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Low grade astrocytomas generally have a good prognosis and the patients can survive a long
time without recurrence. It is, however, well known that some low grade astrocytomas can show ma-
lignant transformation and they recur in a rather short period. These tumors demonstrate the char-
acteristics of anaplastic astrocytoma or glioblastoma at the time of recurrence. As it is important to
predict whether malignant transformation or recurrence will occur after the first operation, we have
studied the histopathological characteristics of nonrecurrent and recurrent adult low grade astrocy-
tomas. The population density of hematoxylin-eosin stained tumor cells and MIB-1 and the p53
immuno-stained index (SI) of parafin embedded surgical samples taken from 20 recurrent and 10 non-
recurrent cases of low grade astrocytoma (grade II) were histopathologically studied. The numbers
of stained tumor cells per 1 mm? (SI) were counted from the average population density per 1 mm®
in 5 quadratic grids of the microscopic field. Formalin-fixed paraffin-embedded tissue sections were
immunohistochemically stained for MIB-1 and p53. No correlation was noted between the age of the
pétients, the recurrence and the recurrence time. Male patients seemed to be more susceptible to re-
currence than females. In the majority of recurrent cases, the SI of MIB-1 was higher and the SI of p
53 was lower than that observed in the non-recurrent cases at the time of the initial operation. As a
statistically significant difference in the SI of MIB-1 and SI of p53 was found between the non-
recurrent and recurrent astrocytomas at the time of the first operation, such analysis might be valu-
able for prediction of the recurrence of low grade astrocytoma.

Introduction

Low grade astrocytomas (grade II) generally
shows good outcome after surgical removal. It is,
however, well known that some low grade astro-
cytomas show malignant transformation to high-
er grade astrocytomas (grade III or grade IV) and
demonstrate, devastating prognosis’”. It is, the-
refore, necessary to foresee such malignant trans-

formation at the time of initial surgery to estab-
lish a proper therapeutic plan for the patient.
Although several analytical methods are avail-
able to determine the grading of astrocytoma,
there is, currently, no definite nor standard
method to measure the grading quantitatively.
The estimation of tumor grading has so far been

based on the morphological characteristics of
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hematoxylin-eosin (HE) stained tumor tissue
specimens. The significance of the staining index
(SI) of MIB-1 or tumor suppressor gene (for ex-
ample, p53 suppressor gene) has been anticipated
for predicting malignant transformation®. To
our knowledge, at present MIB-1 antibody has an
advantage over all the other markers of cell pro-
liferation in that it can be used after formalin-
fixing in paraffin-embedded tissues. The p53 gene
is a well-recognized tumor suppressor gene ob-
served on chromosome 17p. Studies of fibrillary
astrocytic neoplasmas have suggested that the
p53 gene may play a role in the malignant trans-
formation of tumor cells and in the progession of
certain low grade tumors to higher grade neo-
plasms.

In our study, we have measured the tumor cell
density by HE staining and obtaining the SI of
MIB-1 and p53 at the initial operation and time of
recurrence. By comparing these cytological char-
acteristics, it was found that the SI of MIB-1 and
p53 were important factors to predict the malig-
nant transformation of low grade astrocytoma.

Materials and Methods

The neuropathological laboratory files at the
Tokyo Women's Medical University were sear-
ched for cases of astrocytoma that fullfllled the
World Health Organization International Histo-
logical Classification of Tumors of the Central
Nervous System definition of low grade astrocy-
tomas (LGA, 1993). Tumors were obtained over
a 20 years period (between 1969 and 1989). The
tumor tissues were obtained from 30 patients of
LGA (grade II, WHO grading) diagnosed at the
time of initial surgery. Ten of the 30 tumors had
not shown recurrence for more than 5 years (5 to
155 years) and were defined as a non-recurrent
group. The other tumors had shown recurrence.
Of the recurrent tumors that were removed in
the second surgery, 4 tumors showed re-recu-
rrence later. All the removed tumor samples

from the second and third operations were ana-
lyzed using the same methods as those for the
primary tumor. All the observed patients the re-
cieved pure adjuvant chemotherapy after first
operation because the same kind of cases were di-
agnosed to be LGA grade II.

Tumor specimens were stained with HE as the
general staining method. Sections from paraffin
embedded specimens were further prepared
with 3% H,0: and they were soaked in 10 mM cit-
rate buffer pH solution. For MIB-1 immunostain-
ing, isoantigen activation was carried out using
microwaves (4 um parallel settlement, 90 C, 15
min). MIB-1 was stained by using a LSAB Kit
(DAKO A/S, Denmark, France) and the MIB-1
antibody (1: 10 dilution; Immunotech) for 60 min
at room temperature. The p53 protein was
stained using the p53 antibody (1 :100 dilution;
DO-7, DAKO). The WHO grading of the tumor
was defined by the HE staining. The durations
from the initial to the second surgery and from
the second to the third surgery were recorded.

The tumor cell densities per mm? by HE stain-
ing, MIB-1 positive cell ratio (MIB-1 SI) and p53
gene positive cell ratio (p53 SI) were counted.
Five suitable places were chosen in the micro-
scopic field and 100 square grids (100 X 100 pm)
for each plate were analyzed to count the cells. In
particular, the counting of all cells stained posi-
tively with MIB-1 or p53 antibodies ware in-
cluded in the square grids, which could be seen
by special coloring under an microscope (OLYM-
PUS-BH-2, x400).

A statistical analysis was made by the Dun-
can’ s multiple comparison method, a one-way
analysis of variance. A p-value <0.05 was consid-
ered to be statistically significant.

Results

Clinical features

The age and sex of the 30 patients are shown
in Table 1. The average age of non-recurrent pa-
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Table 1 Clinical and histological features in 10 non-recurrent and 20 recurrent low grade astrocytomas (grade o)

Cases Histological Histolq gical Duration time
type grading
Type No. age sex T1 T1 T2 T3 (Month)
Non-recurrent 1 36 M g il 186.0
2 43 F f it 51.0
3 32 F g I 114.0
4 41 F f I 86.0
5 47 F { il 79.0
6 23 M g I 60.0
7 40 M f if 63.6
8 51 M f I 63.6
9 35 M g I 60.0
10 35 M g it 63.6
Average 38.30+7.96 M/F=6/4 g/f=5/5 82,68 +40.56%1
Recurrent 1 36 M f I I 8.0
2 46 M f it it 2.0
3 58 M f I I 21.0
4 60 M f I I 7.0
5 25 M f Jif m \Y 52.0
6 36 M g il i il 29.0
7 28 M g I it il 31.0
8 50 M f il I 8.0
9 34 M g it I 72.0
10 34 M g i \Y 79.0
11 44 M g il \Y I\Y 21.0
12 39 F f Jif v 53.0
13 41 M f il I\ 130
14 46 M g il v 51.0
15 33 F g I il 41.0
16 37 M g il it 9.0
17 24 M f il m 46.0
18 47 M g il I\ 30
19 31 M g I v 46.0
20 32 M f il v 153.0
Average 39.20£991 M/F=18/2 g/1=10/10 37.25%35.71%2

f fibrillary astrocytoma, g gemistocytic astrocytoma, T1: first operation, T2: second operation, T3: third operation.
*1: duration time from T1 to the last day of follow up, *2: duration time from T1 to T2.

tients was 38.3 years old (23~51 years old), and
the age of recurrent patients was 39.2 years old
(24~60 years old). Regarding sex, males were 24
and females were 6 cases. Regarding the histo-
logical types, 15 cases were fibrillary and 15 cases
were gemistocytic astrocytoma. In 20 recurrent
astrocytoma cases, the duration time from the on-
set to the first operation was 18.20 2043 (1.0 =
58.0) months. The mean duration time from the
first operation to the second operation in the

same cases was 37.25%35.71 (2.0~153.0) months.
The mean duration time from the second to the
third operation (4 cases) was 9.00=294 (6.0~
13.0) months. Regarding the 10 non-recurrent
cases, the mean duration time from the onset of
symptoms to the operation was 82.68 +40.56 (51.0
~186.0) months (Table 1). The recurrence was
more predominant in males (n=18) than females
(n=2). No other correlation was recognized be-

tween age or sex and recurrent time.
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Fig. 1 Histological changing pattern of recurrent astrocytoma in 3 surgical opera-
tions for patient No. 5
A ! HE staining, B : MIB-1 staining, C ! p53 staining.

1 first operation (grade II), 2 . second operation (grade III), 3 : third operation
(grade IV).

In this regard, a significant difference was seen
for the mean the duration times from the onset of
symptoms to operation between the non-recur-
rent and recurrent (p<0.05).

Histological features

1) HE staining

All 30 cases of astrocytomas were diagnosed as
grade II (WHO grading) at the time of the first
operation, in which 15 cases were fibrillary astro-
cytoma and 15 cases were gemistocytic astrocy-
toma (Table 1). The primary astrocytoma
showed a scattered cell density with a few mito-

sis as shown in Fig. 1. No abnormal vascular for-
mation nor necrosis were observed.

In the 20 recurrent tumor tissues obtained in
the second operation, 8 cases showed malignant
transformation to grade III anaplastic astrocy-
toma, and 8 cases to grade IV astrocytoma
(glioblastoma) (Table 2). As shown in Fig. 1, in
the tumor cells taken during the second opera-
tion for recurrence, cell density had increased
and hyperchromatic mitotic nuclei and vascular
hyperplasia were found. The nuclei of the tumor
cells were hyperechromatic with mitotic figures.
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Table 2 Cellular density (number of tumor cells) of HE staining, and the immunohistochemical staining indices
(SD) of MIB-1, and p53, and the observed duration in 10 non-recurrent and 20 recurrent low grade astrocytomas

Cases HE MIB-1 p53 Duration time
mean * SD NTC (/mm?) S1(%) SI(%) (Month)
1. non-recurrent(n=10, grade 1) 10692+ 33.68 0.98+0.90 2847+7.14 82.68+40.56%!
2. recurrent(n=20)
T1(n=20, grade ) 117.13%58.07 6.27+3.87 15.66+9.18 18.20=20.43*2
grade II (n=4) *5 8274+ 3753 6.00+4.96 2390+8.84
grade M (n=8) 100.14+46.76 6.92+5.04 11.38%+6.20
grade IV (n=8) 147.11+64.84 575+1.95 15.81£9.86
T2(n=20) 17768 +73.18 16.31+10.37 2849=1651 37.25+£3571%3
grade II (n=4) 112.25+24.33 10.61+6.44 26.80+11.93
grade Il (n=8) 159.78 +46.33 19141172 1875+843
grade IV (n=8) 228.31+7996 16.34+1043 39.06+19.23
T3(n=4) 25947 +72.33 1681591 29.66 + 18.01 9.00£294%*4
grade I (n=2) 20744+ 67.26 12.05+0.28 1479+7.69
grade V(n=2) 311.50+1853 2156 +377 4453+547

NTC: number of tumor cells/mm?, SI staining index, T1: first operation, T2: second operation, T3: third operation.
*1: duration time from T1 to the last day of follow up, *2: duration time from the onset to the first operation, *3: duration time
from T1 to T2, *4: duration time from T2 to T3, *5: These grades indicate those from the second operation.
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Fig. 2 Number of tumor cells/mm?® of HE staining
from the first operation in recurrent and non-re-

current cases

NRGII : non-recurrent (n=10), RGII : recurrent
grade II from the second operation (n=4), RGIII :
recurrent grade III from the second operation (n=
8), RGIV : recurrent grade IV from the second op-
eration (n=8), *p< 0.05 RGIV vs NR group.

Necrosis was not seen in any of the tumors in pri-
mary operation. Grade IV astrocytoma showed
the typical pattern of glioblastoma multiforme.

In the 10 non-recurrent tumors, the cell density
in HE stained sections at the operation was 106.92
+33.68/mm®.

Regarding the recurrent tumors, the cell den-
sity in the HE stained sections from the initial op-
eration was 117.13 +5807/mm’ in all the cases,
and 82.74 = 37.53/mm® for the patients whose tu-
mors showed grade II (n=4) from the second op-
eration, 100.14 + 46.76/mm? for the patients who-
se tumor changed to grade III (n=8) from the sec-
ond operation, and 147.11 + 64.84/mm?® for the pa-
tients whose tumor changed to grade IV (n=8)
from the second operation (Table 2, Figs. 1, 2) . No
relationship was seen between the recurrent
time and the grading. The number of tumor cells
for non-recurrent astrocytoma is not associated
with the grade II of recurrent astrocytoma (p>
0.01).

2) MIB-1 staining

The average MIB-1 SI at the initial surgery of
non-recurrent cases was 0.98 £ 0.90% and in the
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Fig. 3 Staining index of MIB-1 from the first opera-
tion in recurrent and non-recurrent tumors
NRGII : non-recurrent (n=10), RGII . recurrent
grade II from the second operation (n=4), RGIII :
recurrent grade Il from the second operation (n=
8), RGIV : recurrent grade IV from the second op-
eration (n=8), *p< 0.05 NR vs each group.

recurrent cases, it was 6.27 = 3.87% for all the
cases from the first surgery, 16.31 = 10.37% from
the second surgery and 16.81 £ 591% from the
third surgery (Table 2). There was a significant
difference of MIB-1 SI between the non-recurrent
and recurrent cases at the initial operations. No
significant difference between the MIB-1 SI of the
recurrent cases from the first operation and the
transformed grading (Figs. 1, 3) was observed.
The SI of MIB-1 for non-recurrent cases is corre-
lated with the each group of changed grade of the
second operation from first operation in recur-
rences (p <0.05).

3) p53 staining

In the non-recurrent tumors, p53 SI was 28.47
+7.14%. In the recurrent cases, p53 Sl at the
time of initial surgery, was 15.66 + 9.18%, 2849 +
1651% from the second surgery and 29.66 + 18.01
% from the third surgery (Table 2). There was
a correlation between p53 SI of tumor cells trans-
formed to grade III and IV astrocytoma from the
initial operation and the second operation (Figs.

p < 0.05
404 p < 0.05

35
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251 23.90
201

154 15.81%*
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*
104 11.38

0 ¥ T T T
NRGII RGII RGIII RGIV

Fig.4 Staining index of p53 from the first operation
in recurrent and non-recurrent patients
NRGII : non-recurrent (n=10), RGII : recurrent
grad II from the second operation (n=4), RGIII : re-
current grade III from the second operation (n=8),
RGIV : recurrent grade IV from the second opera-
tion (n=8), *p< 0.05 NR vs RGIIL **p< 0.05 NR vs
RGIV.

1, 4). The SI of p53 for the non-recurrent cases
was correlated with the changed grade III and
grade IV of the second operation from the first
operation in the recurrences (p<0.05).But in the
recurrent cases, the SI of p53 for grade II was not
correlated with the non-recurrence (p>0.01).
Discussion

The recurrence of brain tumors and the sur-
vival time thereof can be predicted generally
from the age of the patient, clinical grading, size,
site, histological type and so on”~”. It has gradu-
ally become possible to study the mechanism of
malignant transformation at the gene level. 1t is
necessary to analyze the proliferative potential
and suppressor genetic function of a brain tumor
in order to predict the malignant transformation.
The measurement of MIB-1 SI as a factor of pro-
liferation and p53 SI as a suppressive function has
become possible by using immunohistochemical
staining. Therefore, by measuring the MIB-1 or p
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53 staining index, it should be possible to predict
recurrence, and the patients’ survival expectancy
at the time of the initial operation.

Cellular density and grading

In general, a higher cellular density is an indi-
cation of malignancy. It has been, however, noted
that the distribution of proliferating cells in neo-
plasm tissue is not homogeneous. At present, the
grading of malignancy is generally based on cellu-
lar pleomorphism, the ratio of mitotic cells, vascu-
lar proliferation, and the presence of necrosis.
The grade of malignancy of astrocytoma must be
defined by the cellular density and the prolifera-
tion along with the suppressive characteristics of
the cells in the tumor. As a significant difference
of cellular density was observed among the
grades II, III, and IV (WHO classification), auto-
matic computerized analysis will be developed in
the future to assess the grading of malignancy.

MIB-1 staining

Since 1982, the proliferative potential of tumor
cells has been analyzed using MIB-1 (Ki-67). Al-
though the MIB-1 antibody was identified with
the Ki-67 antigen, it is known that cell growth in-

side tumor tissue is not generally homogeneous

and the distribution of growing cells also is not

uniform. The cell cycle time for each MIB-1 posi-
tive cell is different, and the SI of MIB-1 is meas-
ured by ignoring such heterogeneity.

Shibata et al (1989) studied the MIB-1 SI of 141
cases of astrocytoma and reported that the MIB-1
SI is 94~11.1%. There was a correlation bet-
ween the MIB-1 SI and histological malignancy
grading”. Kordek et al (1996), classifying 56 cases
of astrocytoma into grades II, III, and IV, re-
ported that there was a correlation between the
MIB-1 SI (1.9, 6.8, 9.8%) and each grading®. Pray-
son and Estes (1996) reported that, in tumor tis-
sues of 32 astrocytoma patients, the MIB-1 SI was
0.0~4.3% in 1,000 tumor cells”.

Ide et al (1996), counting the number of MIB-1
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positive cells in 57 cases of meningioma, reported
that the positive rate of MIB-1 SI was 0.06~6.8%
and there was a correlation between MIB-1 SI
and histological grading of malignancy”. How-
ever, in these reports, the concept of cell density
was not considered.

The MIB-1 SI was found to be 6.27 +3.87% at
the time of primary surgery in recurrent cases,
and 098 £ 0.90% in non-recurrent cases in our
study. As a significant difference in the MIB-1 SI
was noted between the recurrent and non-re-
current low grade astrocytomas, it might be pos-
sible to predict malignant transformation, as well
as recurrence, by using MIB-1 SI after the pri-
mary surgery.

p53 gene

From the results of experiments regarding cell
growth, it was reported that, the presence of the
p53 gene in cancer cells combines with DNA and
this acts to arrest cell growth in the GI1 phase,
hence prompting cell death by apoptosis'. This
p53 protein suppression is a common genetic event
in astrocytoma progression and may signal the
transition from benign to malignant tumor grad-
ing'?. It is thought in general that the p53 gene
shows a suppressive action over the G1 phase in
all growing cells.

The tumor suppressor gene has been seen in
many tumors and excess manifestation of the p53
with staining heterogeneity has been repor-
ted”™®. In our study, we found the cellular den-
sity and MIB-1 SI to have a marked increased ef-
fect on the course of tumor recurrent. p53 SI to
have a increased effect on the course of tumor re-
current, and malignant transformation a signifi-
cant is seen from the first operation at the second
operation was diagnosed grade II cases of low
grade astrocytoma. This again illustrates a sharp
feature in all types of astrocytomas.

A high MIB-1 SI and low p53 SI would indicate
a higher degree of potential malignancy and shor-
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ter life expectancy. The balance between MIB-1
SI and p53 SI in low grade astrocytoma (WHO
grade II) found at the time of the initial operation
are useful indicators for the prediction of recur-
rence as well as malignant transformation to a
higher grade of astrocytoma.
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BAEEMERMREORSR - EM4EbOFRICET 2 BEFNMR
—BFEFC MIB-1 & p53 BT FEPRERICOVWT—

WRLTFERNKY E¥E Wagssy (EFE B8

TR OV BAIAESD, BHICELLT, XbOTRRETFHRERTILDNH S I EIIHRIIC
LIZLIERERS 22 L Th o, dEFMEAREEE O S MIIE & HW S N7z EE BRIy 506
PEFUT AL EBIREEDOTEETH S, AETIE, TOFUETRICTLIENTSE SN
BHEHSPICT L7010, FRE LICREFREEE Lo T bEd & B L TH%RE LER
2T, MEFM, 75 OCICERFICE S N EEEA D W ORI ZNIRE 2170 2.

WHO 5 TS W23 sE L 72 astrocytoma grade II (low grade astrocytoma) 30 #1095 5, % 20
B, JEFSE 10 Bla Wt L7z, F56 L IEMSE O EN B 2 MFE (ow grade astrocytoma) O FAf
R S -k A BV, HE %efs, MIB-1 & p53 ShiEdeta 247 o 72, #I%M (F4lF) , HHRE (B%
FHOFbNBIOR), BREIEEOFM TR LB R 0w T, 2 Zh oM R Tl
KB EE DB 5 DT 4 BATHE L, 1mm® &7z 0 © HE a1l X 5 JESMIEE NTC (numbers
of tumor cells), B & U8 MIB-1 & p53 D fE ettt wifafi % SI (staining index) ##ll%E L7z, HE
gufe, 0 NTC, MIB-1 & p53 @ SI 8 X OEMEE G (grade), F5E TICE LW H t (recurrence time)
DOFH.O B D WTHRET L7z,

MEEB X OEREO HE B0 X 2 L BEOERE, HRE TORMIZIIATEIRDDL
Nhdhol. B (r=20) TIE MIB-1 ® SI L BRIZOWTHHT 5 & MIB-SI DEWVIE EEHAL
LTHERLRT < (SI575~2156%) , p53SIDEWVIEEHHE LT W (S16.20~4453%) . FEHFFEPI
(r=10) Ti& MIB-1 ® SI ¥ T (SI0.98 1 0.90%, p<005) , P53 D SIFEETH > 7 (SI 2847
+7.14%, p<005). EEOEME, HEZTFOTLEEL LCE, MREEE, MIB-1B XU ps3
O SIEFBEERIBB L E 2 o7 BEFHRELZ FMT 5720100, WL N ORTONT A
EPREATHLIEPVETHA.
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