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Abstract

In this study, we determined the expression levels of matrix metalloproteinase-2 and -9 and matrix
metalloproteinase tissue inhibitor-1 and -2 in brain tissues and blood plasma of patients undergoing
surgery for cerebellar arteriovenous malformations or primary epilepsy (control group). Immuno-
histochemistry and enzyme-linked immunosorbent assay revealed that the expression of matrix
metalloproteinase-9 and matrix metalloproteinase tissue inhibitor-1 was significantly higher in pa-
tients with cerebellar arteriovenous malformations than in patients with primary epilepsy. The ratio of
matrix metalloproteinase-9 to matrix metalloproteinase tissue inhibitor-1 was significantly higher in
patients with hemorrhagic cerebellar arteriovenous malformations compared with those with
non-hemorrhagic malformations. Matrix metalloproteinase-2 and matrix metalloproteinase tissue
inhibitor-2 levels were not significantly changed. These findings indicate that an imbalance of matrix
metalloproteinase-9 and matrix metalloproteinase tissue inhibitor-1, resulting in a relative overa-
bundance of matrix metalloproteinase-9, might be the underlying mechanism of hemorrhage of

cerebellar arteriovenous malformations.
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Research Highlights

(1) Matrix metalloproteinase-9 is the leading cause of cerebral arteriovenous malformations.
(2) An imbalance of matrix metalloproteinase-9 and matrix metalloproteinase tissue inhibitor-1 might
be the underlying mechanism of hemorrhage of cerebral arteriovenous malformations.

INTRODUCTION

Cerebral arteriovenous malformations result
from abnormal vascular remodeling after the

appearance of a malformed vascular mass!™.

Matrix metalloproteinases are Zn?*- de-
pendent proteolytic enzymes that function to
degrade and remodel extracellular matrix.
Matrix metalloproteinase-2 and matrix met-

alloproteinase-9 are important members of
the matrix metalloproteinase family, and
they can be inhibited by endogenous spe-
cific tissue inhibitors of matrix metallopro-
teinases (matrix metalloproteinase tissue
inhibitor-2, matrix metalloproteinase tissue
inhibitor-1).

matrix metalloproteinase-9 mRNA levels
were higher in cerebellar arteriovenous
malformations vascular endotheliocytes

Fei Divy, M.D., Associate
chief physician, Department
of Neurosurgery, Beijing
Tiantan Hospital, Capital
Medical University, Beijing
100050, China

Corresponding author:
Jizong Zhao, M.D., Chief
physician, Professor, De-
partment of Neurosurgery,
Beijing Tiantan Hospital,
Capital Medical University,
Beijing 100050, China
difeittyy@yahoo.com.cn

Received: 2012-02-15
Accepted: 2012-05-13
(N20110906002/WJ)

Di F, Chen TY, Li HL, Zhao
JZ, Wang S, Zhao YL,

Zhang D. Imbalance of matrix
metalloproteinase-9 and
matrix metalloproteinase
tissue inhibitor-1 may con-
tribute to hemorrhage in
cerebellar arteriovenous
malformations. Neural Regen
Res. 2012;7(19):1513-1519.

www.crter.cn
www.nrronline.org

doi:10.3969/j.issn.1673-5374.
2012.19.011

1513


mailto:difeittyy@yahoo.com.cn
app:ds:blood
app:ds:plasma

Di F, et al. / Neural Regeneration Research. 2012;7(19):1513-1519.

than that in normal vessels, and were especially concen-
trated in adventitia. The increase in matrix metallopro-
teinase-9 expression was proportional to the extent of
collagen fiber damage. It has been hypothesized that
some risk factors induce focal up-regulation of matrix
metalloproteinase-9 mRNA, causing rupture of elastic
collagenous fiber and even whole layers of structural
damage, leading to vascular dilatation and vascular mal-
formation?. Despite extensive research on the subject,
the mechanisms of cerebellar arteriovenous malfor-
mations progress are still not clear. Previous studies of
cerebellar arteriovenous malformations-related hemor-
rhage have mainly focused on vascular structural factors.
However, the relationship between matrix metalloprotein-
ase-2/matrix metalloproteinase-9 and the mechanisms of
cerebellar arteriovenous malformations progress and
hemorrhage have rarely been studied.

In this study, we determined the expression levels of
matrix metalloproteinase-2, matrix metalloproteinase-9,
matrix metalloproteinase tissue inhibitor-1 and matrix
metalloproteinase tissue inhibitor-2 in brain tissues and
blood plasma of patients with cerebellar arteriovenous
malformations or primary epilepsy receiving surgery
treatment. We used immunohistochemistry and en-
zyme-linked immunosorbent assay, and compared cer-
ebellar arteriovenous malformations patients with epilep-
tic patients without malformations.

RESULTS

Quantitative analysis of subjects

A total of 72 patients were recruited, including 24 cere-
bellar arteriovenous malformations patients with hemor-
rhage (cerebellar arteriovenous malformations-H group),
24 cerebellar arteriovenous malformations patients with
no hemorrhage (cerebellar arteriovenous malfor-
mations-N group), and 24 patients with primary epilepsy
(control group). All patients were receiving surgery. Tis-
sue samples were collected from all patients, and no
subjects dropped out.

Baseline analysis of subjects
There was no significant difference in age and gender
distributions between the groups (P > 0.05; Table 1).

Matrix metalloproteinase-2/9 and matrix metallopro-
teinase tissue inhibitor-1/2 levels in brain tissue
Only trace amounts of matrix metalloproteinase-9 and
matrix metalloproteinase tissue inhibitor-1 protein were
found in the control group, whereas expression was sig-
nificantly higher in cerebellar arteriovenous malfor-
mations patients (P < 0.01). The matrix metalloprotein-
ase-9/matrix metalloproteinase tissue inhibitor-1 ratio

1514

was significantly higher in the cerebellar arteriovenous
malformations-H group than in the cerebellar arteriove-
nous malformations-N group (P < 0.05). There were no
significant group differences in matrix metalloprotein-
ase-2 or matrix metalloproteinase tissue inhibitor-2 ex-
pression, or in the matrix metalloproteinase-2/matrix
metalloproteinase tissue inhibitor-2 ratio (P > 0.05; Ta-
bles 2, 3, Figure 1).

Table 1 Age and gender distributions in each group (n = 24)

Group Age (mean%SD, year) Gender (male/female, n)
CAVM-H 28.5+12.8 14/10
CAVM-N 32.6+£11.2 15/9
Control 25.8+8.2 12/12

CAVM-H: Hemorrhagic patients with cerebral arteriovenous mal-
formation; CAVM-N: non-hemorrhagic patients with cerebral arte-
riovenous malformation.

Table 2 The number (n/200-fold field) of positive expres-
sion cells (MMP-9, TIMP-1, MMP-9/TIMP-1) in each group

Group MMP-9 TIMP-1 MMP-9/TIMP-1
CAVM-H  26.03+6.53% 9.08+4.04% 3.34+1.66"
CAVM-N  23.81+5.26% 10.78+3.81% 2.38+0.61
Control 8.67+4.38 3.53%+2.35 2.94+1.31

3P < 0.01, vs. control group; °P < 0.05, vs. CAVM-N group. After
immunohistochemistry, cells were observed under the light micro-
scope, and the number of immunopositive cells in each slice re-
flects the average of positive cells (brown-red granules under 200
x magnification) in five randomly selected visual fields.

Data are expressed as mean + SD of 24 subjects in each group.
One-way analysis of variance and Student-Newman-Keuls test
were used.

CAVM-H: Hemorrhagic patients with cerebral arteriovenous mal-
formation; CAVM-N: non-hemorrhagic patients with cerebral arte-
riovenous malformation; MMP: matrix metalloproteinase; TIMP:
matrix metalloproteinase tissue inhibitor.

Table 3 The number (n/200-fold field) of positive expres-
sion cells (MMP-2, TIMP-2, MMP-2/TIMP-2) in each group

Group MMP-2 TIMP-2 MMP-2/TIMP-2

CAVM-H  10.633+4.592 5 5.925+3.4650 2.177 2+1.217 6
CAVM-N  9.275+4.688 5 5.671+2.927 0 1.750 4+0.466 9
Control 7.467+4.694 0 5.183+3.6389 1.742 3+1.165 3

After immunohistochemistry, slices were observed under the light
microscope. The number of immunopositive cells in each slice
reflects the average of positive cells (brown-red granules under
200 x magnification) in five randomly selected visual fields.

Data are expressed as mean + SD of 24 subjects in each group.
One-way analysis of variance and Student-Newman-Keuls test
were used for analysis.

CAVM-H: Hemorrhagic patients with cerebral arteriovenous mal-
formation; CAVM-N: non-hemorrhagic patients with cerebral arte-
riovenous malformation; MMP: matrix metalloproteinase; TIMP:
matrix metalloproteinase tissue inhibitor.
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Content of matrix metalloproteinase-2/9 and matrix

Control group CAVM-N group CAVM-H group metalloproteinase tissue inhibitor-1/2 in blood plasma
(x100) (x100) (x40) Enzyme-linked immunosorbent assay results are shown
" i 5 Gt N TN in Table 4.

Comparison of the cerebellar arteriovenous malfor-
mations-H, cerebellar arteriovenous malfor-
mations-N, and control groups at different time
points

Matrix metalloproteinase-9 and matrix metalloproteinase
tissue inhibitor-1 expression levels were significantly
higher in both the cerebellar arteriovenous malfor-
mations-H and cerebellar arteriovenous malformations-N
groups before surgery and on day 3 and day 7 after
surgery compared with the control group (P < 0.01). The
matrix metalloproteinase-9/matrix metalloproteinase tis-
sue inhibitor-1 ratio in the cerebellar arteriovenous mal-
formations-H group was significantly higher than that in
the cerebellar arteriovenous malformations-N group (P <
0.05; Table 4).

MMP-9

TIMP-1

MMP-2

Changes in protein expression over time

The matrix metalloproteinase-9 and matrix metallopro-
teinase tissue inhibitor-1 expression levels progressively
decreased after surgery in the cerebellar arteriovenous
malformations-H and cerebellar arteriovenous malfor-
mations-N groups. Plasma matrix metalloproteinase-9

TIMP-2

Figure 1 Expression of MMP-2, MMP-9, TIMP-1, and

TIMP-2 in brain tissue in each group and matrix metalloproteinase tissue inhibitor-1 levels
(immunohistochemistry). were significantly higher before surgery than on day 3
Cells positive for MMP-2/9 and TIMP-1/2 (arrows refer to and day 7 post-surgery (P < 0.05). The values reached
immunopositive cells with brown-red granules) were the lowest levels on day 7, although they were still sig-

located in the endochylema in the control and CAVM-N

groups, and in vascular endothelial cells and vascular nificantly higher than in the control group (P < 0.05;

outer layer in the CAVM-H group. Table 4).

CAVM-H: Hemorrhagic patients with cerebral The matrix metalloproteinase-2 levels, matrix metallo-
arteriovenous malformation; CAVM-N: non-hemorrhagic proteinase tissue inhibitor-2 levels and matrix metallo-
patients with cerebral arteriovenous malformation; MMP: proteinase-2/matrix metalloproteinase tissue inhibitor-2

matrix metalloproteinase; TIMP: matrix metalloproteinase

tissue inhibitor. ratio were not significantly changed during the treatment

period in any of the groups (P > 0.05; Table 4).

Table 4 Comparison of plasma concentrations (ug/L) of MMP-9, TIMP-1, MMP-2, TIMP-2, MMP-9/TIMP-1, and MMP-2/TIMP-2
among all groups

Group MMP-9 TIMP-1 MMP-9/TIMP-1 MMP-2 TIMP-2 MMP-2/TIMP-2
CAVM-H Pre-surgery 251.1+111.7%¢ 474.5+214.4% 0.54+0.12" 73.0+21.4 170.6+39.1 0.47+0.18
Post-surgery (3d)  188.4+115.3% 335.7+166.3% 0.56+0.14" 82.2+26.4 154.3+38.1 0.54+0.28
Post-surgery (7 d)  134.7+78.7% 250.8+130.2% 0.57+0.20" 73.7+29.9 157.5+38.9 0.52+0.28
CAVM-N Pre-surgery 218.5+50.6° 497.2+154.7% 0.45%0.09 83.6+31.4 176.2+57.3 0.52+0.27
Post-surgery (3d)  144.0+65.9% 376.0£111.2% 0.38+0.13 75.5+33.3 135.0+40.7 0.59+0.27
Post-surgery (7d)  120.9+53.9% 250.2+102.2% 0.51+0.19 84.3+33.1 167.1+30.9 0.52+0.24
Control Pre-surgery 50.4+33.3 96.5+45.1 0.50+0.14 67.7+33.4 144.5+42.8 0.49+0.22
Post-surgery (3 d) 46.5+22.3 109.4+37.4 0.49+0.17 64.3+22.0 147.9+41.0 0.47+0.21
Post-surgery (7 d) 55.9+16.6 89.5+57.4 0.58+0.33 71.0+27.4 141.4+53.4 0.50+0.24

%P < 0.01, vs. control group; P < 0.05, vs. CAVM-N group; °P < 0.05, vs. same group post-surgery 3 d; 9P < 0.01, vs. same group post-surgery
7 d. Data were expressed as mean + SD, n = 216, one-way analysis of variance and Student-Newman-Keuls test. CAVM-H: Hemorrhagic pa-
tients with cerebral arteriovenous malformation; CAVM-N: non-hemorrhagic patients with cerebral arteriovenous malformation; MMP: matrix
metalloproteinase; TIMP: matrix metalloproteinase tissue inhibitor; d: days.
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DISCUSSION

The relationship of matrix metalloproteinase-2/9 and
matrix metalloproteinase tissue inhibitor-1/2 expres-
sions with cerebellar arteriovenous malformations
progress

In this present study, no or little matrix metalloprotein-
ase- 9 and matrix metalloproteinase tissue inhibitor-1
expression was found in the control group, whereas
substantial expression was seen in tissue and plasma
from cerebellar arteriovenous malformations patients.
This indicates that matrix metalloproteinase-9 and ma-
trix metalloproteinase tissue inhibitor-1 play crucial
roles in the progress of cerebellar arteriovenous mal-
formations. Overabundance of matrix metalloprotein-
ase-9 probably promotes overdegradation of vascular
endothelial matrix, destabilization of vascular structures,
and remodeling of malformed vessels. This triggers a
chronic change of the vascular internal diameter and
structure of arterial walls, thus causing deterioration of
vascular malformation. Studies of the plasma matrix
metalloproteinase-9 levels in patients with arteriove-
nous malformations, cavernous hemangioma, venous
angioma or saccular aneurysm have demonstrated that
plasma matrix metalloproteinase-9 was significantly
higher than in control subjects®™. Matrix metallopro-
teinase-9 can be used as an important indicator for
diagnosis and assessment of the disease process in
patients with cerebral vascular malformations!®. Kran-
zhofer et al™ reported that matrix metalloproteinase
tissue inhibitors and matrix metalloproteinases are
synergistically expressed during remodeling in many
physiological tissues. In the present study, we observed
synergistic expression of matrix metalloproteinase tis-
sue inhibitor-1 and matrix metalloproteinase-9, indicat-
ing that matrix metalloproteinase-9 upregulation may be
a factor that promotes matrix metalloproteinase tissue
inhibitor-1 synthesis and secretion.

The substrate of matrix metalloproteinase-2 is similar to
that of matrix metalloproteinase-9, and matrix metallo-
proteinase-2 is highly expressed in patients with hy-
poxic-ischemic encephalopathy, tumor, hypertension,
pre-eclampsia, pregnancy-induced hypertension and
aneurysm® . In this study, however, the expression of
matrix metalloproteinase-2 and matrix metalloprotein-
ase tissue inhibitor-2 were not different from control.
This suggests that matrix metalloproteinase-2 and ma-
trix metalloproteinase tissue inhibitor-2 play less im-
portant roles in the development and progress of cere-
bellar arteriovenous malformations.

Relationship of matrix metalloproteinase-2/9 and
matrix metalloproteinase tissue inhibitor-1/2 expres-
sion with cerebellar arteriovenous malformations
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hemorrhage

Risk factors for rupture and hemorrhage can be classi-
fied into vascular structural factors and tissue patholog-
ical factors. Previous studies mainly focused on the for-
mer, and it has been commonly accepted that the fol-
lowing factors are risk factors of cerebellar arteriovenous
malformations hemorrhage: blood supply from multiple
arteries, blood supply from perforator arteries and the
vertebrobasilar artery system, deep cerebellar arterio-
venous malformations, large volume of malformed ves-
sels mass, large size of nidus, drainage of deep veins,
single venous drainage, and concurrent aneurysm™..
Apart from vascular structural factors, cerebellar arteri-
ovenous malformations hemorrhage is directly related to
pathological changes of vascular structures. Ling et al
reported that hemorrhage is associated with an in-
creased thickness of malformed vessels. Sun et al
found that pathological properties of hemorrhagic cere-
bellar arteriovenous malformations include heterogenous
vascular internal diameters, defluvium of endotheliocytes,
attenuation of vascular walls, damage of internal elastic
lamina, degeneration of intima and media, necrosis of
smooth muscle cells, and heterogeneous thickness of
internal elastic lamina. According to the studies of
Hademenos et al ¥, vascular intima damage could in-
duce thrombosis and sclerosis of vascular walls, which
further cause stenosis, occlusion, and increased ob-
struction of drainage veins, and finally cerebellar arteri-
ovenous malformations rupture and hemorrhage.

A variety of substances, especially matrix metallopro-
teinase-9 and -2, are associated with the pathophysio-
logical process of cerebral hemorrhage™. The basilar
membrane of cerebellar capillary walls is mainly com-
posed of type IV collagen, laminin and fibronectin. The
above constituents are substrates of matrix metallopro-
teinase-9, which can cause hydrocephalus and hemor-
rhage through matrix destruction and opening of the
blood-brain barrier. In addition, treatment with a mono-
clonal anti-matrix metalloproteinase-9 antibody can alle-
viate ischemic cerebellar damage™.

The present study showed that there was no significant
difference in matrix metalloproteinase-9 and matrix met-
alloproteinase tissue inhibitor-1 expression between the
cerebellar arteriovenous malformations-H and cerebellar
arteriovenous malformations-N groups, while the matrix
metalloproteinase-9/matrix metalloproteinase tissue in-
hibitor-1 ratio was significantly different. We therefore
propose that matrix metalloproteinase-9 promotes the
hemorrhage progress in cerebellar arteriovenous mal-
formations patients. Matrix metalloproteinase-9 may
over-degrade the vessel endothelium extracellular matrix
and accelerate destabilization of vascular walls, migra-
tion of neutrophil granulocytes, and focal inflammatory
reactions. This in turn can cause structural damage of

[12]
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the blood-brain barrier, destruction of vascular wall in-
tegrity, weakening of vascular walls, rupture, and hem-
orrhage. This may lead to promotion of immune cell mi-
gration to the brain. matrix metalloproteinase tissue in-
hibitor-1, as an endogenous specific inhibitor of matrix
metalloproteinase-9, may protect from cerebellar arteri-
ovenous malformations hemorrhage. An imbalance of
matrix metalloproteinase-9 and matrix metalloproteinase
tissue inhibitor-1, resulting in the relative overabundance
of matrix metalloproteinase-9, might be the underlying
mechanism of hemorrhage of cerebellar arteriovenous
malformations. Expression patterns of matrix metallo-
proteinase-2 and matrix metalloproteinase tissue inhibi-
tor-2 do on the other hand not seem to be associated
with hemorrhage.

Reason for the concurrent changes of matrix metal-
loproteinase-9 and matrix metalloproteinase tissue
inhibitor-1in blood plasma and brain tissue

It has been suggested that elevated serum matrix met-
alloproteinase could be a marker of cerebellar arterio-
venous malformations™®. Starke et al ™" observed that
the plasma matrix metalloproteinase-9 levels in cerebel-
lar arteriovenous malformations patients were signifi-
cantly higher than in the control group. We believe that
one of the reasons for the concurrent change of plasma
and brain matrix metalloproteinase-9 and matrix metal-
loproteinase tissue inhibitor-1 is a hemodynamic change
in cerebellar arteriovenous malformations that increases
permeability of the blood-brain barrier due to hypoxia and
ischemia.

Because of the “steal phenomenon™®, blood supply is
reduced in brain tissues surrounding cerebellar arterio-
venous malformations, causing hypoxic and ischemic
conditions, and the blood-brain barrier is damaged due to
loss of integrity and impaired function. Damage of the
blood-brain barrier results not only in the release of ma-
trix metalloproteinase-2/9 and matrix metalloproteinase
tissue inhibitor-1/2 into the blood stream, but also in the
production of large amounts of cytokines such as inter-
leukin-1 and -6, tumor necrotic factor a, epidermal
growth factor, platelet-derived growth factor, fibroblast
growth factor, and TgT-B. These in turn increase the
activity of matrix metalloproteinases through transcrip-
tional regulation™..

We found that the plasma levels of matrix metallopro-
teinase-9 and matrix metalloproteinase tissue inhibitor-1
showed a declining trend after surgery in cerebellar arte-
riovenous malformations patients. This supports that the
observed elevation of matrix metalloproteinase-9 and
matrix metalloproteinase tissue inhibitor-1 in plasma
before surgery was caused by release of matrix metallo-
proteinase-9 and matrix metalloproteinase tissue inhibi-
tor-1 from the cerebellar arteriovenous malformations

nidus and surrounding brain tissues.

Although matrix metalloproteinase-2 has great signifi-
cance for diagnosis, disease monitoring, and prognosis
in patients with acute cerebral infarction®”, this re-
search suggests that matrix metalloproteinase-2 and
matrix metalloproteinase tissue inhibitor-2 have no
close relationship with cerebellar arteriovenous malfor-
mations. matrix metalloproteinase-9 and matrix metallo-
proteinase tissue inhibitor-1, however, are closely linked
with cerebellar arteriovenous malformations occurrence,
development, bleeding, and outcome.

SUBJECTS AND METHODS

Design
A controlled observational experiment.

Time and setting

Experiments were performed from December 2010 to
February 2011 at the Department of Pathology and De-
partment of Laboratory Medicine in Beijing Tiantan Hos-
pital, Capital Medical University, China.

Subjects

A total of 48 tissue samples were collected from cere-
bellar arteriovenous malformations patients receiving
surgery treatment (malformation resections) from July
2009 to November 2010 in Beijing Tiantan Hospital,
China.

There were 29 males and 19 females, aged 12-62 years.
The cerebellar arteriovenous malformations cases were
classified according to the Spetzler-Martin grading scale
(higher scores indicate a more difficult operation): Grade |,
0 case; Il, 27 cases; lll, 13 cases; IV, 8 cases; V, 0 cases.
Because it is impossible to collect normal cerebral tissues
as controls, we obtained control tissue from 24 patients
with primary epilepsy undergoing resective surgery.
According to the Administrative Regulations on Medical
Institution issued by the State Council of the People’s
Republic of China®", the patients were informed of the
experimental program and risks before the experiment,
and provided informed consent.

Inclusion criteria of cerebellar arteriovenous mal-
formations-H group

The inclusion criteria for the cerebellar arteriovenous
malformations-H group included obvious symptoms of
hemorrhagic spasm, and detection of the characteristic
malformed vessel mass within the brain by CT, MRI, and
DSA. The malformed vessel mass of enrolled subjects
had to meet the following criteria;: no concurrent aneurysm;
medium size mass (3-6 cm); superficial, localized in
epithelial lamina; less than three drainage veins.
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Inclusion criteria of cerebellar arteriovenous mal-
formations-N group

The inclusion criteria were the same as for the cerebellar
arteriovenous malformations-H group, except for the
absence of hemorrhagic symptoms.

Inclusion criteria of control group

Patients were diagnosed with primary epilepsy, and had
characteristic clinical and electroencephalography man-
ifestations of seizures. CT, MRI, and other imaging
studies were used to exclude tumor, infarction, congeni-
tal vascular malformations, traumatic scars, or other
diseases causing symptomatic epilepsy.

Exclusion criteria

Exclusion criteria for the three groups were acute in-
flammation, other cardiac and cerebrovascular diseases,
cancer, and hypertension.

Methods

Pre-surgery examination

Cerebellar arteriovenous malformations patients admit-
ted to hospital underwent routine preoperative examina-
tions, followed by craniotomy under general anesthesia
for cerebellar arteriovenous malformations resection.
Admitted epilepsy patients underwent examinations to
further localize the epileptogenic zone, and routine pre-
operative examination for elective resective surgery un-
der general anesthesia.

Matrix metalloproteinase-2/9 and matrix metallopro-
teinase tissue inhibitor-1/2 expression in brain tissue
detected by immunohistochemical staining

In the cerebellar arteriovenous malformations group,
the malformed blood vessel mass and some surround-
ing brain tissues were removed during surgery, while
control tissue was surgically obtained from epilepsy
patients. Tissues were fixed in formalin for 24-48 hours
after removal, embedded in paraffin, and cut into 4-um
thick continuous sections. An immunohistochemical kit
was purchased from Zhongshan Golden Bridge Bio-
technology Co., Ltd., Beijing, China. Paraffin-embedded
sections were routinely deparaffinized, and treated with
3% H,0, to inactivate endogenous peroxidases. After
microwave-induced epitope retrieval and blocking,
slides were incubated in rabbit anti-human primary an-
tibody (1:400; R&D Systems Inc., Minneapolis, MN,
USA) at 4°C overnight. The slides were soaked with a
biotinylated goat anti-rabbit IgG antibody for 30 minutes,
then incubated in horseradish peroxidase-labeled
streptavidin, and developed using diaminobenzidine.
The slides were counterstained with hematoxylin. After
dehydration, slides were sealed with Canada Balsam.
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Specimens were observed under the light microscope.
Five visual fields were selected randomly on each slide.
Under 200 x magnification, immunopositive cells were
observed as brown-red granules. The average cell
count of the five chosen fields was used as the output
measure.

Matrix metalloproteinase-2/9 and matrix metallopro-
teinase tissue inhibitor-1/2 content in brain tissue
detected by enzyme-linked immunosorbent assay
Venous blood was collected in the fasting state on day 1
(before surgery), and days 3 and 7 after surgery. The
sera were separated by centrifugation at 3 000 r/min for
10 minutes, and then stored at -80°C before use. Kits for
quantitative analysis of matrix metalloproteinase-2, ma-
trix metalloproteinase-9, matrix metalloproteinase tissue
inhibitor-1 and matrix metalloproteinase tissue inhibitor-2
were purchased from R&D systems.

The matrix metalloproteinase-2/9 and matrix metallo-
proteinase tissue inhibitor-1/2 concentrations in serum
were detected by double-antibody sandwich avi-
din-biotin-peroxidase complex enzyme-linked immuno-
sorbent assay. In brief, rabbit anti-human monoclonal
antibodies against matrix metalloproteinase-2, matrix
metalloproteinase-9, matrix metalloproteinase tissue
inhibitor-1, and matrix metalloproteinase tissue inhibi-
tor-2 were packaged on a microtiter plate and incubated
with standard substance and sample (matrix metallo-
proteinase-2/9, matrix metalloproteinase tissue inhibi-
tor-1/2). Biotinylated rabbit anti-human (matrix metallo-
proteinase-2/9, matrix metalloproteinase tissue inhibi-
tor-1/2) antibodies were added to form immune com-
plexes attached to the plate. When horseradish perox-
idase-labeled streptavidin was added to the biotinylated
rabbit anti-human antibody as a substrate, a yellow
color emerged, which then became darker after adding
liquid sulfuric acid to terminate the reaction. The ab-
sorbance value was read at 492 nm. The concentra-
tions of matrix metalloproteinase-2, matrix metallopro-
teinase-9, matrix metalloproteinase tissue inhibitor-1,
and matrix metalloproteinase tissue inhibitor- 2 were
positively related to the absorbance value, so they
could be calculated using a standard curve.

Statistical analysis

Data were analyzed using SPSS 11.5 software (SPSS,
Chicago, IL, USA) and represented as mean + SD.
One-way analysis of variance was used to compare
group means. The Student-Newman-Keuls test was
used for multiple comparisons of data between different
groups. P < 0.05 was considered a significant difference.
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