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Table 1 Antibodies used in the study
Antibody (reference) Immunogen Clone Type Source Used on Methods Dalution
Ki67'? Ki67 antigen  Ki67 MoAb Dako FS ABC 1:25
MIB1'2 13 RcKi67p MIB1 MoAb Immunotech  PS MW, ABC 1:100

" NC-MM112 13 RcKi67p MM1 MoAb Novocastra PS MW, ABC 1:100
NC-Ki67p' RcKi67p PolyAb Novocastra PS MW, ABC 1:100
Rabbit antihuman Ki67

antigen' RcKi67p PolyAb Dako PS MW, ABC 1:150

RcKi67p, recombinant Ki67 peptide; MoAb, monoclonal antibody; PolyAb, polyclonal antibody; FS, frozen section; PS, paraffin
wax embedded section; ABC, immunohistochemistry using avidin-biotin-peroxidase technique; MW/, pretreatment in microwave

oven.

performed according to the purveyor. In each
staining run, human tonsils served as positive
controls, and in the negative controls the
primary antibody was omitted.

The Ki67 labelling index was defined as the
percentage of positively stained tumour cell
nuclei regardless of staining intensity. Five ran-
dom representative areas were evaluated at a
magnification of X400 using an eyepiece grid
and a total of 1000—4000 cells were counted in
each case. In addition, the heterogeneity of the
immunostaining and the degree of background
staining were evaluated. Areas with necrosis
and vascular proliferation were excluded.

Results

A summary of the labelling indices obtained for
each tumour with each of the antibodies is
shown in table 2. The original Ki67 worked
well on cryosections, whereas on microwaved
paraffin wax sections the immunostaining was
highly variable, often with disturbing back-
ground and cytoplasmic staining. In contrast,
all the novel Ki67 equivalent antibodies
demonstrated positive immunostaining in mi-
crowaved paraffin wax sections. The mono-
clonal Ki67 equivalent antibodies gave distinct
granular nuclear staining with no non-specific
diffuse or cytoplasmic staining. In general, the
smaller tumour cells were immunolabelled.
The staining intensity varied from weak to
strong and the positive tumour cells were
distributed at random in the tumour; some-
times groups of positive cells were located in
the vicinity of vessels. The polyclonal Ki67
equivalent antibodies revealed weak back-
ground staining in a few cases, either diffuse
and/or weak cytoplasmic, sometimes in gemis-
tocytic astrocytes.

In the duplicate immunostainings no differ-
ences were observed with regard to staining
quality. However, differences in labelling indi-
ces were recorded; both between the two stain-
ing experiments and between the two antibod-
ies in the second staining run. In some tumours
the labelling indices obtained with the different
antibodies were within the same range (tu-
mours 1, 2, 7, and 10), in other tumours a rela-
tively small spread of values was observed
(tumours 6 and 8), whereas in the remaining
tumours a marked spread of values was
recorded.

Discussion

This study expanded our earlier investigation
of Ki67 immunostaining on paraffin wax
sections of human glioblastomas' by using
several novel Ki67 equivalent antibodies. The
antibodies elicited matching labelling indices in
some tumours although divergent values were
recorded in several cases.

To our knowledge this is the first study in
which a panel of Ki67 equivalent antibodies
has been tested on paraffin wax sections of
human glioblastomas. The staining correlated
with that of the prototypic Ki67 on frozen sec-
tions. The prototypic Ki67 provided satisfac-
tory staining on such tissue and the labelling
indices recorded were in agreement with
others.*"" Recently, we have experienced highly
variable immunostaining with this antibody
when using paraffin sections that have been
microwave oven heated.'® Similar observations
have been made by others,"” '* ' confirming
the main practical disadvantage of this anti-
body, the lability of its epitope, limiting its use
to frozen sections.

Table 2 Results of Ki67 labelling indices in human glioblastomas

Rabbit-antihuman Ki67

MIBI (PS)* antigen (PS)*
Preop Ki67 NC-MM1  NC-Ki67p

Case Sex/age therapy Site (FS) Ist 2nd (PS) (PS) Ist 2nd
1 M/66 S o 11.1 12.5 18.0 15.6 15.2 19.8 13.3
2 M/70 S T 2.6 4.3 3.9 2.1 3.1 1.9 4.8
3 F/56 S F 2.6 3.1 15.3 6.7 9.7 22.7 No material left
4 M/83 S F 2.9 3.3 3.2 6.9 4.1 10.7 5.8
5 M/56 S T 3.7 1.4 0.1 4.5 3.1 11.5 3.7
6 F/81 S F 5.1 2.9 6.1 3.7 1.9 3.8 1.7
7 F/30 RC T 6.6 7.2 7.0 8.6 7.1 8.1 7.0
8 M/66 S CC 6.6 1.4 2.3 1.4 1.0 2.2 1.7
9 M/43 SR T 6.9 15.2 19.7 20.6 8.1 19.2 4.6
10 M/74 S T 7.2 7.7 12.3 7.0 7.0 7.2 5.6
11 M/45 S TO 7.9 8.2 15.1 9.9 4.7 12.5 3.8

Preop therapy: S, steroids; R, radiation; C, chemotherapy.
Site: F, frontal; T, temporal; O, occipital; CC, corpus callosum.
FS, frozen section; PS, paraffin section.

*1st, first staining run with manual immunostaining; 2nd, second staining run with immunohistostainer.
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One result of this has been the development
of Ki67 equivalent antibodies recognising the
Ki67 antigen in microwave processed formalin
fixed paraffin embedded sections.””™* These
preparations have several advantages over
cryosections including better morphology,
easier selection of representative areas, and the
possibility for the examination of archival
material. For these reasons, the immunohisto-
chemical determination of proliferating activity
should preferably be performed on paraffin
sections.

The labelling indices obtained with the Ki67
equivalent antibodies were in accordance with
other studies on glioblastoma tissues, both with
regard to the prototypic Ki67 and MIB1.*° "
The great spread of values reflects the pro-
nounced heterogeneity of glioblastoma tissue.
As the labelling indices overlap with those of
low grade gliomas, immunohistochemical de-
termination of proliferative activity in human
gliomas must be assessed in combination with
traditional histopathological findings. Only in
some tumours did the antibodies reveal
labelling indices within the same range,
whereas in some cases a significant spread of
values were found. There are no obvious
reasons to explain these findings. In fact, this
study was designed to be prospective in order
to minimise potential sources of failure and to
perform reliable comparisons of Ki67 immu-
nostaining. The spread of labelling indices
might be related to tumour heterogeneity, vari-
able survival of the epitopes on the Ki67 anti-
gen, and variable accessibility of the different
epitopes after freezing, formalin fixation, paraf-
fin embedding, and microwave oven heating;
different degrees of antigen retrieval after
microwave oven heating and conformational
changes of the epitopes during the cell cycles
are other possibilities. In general, little back-
ground staining was observed, but in a few
cases the polyclonal antibodies displayed a
weak non-specific staining that might have
influenced the counting of weakly immuno-
labelled cells. In the duplicate stainings an
immunohistostainer was used, representing a
step towards a more automated and standard-
ised immunohistochemistry. As the immuno-
labelling also varied in these experiments, this
technique did not seem to have any influence
upon Ki67 immunostaining. Differences in
Ki67 immunostaining have been reported by
others'™"” and might be related to any of the
factors mentioned above. Moreover, they
might reflect the varying cut off values of the
antibodies.

The variability of Ki67 immunostaining was
suprising and may provoke some scepticism
with regard to the immunohistochemical as-
sessment of growth fractions in tumours using
Ki67. Consequently, optimisation of the tech-
nique and large scale experiments could help
define the clinical value of Ki67 immunostain-
ing.
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