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Abstract
Aim—To determine the tumour prolifera-
tive activity in a series of archival cerebral
astrocytomas and compare proliferating
cell nuclear antigen (PCNA) and Ki-67
labelling indices in the primary and
recurring neoplasms following therapeu-
tic radiation.
Method—Twenty eight cases of pre-
irradiated and post-irradiated astrocyto-
mas (ranging from WHO grades I to IV)
were stained immunohistochemically
using the avidin–biotin horseradish per-
oxidase technique. Two antibodies, PC10
and MIB-1, were used to establish the
proliferating labelling indices. PC10 iden-
tifies PCNA and MIB-1 recognises the
Ki-67 antigen.
Results—Both antibodies showed signifi-
cantly higher labelling indices in the post-
irradiated specimens. However, in
general, the Ki-67 indices were lower than
those for PCNA.MIB-1 immunoreactivity
showed less variation and was more
intense than that seen with PC10. The dis-
crepancy between the labelling indices of
the pre-irradiated and post-irradiated
samples raises questions about the evolu-
tion of astrocytomas and the eVects of
therapeutic intervention.
Conclusions—The data may represent
genetic alterations, the natural tumour
course, and/or the eVect of radiation.
Although both of the antibodies reflected
the state of growth of neoplastic cells in
astrocytomas,MIB-1 was more reliable. A
simple immunohistochemical method
using proliferation markers does have an
important role in the future care of
patients with astrocytoma.
(J Clin Pathol:Mol Pathol 1998;51:90–95)

Keywords: astrocytoma; proliferation; radiation; PC10;
MIB-1; PCNA; Ki-67

Neoplastic cells frequently have composite and
diverse abnormalities of growth, and trans-
formed or cancerous astrocytic cells are
notorious in this respect. The pattern of growth
of a tumour is an important element in
determining the potential for progression and
dissemination. Furthermore, planning and
implementation of an eVective therapeutic
regimen for any tumour relies on an examin-
ation of its growth rate and state. The state of
tumour cell proliferation, unlike the rate of

proliferation, is a static measure that can be
assessed by immunohistochemistry.1 Astrocy-
tomas are common, devastating brain tumours.
Thus, knowledge of their proliferative potential
may prove vital in the prediction of recurrence
or progression in histological grade and stage.
Radiotherapy following surgery, alone or

with chemotherapy, is regarded as essential
management in many brain tumours, including
astrocytomas. Monitoring the response to
radiotherapy can be diYcult because the
amount and action of this intricate and
prognostically important agent aVects and can
be aVected by a number of factors. There is a
growing need to assess therapeutic manage-
ment accurately, in order to determine and
administer individual therapy. Because radio-
therapy is aimed primarily at the cell cycle, the
proliferative activity of the targeted cells
provides a suitable area for investigation.
Proliferation markers directed at specific

nuclear antigens within the cell cycle have
facilitated the assessment of the growth frac-
tion of human tumours.2–7 Two such mono-
clonal antibodies are PC108 andMIB-1.9 PC10
detects proliferating cell nuclear antigen
(PCNA) and MIB-1 recognises the Ki-67 anti-
gen within the cell cycle. Both these antigens
have diVerent levels within the diVerent phases
of the cell cycle.10 PCNA is present in all phases
of the cell cycle, including G0, and has been
detected in quiescent cells,11 12 whereas Ki-67 is
only found in the active parts of the cell cycle:
G1, G2, S, andM phases.13 The Ki-67 antigen is
rapidly catabolised after M phase.14 PC1015 and
MIB-116 binding have been reported as identi-
fying the proliferating cell population in irradi-
ated tissues. For this reason, both antibodies
were used to see whether the results of their use
were complementary and/or interchangeable.
This study set out to evaluate retrospectively

the proliferative activity of 31 cases of astro-
cytoma before and after radiotherapy. How-
ever, three cases were abandoned because they
did not meet the criteria for inclusion in the
study.

Methods and materials
SELECTION OF TISSUES

All of the patients had surgery for astrocytoma
at the Regional Neurosurgical Unit, Brook
Hospital, followed by radiotherapy, between
1978 and 1994, and were identified through
departmental records. To select the
appropriate blocks and confirm the diag-
nosis, haematoxylin and eosin stained slides of
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each case were reviewed by a consultant
neuropathologist (RD). Sections that showed
obvious astrocytic features and met the histo-
logical grading criteria of the World Health
Organisation (WHO),17 and whose blocks had
suYcient viable neoplastic tissue for immuno-
histochemistry, were chosen. For the purpose
of this study, the specimens were classified as
either low grade (WHO grades I and II) or high
grade (WHO grades III and IV). The sections
were also reviewed and regraded according to
the Daumas-Duport, Scheithauer, O’Fallon,
and Kelly method.18 Using the WHO
classification, 73.2% were in the higher grade
range (grades III and IV) and 26.8% were in
the lower grade range (grades I and II).
Similarly, using the Daumas-Duport system,
the ranges were 69.6% and 30.4%, respec-
tively. There was good correlation between the
two grading systems.
The group consisted of 18 men and 10

women, ranging in age from 22 to 65 years at
initial surgery (mean, 41.3 years; median, 39.5
years) and 24 to 65 years at second surgery
(mean, 43.4 years; median, 42.0 years). The 56
specimens were taken from sources located in
the cerebral hemispheres and the cerebellum
(table 1). One of the patients, who had a low
grade initial tumour in the cerebellum, re-
turned 18 months later with a high grade
tumour in the parietal region. The second
tumour had occurred in the path of the radia-
tion field. The interval between initial and fol-
low up surgery ranged from three months to six
years and eight months.
The start of radiotherapy ranged from two to

five weeks after surgery. Radiotherapy was
given at six diVerent centres, depending on the
patient’s area of residence. For most patients,
the dosage ranged from 36 to 61 Gy, and in
most cases it was given in daily fractions over
three to six weeks. Field sizes were designed to
cover the tumour and a margin of approxi-
mately 2 to 3 cm. One patient had a radical
course of 60 Gy in 30 treatments and a
stereotactic implant of three cranial catheters
loaded with radioactive iodine seeds, which
gave a further 50 Gy to the tumour. Another
had 39.6 Gy to the whole brain, followed by a
boost of 60 Gy to the tumour bed.

PREPARATION OF TISSUE SECTIONS FOR

IMMUNOHISTOCHEMISTRY

The initial tissue samples came from primary
surgery before radiotherapy and the second
samples came from surgery after completion of
radiotherapy. The fresh tissues were fixed in
10% neutral buVered formalin saline, followed
by processing in paraYn wax. Sections of

3–4 µm were cut and floated on to poly-l-lysine
coated slides (for PCNA) and 3-amino-
propyltriethoxysilane (APES) (for MIB-1).
The slides were then left to dry overnight at
room temperature.

IMMUNOHISTOCHEMICAL TECHNIQUE

Sections were stained using a modified
avidin–biotin technique.19 Briefly, sections
were dewaxed, rehydrated and treated with 3%
hydrogen peroxide in methanol to block
endogenous peroxidase. Before incubation
with the primary antibody, the MIB-1 speci-
mens were pretreated in a microwave oven
(750 watt Sanyo domestic oven used at its
maximum power setting) immersed in 10 mM
citric acid buVer (pH 6.0) for 12 minutes.
Monoclonal NCL-PCNA PC10 (Novocastra
Laboratories, Europath Ltd, Newcastle upon
Tyne, UK) and MIB-1 (The Binding Site Ltd,
Birmingham,UK) were both used at a dilution
of 1/50 and incubated for 30 minutes. The
linker molecule, biotinylated rabbit antimouse
IgG, was applied at a dilution of 1/400 and the
streptavidin–horseradish peroxidase complex
(Dakopatts, Ely, UK) at a dilution of 1/200,
both for 30 minutes. All incubations were car-
ried out in a darkened, humidified chamber at
room temperature. To obtain maximum sensi-
tivity, the primary and secondary antibodies
were diluted in Tris buVered saline (TBS)
containing bovine serum albumin. Peroxidase
activity was revealed using 3,3'-
diaminobenzidine as the substrate, with a
reaction time of five minutes. All washes were
performed with TBS containing Triton-X
100. The preparations were lightly counter-
stained with haematoxylin, dehydrated, and
mounted in Canada balsam.

IMMUNOHISTOCHEMICAL ASSESSMENT

The staining patterns were evaluated without
knowledge of the histological grade and the
clinical information. Initially, the whole section
was scanned at low power to identify the area of
highest positivity. This was followed by count-
ing of the positive and negative nuclei in 10
fields at a magnification of ×100 in oil immer-
sion. To ensure reproducibility, a random
selection of cases were recounted a few times.
The numbers of cells varied according to the
size of the specimen and the cell density of the
tumour; they ranged from 400 to 1200. The
labelling indices were expressed as a percent-
age of the total cells counted and calculated as
follows:

LI = 100p/t

LI, labelling index; p, number of positive cells
counted; t, total numbers of cells counted
(positive and negative).

CONTROL MATERIAL

To ensure quantitative reproducibility, both
positive and negative controls were included.
Normal tonsil paraYn wax embedded material
was used because it has an established level of
reactivity with both PC10 and MIB-1. For
negative controls, the primary antibody was
replaced by TBS.

Table 1 Location of tumours

Area First surgery Second surgery

Frontal 11 11
Frontal-parietal 1 1
Parietal 2 3
Temporal 7 7
Occipital 2 2
Intraventricular 1 1
Cerebellum 3 2
Brainstem 1 1
Total 28 28
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STATISTICAL ANALYSIS

Results are expressed as mean (standard error
mean (SEM)). The relations between PC10
and MIB-1 were assessed using the Student’s
t test and the correlation coeYcient (r). Micro-
soft Excel 5.0 was used for the analysis. p
values of < 0.05 were considered to be statisti-
cally significant.

Results
Both antibodies showed strong and discrete
staining of the cell nuclei in the proliferative
compartments of the astrocytomas. Although
staining was found primarily in the nucleus,
very rarely, faint cytoplasmic staining was also
observed. Staining varied in intensity; however,
all identifiable staining was recorded as posi-
tive. The pattern of staining for PC10 was dif-

fuse, granular, or a mixture of both and for
MIB-1, staining was mainly intense, diVuse,
and coarsely granular, or had a clumped
appearance (fig 1). On the whole, staining with
MIB-1 had less variation of intensity and less
“background reaction” than PC10. Therefore,
in general, the staining intensity with MIB-1
was superior to that with PC10. Mitotic cells
showed either diVuse staining or no staining at
all. Normal brain cells adjacent to the tumour
were not reactive. Tonsil immunoreactivity
with PC10 and MIB-1 antibodies was consist-
ently positive and was similiar to that of the
astrocytoma sections. In the negative controls,
no immunoreaction was observed.
The PCNA labelling indices ranged from 0

to 48.1% (mean, 18.5 (2.7)) at initial surgery
and 0 to 75.1% (mean, 29.0 (4.1)) at second

Figure 1 Anaplastic astrocytomas: A–C, pre-radiotherapy; D–F, post-radiotherapy. A and D, haematoxylin and eosin stained; B and E, PC10 stained; C
and F,MIB-1 stained.
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surgery. The Ki-67 labelling indices were 0 to
40% (mean, 15.6 (2.2)) and 0 to 56.6 %
(mean, 21.7 (2.43)), respectively.Mean PCNA
counts were significantly higher than those
with Ki-67 (p < 0.01) (fig 2). Only eight of the
28 (28.6%) cases examined had a lower label-
ling index post-radiotherapy. There was good
correlation between the initial and second sur-
gery PCNA counts (r = 0.986).However, there
was no correlation between the PCNA and
MIB-1 counts.

Discussion
Both PC10 and MIB-1 appeared to identify
proliferating cells in astrocytomas. Thus, the
proliferative potential of astrocytoma cells can
be measured in both current and archival con-
ventionally processed tissues in any laboratory
where immunohistochemistry is practised
routinely and, therefore, it is of potential prog-
nostic value. The higher labelling indices
obtained with the antibody PC10 in this study
were similar to those seen in hepatocellular
carcinoma.20 This could be attributed to the
long half life (20 hours) of PCNA and the
expression of this antigen in proliferating, qui-
escent, and non-proliferating cells.21 22 On the
other hand, the antigen labelled by MIB-1 has
a shorter half life and is catabolised rapidly
after M phase.14 Therefore, labelling with

PC10 might not accurately reflect the prolif-
erative population of the cell cycle, because the
PCNA epitope is expressed for a longer period
of the cell cycle than Ki-67. In addition, PC10
immunoreactivity is aVected by heat and
length of fixation time,1 while MIB-1 is insen-
sitive to these factors.23 A comparison of the
staining intensity in an astrocytoma from the
same patient showed MIB-1 staining to be
more marked than PC10 (fig 1). On the basis
of the above, and in our laboratory, MIB-1
appears to be superior to PC10 as an antibody
for the detection of proliferation in astrocyto-
mas.
Variations in the staining pattern and

the labelling indices have been reported
previously,1 and both might be attributable to
technical factors, such as processing and
fixation. We have also examined archival mate-
rial with no standardisation of fixation time.
Variation in staining was seen in diVerent areas
of the same specimen. This might be the result
of focal diVerences in proliferative potential or
lack of synchrony in the proliferation of
neoplastic astrocytic cells. Indeed, similar
results were found in trophoblastic disease.24

The method of establishing labelling indices
used in this study, although time consuming,
has been found to be reliable by many
investigators.15 25–27

Post-irradiated samples had greater
labelling indices for both PCNA and Ki-67. In
astrocytomas, the degree of sensitivity to
radiation depends on histological grading and
the more malignant the astrocytoma, the
greater is the intrinsic radioresistance.28–30

Most of the post-irradiated specimens in this
series were in the higher grade range (25 of
30). There is a more favourable clinical
outcome for patients who have had postopera-
tive radiotherapy, compared with those who
have not.28 31–33 For this reason, radiotherapy is
the most widely used treatment. However, the
use of radiotherapy remains controversial and
there are arguments for and against its use in
the management of astrocytoma. The dose has
to be limited, because normal brain tissue
cannot safely tolerate more than 60 Gy.34

Also, radiobiological studies have shown that,
in general, astrocytoma cells proliferate slowly
and are not very sensitive to radiation. Thus,
the single daily fraction of radiation, which is
targeted at a slow proliferating pool of
neoplastic cells, will only damage a small
number of those cells.35 In this respect, mitotic
cells are the most likely ones to be damaged
during the administration of radiotherapy.
Because most of the patients in this study were
treated by daily fractions, this could account
for the higher labelling indices in the
post-radiation specimens. Delivery of
radiation by other means to overcome these
limitations has been developed, but all meth-
ods have certain advantages and
disadvantages.36 Repair, reoxygenation, reas-
sortment in the cell cycle, and repopulation
are the biological processess that take place
during a course of fractionated radiotherapy.37

The first three processes favour radiotherapy
and are beneficial in decreasing tumour

Figure 2 Mean proliferating cell nuclear antigen (PCNA) and Ki-67 labelling indices
with standard errors in astrocytomas pre-radiotherapy and post-radiotherapy.
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growth; the latter process has the opposite
eVect.38 The extent of repopulation depends
not only on tumour growth kinetics but also on
the length, frequency, and number of
interruptions during therapy. The subjects in
this study received radiotherapy at a centre
nearest to their homes. Thus, six radiotherapy
centres were involved and it is not known to
what extent therapy was maximised.
“Conventional fractionation” is known to vary
depending on the radiotherapist and the
centre.32 33

Radiation could be responsible for the more
aggressive nature of astrocytomas. Thus, the
link between radiation and the increased
proliferation needs to be explored further.
Accelerated tumour cell proliferation rates
have been reported, and the results of a
number of clinical trials on tumour cell kinetics
are awaited to ascertain whether accelerated or
conventional radiotherapy regimens are the
cause.39

Choucair et al reported that more than 90%
of patients with malignant glioma had recur-
rence of their tumour at the original site after
radiotherapy.40 All of the astrocytomas we
examined were pre-irradiated and post-
irradiated specimens. Therefore, it could be
argued that radiation therapy was responsible
not only for the higher proliferation index in
the recurrent specimens but also for the recur-
rence.
It cannot be assumed that any tumour is

static in its cytology. Furthermore, the
progress of advancing degradation in astrocy-
tomas is well documented.41 42 Recent studies
have shown that astrocytomas evolve and
progress as a result of genetic alterations.43–46 It
may also be important to take the size of the
biopsy taken from these lesions into account
and to establish whether there is a correlation
between patient survival, response to therapy,
and PCNA and Ki-67 labelling indices. This
study is being extended to include these
factors.
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