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MMP-2 expression and correlation with
pathology and MRI of glioma
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Abstract. The expression of matrix metalloproteinase-2
(MMP-2) in brain glioma and its correlation with patients'
clinicopathological characteristics and magnetic reso-
nance imaging (MRI) features were investigated. A total
of 104 patients with brain glioma admitted and treated in
the First Affiliated Hospital of Anhui Medical University
from June 2010 to September 2014 were randomly enrolled.
MRI examination was performed before operation.
Immunohistochemistry (IHC) was used to detect the expres-
sion levels of MMP-2 in brain glioma tissues and paired normal
brain tissues after operation and to analyze the associations of
MMP-2 expression with the clinicopathological characteristics
of brain glioma and survival time of patients. The relationship
between MMP-2 expression and preoperative MRI features of
glioma was analyzed. The positive rate of MMP-2 expression
in brain glioma was 73.08% (76/104), while that in paired
normal brain tissues was only 12.5% (13/104), obviously lower
than that in brain glioma tissues (P<0.05). The MMP-2 expres-
sion in the body of glioma was not related to the patients'
sex, age, tumor location and pathological type (P>0.05), but
there was a significant correlation with the tumor diameter
and pathological grade of the patients (P<0.05). Analysis by
Cox model suggested that tumor diameter, pathological grade
and MMP-2 were independent prognostic factors for glioma
(P<0.05). The overall survival (OS) of patients in the positive
MMP-2 expression group was 16.4 months, while the OS in
the negative MMP-2 expression group was 20.16 months,
and the difference between the two groups was statistically
significant (P<0.05). The positive expression of MMP-2 in
glioma was closely related to the uniformity of MRI signal for
tumor, tumor diameter, severity of peritumoral edema, degree
of enhancement and pathological grade of tumor (P<0.05).
MMP-2 is highly expressed in brain glioma, and it is a nega-
tive factor for prognosis. Therefore, the MRI manifestations
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of glioma can reflect to some extent the intensity of MMP-2
expression.

Introduction

Glioma is the most common kind of malignant primary brain
tumor, whose major subtypes include astrocytoma, gliobla-
stoma, oligodendroglioma and ependymoma. Among them,
glioblastoma is the commonest histologic type with the highest
malignancy (1,2). In spite of substantial progress in neurosur-
gery, radiotherapy and chemotherapy at present, the prognosis
of glioma patients is still poor (3). Extensively infiltrative
growth is shown in glioblastoma and anaplastic astrocytoma,
and the l-year survival rate of the patients is 40% (4). The
reason for the fatality of the disease is that the extensive inva-
sion of glioma cells into normal brain tissues becomes a main
challenge for therapeutic intervention (5).

Matrix metalloproteinases (MMPs) are a category of
zinc-dependent proteolytic endopeptidases, which is involved
in the occurrence and development of multiple tumors. Latest
studies on the mechanism of tumor invasion have shown
that MMPs play a crucial role in the process (6). MMPs can
enhance the invasive ability of tumor cells by degrading
extracellular matrix proteins (such as collagen, fibronectin and
proteoglycan) as well as growth factor binding protein, growth
factor precursor, receptor tyrosine kinase, cell adhesion
molecule and other proteases (7,8). A great many studies have
proven that the upregulation of MMP expression is the leading
cause of excessive proliferation of tumor cells, disseminated
tumor growth, anti-apoptosis, neovascularization and inhibi-
tion of antitumor immune surveillance (9). Among the MMPs,
the elevated expression level of MMP-2 (72 kDa type IV
collagenase) is closely related to the increase and progression
of glioma malignancy, thus attracting extensive attention.

Magnetic resonance imaging (MRI) is the most effective
means in diagnosing various central nervous system diseases.
Conventional MRI provides important anatomical and diag-
nostic information for understanding of tumors, and it has
great value in many aspects, such as identification of tumor
types, diagnosis and staging as well as assessment of parame-
ters of tumor vessels (10).

In this study, MRI was applied to explore the preoperative
imaging features of glioma patients, and immunohistoche-
mistry (IHC) was utilized to detect the expression levels of
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MMP-2 protein in 104 cases of glioma tissues and surrounding
normal brain tissues, respectively. The associations of MMP-2
protein expression in glioma tissues with the clinicopatho-
logical characteristics of the patients as well as preoperative
MRI features were analyzed. It is conducive to understanding
the MRI features of glioma, further increases the diagnostic
accuracy of pathological grade before operation, is helpful
in selecting treatment protocols and measuring therapeutic
effects and provides an objective basis for formulation of
clinical treatment plan and assessment of the patients' prog-
nosis, which is of great significance for improving the patients'
quality of life.

Patients and methods

Clinical data. A total of 104 patients with brain glioma admitted
and treated in the First Affiliated Hospital of Anhui Medical
University (Hefei, China) from June 2010 to September 2014
were enrolled randomly, including 58 males and 46 females
aged 28-72 years, with an average age of 40.7 years. All the
patients received treatment with surgical procedure, and they
underwent MRI plain scan and contrast-enhanced scan before
operation. After resection of the tumor, puncture biopsy was
performed from the ‘non-functional area’ of the brain located
outside the margin of the tumor under a microscope (BX-42;
Olympus, Tokyo, Japan). These patients did not receive any
treatment before operation. All the specimens obtained after
operation were fixed in 10% formalin and embedded in
paraffin. Then the specimens were sliced to sections, which
were examined by histopathology, stained with hematoxylin
and eosin (H&E) and checked by neuropathologists. The
patients were divided into 4 groups according to the World
Health Organization (WHO) classification: Grade I (n=16,
including 13 cases of astrocytoma and 3 cases of ependy-
moma), grade II (n=12, including 6 cases of astrocytoma and
6 cases of oligodendroglioma), grade III (n=48, including
25 cases of anaplastic astrocytoma, 10 cases of anaplastic
oligodendroglioma and 13 cases of anaplastic ependymoma)
and grade I'V (n=33, glioblastoma multiforme).

After operation, every patient was followed up to record
the survival time. The duration of follow-up was 1-36 months,
with an average duration of 19.8+6.1 months. Deaths caused by
reasons other than this disease were excluded. The informed
consent was signed by all the patients or their guardians. This
study was approved by the Ethics Committee of the First
Affiliated Hospital of Anhui Medical University.

Detection of MMP-2 protein level via IHC. The tumor speci-
mens and normal brain tissues were embedded in paraffin and
then sliced to 4-um-thick sections. Paraformaldehyde (4%)
(Beyotime, Shanghai, China) was used for the fixative for
10 mins at 4 °C The sections were baked at 60°C, followed
by deparaffinization in xylene for 15 min, rehydration in a
gradient of ethanol and washing with distilled water. Next, the
sections were treated with 3% peroxidase for 30 min to block
endogenous peroxidase. After being rinsed with phosphate-
buffered saline (PBS) 3 times, the sections were incubated
with 2% aliquot of normal serum for 5 min, so as to block
non-specific binding. Primary mouse anti-human mono-
clonal antibody MMP-2 (diluted at 1:100; cat. no. sc-13594,
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Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) was
added and incubated overnight in a wet box. After that, the
sections were washed with PBS 3 times and then incubated in
biotinylated secondary goat anti-mouse (HRP) IgG antibody
(dilution, 1:2,000; cat. no. ab6789; Abcam, Cambridge, MA,
USA) with specific immunoglobulin as the carrier at room
temperature for 1 h, followed by washing with PBS 3 times.
Avidin-biotin-peroxidase complex was added and incubated
at room temperature for 1 h, and immunoperoxidase staining
was conducted with 3,3'-diaminobenzidine tetrahydrochloride
as the substrate, followed by adding of hematoxylin for tempo-
rary staining and rinsing with PBS 3 times. Then the sections
were placed under an inverted microscope (Leica DM-5000B;
Leica, Wetzlar, Germany) for photographing, 3 fields of vision
were selected in each section and 3 photos were taken for each
field of vision.

The cells with cytoplasm stained yellowish-brown or sepia
were recorded as positive cells. Semiquantitative scoring was
conducted from two aspects: i) extent of staining [0 point (no
staining), 1 point (light staining), 2 points (moderate staining)
and 3 points (deep staining)] and ii) percentage of stained cells
[0 point (no stained cells), 1 point (stained cells <25%), 2 points
(stained cells at 25-50%) and 3 points (stained cells >50%)].
The total scores (0-6 points) from both aspects were calcu-
lated. The score of 0-2 points represented negative, and that of
3-6 points positive.

MRI examination. A Signa 1.5T superconductive MRI
scanner (GE Healthcare, Little Chalfont, Buckinghamshire,
UK) with a head coil was used as the MRI scanning device,
and scans using conventional spin echo (SE) sequence in the
axial and sagittal planes were performed first. T1-weighted
image (T1WI): Repetition time (TR): 2,500 msec and
echo time (TE): 24 msec. T2-weighted image (T2WI):
TR: 5,000 msec and TE: 98 msec. The slice thickness was
5 mm, with an interval of 1.2 mm, and data acquisition matrix
was 256x256. T1 contrast-enhanced scans were performed
in the axial, sagittal and coronal planes after intravenous
injection of gadolinium diethylenetriaminepentaacetic acid
(Gd-DTPA).

Statistical analysis. The experimental results were analyzed
using GraphPad Prism software (version 5.01; GraphPad
Software, La Jolla, CA, USA). Chi-square test was applied
to analyze the correlations of MMP-2 protein levels with the
clinical indicators of glioma patients and MRI parameters. The
patients' survival curves were constructed using Kaplan-Meier
method and checked via log-rank test. P<0.05 indicates that
the difference was statistically significant.

Results

Detection of MMP-2 expression in glioma tissues and paired
normal brain tissues via IHC. The MMP-2 was located in the
cytoplasm, and the cytoplasm of the MMP-2 positive cells
was stained in different shades of brown (Fig. 1). The positive
expression rate of MMP-2 protein in 104 cases of brain glioma
was 73.08% (76/104), while that in paired normal brain tissues
was only 12.5% (13/104), obviously lower than that in brain
glioma tissues (P<0.001) (Table I).
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Figure 1. Detection of MMP-2 expression in glioma tissues and paired normal brain tissues via IHC (magnification, x200). MMP-2, matrix metalloproteinase-2;

THC, immunohistochemistry.

Table I. Difference in MMP-2 protein expression in glioma
tissues and paired normal brain tissues.

MMP-2

Positive Negative
Groups n n (%) n (%)
Glioma tissue 104 76 (73.08) 28 (26.92)
Surrounding normal 104 13 (12.5) 91 (87.5)
brain tissue
v 12.81
P-value <0.001

MMP-2, matrix metalloproteinase-2.

Correlation of MMP-2 expression with glioma. The MMP-2
expression in the body of glioma was not related to the patients'
sex, age, tumor location and pathological type (P>0.05), but
there was a significant correlation with the tumor diameter and
pathological grade of the patients (P<0.05) (Table II).

Analysis of the significance of MMP-2 expression and clini-
copathological characteristics for judging prognosis via Cox
model. Univariate analyses of sex, age, tumor diameter, tumor
location, pathological type, pathological grade and MMP-2
expression were performed using the Cox model (ENTER
method). The results showed that tumor diameter, pathological
grade and MMP-2 were independent prognostic factors for
glioma (P<0.05) (Table III). The survival analysis indicated
that the overall survival (OS) of patients in the positive MMP-2
expression group was 16.4 months, while that in the negative
MMP-2 expression group was 20.16 months, and the difference
between the two groups was statistically significant (P<0.05). It
suggested that MMP-2 is a negative prognostic factor (Fig. 2).

MRI data of glioma. For most of the patients, the tumor
presented areas of mixed isointense and hypointense signals
on the TIWI as well as mixed isointense and hyperintense
signals on the T2WI. On the TIWI, the parenchyma of
tumor was enhanced remarkably after injection of enhancer
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Low MMP-2
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Figure 2. Survival curves of positive and negative MMP-2 expression groups.
MMP-2, matrix metalloproteinase-2.

Gd-DTPA, while the central necrotic and cystic areas were
not enhanced. The MRI data of the patients with brain stem
glioma are shown in Fig. 3.

Relationship between MRI features of glioma and MMP-2
expression. The pathological data of MRI diagnosis before
operation and expression levels of MMP-2 protein in glioma
tissues were analyzed. It was found that the positive MMP-2
expression in glioma was closely associated with the unifor-
mity of MRI signal for tumor, tumor diameter, severity of
peritumoral edema, degree of enhancement and pathological
grade of tumor, and there were statistically significant diffe-
rences (P<0.05) (Table IV).

Discussion

Glioma is a neuroectodermal tumor which is highly invasive,
and degradation of extracellular matrix is the prerequisite of
its invasive phenotype (11). Currently, substantial evidence has
shown that MMP-2, a member of MMPs, plays an important
role in such a process. MMP-2 is regarded as a crucial impact
factor for a variety of pathological conditions, such as tissue
remodeling and morphogenesis (12). In particular, invasive
cell necrosis often occurs in the center of glioma which grows
rapidly, while the invasiveness and angiogenesis occur in the
margin of glioma mass (13).
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Table II. Comparison of MMP-2 expression and clinicopathological characteristics of glioma.
MMP-2 expression
Item Groups n (104) Positive (n=76) Negative (n=28) ¥ P-value
Sex 0.84 0.115
Male 58 42 16
Female 46 34 12
Age (years) 1.14 0.097
<30 years 15 11 4
30-50 years 35 26 9
>50 years 54 39 15
Tumor diameter 5.72 0.017
<3 cm 31 16 15
>3 cm 73 60 13
Tumor location 1.61 0.063
Frontal lobe 18 13 5
Temporal lobe 43 32 11
Parietal lobe 35 25 10
Others 8 6 2
Pathological type 1.53 0.058
Astrocytoma 54 38 16
Oligodendroglioma 44 33 11
Others 6 5 1
Pathological grade 6.28 0.023
I-11 23 13 10
I 48 34 14
v 33 29 4

MMP-2, matrix metalloproteinase-2.

Table III. Analyses of independent prognostic factors for glioma patients using Cox's proportional hazards regression model.

Regression Standard Degree of Relative 95% confidence

Indexes coefficient (B)  error (SE) Wald test freedom P-value risk (RR) interval

Sex 1.216 0412 1.262 1 0.364 0.715 0.463-1.504
Age 0.930 0.341 0.724 2 0.157 1.019 0.635-1.358
Tumor diameter 0.342 0.525 9.583 1 0.024 1.662 1.242-1.852
Tumor location 1.262 0.526 2931 2 0.457 0.992 0.793-1.274
Pathological type 0.672 0.327 8.342 2 0.134 1.213 1.141-1.955
Pathological grade 0.825 0.282 9.461 2 0.017 3.524 2.626-4.033
MMP-2 level 1.521 0.728 11.573 1 0.008 3.674 2.582-3.936

MMP-2, matrix metalloproteinase-2.

Among the 104 cases in this experiment, the positive expres-
sion rate of MMP-2 was 73.08% (76/104), which was notably
higher than that in normal brain tissues [12.5% (13/104)]. In
addition, the higher positive expression rate of MMP-2 in
glioma was associated with the clinicopathological characte-
ristics that reflected poor biological behaviors of glioma. It was
manifested that MMP-2 was expressed at low level in gliomas

with small diameter and low malignancy, but it was highly
expressed in malignant gliomas with larger diameter. These
results are similar to the findings of other scholars (14). It can
be seen that MMP-2 exerts its pathological effects by means
of its abnormal expression in brain glioma. On the one hand, it
can stimulate normal cells to convert into tumor cells and form
more tumor lesions through many paths, including gene level
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Table IV. Relationship between MMP-2 expression and MRI features of the patients.

MMP-2 expression

Items Indexes n (104) Negative (n=28) Positive (n=76) e P-value
Tumor signal 4.76 0.026
Uniform 36 10 26
Non-uniform 68 18 50
Tumor diameter 5.25 0.017
<3cm 37 9 28
>3 cm 67 19 48
Peritumoral edema 8.35 0.023
Mild 44 13 31
Moderate to severe 60 15 45
Degree of enhancement 5.04 0.008
Mild 38 12 26
Moderate to severe 66 16 50
Pathological grade 11.42 0.015
I-11 26 4 22
11T 46 16 30
v 32 8 24

MMP-2, matrix metalloproteinase-2.

Figure 3. MRI and pathological data of a glioma patient. Male patient aged 62 years. (A-E) The MRI scanning images in different levels, and (F) shows
the postoperative pathological image of glioma in the same patient (magnification, x200). (C) The image on T2WI sequence, and (A, B and D) TIWIs after
enhancement. Large areas of irregular abnormal signals are visible in the right temporal, parietal and occipital lobes, basal ganglia and centrum semioval.
There are mixed isointense and hypointense signals on the TIWI as well as mixed isointense and hyperintense signals on the T2WI, and the surrounding
edemas are not enhanced. MRI, magnetic resonance imaging; TIWI, T1-weighted image.

and signal transduction. On the other hand, it can promote the = matrix, resulting in generation of new tumor lesions, fast
distant migration of tumor cells by degrading the extracellular ~ growth of tumors, increase in volume and apparent peripheral
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space occupying effects (severe brain edema and other lesions).
Furthermore, the MMP-2 expression was measured in glioma
patients of different sex and age groups, and it was shown
that there were no significant differences between males and
females and among various age groups. It may imply that
androgen, estrogen and age have no impact on the secretion
of MMP-2 in glioma patients. It was evident in the survival
analysis that MMP-2 influences the patient prognosis, it is a
negative prognostic factor and that its positive expression
indicates poor prognosis. These findings are consistent with
the results of other studies.

Principal findings about the MMP-2 in glioma in promoting
invasion, metastasis and other malignant biological processes
of the tumor are as follows: i) MMP-2 can also activate potent
MMP-9 and stimulate specific cascades to produce plenty of
MMP-9 proteins (15). ii) The balance between MMP-2 and
its inhibitor is crucial for proteolysis control. It was reported
that tissue inhibitor of metalloproteinases-1 (TIMP-1) and
TIMP-2, inhibitors of MMPs, are expressed in normal brain
tissues. In tumor tissues, however, the expression is decreased
remarkably in highly invasive glioma (16). Therefore,
more TIMP may be produced in low-grade glioma than in
high-grade one, and the MMP-2 level may be correspondingly
lower, so different degrees of invasiveness can be clarified (3).
In addition to invasion of glioma, MMP-2 is also involved in
degradation of blood-brain barrier, neurodegeneration and
angiogenesis (17). MMP-2 upregulates vascular endothelial
growth factor (VEGF) protein and induces tumor angiogen-
esis through multiple signal transduction pathways. Moreover,
it causes hematogenous metastases of cancer cells to form new
cancer foci that cannot be distinguished by naked eye (18),
thus affecting the prognosis of patients.

As a type of non-invasive imaging technology, MRI can
be utilized to monitor the treatment of glioma and dynamic
changes of subgroup tumors. The uniformity of plain scan
signals of glioma is associated with the fact whether there
is cystic degeneration, necrosis or hemorrhage in the tumor
or not. Generally, there are only one or two kinds of patho-
logical changes in the gliomas with homogeneous signals,
while multiple pathological changes can be detected in the
gliomas with heterogeneous signals (19). The tumor with
high MMP-2 expression is often complicated with cystic
degeneration, necrosis, hemorrhage and other pathological
changes because of its strong invasiveness, and MRI is
characterized by heterogeneous signals. However, there is
less cystic degeneration, necrosis and hemorrhage occurring
in the tumor with low MMP-2 expression, so the MRI is
characterized by homogeneous signals. It can be seen that the
uniformity of MRI signal for glioma can indicate the level of
MMP-2 expression.

The degrees of enhancement and edema of glioma have
correlations with the neovascular formation and degree of
damage to blood-brain barrier in the tumor (20). T2WTI is
applied to assess the severity of peritumoral diseases. The
tumor with high MMP-2 expression has a high pathological
grade and strong invasiveness, and it can easily destroy the
vascular basement membrane and increase its permeability,
leading to tumor interstitial edema formed by aggregation of
liquid and plasma proteins in the tumor stroma. On the other
hand, the stronger the proliferation activity of the tumor is,
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the richer the tumor neovessels will be, and the more obvious
the damage to blood-brain barrier will be. Therefore, the
enhancement degree is more significant (21). It is evident that
the severity of peritumoral edema and enhancement degree
shown on glioma MRI can to some extent be reflected.

In conclusion, it was found in this study that MMP-2 is
positively expressed in glioma, and it has a close correlation
with the uniformity of MRI signal for tumor, severity of
peritumoral edema, degree of enhancement and pathological
grade of tumor.
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