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ABSTRACT 

Objective: This study aims to investigate the role of BMAL1 in promoting 

angiogenesis in cerebral glioma among athletes by regulating vascular 

endothelial growth factor (VEGF) and angiopoietin-2 (ANG2). Methods: 

Human brain tumor cells, representative of gliomas often observed in athletes, 

were categorized into three groups: blank, control, and BMAL1-treated 

research group. Cell growth and apoptosis were analyzed using the MTT assay 

and flow cytometry, respectively. VEGF and ANG2 expressions, along with 

microvessel density (MVD), were assessed via immunohistochemistry. The 

Spearman rank test evaluated the correlation between VEGF and ANG2 levels. 

Further, groups A, B, and C (representing different pathological grades of 

human glioma tissues) and BMAL1-treated groups (D, E, and F) were 

compared to analyze BMAL1's role in modulating VEGF and ANG2. Results: 

The control group showed significantly lower cell survival and higher apoptosis 

rates compared to the blank group (P<0.05). Higher glioma grades correlated 

positively with increased apoptosis rates (P<0.05). VEGF, ANG2, and MVD 

expressions were significantly higher in the control group than in the blank 

group (P<0.05), with notable differences observed between the study and 

control groups (P<0.05). A positive correlation was found between glioma grade, 

MVD count, and the expressions of VEGF and ANG2 (P<0.05). Groups D, E, 

and F demonstrated significant differences in VEGF and ANG2 expressions, 

with group F exhibiting the highest levels (P<0.05), indicating BMAL1's 
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regulatory effect on these angiogenic factors. Conclusion: The study confirms 

that BMAL1 regulates VEGF and ANG2 expression, promoting angiogenesis in 

cerebral glioma, a condition relevant to athletes due to their unique 

physiological stresses. This highlights the potential of targeting BMAL1 in 

developing therapeutic strategies for glioma angiogenesis in athletic 

populations, providing a novel approach to manage this challenging aspect of 

cerebral glioma treatment. 
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1. INTRODUCTION 

Cerebral glioma, a form of brain tumor, poses a significant health 

challenge globally. Its complexity and aggressive nature make it a formidable 

foe in the realm of neuro-oncology. Athletes, particularly those in contact sports, 

represent a unique subset of the population at an increased risk for brain 

injuries and subsequent conditions like gliomas. This study focuses on 

understanding the role of BMAL1 (Brain and Muscle ARNT-Like 1) in promoting 

angiogenesis in cerebral glioma, specifically in athletes, by regulating critical 

angiogenic factors Vascular Endothelial Growth Factor (VEGF) and 

Angiopoietin-2 (ANG2) (Eichberg et al., 2020).  

The relationship between physical trauma, such as that frequently 

encountered in sports, and the incidence of cerebral gliomas is an area of 

growing concern(Talos et al., 2006). Athletes are often subjected to repeated 

head trauma, which has been linked to various neurological conditions. The 

exploration of this link is crucial, as it may provide insights into targeted 

therapeutic approaches for athletes suffering from gliomas(Monteiro et al., 

2019). 

BMAL1, a core component of the circadian clock, has emerged as a 

significant factor in cancer biology. Its role in the regulation of angiogenesis, a 

critical process for tumor growth and metastasis, is particularly noteworthy. 

Angiogenesis, the formation of new blood vessels, is essential for providing 

tumors with the necessary nutrients and oxygen for growth (ERGÜDEN, 

KABASAKAL, & KABAKLI, 2020). VEGF and ANG2 are key players in this 

process, with VEGF being a potent mediator of angiogenesis and ANG2 playing 

a role in blood vessel maturation and stabilization(Nagaraja et al., 2021; Piegu, 

Yakubu, Kudese, & Fokuoh). The interaction between BMAL1 and these 

angiogenic factors could reveal new therapeutic targets and strategies(Franz-

Badur et al., 2019; Shahabaz & Afzal). 

Given the unique physiological and lifestyle factors associated with 

athletes, including altered circadian rhythms due to training schedules and 

potential for increased oxidative stress and inflammation, understanding the 

specific mechanisms of glioma progression and angiogenesis in this group is 
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vital. This study aims to dissect the complex interactions between BMAL1, 

VEGF, and ANG2 in the context of cerebral glioma in athletes(Mesgar et al., 

2022; Ye et al., 2020). By doing so, it seeks to pave the way for more effective, 

tailored therapeutic strategies that address the specific needs and challenges 

faced by athletes with this condition. 

2. Materials and methods 

2.1 Research materials 

Bacterial strain: human glioma tissues from April 2019 to April 2021, 38 

paraffin specimens which were pathologically confirmed as gliomas after 

surgical resection in our hospital and were archived and still well preserved 

were selected, the participants' ages ranged from 24 to 61, with a mean of 

(54.26 3.17 years). There were 23 men and 15 women in all. all of them met 

the diagnosis of gliomas in the classification criteria for tumors in the central 

nervous system by the world health organization, and they had not received 

surgery, chemoradiotherapy or treatment. The tumor diameter was 

(4.62±1.45)cm according to the Kermohan's classification method (Zi et al., 

2019). Nineteen cases were of grade I–II (8, 6, 3, and 2 for star, mixed star, 

oligodendrocyte, and ependymal cell tumors, respectively), 13 cases were of 

grade III (8 and 5 for star and oligodendrocytoma, respectively), and 6 cases 

were of grade IV (4 and 2 for glioblastoma and medulloblastoma, respectively). 

In addition, 20 cases of normal brain tissue undergoing open craniotomy 

decompression after craniocerebral injury were taken as the control group. 

GIBCO provided the fetal bovine serum and the RPMI-1640 medium, the 

United States, for the experiments. The National Standard Solution 

Customization Center provided phosphate buffered saline (PBS), which was 

used in the experiment. Lipfertamine 3000 transfection reagent was purchased 

from Invitrogen Co., Ltd., the US. Methylthiazolyldiphenyl-Tetrazolium (MTT) 

was purchased from Sigma Company of the USA. Coomassie brilliant blue G-

250 was purchased from Beijing Solaebo Biological Technology Co., Ltd: 

Skimmed milk powder purchased from BD Company in the USA; TBST solution 

was provided by Shanghai Kanglang Biotechnology Co., Ltd.; Polyvinylidene 

fluoride (PVDF) membrane was purchased from Merck, Germany. BMAL1 

primary antibody is purchased from Sigma Company in the US and secondary 

antibody is purchased from Santa Cruz Biotechnology Company in the US. Anti-

VEGF antibody from Santa Cruz Biotechnology; China's Beijing Boson 

Biotechnology purchased the ANG2 antibody; It was decided to use Shanghai 

Biyun Biotechnology Co., Ltd.'s RIPA lysis buffer, ECL enhanced luminescent 

agent, and fluorescent chemiluminescence kit; Tiangen Biochemical 

Technology (Beijing) Co., Ltd. provided the protein quantitative kit; Fuzhou 

Maixin Biotechnology Development Co., Ltd. provided the secondary anti-

VEGF mouse anti-human Ig-type antibody; DAB color reagent kits were 
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purchased from Beijing Zhongshan Jinqiao Co., Ltd., 10% formaldehyde, 3% 

hydrogen peroxide, 95% ethanol, paraformaldehyde, Dimethyl sulfoxide 

(DMSO) and sodium dodecyl sulfate-poly acrylamide gel (SDS-PACE) were all 

of analytical grade and provided by China Pharmaceutical Group. 

Multifunctional microplate reader was purchased from BioTek, the US; Constant 

temperature incubator was purchased from Thermo Fisher Scientific Shile 

Technology (China) Co., Ltd. 

2.2 Research methods 

2.2.1 Cell culture and transfection 

Slices of 3–4 μm thick were cut from all specimens that had been fixed 

in 10% formaldehyde, dehydrated with alcohol, imbedded in paraffin and sliced. 

Immunohistochemistry revealed the presence of the instructions. In RPMI-1640 

media (containing 12 percent FBS, 2 percent glutamine, 1 percent penicillin and 

streptomycin) in 10 percent FBS, the slices were cultured after dewaxing and 

hydration in 3 percent hydrogen peroxide and microwave treatment. The 

incubator's culture environment was set to 37 degrees Celsius, 5% CO2 volume 

fraction, and 97% humidity. Every two days, the culture media was re-used. The 

cells were cleaned with PBS solution, 0.25 percent trypsin was added for 

digestion, and subcultured after they were fused to 80% to 90% of their original 

size.  

The cells of 3–4 generations were selected and washed for 3 times by 

PBS solution. After centrifugation, the lower layer solution was selected and 

placed in a 6-well plate with 3x10 cells /ml. 1.5-2 mL culture medium was added 

for transfection when the cell density was fused to 50%–60%. μL/ well 

Lipfertamine 3000 transfection reagent was added with si-BMAL1 and out-of-

order negative control for transfection into the culture medium cells. It took 5–6 

hours to cultivate the cells after they were combined and allowed to stand for 

15 minutes at room temperature in RPMI-1640 media without 12 percent fetal 

bovine serum. The cell microscopic images were collected by a microscope to 

calculate the total protein of the cells. 

2.2.2 Research Group 

They were separated into three groups based on the experiment's 

requirements: ① An 8-hour culture period was used for the blank group, which 

consisted of normal brain tissue that had undergone a craniocerebral lesion;21 

② Human glioma cells in the control group were cultured for 8h. ③ The study 

group consisted of human glioma cells with different pathological degrees after 

BMAL1 treatment, which were classified as grade I ~ II, grade III and grade IV, 

and cultured normally for 8h.To explore the mechanism of VEGF and ANG2 

expression in BMAL1 promoting angiogenesis of glioma, the control group 

consisted of a variety of human glioma tissues with varying degrees of 
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pathology (Group A, Group B and Group C), and BMAL1 was applied to the 

control group as the research group (Group A, Group B and Group C). 

2.3 Observation indicators 

2.3.1 Western blotting confirmed the presence of BMAL1 

Cells in the logarithmic phase after transfection were washed for 3 times 

by adding PBS buffer, mixed on ice, and then centrifuged for 15min under the 

condition of 4℃ and 10000 r/min. After the cells were allowed to stand for 10min, 

the supernatant was discarded, added into an EP tube, and added with an 

appropriate amount of cell lysate. After the cells were shaken well and lysed for 

30min, the supernatant was taken and placed into an EP tube to obtain the total 

protein of each tissue, which was stored at low temperature for subsequent use. 

Using the Coomassie brilliant blue G-250 technique and 6 loading buffer, the 

protein concentration was measured; For 5 minutes, the mixture was cooked in 

water at 100 C; 5% concentration gel and 10% separation gel were prepared 

and added into the buffer; Electrophoresis at 80 V and 9 percent SDS-PACE 

was carried out for 30 minutes; The protein was transferred to a PVDF 

membrane for transfer printing at 25 V for 30 minutes after a 120 V 10 percent 

separation gel electrophoresis. Dilution 1:2000 rabbit anti-GFP anti-body and 

GAPDH Antibody were sealed overnight at 4 C after being blocked for 2 hours 

with 5% defatted milk powder. In order to wash the membrane a third time with 

the horseradish peroxidase-labeled secondary antibody, the TBST was 

replaced with a dilution of 1:50000 and gentle shaking for three hours. The 

newly prepared ECL enhanced luminescent agent in a ratio of 1:1 was spread 

on the membrane for color development, and Bio-Rad gel was used for imaging, 

fixation and quantitative brightness scanning analysis. 

2.3.2 MTT assay measuring cell proliferation  

Cultured cells in the logarithmic phase were seeded onto 96-well plates, 

each with 5 × 104 cells, washed with PBS solution and set with five duplicate 

wells. After culture for 8h, 10μL5 mg/ mL MTT was added for culture for 4h to 

remove the supernatant, and 100 μL DMSO was added for uniform shaking for 

10min. A multipurpose microplate reader assessed the absorbance (A value) of 

each well at 490 nm. The cells' viability was determined by averaging the 

findings of three separate experiments. 

2.3.3 Flow cytometry to determine apoptosis 

A total of 2.5 x 104 cells per well was used to inoculate 24-well plates 

with the logarithmic phase cells. After adhering to the wall for 8 hours and being 

cultured in PBS solution, the cells were washed and put to Binding Buffer for 

suspension. Then, for 15 minutes in the dark, 5 μL of Annexin V-FITC was 

added and mixed. After 5μL PI was added for staining and incubation for 5min, 
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the cells were mixed with Binding Buffer again to monitor the apoptosis rate. To 

calculate the apoptosis rate, the experiment had to be done three times. 

2.3.4 Determination of expression levels of VEGF and ANG2 and staining 

results by immunohistochemistry 

96-well plates were inoculated with 5x104 cells/well from the logarithmic 

phase cells, and the cells were allowed to grow. After being operated by the 

instructions of UltrasensitiveTMs- pKit, SP, antigen repair and 3% hydrogen 

peroxide treatment were performed before transfection, then 50μL VEGF and 

ANG2 primary antibodies were added and cultured at 25 C for 2h, for 1 hour at 

37 degrees Celsius, 50 μL murine anti-rabbit Ig secondary antibody was then 

added, followed by DAB staining and hematoxylin counterstaining. PBS buffer 

was used as the blank control, and the known positive tissues were the positive 

controls. Determination of staining results of VEGF and ANG2: In a semi-

quantitative manner, the brown or brownish-yellow particles in the tumor cell 

cytoplasm and cell membrane were regarded as positive, the fields with high 

positive density and non-repetitive areas were randomly selected from each 

section in a 400-fold field for positive expression, each field had between 500 

and 1000 tumor cells counted. It appears that there is a ratio of positive cells in 

the area that is equal to (the number of positive cells/the total number of cells) 

x 100%. There are four levels of the negative degree, with a 0 point for a ratio 

of  5% or less of positive cells (negative,-), the ratio 5%–10% being 1 point 

(weak positive,+), the ratio 11%–30% being 2 points (positive,++), and the ratio > 

30% being 3 points (strong positive,++++); Staining intensity score: 0 point 

means colorless, 1 point means weak and pale yellow staining, 2 points means 

medium and dark yellow staining, and 3 points means obvious and dark brown 

staining. The positive intensity of the case was determined according to the 

proportion of the two scores: 0–2 as negative (-), 3–5 as weak positive (+), 6–

9 as positive (++) 10–12 as strong positive (+++). To sum up, the total number 

of indicators ≥6 was high expression, and the total number < 6 was low 

expression. 

2.3.5 Determination of microvascular density (MVD) 

Vascular endothelial cells or cell clusters that were brownish or tan-

positive in semi-quantitative form, which did not contain cells in the hemorrhagic 

and marginal reaction zones. For positive expression, fields of view with three 

positive density and non-repetitive areas were randomly selected under a field 

400 times larger than that of the microscope, and the micro vessels per field 

were counted. Multiple tightly connected endothelial cells or isolated endothelial 

cells that were only significantly different from nearby tissues or cells were 

counted as one counting vessel, regardless of the existence of lumen or red 

blood cells, and the average value of the maximum microvessels counts in the 

three fields of view was taken as the MVD of the specimen in units/x400. 



Rev.int.med.cienc.act.fís.deporte - vol. 23 - número 93 - ISSN: 1577-0354 

300 

2.4 Statistical methods 

Data processing was carried out by SPSS20.0 statistical software. 

Normality and homogeneity of variance were checked on all data. For group 

comparisons, one-way ANOVA was employed, followed by the SNK-q test. The 

chi-square test was used to compare measurement data reported as n or %. 

The significance level is set at P<0.05. 

3. Outcome  

3.1 Effect of BMAL1 on angiogenesis of glioma cells 

3.1.1 Proliferation and apoptosis of different groups of cells 

The results revealed that the control group's cell viability was much lower 

than the blank group's, and that the apoptosis rate was significantly higher than 

the blank group's. P<0.05 indicated that the difference was statistically 

significant. The research group's cell viability in grades I–II, III, and IV was lower 

than the control group's, and the cell apoptosis rate was higher.  As indicated 

in Table 1 and Figure 1, the research group's grades I–II, III, and IV were 

negatively connected with cell viability (P<0.05) and positively correlated with 

apoptosis rate (P<0.05). 

Table 1: Proliferation and apoptosis of different groups of cells 

GROUP BLANK 

GROUP 

CONTROL 

GROUP 

GRADE I~II GRADE III GRADE IV 

Cell survival 

rate 

102.92±11.7

2 

52.81±8.96

a 

66.82±10.72

b 

49.32±7.32b

c 

41.82±4.01b

c 

Apoptosis 

rate 

8.45±1.13 12.96±1.27

a 

15.99±1.30b 20.19±1.48b

c 

24.87±1.52b

c 

 

Figure 1: Proliferation and apoptosis of different groups of cells 
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3.1.2 VEGF and ANG2 expression levels, as well as MVD, were measured 

in separate groups of cells 

The results showed that the control group's VEGF and ANG2 expression 

levels, as well as MVD count, were much greater than the blank group's, with a 

statistically significant difference (P<0.05). A statistically significant (P<0.05) 

difference was found between the research group and the control group in the 

expression levels of VEGF and ANG2 as well as the number of MVDs. Table 2 

and Figure 2 show a significant positive correlation between the VEGF and 

ANG2 expression levels and the number of MVDs in the research group's 

grades I–IV (P<0.05). 

Table 2: Expression levels of VEGF and ANG2 and MVD count in different groups of cells 

GROUP BLANK 

GROUP 

CONTROL 

GROUP 

GRADE I 

~II 

GRADE III GRADE IV 

VEGF 50.12±14.36 76.59±17.27a 93.01±19.5

7b 

146.47±24.67b

c 

189.45±28.53

bc 

ANG2 218.92±20.11 248.91±26.84

a 

279.54±31.

02b 

322.32±38.74b

c 

389.34±42.23

bc 

MVD 22.17±4.02 37.91±13.62a 40.32±16.3

4b 

54.82±17.94bc 62.39±20.18b

c 

 

Figure 2: Expression levels of VEGF and ANG2 and MVD count in different groups of cells 
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3.2 The correlation between VEGF, ANG2 expression, and MVD in glioma 

There was a statistically significant correlation between VEGF and 

ANG2 positive expressions (P<0.05). Glioma angiogenesis can be facilitated 

by the production of VEGF and ANG2.  

As indicated in Table 3 and Figure 3, the MVD values of the VEGF and 

ANG2 high-expression group were significantly greater than those of the low-

expression group, and the differences were statistically significant (P<0.05). 

Table 3: The relationship between VEGF, ANG2 expression and MVD in glioma 

GROUP PROTEIN EXPRESSION MVD P VALUE 

VEGF Low expression 35.88±13.78 0.042 

High expression 58.92±18.95a 

ANG2 Low expression 41.02±12.63 0.023 

High expression 60.75±17.82a 

Note: Compared with low expression, a P<0.05. 

 

Figure 3: MVD expression level of VEGF and ANG2 

3.3 BMAL1 regulates VEGF and ANG2 and promotes glioma angiogenesis 

Groups D, E, and F had significantly higher levels of VEGF, ANG2, and 

MVD expression than did groups A, B, and C (P<0.05), according to the findings. 

There was a statistically significant difference (P<0.05) between group F and 

the other two groups when it came to VEGF and ANG2 and MVD expression 

levels. It is proved that BMAL1 can regulate VEGF and ANG2 to promote 

angiogenesis of glioma, as shown in Table 4 and Figure 4. 
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Table 4: BMAL1 regulates VEGF and ANG2 and promotes glioma angiogenesis 

GROUP GROUP A GROUP B GROUP C GROUP D GROUP E GROUP F 

VEGF 93.01±19.57 146.47±24.

67 

189.45±28

.53 

108.91±22.

45a 

159.03±28

.78a 

240.76±31

.99abc 

ANG2 279.54±31.0

2 

322.32±38.

74 

389.34±42

.23 

283.90±34.

21aa 

341.93±40

.98a 

409.91±47

.81abc 

MVD 40.32±16.34 54.82±17.9

4 

62.39±20.

18 

43.86±17.5

3a 

59.03±18.

72a 

70.30±24.

45abc 

 

Figure 4: Expression level of VEGF, ANG2 and MVD 

4. Discussion  

Glioma, as a clinical neuroepithelial malignant tumor, has many causes, 

including congenital inheritance, carcinogenic factors, electromagnetic 

radiation and other causes, which leads to the mutation of neuroectodermal 

glial stem cells and infiltration of neurovessels, with rapid cell differentiation and 

metastasis, and is easy to compress brain tissue, and finally damages the 

central nervous system, causing language, vision and limb dysfunction. If the 

tumor cells continue to progress, it can lead to systemic multiple organ failure 

and even death (Cote et al., 2021; Suh, Kim, Jung, Choi, & Kim, 2019). At 

present, the main carcinogenic factors and pathogenesis of the disease are still 

unclear, and the symptoms and signs are non-specific, resulting in the lack of 

key breakthroughs in the diagnosis and treatment of the disease (Sun et al., 

2020). As a result of their development conditions, invasion and metastatic 
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spread, some researchers (Ji, Wang, Chen, Zhou, & Liu, 2019) believe that the 

expression of VEGF and ANG2 can reflect glioma angiogenesis and is 

associated with glioma cell levels of these proteins. When it comes to 

angiogenesis, it's still not understood how to regulate levels of VEGF and ANG2. 

According to research, the TTFL loop plays an important role in maintaining 

healthy organ function and preventing tumor cell growth. However, clinical 

studies mostly focus on the free cells in blood vessels, and the cell link between 

relevant factors in the physiological process of circadian rhythm regulation and 

tumor blood vessels still needs to be verified (Chiou, Li, Yang, & Sancar, 2020; 

Knoedler, Ávila-Mendoza, Subramani, & Denver, 2020). In this work, it was 

found that Bmal1 was involved in the control of VEGF and ANG2 expression 

levels and enhanced angiogenesis in glioma, which may serve as a possible 

therapeutic target for glioma treatment. 

Eukaryotic cells have a unique process called autophagy. Autophagy-

related genes control the activity of the enzyme, cells are involved in the 

degradation of damaged organelles and macromolecular substances. There 

are two sides to this process, including cell survival and apoptosis (Edward & 

Joshua, 2019). When there is significant difference between the internal and 

external environments of cells, the damaged cytoplasm and organelles can be 

removed or degraded to provide intracellular energy cycle for protecting the 

damaged cells, promote the exchange of cytoplasm and organelles, generate 

new cells, and maintain the water and electrolyte homeostasis. Autophagy is 

an essential component in the survival, growth, and progression of malignant 

tumors (Pang et al., 2019; Yang, Wang, Liu, & Wu, 2020). Long Y et al (Long et 

al., 2020) glutamic acid transport inhibits the VEGF level in glioblastoma by 

enhancing the expression of regulatory T cell genes, thereby achieving the 

effects of improving tumor survival rate and intratumor immunosuppression. 

Quintanilha J et al. (Quintanilha et al., 2022) believed that VEGF and ANG2 

could be used as vascular markers of the anti-angiogenic drug bevacizumab, 

with potential value for predicting vascular hypertension and vascular function. 

Researchers found that the control group had much less viable cells and a 

higher rate of apoptosis compared to its blank counterparts, based on this 

study's findings.  

The research group's grade I–II, III–IV cell viability was lower than the 

control groups, and the apoptosis rate was higher. There was a negative link 

between the cell viability and apoptosis rate between grades I–II, III, and IV in 

the research group. All of the control groups had higher levels of the growth 

factor and angiotensin II (VEGF and ANG2), as well as larger numbers of MVDs. 

Grade I–II, grade III, and IV VEGF expression and MVD numbers were 

substantially greater in the study group than in the control group. The grade I–

II, grade III and IV in the study group were positively correlated with the 

expression levels of VEGF and ANG2 and MVD counts. The positive 

expressions of VEGF and ANG2 were positively correlated. The expressions of 
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VEGF and ANG2 could promote vascular growth in gliomas. The MVD value of 

the high-expression group of VEGF and ANG2 was significantly higher than that 

of the low-expression group. The results were basically consistent with those of 

Long Y and Quintanilha J, indicating that the expression of VEGF and ANG2 

regulated the angiogenesis process of glioma and was closely related to the 

survival and apoptosis of glioma cells.  

Analysis of the causes: Tumor angiogenesis is a process in which tumor 

cells, vascular endothelial cell (VEC) and immune cells jointly release 

regulatory factors to inhibit and stimulate capillary angiogenesis. VEGF and 

ANG2, as important mediators of the above process, stimulate the proliferation 

and growth of endothelial cells by binding to specific receptors on endothelial 

cells, resulting in tumor angiogenesis. Among them, VEGF increase that 

vascular endothelial permeability by stimulating the vesicle vacuole on the 

tumor VEC, thereby promote the infiltration of stimulating factors and the 

outflow of plasma proteins, regulate the internal and external environment of 

the tumor VEC, and promoting cell migration, growth and proliferation, which is 

beneficial to vascular growth; As an angiogenic hormone, ANG2 protein can 

participate in angiogenesis and excitation stages, and specifically block the 

vascular stabilization effect, destroy the vascular basement membrane, 

increase the permeability of vascular VEC, and promote the sensitive 

proliferation of effector factors such as VEGF. In addition, ANG2 protein can 

regulate actin fibers, destroy the VEC structure, promote the angiogenic 

function of endothelial cells, and facilitate vascular growth. Therefore, 

controlling the expression levels of VEGF and ANG2 can increase glioma 

angiogenesis (Wolf & Langmann, 2019; Zhan, Lei, & Yang, 2021). 

Circadian rhythm, as an important endogenous mechanism in organisms, 

is the basic feature of the regular activities of all living organisms, and can guide 

the body to standardize the instructions through the signal transduction process, 

and regulate the rhythm of the signals in and around the body today. Relevant 

studies have confirmed that the circadian rhythm process is not only involved 

in the normal metabolism, proliferation, apoptosis and survival of organs and 

tissues in a coordinated and orderly manner, but also involved in the generation 

and progression of pathological processes in cells and tissues (Brancaccio et 

al., 2019). Takaguri A et al (Takaguri, Sasano, Akihiro, & Satoh, 2020) found 

that BMAL1 participated in vascular smooth muscle cells by regulating kinase 

part, thereby stimulating vascular growth factor to induce vascular proliferation. 

Compared to groups A, B, and C, the expression levels of VEGF, ANG2, and 

MVD in groups D, E, and F were found to be significantly higher. Compared 

with the groups D and E, the group F had the highest significant increase in the 

expression levels of VEGF and ANG2 and MVD, proving that BMAL1 could 

regulate VEGF and ANG2 to promote glioma angiogenesis. It was basically 

consistent with the results of Takaguri A study (Takaguri et al., 2020), indicating 

that BMAL1 could regulate the expression levels of VEGF and ANG2, leading 
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to the promotion of angiogenesis in glioma.  

BMAL1, belonging to transcription factor family of bHLH-PAS structural 

domain, is able to participate in negative feedback transcription of biological 

clock genes, regulate circadian rhythm and maintain the stability of cells and 

tissues in vital activities. In the above-mentioned process, it mainly binds to E-

box boxes of promoters such as Per, cry, and dbp, to initiate transcription of 

related genes, and stimulate and activate abnormal expressions of VEGF and 

ANG2 according to the original clock gene mechanism, leading to vascular 

germination and generation of tumor cells. In addition, promoters such as Per, 

cry, and dbp will negatively feedback the BMAL1 protein, resulting in its 

degradation from the heterodimer, further regulating the expression levels of 

VEGF and ANG2, promoting their vascular epithelial cells, and eventually 

promoting the angiogenesis of glioma. This study still has significant limitations. 

The number of glioma tissues available for study is restricted, and there may 

be deviations between the experimental data and clinical research, which has 

an impact on the reliability of research results. Angiogenesis was evaluated only 

by MVD count, without further evaluation of blood indexes and imaging data. 

There may be other action mechanisms and effects that BMAL1 is involved in 

the expression of VEGF and ANG2 in glioma cells, which have not been 

covered in this study yet and need to be further studied.  

As a result, in order to improve clinical glioma prognosis and treatment, 

additional samples, animal experiments, and other sources of information are 

required. In summary, BMAL1 is able to bind to and activate the expressions of 

VEGF and ANG2 and increase the number of micro vessels by promoting the 

development and proliferation of vascular endothelial cells. Therefore, BMAL1 

regulates VEGF and ANG2 to promote the angiogenesis process of glioma. 

5.Conclusion 

This study offers significant insights into the complex interplay between 

BMAL1 and key angiogenic factors, VEGF and ANG2, in the context of cerebral 

glioma, particularly within the athletic population. Our findings suggest that 

BMAL1 acts as a crucial regulatory element in the angiogenesis process of 

gliomas, evidenced by its influence on cell growth, apoptosis, and the 

expression levels of VEGF and ANG2. The increased expression of these 

angiogenic markers in BMAL1-treated groups indicates a direct correlation 

between BMAL1 activity and enhanced angiogenesis in cerebral glioma. For 

athletes, who may have an increased risk of cerebral glioma due to factors like 

repetitive head trauma or intense physical stress, these results are especially 

pertinent. The ability of BMAL1 to modulate angiogenesis presents a novel and 

promising therapeutic target for managing cerebral glioma in this specific group. 

By focusing on the molecular mechanisms driven by BMAL1, new therapeutic 

strategies can be developed that are tailored to the unique needs of athletes 
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facing this challenging condition. 

In essence, our research shifts the paradigm in understanding and 

treating cerebral glioma in athletes. It underscores the potential of BMAL1 as a 

key therapeutic target, opening up possibilities for more effective and targeted 

interventions. These advancements could not only improve treatment 

outcomes but also enhance the overall well-being and health management of 

athletes dealing with cerebral glioma. 
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