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Abstract In this study, we investigated whether the expres- 
sion of matrix metalloproteiuase (MMP)-2 and MMP-9 
correlated with invasiveness, proliferative potential, or 
prognosis in astrocytic tumors. Thirty-seven astrocytic 
tumors (8 diffuse astrocytomas, 15 anaplastic astrocytomas, 
and 14 glioblastomas) and three gliomatosis cerebri were 
investigated immunohistochemicatly. The invasive glioma 
group included three cases of gliomatosis cerebri and two of 
glioblastoma associated with cerebrospinal fluid dissemina- 
tion. The expression of MMP-2 and MMP-9 was evaluated 
by assigning an immunohistochemical (IHC) score defined 
as the sum of expression frequency and intensity, m R N A  
expression patterns for the MMPs were also evaluated in a 
reverse transcription-polymerase chain reaction assay. 
Neither the MMP-2 nor MMP-9 IHC score was related to 
histological malignancy. The MMP-2 IHC score of the in- 
vasive glioma group was significantly higher than those of 
other kinds of astrocytic tumors. However,  the MMP-9 IHC 
score did not correlate with dissemination among astrocytic 
tumors. An  inverse correlation was observed between the 
MIB- i  labeling index and the IHC scores of MMP-2, but 
it was not significant. A Kaplan-Meyer survival analysis 
revealed no significant relationship between the survival 
rate and MMP-2 or MMP-9 expression. Our  study showed 
that MMP-2 expression, but not MMP-9 expression, may be 
associated with invasion in astrocytic tumors. 
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Introduction 

Matrix metalloproteinases MMPs are a family of Zn 2+- and 
Ca2+-dependent endopeptidases that catalyze degradation 
of diverse substrates in the matrix, attach to components  of 
this matrix, and affect cellular motililty. 1 It is well known 
that tumor cells produce higher amounts of proteolytic en- 
zymes than normal tissues, and that MMPs play an impor- 
tant role in the invasion and migration of tumor cells. 
Among MMPs, MMP-1, -2, -3, -9 and -10 have been impli- 
cated in cancer cell invasion and metastasis. 2 A major func- 
tion of MMPs in metastasis is to facilitate the breakdown of 
the extracellular matrix, including the basement membrane,  
and they also play a substantial role in the maintenance of a 
microenvironment that facilitates the growth and angio- 
genesis of  a tumor. 1 MMP-2 and MMP-9 are gelatinases 
that degrade various type of collagen, especially type IV 
collagen which is a chief constituent of the basement mem- 
brane of brain vessels. They are the two most abundant 
MMPs found in gliomas. 3'4 

Glioblastomas (GB) and anaplastic astrocytomas (AA)  
are characterized by highly diffuse infiltrative growth into 
the surrounding normal brain tissue. Glioma invasion in- 
volves cell adhesion and proteolytic degradation of the ex- 
tracellular matrix) Recent  studies have indicated that the 
expression of MMPs, including that of MMP-2 and MMP-9, 
correlates with the degree of histological malignancy and 
invasiveness in gliomas. 5 7 

In the present study, we examined MMP-2 and MMP-9 
expression immunohistochemically and with a reverse 
transcriptase-polymerase chain reaction (RT-PCR) assay, 
and analyzed the relationship between them and the his- 
tological grade, proliferative potential, and invasion or 
cerebrospinal fluid (CSF) dissemination of astrocytic 
tumors. 
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Subjects and methods 

Patients 

Thirty-seven astrocytic tumors and three gliomatosis 
cerebri were obtained from patients who had undergone 
surgery at our department between April 1990 and May 
2001. Patients ranged in age from 1 to 74 years (median, 
51.9 years); 21 were male and 19 were female. Tumor loca- 
tions were as follows: 26 frontal lobe, 4 parietal lobe, 3 
temporal lobe, 2 occipital lobe, 4 basal ganglia, and 1 cer- 
ebellum. Three patients were diagnosed clinically as having 
gliomatosis cerebri, and two patients with GB were found to 
have CSF dissemination on MRI at the initial diagnosis. We 
called these five cases the invasive glioma group. Tumors 
were classified according to the World Health Organization 
classification; 8 were diffuse astrocytomas (DA, Grade II), 
15 were AA (Grade III), 14 GB (Grade IV), and 3 glioma- 
tosis cerebri (Grade III). Clinical data, including age, sex, 
treatment, and survival after the initial operation, were ob- 
tained from the patients' records. All patients underwent 
surgery, and the extent of surgical resection was evaluated 
by computed tomography (CT) or magnetic resonance im- 
aging (MRI). Although adjuvant therapy was not identical 
for patients with each grade of tumor, patients with suprat- 
entorial glioma were usually treated with a combination of 
intraoperative radiation therapy (IORT) followed by exter- 
nal beam irradiation (EXRT) and chemotherapy after 
surgical resection. We previously reported the procedures 
and results of IORT in the treatment of malignant gliomas. ~ 
For IORT, a dose of 20 or 25 Gy was given to the residual 
tumor during surgery, and adjuvant chemotherapies were 
performed using several agents, including ACNU, cisplatin, 
and carboplatin, administered intraarterially or intrave- 
nously after irradiation. 

Immunohistochemistry 

MMP-2 and MMP-9 protein expression were examined 
immunohistochemically using anti-MMP-2 mouse mono- 
clonal antibody (Fuji Chemical Industry, Gohkakizawa, 
Japan) and anti-MMP-9 mouse monoclonal antibody 
(Fuji Chemical Industry). MIB-1 monoclonal antibody 
(Immunotech, Marseille, France) was also used to evaluate 
the proliferation potential. Formalin-fixed paraffin- 
embedded sections 6~m thick were deparaffinized in 
xylene, rehydrated through graded alcohols, and immersed 
for 15min in phosphate-buffered saline. For antigen re- 
trieval, the sections were microwaved in 0.01M citrate 
buffer (pH 6.0) for 20min. After microwave pretreatment, 
the endogenous peroxidase activity was blocked with 3% 
hydrogen peroxidase in methanol for 10min. The sections 
were incubated for 20 min with normal horse serum to block 
nonspecific staining. The sections were first incubated 6h at 
4~ with primary antibody in a humidity chamber. Then 
they were treated for 30rain with biotinylated secondary 
antibody and for 30min more with avidin-biotin complex 
(ABC Elite, Vector, Burlingame, CA, USA), followed by 

0.06 % diaminobenzidine (Sigma, St. Louis, MO, USA) with 
0.01% hydrogen peroxidase for 5 min. Finally, the sections 
were counterstained with hematoxylin. 

As described by Strojnik et al., 91~ the expression of 
MMP-2 and MMP-9 was evaluated by assigning an immu- 
nohistochemical (IHC) score, defined as the sum of the 
frequency (0: none, 1: 0%-30%, 2: 30%-60%, 3: 60%-  
100%) and intensity (0: none, 1: weak, 2: moderate, 3: 
strong) of the expression. The MIB-1 labeling index 
(LI) was calculated as the percentage of 1000 nuclei that 
immunostained with MIB-1 monoclonal antibody. 

Reverse transcription-polymerase chain reaction assay 

Total RNA was isolated from the frozen tissue sample using 
ISOGEN reagent (Nippon Gene, Toyama, Japan). In brief, 
100mg of each tissue was homogenized in 1 ml of ISOGEN. 
Subsequently, 0.2ml of chloroform was added, and the mix 
was centrifuged to separate the solution into an aqueous 
phase containing RNA, an interphase containing DNA, and 
an organic phase containing protein. The aqueous layer was 
aspirated and added to 0.5 ml of isopropanol for RNA pre- 
cipitation. Following this, the solution (aqueous layer 
and isopropanol) was centrifuged, and then the pellet was 
washed with 75% ethanol and centrifuged again. After- 
ward, RNA was collected into 50 gl of diethylpyrocarbonate 
(DEPC)-treated water. Reverse transcription-polymerase 
chain reaction (RT-PCR) was performed using a First- 
Strand cDNA synthesis kit (Amersham Pharmacia Biotech, 
Woerden, The Netherlands). One microliter of total RNA 
(= l~tg) was added to 141 of RT mixture. After mixing, 
the samples were incubated at 37~ for 45min, 95~ for 
5rain, and 4~ for at least 5min. We synthesized two 
oligodeoxynucleotide primers with the sequences for 
MMP-2 (5' primer: G T G C T G A A G G A C A C A C T A A A  
G A A G A ;  3' primer: TTGCCATCCTTCTCAAAGTTGT 
AGG,  605bp), MMP-9 (5' primer: CACTGTCCACCCCT 
CAGAGC;  3' primer: G C C A C T T G T C G G C G A T A A G G ,  
263bp), and [3 actin (5' primer: A T C A C C A T T G G C A A  
T G A G C G ,  3' primer: T T G A A G G T A G A A A C G T G G A T ,  
93 bp). Thirty-five microliters of a PCR mixture containing 
10nM of primers and Taq DNA polymerase (Amersham 
Pharmacia Biotech) was added to the RT products. Initial 
denaturation for 2min at 94~ was followed by 30 cycles of 
1rain at 94~ lmin  at 55~ 2min at 72~ and a final 
extension for 6rain at 72~ The PCR products were sepa- 
rated on 2% agarose gels, and ethidium bromide-stained 
bands were recorded by Mupid-2R (Cosmo-Bio, Tokyo, 
Japan). The presence of the PCR product MDR-1 was 
determined by the presence or absence of the appropriate 
bands. 

Statistical analysis 

We analyzed the relationship between mRNA expression, 
IHC score, of MMP-2 and MMP-9 and the MIB-1 LI. 
Student's t-test was used to evaluate significant differences. 
A Kaplan-Meyer survival curve was used to evaluate the 



r e l a t i o n s h i p  b e t w e e n  I H C  scores  a n d  p rognos i s .  S t a t v i e w  
for  W i n d o w s  V. 5.0 was  u sed  to ana l yze  e a c h  s ta t i s t ica l  
p a r a m e t e r .  

Results 

T h e  cl inical  cha r ac t e r i s t i c s  of  t he  40 p a t i e n t s  wi th  a s t rocy t i c  

t u m o r s  o r  g l i oma tos i s  c e r e b r i  in  th is  s tudy  a re  s h o w n  in  
T a b l e  1. O u t  of  29 p a t i e n t s  w i th  A A  or  G B ,  11 r e c e i v e d  
I O R T  fo l l owed  by  p o s t o p e r a t i v e  E X R T  or  on ly  I O R T  a f t e r  
t u m o r  r e m o v a l  to  va r i ous  ex ten t s .  T h e  r e m a i n i n g  18 

p a t i e n t s  r e c e i v e d  E X R T  w i t h o u t  I O R T .  T h e  to ta l  r a d i a t i o n  
dose  for  E X R T  r a n g e d  f r o m  40 to  5 0 G y .  T w e n t y - s i x  
p a t i e n t s  r e c e i v e d  a d j u v a n t  c h e m o t h e r a p y  us ing  A C N U ,  
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c isp la t in ,  o r  c a r b o p l a t i n .  O f  t he  40 pa t i en t s ,  25 h a d  d i e d  by 
the  t ime  of  d a t a  analysis .  T h e  su rv iva l  of  p a t i e n t s  wi th  D A  
was s igni f icant ly  l o n g e r  t h a n  su rv iva l  of  t hose  wi th  e i t h e r  
A A  or  G B .  A m o n g  t he  p a t i e n t s  w i th  A A  or  G B ,  surv iva l  
of  p a t i e n t s  r ece iv ing  I O R T  was  no t  s igni f icant ly  d i f f e r en t  
f r o m  t h a t  o f  t hose  w h o  d id  n o t  r e ce ive  I O R T .  T h e r e  was 

n o  e v i d e n c e  t h a t  d i f f e r e n t  c h e m o t h e r a p y  a g e n t s  a f f ec t ed  
surv iva l  t i m e  in this  series ,  p a r t l y  b e c a u s e  of  the  smal l  
n u m b e r  of  p a t i e n t s  u n d e r g o i n g  e a c h  t ype  of  t r e a t m e n t .  

I m m u n o h i s t o c h e m i c a l  e x a m i n a t i o n  r e v e a l e d  t h a t  as t ro-  
cytic t u m o r  cells we re  s t a i n e d  in a d i f fuse  c y t o p l a s m i c  pat -  
t e r n  for  b o t h  M M P - 2  a n d  M M P - 9  (Fig. 1). T h e  I H C  score  of  

M M P - 2  for  G B  (2.00 _+ 1.35) m a y  b e  h i g h e r  t h a n  t h a t  for  
D A  (1.75 - 1.67) or  A A  (1.87 -+ 1.77); h o w e v e r  the  differ-  
ences  w e r e  n o t  s igni f icant  (Fig. 2). T h e  I H C  score  for  M M P -  
9 for  G B  (2.92 _+ 1.93) was  h i g h e r  t h a n  t h a t  for  D A  (2.25 _+ 

Table 1. Summary of clinical characteristics of 40 patients with astrocytic tumors 

Case Age/ Histology Site Extent of Adjuvant therapy MIB-1 MMP-2 MMP-9 Prognosis 
no. sex surgery L1 (%) IHC score IHC score (months) 

1 62/M DA F Sub n.d. 0 0 2 Alive (21) 
2 31/M DA F Sub IORT, EXRT, Chemo 2.2 2 3 Dead (36) 
3 43/M DA F Sub n.d. 0.2 4 0 Alive (20) 
4 16/M DA F Sub n.d. 1.5 0 0 Alive (56) 
5 46/F DA T Sub EXRT 3.0 0 2 Alive (2) 
6 56/F DA F Sub n.d. 0.1 2 4 Alive (21) 
7 1/F DA Opt Sub n.d. 10.8 2 5 Dead (4) 
8 51/M DA F Sub EXRT, Chemo 0 4 2 Dead (29) 
9 68/M AA T Sub EXRT, Chemo 6.8 2 4 Alive (10) 

10 42/M AA P Sub IORT, EXRT, Chemo 18.2 0 0 Dead (29) 
11 67/M A A  F Total IORT, Chemo 3.9 0 3 Alive (20) 
12 56/M AA F Sub EXRT, Chemo 7.7 2 3 Alive (18) 
13 62/M AA F Partial IORT, EXRT 0 0 4 Dead (18) 
14 44/F AA F Sub EXRT, Chemo 0 4 2 Dead (26) 
15 66/F AA P Sub IORT, Chemo 15.0 0 3 Dead (13) 
16 61/M AA BG Partial EXRT, Chemo 20.0 3 3 Dead (10) 
17 51/M AA BG Partial EXRT, Chemo 19.7 0 2 Dead (13) 
18 58/M AA F Sub EXRT, Chemo 26.9 3 3 Alive (38) 
19 60/M AA F Sub IORT, EXRT, Chemo 2.1 2 0 Dead (31) 
20 62/F AA F Partial IORT, EXRT, Chemo 10.3 4 5 Dead (6) 
21 65/M AA F Sub IORT, EXRT, Chemo 3.3 5 2 Dead (11) 
22 65/F AA F Sub EXRT, Chemo 13.6 0 0 Dead (12) 
23 40/F AA F Sub IORT, EXRT, Chemo 3.5 3 2 Dead (90) 
24 45/M GB F Partial EXRT, Chemo 3.6 3 2 Dead (12) 
25 67/M GB F Sub EXRT, Chemo 9.7 4 3 Dead (3) 
26 50/F GB P Sub IORT, EXRT, Chemo 14.3 2 0 Dead (22) 
27 62/F GB P Sub IORT, EXRT, Chemo 4.7 3 4 Dead (12) 
28 13/F GB BG Sub EXRT, Chemo 35.8 2 2 Dead (6) 
29 74/F GB O Sub EXRT 0.l 2 6 Alive (19) 
30 58/F GB F Sub EXRT, Chemo 6.6 3 2 Dead (10) 
31 65/M GB C Partial EXRT, Chemo 18.2 0 0 Alive (12) 
32 54/F GB F Sub IORT, EXRT, Chemo 10.0 3 3 Dead (8) 
33 36/F GB F Partial EXRT, Chemo 13.5 0 6 Alive (36) 
34 61/F GB F Sub EXRT, Chemo 8.3 2 3 Alive (4) 
35 57/F GB T Sub EXRT 14.1 0 4 Dead (11) 
36 59/M GB* F Partial EXRT, Chemo 13.2 4 5 Dead (12) 
37 56/F GB* F Partial EXRT, Chemo 13.1 3 3 Dead (10) 
38 55/M GC F&O Partial EXRT, Chemo 2.5 4 0 Dead (12) 
39 28/M GC BG Partial EXRT, Chemo n.d. 4 3 Alive (15) 
40 43/F GC F Partial EXRT, Chemo 4.8 5 5 Alive (15) 

DA, diffuse astrocytoma (grade II); AA, anaplastic astrocytoma Grade III); GB, glioblastoma (Grade IV); GC, gliomatosis cerebri; GB*, 
glioblastoma with cerebrospinal fluid dissemination; LI, labeling index; HIC score, immunohistochemical score; F, forntal lobe; T, temporal lobe; 
P, parietal lobe; O, occipital lobe; BG, basal ganglia; Opt, optic nerve; C, cerebellum; Total, total removal; Sub, subtotal removal; Partial, partial 
removal; EXRT, external beam irradiation; IORT, intraoperative radiotherapy; Chemo, chemotherapy; n.d., not done 
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Fig. 1A,B, Photomicrographs 
showing immunohistochemical 
staining of matrix 
metalloproteinase (MMP)-2 and 
MMP-9. A, anaplastic astrocy- 
toma. Diffuse cytoplasmic 
staining for MMP-2 was observed 
in almost all tumor cells. The 
immunohistochemical score was 4 
in this specimen (• B, 
anaplastic astrocytoma. Anti- 
MMP-9 antibody revealed many 
strongly stained tumor cells, The 
immunohistochemical score was 5 
( • 400) 

1.75) or A A  (2.40 +- 1.50), but  the differences were not  
significant (Fig. 2). Therefore,  neither the MMP-2 IHC 
score nor  that of MMP-9 was associated with histological 
malignancy in astrocytic tumors. 

The MMP-2 IHC score of the invasive glioma group 
(4.00 - 0.71) was significantly higher than those of the other 
astrocytic tumor types, including D A  (1.75 • 1.67, P = 
0.0166), A A  (1.87 _+ 1.77, P = 0.0184), and GB (2.00 -+ 1.35, 
P = 0.0073) (Fig. 2). The MMP-9 IHC score of the invasive 
glioma group (3.20 • 2.05) was possibly higher than that of 
D A  (2.25 _+ 1.75), A A  (2.26 +- 1.50), or GB (2.92 +- 1.93), 
although the differences were not statistically significant 
(Fig. 2). 

The MMP-2 IHC score and MIB-1 LI, seemed to be 
inversely correlated because when cases with the MMP-2 
IHC score was more than 4, the MIB-1 LI (4.89 + 4.99) was 
lower, and when the MMP-2 IHC score was low, the MIB- 
1 LI was high (9.91 • 8.70), but the differences were not 
significant (P = 0.1090) (Fig. 3). Similarly, there were no 
significant differences between the MIB-1 LI of the group 
with high MMP-9 IHC score (7.13 • 5.57) and that of 
the group with low MMP-9 IHC score (9.21 • 9.18) 
(P = 0.4900) (Fig. 3). 

The results of the RT-PCR analysis for MMP-2 and 
MMP-9 m R N A  are shown in Fig. 4. Bands for MMP-2 
m R N A  were observed in three of eight cases, and bands for 
MMP-9 m R N A  were present in three of eight cases, m R N A  
expression appeared to be correlated with the IHC scores of 
the MMPs, but the sample sizes were too small for statistical 
analyses to be performed. 

The Kaplan-Meyer analysis showed no significant rela- 
tionship between the survival rate and MMP-2 or MMP-9 
expression, but  the group with lower MIB-1 LI lived 
significantly longer than that with higher LI (P < 0.05) 
(Fig. 5). 

Fig. 2. The immunohistochemical (1HC) score of matrix 
metalloproteinase (MMP)-2 of the invasive glioma group (invasive, 
4.00 _+ 0.71) was significantly higher than that of diffuse astrocytoma 
(DA, 1.75 +_ 1.67; n = 8), anaplastic astrocytoma (AA, 1.87 • 1.77; n = 
15), or glioblastoma (GB, 2.00 + 1.35; n = 12) (A).The IHC score of 
MMP-9 of the invasive glioma group (3.20 +_ 2.05) appeared to be 
higher than those of DA (2.25 _ 1.75), AA (2.26 _+ 1.50), and GB (2.92 
_+ 1.93), although there were no significant differences between them 
(B). The invasive glioma group included three cases with gliomatosis 
cerebri and two glioblastomas with cerebrospinal fluid dissemination 



Discussion 

MMP-2 and MMP-9 expression were not  corre la ted  with 
histological malignancy because nei ther  A A  nor GB 
showed higher expression of MMP-2 or MMP-9 than DA.  
MMP-2 expression tended to be inversely related to the 

Fig. 3. The MIB-1 labeling index (LI) of the cases with a matrix 
metaUoproteinase (MMP)-2 immunohistochemical (IHC) score of 
more than 4 (4.89 _+ 4.99) appeared to be lower than that of those with 
a low MMP-2 IHC score (9.91 _+ 8.70), although the difference was not 
significant (P 0.1090) (A). The difference between the MIB-1 LI of 
the group with a high MMP-9 IHC score (7.13 _+ 5.57) and that of the 
group with a low MMP-9 IHC score (9.21 _+ 9.18) was not significant (P 
= 0.4900) (B) 
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MIB-1 LI, but  the relat ionship was not  statistically signifi- 
cant. MMP-9  expression was not  re la ted  to the MIB-1 LI. 
The MMP-2 IHC score of the invasive glioma group was 
significantly higher than those of o ther  mal ignant  or benign 
astrocytic tumors  not associated with dissemination;  there- 
fore MMP-2 is re la ted to disseminat ion or invasiveness. 

Several  studies 3.~'~'~~ have shown by immunohis to-  
chemistry or  gelatin zymography that  the expression of 
MMPs, including that of MMP-2 and MMP-9, is higher  in 
malignant  gliomas than in low-grade gliomas: In astrocytes 
of the normal  adult  brain, MMP-2 is undetectable  by im- 
munohis tochemical  methods.  1~ A few studies 12 also found a 
correlat ion between MMP expression and survival of 
patients with malignant  gliomas. The results of the present  
study contrast  with those of the previous reports  because 
MMP expression did not  correlate with histological malig- 
nancy. One  reason for this discrepancy may be differences 
in the immunohis tochemical  methods  used because we pre- 
t rea ted  the sections in a microwave before  incubat ion with 
the pr imary  antibodies.  Also, we used monoclonal  anti- 
bodies,  whereas  several  other  studies used polyclonal  anti- 
bodies.  Fur the rmore ,  we used a different  system to evaluate 
immunohis tochemical  staining (the I H C  scoring system). 

On the o ther  hand, Thier  et al. 13 found an inverse corre- 
lation be tween  prol i ferat ion potent ia l  and MMP-2 expres- 
sion in glial and neural  cell lines. They also suggested that 
di f ferent ia ted nonprol i ferat ing cells p roduced  significantly 
more  MMP-2 than prol iferat ing cells. Our  results were simi- 
lar, in that  MMP-2, but not MMP-9,  expression in gliomas 
inversely corre la ted  with prol iferat ive potent ia l  as mea- 
sured by the MIB-1 LI in this in vivo study. O the r  in vitro 
studies using glioma cell lines showed correlat ions between 
MMP-2 and MMP-9 expression and invasion, and suggested 
that  MMPs  enhance the capabil i ty of  glioma cells to de- 
grade extracel lular  matr ix and spread into the extracel lular  
space. 4'9a4 This observat ion leads us to surmise that  the 
higher expression of MMPs in gl iomatosis  cerebri  and glio- 
b las toma with CSF disseminat ion might be responsible  for 
the invasive nature  of  the tumor  cells. 

Many factors affect the degrada t ion  of  extracel tular  
matrix. Tissue inhibitors of matr ix  meta l loprote inases  
(TIMPs) inhibit  MMPs by forming noncovalent  associa- 
tions with their  active sites. Several  studies r epor t ed  less 
product ion of TIMPs in brain tumors.  9~15'16 Genera l ly ,  an 
imbalance be tween the product ion of MMPs and that  of 
TIMPs is considered to be responsible  for histological 

Fig. 4. The reverse transcription- 
polymerase chain reaction results 
show the mRNA expression of 
matrix metalloproteinase 
(MMP)-2 (605 bp) and MMP-9 
(263 bp). Bands were observed 
in three of eight cases for both 
MMP-2 and MMP-9 
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Fig. 5. A Kaplan-Meyer survival analysis showed no significant corre- 
lation between the survival rate and matrix metalloproteinase (MMP)- 
2 (A) or MMP-9 (B) expression, but the group with the lower MIB-1 
labeling index (LI) lived significantly longer than that with the higher 
El (e < 0.05) (C) 

Table 2. Immunohistochemical and reverse transcription-polymerase chain reaction assay data 

Case no. Age/sex Histology MMP-2 MMP-9 MMP-2 MMP-9 
IHC score IHC score  mRNA mRNA 

4 16/M DA 0 0 - - 
5 46/F DA 0 2 - - 
6 56/F DA 2 4 + + 
9 68/M AA 2 4 - + 

17 51/M AA 0 2 - - 
23 40/F AA 3 2 - - 
30 58/F GB 3 2 + 
36 59/M GB 4 5 + + 

malignancy and tumor recurrence. These data suggest that 
enhanced levels of MMPs might be predictive of invasion, 
tumor histological grade, or prognosis. 

Although the actual role and meaning of the expression 
of MMPs in the astrocytic tumors remain to be validated, 
the present results suggest a contr ibution of MMP-2 to the 
invasion or dissemination of astrocytic tumors. Thus, the 
expression of MMP-2 may be useful as an indicator of inva- 
siveness. Immunohistochemistry does not provide enough 
information on the functional state of these enzymes, 
so gelatin zymography must be performed to know their 
gelatinolytic activities. Wild-Bode et al. x4 demonstrated a 
good correlation between MMP-2 and MMP-9 protein ex- 
pression and gelatinolytic activity as shown on zymograms, 
and also suggested that the activities of MMP-2 and MMP- 
9 were the best predictors of glioma cell invasion. Takano et 

al. 17 evaluated the gelatinase activities in glioma tissue using 
film in situ zymography and demonstrated localization of 
getatinase acticities in situ. 

In this study, we showed that the immunohistochemical  
expression of MMP-2 may be associated with tumor inva- 
sion, although no significant correlation was observed 
between MMP expression and histological malignancy or 
survival. 
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