glioma. Based on the above 
results, we concluded that β4GalT1 aggravated 
the tumor microenvironment of glioma and in-
duced the apoptosis of normal glioma cells by 
promoting the inflammatory response, further 
aggravating the symptoms, thus causing the de-
terioration of glioma and increasing the mortali-
ty rate of mice.

To further test the relationship between 
β4GalT1 and inflammation in gliomas, our col-
leagues monitored inflammatory factor levels in 
in vitro and in vivo. The data showed that inflam-
matory factors MMP4, TLR4, NF-κB, TNF-α, 
and IL-1β were significantly increased in the 
Con+β4GalT1 group, while decreased in the LEN 
group, which fully indicated that the local inflam-
matory microenvironment of the body could be 
up-regulated after the administration of β4GalT1 
alone in glioma, the above cytokines could be 
released, and the inflammatory microenviron-
ment of the tumor could be aggravated, again 
demonstrating the importance of β4GalT1 in 
the inflammatory response of glioma, while the 
experimental results showed the opposite after 
the intervention of β4GalT1, fully demonstrating 
that the release of inflammatory cytokines was 
improved after blocking β4GalT1. In addition, 
the enzyme activity of TNF-α and IL-1β was 
measured, and the trend was consistent with the 
protein analysis.

Conclusions

The results of the present study indicated that 
β4GalT1 may be involved in the occurrence and 
development of glioma by regulating the inflam-
matory microenvironment of tumors. β4GalT1 can 
promote microglial cell activation and its mediated 
inflammatory response, while regulating neuronal 
apoptosis, thereby promoting malignant biological 
behavior of gliomas. We concluded that the expres-
sion of β4GalT1 was increased in tumor tissues. 
The malignancy of glioma is related to the expres-
sion of β4GalT1 and its immune status. Knocking 
down β4GalT1 can reduce the level of tumor 
markers and improve the survival rate of glioma 
mice. Knocking down of β4GalT1 can improve 
apoptosis and immune damage caused by tumors 
and reduce tumor volume. During the develop-
ment of glioma, β4GalT1 may play a malignant 
biological role through inflammatory response.
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