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Expression of VEGF and MMP-9 and
MRI imaging changes in cerebral glioma
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Abstract. The purpose of the present study was to investigate
the association of vascular endothelial growth factor (VEGF)
and matrix metalloproteinase-9 (MMP-9) expression with the
histopathological grading of tumors in cerebral glioma. A total
of 45 patients with pathologically confirmed cerebral glioma
were divided into two groups: a low-grade group (grades I
and II, 21 cases) and a high-grade group (grades III and IV,
24 cases). Immunohistochemical staining of tumor samples
showed the percentages of tumors expressing VEGF and
MMP-9 in the high-grade group to be 95.83 and 75%, respec-
tively, significantly higher than those of the low-grade group
(66.67 and 23.81%, P<0.05 and P<0.01, respectively). The
magnetic resonance imaging (MRI) results indicated that the
peripheral edema index (EI), enhancement percentage (EP),
and the maximum diameter of the tumor in the high-grade
group were significantly higher than those in the low-grade
group (P<0.05, P<0.01, and P<0.05). Moreover, the expression
of VEGF and MMP-9 was positively correlated with EI, EP
and the maximum diameter of the tumor (P<0.05). Therefore,
VEGF and MMP-9 expression were correlated to the invasion
of glioma. The association of their expression levels with EI,
EP and the maximum tumor diameter indicates that these
markers may be used to estimate tumor malignancy for future
clinical diagnosis and treatment.

Introduction
Neuroglioma, or glioma, is the most common primary tumor

of the central nervous system, accounting for approximately
40-50% of all intracranial tumors (1). These tumors are char-
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acterized by a high invasive potential and a wide diversity
of histological appearance. As with other tumors, one of the
crucial steps in invasion is angiogenesis of the peritumoral
tissues (2,3). Two primary factors that mediate tumor angio-
genesis, vascular endothelial growth factor (VEGF) and
matrix metalloproteinase-9 (MMP-9), have been researched
in various tumor types (1-3). These studies show that VEGF
and MMP-9 expression varies in the majority of tumor cells
and is directly associated with tumor invasion.

Recent advances in imaging techniques have increased the
use of non-invasive examination in the diagnosis and treat-
ment of glioma. Magnetic resonance imaging (MRI) is one
such valuable imaging technique, which has the advantages
of non-traumatic, non-ionizing radiation and multiple planar
imaging. In combination with other approaches, MRI is
capable of visualizing various intracranial lesions (both struc-
tural and functional) and detecting the correlation between
the major white matter fiber bundle and glioma lesions.
Additionally, the complexity of these tumors has generated
interest in identifying biomarkers that are capable of aiding
in the diagnosis and treatment of gliomas (4). The current
study used MRI to determine the correlation of expression
of VEGF and MMP-9 with MRI characteristics and clinical
pathological grades of cerebral gliomas to aid in clinical treat-
ment and prognosis assessment.

Materials and methods

Study subjects. The study involved 45 cerebral glioma
patients from the Department of Neurosurgery, the Third
Affiliated Hospital of Harbin Medical University, China,
between September 2008 and July 2010. The population
included 26 males and 19 females aged 18-65 years, with a
mean age of 52.6 years. The patients were divided into two
groups: a low-grade group (grades I and II, n=21) and a high-
grade group (grades III and IV, n=24), according to diagnostic
gradation criteria for gliomas from the 2007 World Health
Organization (WHO) classification of tumors of the central
nervous system (5).

MRI scan. MRI scans were performed by a Philips Gyroscan
Intra 1.5T superconductor MRI scanner. A standard quadra-
ture head coil was used. SE sequences of MR scans included
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Table I. Correlation between the expression of VEGF and MMP-9 in cerebral gliomas and clinical pathological grade of the tumor.

Groups Cases VEGF MMP-9

Positive Negative ¥ P-value Positive Negative x> P-value
Low-grade 21 14 7 6.98 <0.05 5 16 11.24 <0.01
High-grade 24 23 1 18 6
Table II. Correlation between EI, EP, and maximum tumor diameter.
Groups EI EP (%) Max tumor diameter (mm)
Low-grade 1.23+0.78 4.57+3.79 36.2+11.17
High-grade 7.75+6.61 35.46+18.78 56.22+10.12
t 6.32 9.65 5.23
P-value <0.05 <0.01 <0.05

axial and sagittal TIWI and axial T2WI. A contrast agent
(Gd-DAPA, 0.1 mM/kg) was administered by fast injection
(1-2 min for completion) at a dose of 0.1 mM/kg via the
elbow vein to enhance axial and sagittal TIWI scans. Capture
settings were as follows: TIWI, TR/TE 431 ms/11 ms; T2WI,
TR/TE 4850 ms/120 ms; FOV 24x24 cm; matrix 256x256;
NEX 2; band width 12.5 kHz; slice thickness, 5 mm; interval,
1 mm. Enhanced scan parameters were identical to TIWI.

Immunohistochemical examination of VEGF and MMP-9.
Fresh tumor specimens were obtained during surgery and
fixed with 10% formalin solution. Tumor tissues were
embedded in paraffin, cut into 5 ym serial sections, and placed
onto glass slides. One slide was routinely stained with hema-
toxylin and eosin (H&E) to confirm the pathological results.
Other sections were used to perform immunohistochemical
staining with mouse anti-human VEGF monoclonal antibody
and mouse anti-human MMP-9 monoclonal antibody (Wuhan
Boster Biological Technology Co., Ltd., China) detected by
SP or DAB Kkits, according to the manufacturer's instructions
(Wuhan Boster Biological Technology Co., Ltd.). VEGF was
visualized by brown or dark brown staining in the cytoplasm
or cell membrane of tumor cells; MMP-9 appeared as brown
or brown-yellow particles in the cytoplasm of tumor cells. We
assessed the distribution, intensity and location of staining in
positive cells. Some sections were incubated with phosphate-
buffered saline (PBS) instead of primary antibody as a
negative control and known positive breast cancer sections
were used as a positive control.

MRI detection for intracranial edema index (EI). The edge
clarity and uniformity of the tumor signal were evaluated
by two highly qualified imaging physicians. Specifically, the
largest lesion entity area on the enhanced horizontal axis TIWI
was used to measure the maximum diameter of the tumors.
Additionally, vertical diameter line length was measured on
the enhanced horizontal axis of the MRI, and the maximum
height of the tumor body was measured on the sagittal MRI.
Thus, the volume of the tumor body was determined by

multiplying these three parameters. Edema volume (including
tumor body) and maximum edema height were measured
according to standard methods (6) on T2WI to calculate the
layer number occupied by T2WI edema. The layer number was
also multiplied by the layer thickness and interval to obtain the
edema volume/tumor body volume (EI) ratio.

MRI detection for the enhancement percentage (EP) of the
intracranial lesions. On MRI contrast images, a region of
interest (ROI) within the lesion entity area of the TIWI scan
was selected, and the signal intensity was measured. The
EP, which is used to reflect the degree of contrast enhance-
ment in lesions, was calculated as EP = difference value of
unenhanced and enhanced signal intensity/unenhanced signal
intensity x 100.

Statistical analysis. Values are expressed as the mean =+
standard deviation (x+s). Data were analyzed with SPSS 12.0
software. Comparisons of parameters among different groups
were performed using t-tests and chi-square tests. Analysis
was performed using the Pearson's correlation method. P<0.05
was considered to be statistically significant.

Results

Immunohistochemical examination of VEGF. VEGF
expression was detected in the cytoplasm of tumor cells or
occasionally in cell membranes. Cell nucleus staining was
also occasionally observed as yellow or yellow-brown in color,
mostly in tumor cells and in a few interstitial cells. VEGF was
detected in 82.2% of the cells (37/45). However, expression
varied by tumor grade, with a positive expression in 66.67%
(14/21) of the low-grade tumors and 95.83% (23/24) of the
high-grade tumors. This expression difference was significant
between the two groups (P<0.05, Table I and Fig. 1).

Immunohistochemical examination of MMP-9. MMP-9 was
detected in the cytoplasm of tumor cells, vascular endothe-
lial cells and basal membranes. The percentage of tumors
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Figure 1. VEGF expression in high- and low-grade gliomas (magnification, x400). (A) High-grade glioma showing numerous tumor cells with darkly-stained
nuclei and a different shape. Brown-stained particles are shown in the cytoplasm and intercellular space. (B) Low-grade glioma with few VEGF-positive
tumor cells. Arrow indicates a positive cell; brown particles are shown in the cytoplasm (magnification, x400).
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Figure 2. MMP-9 staining of gliomas. MMP-9 was detected in the cytoplasm of tumor cells (brown, short arrow), as well as the cytoplasm of vascular
endothelial cells (brown particles, long arrow). (A) High-grade and (B) low-grade glioma.

expressing MMP-9 was 51.1% (23/45), but, similar to VEGF,
this expression varied by tumor grade: 23.81% (5/21) of
low-grade tumors expressed MMP-9 versus 75% (18/24) of
high-grade tumors. These differences were statistically signifi-
cant (P<0.01; Table I and Fig. 2).

MRI scanning results. Standard TIWI scans of high-grade
gliomas showed low signals or equal mixed signals; only a
few showed low, equal and high mixed signals. T2WI scans
of high-grade gliomas showed equal and high mixed signals,
with clear boundaries and observable necrosis or bleeding,
and the majority of the gliomas showed uneven and marked
enhancement. By contrast, low-grade gliomas showed low or
slightly low signals in TIWI. The majority of signals were
relatively uniform, but a few signals were mixed. T2WI scans
of low-grade gliomas showed high or slightly high, signals, and
the majority of the signals were extremely uniform, with clear
boundaries, usually not enhanced or slightly enhanced, with
rare bleeding. Gliomas were observed invading the corpus
callosum to the contralateral hemisphere through the midline,
and a few of the gliomas affected multiple sites, showing
multiple lesions. EI, EP and the maximum tumor diameter
were (1.23+0.78), (4.57+3.79)% and (36.2+11.17) mm, respec-

tively, for low-grade tumors, and (7.75+6.61), (35.46+18.78)%
and (56.22+10.12) mm, respectively, for high-grade tumors.

Correlation between VEGF and MMP-9 expression in
gliomas and peritumoral EI, EP and tumor size. The corre-
lation between EI, EP and the maximum tumor diameter are
shown in Table II. EI, EP and the maximum diameter were all
significantly higher in the high-grade tumor patients than in
the low-grade patients. Pearson's correlation analysis showed
that the expression of VEGF and MMP-9 was positively
correlated with EI (r=0.516, r=0.626, P<0.05), EP (r=0.567,
r=0.549, P<0.05) and maximum tumor diameter (r=0.655,
r=0.506, P<0.05).

Discussion

Glioblastoma is the most common cancer in the central
nervous system, and preoperative examinations depend
mainly on CT and MRI (7,8). The properties of tumors are
usually determined by gross specimen observation and
microscopic observation of their shape and arrangement. The
type and degree of differentiation of the tumor tissues may be
determined by immunohistochemical markers (9,10).
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Prompt and accurate diagnosis and treatment of cerebral
neoplasms are critical for decreasing morbidity and mortality.
New therapeutic modalities, such as image-guided surgery
and anti-angiogenic agents, are becoming increasingly reliant
on high-quality imaging for diagnostic evaluation, treatment
planning and post-treatment follow-up. CT and MRI are the
mainstays of imaging in current practice. MRI, with its multi-
planar abilities and superior contrast resolution, is now the
modality of choice. MRI is accurate in preoperative diagnosis
and assessing the characteristics of primary intra-axial brain
tumors. This technique is extremely accurate in assessing the
grade of gliomas. Tumor necrosis, irregular margins and peri-
tumoral edema are the most significant indicators of tumor
grade (11,12).

The major biological characteristics of tumors include
uncontrollable growth, metastatic potential, serious harm to
the body and mortality. Spreading of tumors involves early
growth of the primary tumor, angiogenesis, tumor cell detach-
ment and invasion of matrix, invasion of the vascular system,
thrombus formation and secondary growth location in tissues
and organs (13). Throughout this process, tumor angiogenesis
and matrix destruction are key events and have been central to
oncology research in recent years.

During tumor growth, angiogenesis factors, including
VEGEF, are secreted to promote tumor vascularization, which
leads to the continuous growth of tumor cells and invasion
into adjacent tissues and structures (14). Additionally, the
interaction between tumor cells and the extracellular matrix
is a critical step of invasion and metastasis. Matrix metal-
loproteinases cause degradation of the extracellular matrix
and regulate cell adhesion, aiding these steps (15,16). MMP-9,
in particular, degrades and destroys the adjacent matrix and
creates tumor vascular endothelial barrier damage, leading to
a decreased steric hindrance, an increased vascular perme-
ability and the extravasation of nutrients (17). These changes
provide matrix and space for the neovascularization of
gliomas and promote tumor growth and invasion.

Results of our study show that glioma tissues with a higher
degree of malignancy are more likely to express VEGF and
MMP-9, indicating that VEGF and MMP-9 play significant
roles in the progression of gliomas. Thus, the expression
of VEGF and MMP-9 shows the malignant phenotype of
gliomas, and serves as an indicator of glioma invasion.

CT and MRI have great significance in localization
diagnosis and qualitative diagnosis of gliomas (18). CT is
extremely accurate and reliable in the localization of diagnosis
of gliomas with a certain reference value for qualitative diag-
nosis. However, MRI is not affected by the artifact of posterior
cranial fossa, has a more vivid black and white contrast, is
capable of simultaneously running transverse, coronal and
sagittal scans, and thus is better than pure transverse CT. The
biggest advantage of a brain MRI is that it provides a good
anatomical background without bone artifact and is also
capable of exhibiting the panorama and three-dimensional
location of the tumor. This feature is an improvement on
the CT for tumors of the cerebellum, brain stem, saddle
area and craniocervical junction. Information provided by
conventional MRI includes enhancement degree, enhance-
ment form, peritumoral edema scope, tumor size, clarity of
the boundaries, uniformity of the signals, mass effect, midline
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shift, lesion sites, necrotic cyst and bleeding, flowing void
effect and TIWI and T2WI signal strength. MRI features
correlate with glioma pathological stages (19). In particular,
the EP, peritumoral edema scope, tumor diameter, unclear
boundaries, signal asymmetry, mass effect and midline shift
are positively correlated with pathological grade; in particular,
peritumoral edema and EP were highly correlated (20). MRI
studies show unclear enhancement in brain-tumor interfaces
and partial gliosis, indicating low-grade glioma. Notably,
with increasing pathological grade the brain-tumor interfaces
become irregular, with uneven enhancement in wall thickness,
and the enhancement gradually becomes clear. Since VEGF
and MMP-9 were capable of promoting tumor angiogenesis,
and high-grade gliomas have significant angiogenesis, EP
may be a significant reference index for determining tumor
malignancy through imaging (21). In this study, the expression
of VEGF and MMP-9 were positively correlated with EI, EP
and maximum tumor diameter. These findings suggest that
the expression of VEGF and MMP-9 may be used as a refer-
ence factor in judging tumor malignancy in combination with
intracranial MRI examination.

In conclusion, the expression of VEGF and MMP-9 in
tumor tissues, in combination with the peritumoral EI, EP and
tumor size, as well as uniformity of the signal and other char-
acteristics of MRI, may be used as indicators of malignant
behavior, key to diagnosing brain gliomas early. Thus, patients
are able to receive timely surgical treatment, in combination
with radiation therapy and chemotherapy, which is significant
in improving the quality of life of patients.
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