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Abstract. The present study aimed to investigate the roles 
of the vascular endothelial cell growth factor (VEGF) and 
micro (mi)RNA-210 in the metastasis of primary medulloblas-
toma (MB) tumors. A total of 86 adult patients diagnosed with 
cerebellar MB were enrolled in the present study, of which 
11 patients had metastatic MB in the subarachnoid space. 
The following samples were collected: MB primary tumor 
tissue, MB secondary tumor tissue, tumor adjacent tissues and 
cerebrospinal fluid (CSF). Immunohistochemical analyses of 
the tissue samples were conducted in order to detect patterns 
of VEGF expression. In addition, the expression levels of 
VEGF mRNA and miRNA-210 were analyzed using reverse 
transcription-quantititative polymerase chain reaction, and 
western blot analyses were used to investigate VEGF protein 
expression levels. The positive expression rate of VEGF was 
significantly higher in MB tumor tissue, as compared with 
adjacent tissues (P<0.01). In addition, VEGF mRNA and 
protein expression levels in MB primary and secondary tumor 
tissues, and in the CSF of patients with metastatic MB, were 
significantly upregulated, as compared with tumor adjacent 
tissues and the CSF of patients with non‑metastatic MB, 
respectively (P<0.01). miRNA-210 expression levels were 
significantly upregulated in MB tumor tissues, the CSF of 
patients with metastatic MB and in tumor tissues of metastatic 
MB (P<0.01). In the present study, the expression levels of 
VEGF and miRNA-210 were upregulated in patients with MB 
and metastatic MB; thus suggesting that miRNA-210 may 
promote the metastasis of MB primary tumors by regulating 
the expression of VEGF.

Introduction

Medulloblastoma (MB) is a malignant epithelial tumor of the 
central nervous system, which often occurs in children (1). 
The underlying factors contributing to MB are currently 
unknown. MB primary tumors are able to develop in any 
part of the brain; however, they predominantly occur in the 
cerebellar vermis, above the top of the fourth ventricle. The 
initial clinical symptoms of MB include headaches, vomiting 
and unstable walking, which may progress to diplopia, ataxia 
and vision loss due to increased intracranial pressure and 
cerebellar damage (2).

Tumorigenesis, development, invasion, metastasis, and 
malignancy are closely associated with angiogenesis (3). The 
vascular endothelial cell growth factor (VEGF) is an effective 
pro-angiogenic growth factor and is an important regulator 
of angiogenesis, in which new blood vessels are formed 
from existing ones in order to increase blood supply (4). 
Angiogenesis has a key role in the malignant transformation 
of normal tissues (5), and alterations in the expression levels of 
numerous vascular growth factors, including VEGF, have been 
detected during the development of various tumor types (6). 
Furthermore, VEGF has been associated with the development 
of numerous diseases, including coronary heart disease (7), 
cardiac X syndrome (8), hypertension (9), cerebrovascular 
disease (10), and diabetic nephropathy (11).

Previous studies have detected an association between 
upregulation of micro (mi)RNA-210 expression levels and 
elevated expression levels of VEGF in kidney tissue samples, 
during bone necrosis, and in glioblastoma (12-14). However, to 
the best of our knowledge, the relationship between miRNA-210 
and VEGF in patients with MB has yet to be investigated. In the 
present study, the expression levels of miRNA-210 and VEGF 
in MB primary and secondary tumor tissues, tumor adjacent 
tissues and in the cerebrospinal fluid (CSF) were detected, in 
order to investigate the association between miRNA-210 and 
VEGF, and their roles in MB metastasis. 

Materials and methods

Subjects. A total of 86 adult patients with cerebellar MB, 
who were admitted to the People's Hospital of Laiwu (Laiwu, 
China) between January 2011 and June 2014, were enrolled in 
the present study. Of the 86 patients, 50 were male and 36 were 
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female. The age range was 18-46 years, with a mean age of 
35.6±8.6 years. All patients underwent surgery to remove the 
tumor. Following the initial surgery, MB metastasis to the 
subarachnoid space occurred in 11 patients, including 5 male 
and 6 female patients. The age range of these 11 patients was 
21-39 years, with a mean age of 29.3±8.1 years. The metastatic 
MB tissue was similarly removed by surgery. The tumor tissues 
of primary MB and metastatic MB, tumor adjacent tissues and 
CSF were collected. Written informed consent was obtained 
from all patients prior to the study. The study was approved 
by the Ethics Review Board of the People's Hospital of Laiwu.

Reagents and instruments. The miRcute miRNA Isolation kit, 
miRcute miRNA cDNA First Strand Synthesis kit, miRcute 
miRNA Quantitative Fluorescence Detection kit, SuperReal 
PreMix (SYBR Green), and TIANScript Ⅱ cDNA First Strand 
Synthesis kit, were all obtained from Tiangen Biotech Co., 
Ltd. (Beijing, China). Rabbit anti-human polyclonal VEGF 
antibody (cat. no. ab46154), rabbit anti-human polyclonal 
β-actin antibody (cat. no. ab129348), horseradish peroxidase 
(HRP)-conjugated sheep anti-rabbit immunoglobulin (Ig)G 
(cat. no. ab6721), and goat anti-rabbit biotinylated secondary 
monoclonal antibody (cat. no. ab128978) were purchased 
from Abcam (Cambridge, MA, USA). TRIzol® reagent was 
obtained from Liaoning Yisheng Biological Pharmaceutical 
Co., Ltd. (Shenyang, China). The bicinchoninic acid (BCA) 
protein assay kit was purchased from Zhong Ke Rui Tai 
Biotech Co. (Beijing, China). The Image Lab 3.0 software 
and high-performance iQ5 Real-Time PCR Detection system 
were obtained from Bio-Rad Laboratories, Inc. (Hercules, 
CA, USA). Primers were designed using Primer Premier 5.0 
software (Premier Biosoft International, Palo Alto, CA, USA) 
and were synthesized by Sangon Biotech Co., Ltd. (Shanghai, 
China).

Immunohistochemistry. MB tumor tissues and tumor adja-
cent tissues were fixed with 10% formalin and embedded in 
paraffin. Tissues were cut into 4 µm sections, which were then 
dewaxed in graded xylene and dehydrated in graded alcohols. 
In order to inactivate endogenous peroxidase, tissue sections 
were incubated with 3% hydrogen peroxide for 10 min at room 
temperature. Antigen retrieval was performed in a microwave 
(92˚C for 15 min). After blocking in 5% goat serum (Beijing 
Zhongshan Golden Bridge Biological Technology Co., Ltd., 
Beijing, China), rabbit anti-human VEGF polyclonal antibody 
(dilution 1:200) was added and incubated at room temperature 
for 1 h, prior to incubation with biotinylated goat anti-rabbit 
antibody (dilution 1:1,000) at 37˚C for 30 min. The tissue 
sections were then incubated with 3,3-diaminobenzidine chro-
mogenic substrate reagent (Abcam) and counterstained with 
haematoxylin (Abcam). Following differentiation with hydro-
chloric acid and the dimethylbenzene transparency procedure, 
tissue sections were mounted with neutral gum.

Evaluation of immunohistochemical staining results. Tissue 
sections were observed under a microscope (magnification, 
400x; Olympus BX50; Olympus Corporation, Tokyo, Japan). 
Cells with brown or tan granules in the cytoplasm or on the 
membrane were defined as positive. Images of five fields at 
high‑magnification were randomly captured and positive cells 

were counted. At least 100 cells were counted. The positive 
rate corresponded to the ratio of the number of positive cells to 
the total number of cells counted. 

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). The expression levels of VEGF mRNA and 
miRNA‑210 were detected in tissue and CSF samples using 
RT-qPCR. Prior to RNA extraction, tissue samples were 
homogenized using a homogenizer (PRO 200 homogenizer; 
Pro Scientific, Inc., Oxford, CT, USA). For analysis of VEGF 
mRNA expression levels, total RNA was extracted from tumor 
tissues and tumor adjacent tissues using TRIzol® reagent, 
and the total RNA was reverse transcribed into cDNA. The 
primers used were as follows: Forward, 5'-TTG CCT TGC TGC 
TCT ACC TC-3' and reverse, 5'-AAA TGC TTT CTC CGC TCT 
GA-3' for VEGF; and forward, 5'-TGA CGT GGA CAT CCG 
CAA AG-3' and reverse, 5'-CTG GAA GGT GGA CAG CGA 
GG-3' for β-actin. β-actin was used as an internal control. 
PCR-iQ5 thermal cycler (Bio-Rad Laboratories, Inc.) was used 
to perform PCR. The PCR cycling procedures were as follows: 
Pre‑denaturation at 94˚C for 2 min, 35 cycles of denaturation 
at 94˚C for 30 sec, annealing at 55˚C for 30 sec and extension 
at 71˚C for 1 min, and a final extension at 71˚C for 2 min. The 
2‑ΔΔCt method (15) was used to calculate the relative expression 
levels of VEGF and β-actin. 

The following primers were used to analyze the 
expression levels of miRNA‑210 in the CSF: Forward, 
5'-CTGTGCGTGTGACAGCGGCTGA-3' and reverse, 
5'-GCGAGCACAGAATTAATACGAC-3' for miRNA-210; 
and forward, 5'-CGCTTCGGCAGCACATATACTA-3' and 
reverse, 5'-CGCTTCACGAATTTGCGTGTCA-3' for U6. U6 
was used as an internal control. The PCR cycling procedures 
were as follows: Pre‑denaturation at 95˚C for 10 min, 40 cycles 
of denaturation at 95˚C for 15 sec, annealing at 60˚C for 1 min 
and extension at 72˚C for 2 min, and final extension at 72˚C 
for 4 min. The 2‑ΔΔCt method was used to calculate the relative 
expression levels of miRNA-210 and U6.

Western blotting. Prior to protein extraction, tissue samples 
were homogenized using a homogenizer (PRO 200 homog-
enizer; Pro Scientific, Inc.). Total protein was extracted from 
the tissue sections and CSF using radioimmunoprecipitation 
assay buffer (Beyotime Institute of Biotechnology, Shanghai, 
China) and the protein concentration was determined using the 
BCA protein assay kit. Protein samples (30 µg) were separated 
by 10% SDS‑PAGE, after which they were transferred onto a 
polyvinylidene fluoride membrane (EMD Millipore, Billerica, 
MA, USA). After blocking with 5% non‑fat milk for 1 h at room 
temperature, the membrane was incubated with primary rabbit 
anti-human VEGF polyclonal antibody (1:1,000 dilution) and 
rabbit anti-human β-actin polyclonal antibody (1:5,000 dilution) 
at 4˚C overnight. After washing with 150 mmol/l Tris‑buffered 
saline containing 5% Tween (Amresco, LLC, Solon, OH, 
USA), the membrane was incubated with sheep anti‑rabbit 
HRP-conjugated IgG (1:3,000) at room temperature for 1 h. 
Subsequently, the membrane was developed via incubation with 
Enhanced Chemiluminescence Reagent Plus (Abcam). The 
western blot images were analyzed using Image Lab 3.0 soft-
ware. β-actin was used as an internal control. The relative value 
of VEGF was defined as the grey value ratio of VEGF:β-actin. 
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Figure 1. Immunohistochemical analysis of vascular endothelial cell growth factor (VEGF) protein expression in tumor tissues and tumor adjacent tissues 
from patients with medulloblastoma (MB). VEGF expression was detected using immunohistochemistry methods. Cells with brown or tan granules in the 
cytoplasm or on the membrane were defined as positive. Representative immunohistochemical staining results demonstrating VEGF expression in (A) tumor 
adjacent tissues and (B) tumor tissues of patients with MB (magnification, 400x). (C) Quantitative immunohistochemical staining results showing VEGF 
expression. Positive cells were counted and the positive expression rate was defined as the ratio of the number of positive cells to the total number of cells. The 
positive expression rate of VEGF was significantly higher in the MB tumor tissues, as compared with in the tumor adjacent tissues. Data are presented as the 
mean ± standard deviation. **P<0.01 vs. the tumor adjacent tissues. 
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Figure 2. Analysis of vascular endothelial cell growth factor (VEGF) mRNA and protein expression levels in tumor tissues and tumor adjacent tissues from 
patients with medulloblastoma (MB). (A) VEGF mRNA expression levels were measured using reverse transcription-quantitative polymerase chain reaction. 
VEGF mRNA expression levels were significantly upregulated in MB tumor tissues, as compared with in the tumor adjacent tissues. (B and C) VEGF protein 
expression levels were measured using western blotting, in which β-actin was used as an internal control. VEGF protein expression levels were upregulated in the 
MB tumor tissues, as compared with in the tumor adjacent tissues. Data are presented as the mean ± standard deviation. **P<0.01 vs. the tumor adjacent tissues.
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Figure 3. Analysis of vascular endothelial cell growth factor (VEGF) mRNA and protein expression levels in the cerebral spinal fluid (CSF) of patients 
with primary medulloblastoma (MB; non-metastasis) and metastatic MB (MB-metastasis). (A) VEGF mRNA expression levels were measured using 
reverse transcription‑quantitative polymerase chain reaction. VEGF mRNA expression levels were significantly upregulated in the CSF of patients with 
metastatic MB, as compared with non-metastatic MB. (B and C) VEGF protein expression levels were measured using western blotting, in which β-actin 
was used as an internal control. VEGF protein expression levels were significantly upregulated in the CSF of patients with metastatic MB, as compared with 
non-metastatic MB. Data are presented as the mean ± standard deviation. *P<0.05 vs. non-metastatic MB; **P<0.01. vs. non-metastatic MB.

Figure 4. Analysis of vascular endothelial cell growth factor (VEGF) mRNA and protein expression levels in tumor and tumor adjacent tissues of patients with 
metastatic medulloblastoma (MB). (A) VEGF mRNA expression levels were measured using reverse transcription-quantitative polymerase chain reaction. 
VEGF mRNA expression levels were significantly upregulated in the tumor tissue from patients with metastatic MB, as compared with in the tumor adjacent 
tissues. (B and C) VEGF protein expression levels were measured using western blotting, in which β-actin was used as an internal control. VEGF protein 
expression levels were significantly upregulated in the tumor tissue from patients with metastatic MB, as compared with in the tumor adjacent tissues. Data are 
presented as the mean ± standard deviation. **P<0.01 vs. the tumor adjacent tissues.
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Statistical analysis. SPSS 18.0 software (SPSS Inc., Chicago, 
IL, USA) was used for statistical analysis. Data are presented 
as the mean ± standard deviation. One-way analysis of vari-
ance was performed in order to compare the differences 
between the various groups. P<0.05 was considered to indicate 
a statistically significant difference.

Results

VEGF is highly expressed in tumor tissues of MB. In order to 
determine the expression levels of VEGF in MB tumor tissues 
and tumor adjacent tissues, immunohistochemical analyses 
were performed. Representative immunohistochemical 
staining results are presented in Fig. 1A and B. Cells with 
brown or tan granules in the cytoplasm or on the membrane 
were defined as positive. Positive cells were counted and the 
positive expression rate was defined as the ratio of the number 
of positive cells to the total number of cells. The positive 
expression rate of VEGF was significantly higher in the MB 
tumor tissues, as compared with in the tumor adjacent tissues 
(P<0.01; Fig 1C). These results indicate that VEGF expres-
sion levels in MB tumor tissues are upregulated, as compared 
with tissues adjacent to the tumor.

Protein and mRNA expression levels of VEGF are upregulated 
in the tumor tissues of patients with MB. In order to analyze 
the mRNA and protein expression levels of VEGF, RT-qPCR 
and western blotting of tumor and tumor adjacent tissues from 
patients with MB were conducted. As compared with in the 

tumor adjacent tissues, VEGF mRNA expression levels in 
the tumor tissues from patients with MB were significantly 
upregulated (P<0.01; Fig. 2A). Concordantly, VEGF protein 
expression levels were significantly increased in the MB tumor 
tissues, as compared with in the tumor adjacent tissues (P<0.01; 
Fig. 2B and C). These results suggest that VEGF mRNA and 
protein expression levels are upregulated in the tumor tissues 
of patients with MB. 

Protein and mRNA expression levels of VEGF are upregu‑
lated in the CSF of patients with metastatic MB. In order to 
compare the expression levels of VEGF mRNA and protein in 
the CSF of patients with and without secondary MB tumors, 
RT‑qPCR and western blotting were performed using CSF 
collected from all patients. The VEGF mRNA expression 
levels in the CSF from patients with metastatic MB were 
significantly upregulated, as compared with in the CSF from 
patients without secondary tumors (P<0.05; Fig. 3A). In 
addition, VEGF protein expression levels in the CSF from 
patients with metastatic MB were significantly upregulated, 
as compared with in the CSF from patients without metas-
tases (P<0.01; Fig. 3B and C). These results suggest that VEGF 
is upregulated in the CSF of patients with metastatic MB. 

Protein and mRNA expression levels of VEGF are upregu‑
lated in tumor tissues from patients with metastatic MB. In 
order to investigate the mRNA and protein expression levels 
of VEGF in tumor tissues from patients with metastatic MB, 
tumor and tumor adjacent tissues from only the patients with 

Figure 5. Analysis of micro (mi)RNA-210 expression levels. miRNA-210 expression was detected using reverse transcription-quantitative polymerase chain 
reaction. (A) Relative miRNA-210 expression levels in tumor and tumor adjacent tissues of patients with medulloblastoma (MB). miRNA-210 expression levels 
were significantly upregulated in MB tumor tissues, as compared with in tumor adjacent tissues. (B) Relative miRNA‑210 expression levels in the cerebrospinal 
fluid (CSF) of patients with primary MB (non‑metastasis) and patients with metastatic MB (MB‑metastasis). miRNA‑210 expression levels in the CSF of patients 
with metastatic MB were significantly upregulated, as compared with in the CSF of patients with non‑metastatic MB. (C) Relative miRNA‑210 expression levels 
in tumor and tumor adjacent tissues of patients with metastatic MB. miRNA‑210 expression levels were significantly upregulated in the tumor tissues of patients 
with metastatic MB, as compared with in the tumor adjacent tissues. Data are presented as the mean ± standard deviation. **P<0.01 vs. non-metastatic MB/tumor 
adjacent tissues.
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secondary tumors were analyzed. VEGF mRNA and protein 
expression levels were measured using RT-qPCR and western 
blotting, respectively. The VEGF mRNA expression levels 
in the tumor tissues from patients with metastatic MB were 
significantly upregulated, as compared with in the tumor 
adjacent tissues (P<0.01; Fig. 4A). Similarly, western blotting 
results demonstrated that VEGF protein expression levels were 
significantly upregulated in the tumor tissues from patients 
with metastatic MB, as compared with in the tumor adjacent 
tissues (P<0.01; Fig. 4B). These results indicate that VEGF 
mRNA and protein expression levels are upregulated in the 
tumors of patients with metastatic MB. 

Expression levels of miRNA‑210 are increased in patients with 
MB. In order to analyze the expression levels of miRNA-210 
in patients with MB, RT-qPCR of MB tumor tissue, tumor 
adjacent tissue, CSF and metastatic tumor tissue samples was 
conducted. miRNA-210 expression levels in the tumor tissues of 
patients with MB were significantly upregulated, as compared 
with in the tumor adjacent tissues (P<0.01; Fig. 5A). Similarly, 
miRNA‑210 expression levels in the CSF from patients with 
metastatic MB were significantly increased, as compared with 
in the CSF from patients with primary MB (P<0.01; Fig. 5B). In 
addition, miRNA-210 expression levels in the tumor tissues of 
patients with metastatic MB were significantly upregulated, as 
compared with in the tumor adjacent tissues (P<0.01; Fig. 5C). 
These results indicate that miRNA-210 levels are upregulated 
in patients with MB.

Discussion

Hypoxia is able to induce expression of VEGF and hypoxia 
inducible factor-1α, which in turn may activate downstream 
factors involved in tumor invasion and metastasis (16); therefore, 
the expression levels of VEGF may be used as an indicator for 
assessing tumor invasion and metastasis. In the present study, 
VEGF mRNA and protein expression levels were significantly 
upregulated in the tumor tissues of patients with MB and meta-
static MB; thus indicating the occurrence of hypoxia in MB. 
Furthermore, upregulated VEGF may have a role in promoting 
tumor angiogenesis.

The detection of VEGF expression in brain tissue can, to 
some extent, reveal the pathological process of brain tumor inva-
sion (17). In the present study, immunohistochemical staining 
demonstrated that the positive expression rate of VEGF was 
elevated in MB tumor tissues, as compared with in non-tumor 
tissues adjacent to MB. This indicates that the expression levels 
of VEGF may be associated with the degree of MB infiltration. 
The metastasis of MB primary tumors occurs predominantly 
via the CSF (18); therefore, the levels of VEGF in the CSF of 
patients with MB and metastatic MB were also analyzed in 
the present study. The results demonstrated that VEGF levels 
were significantly upregulated in the CSF of patients with 
metastatic MB, as compared with in patients with primary MB. 
The reason for this may be that VEGF expression increases the 
transcriptional activation of numerous downstream molecules, 
and in doing so initiates the invasion and metastasis of MB (19), 
ultimately leading to the metastasis of MB via the CSF.

Previous studies have detected miRNA-210-mediated 
regulation of VEGF expression and angiogenesis in various 

processes, including tumor formation and development (20), 
angiogenesis and nerve repair in the brain (21), capil-
lary formation (22), and ligament repair (23). In addition, 
Szabó et al (24) demonstrated that VEGF mRNA is a target 
of miRNA-210; therefore, miRNA-210 has the potential to be 
used as a specific biomarker in the early diagnosis and treat-
ment of diseases associated with VEGF (25). In the present 
study, consistent with the alterations in the expression levels 
of VEGF, miRNA-210 expression levels were elevated in the 
tumor tissues of patients with MB and metastatic MB, and in 
the CSF of patients with metastatic MB. This suggests that 
miRNA-210 may regulate the expression of VEGF in patients 
with MB. 

In conclusion, VEGF and miRNA-210 expression levels 
were upregulated in the tumor tissues of patients with MB, 
and most significantly in patients with metastatic MB; thus 
suggesting that miRNA-210 is able to regulate the metastasis 
of MB via regulation of VEGF expression. 
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