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Abstract

Objectives: To assess the immunohistochemical expression of Ki-
67 and Proliferating Cell Nuclear Antigen (PCNA) as proliferative
markers to study proliferative activity and CD34 as an endothelial
cell marker in order to study vascular proliferation in astrocytomas
in correlation with some clinicopathological parameters (age,
gender, site of the tumor, and tumor grade).

Methods: A retrospective study wherein a total of 51 formalin-
fixed paraffin-embedded brain astrocytoma excisional biopsies
covering the period of June 2009 to February 2011 were retrieved
from the archival materials of the Specialized Surgical Hospital in
Medical City in Baghdad, Iraq. The histopathological diagnosis had
been revised and all cases were stained by immunohistochemical
technique with Ki-67, PCNA, and CD34 tumor markers. Values
were considered statistically significant when p<0.05.

Results: Fibrillary astrocytoma (WHO grade II) was found to be
the most common type among astrocytic tumors with the peak age
incidence of astrocytomas found in the second and fifth decades of
life, and a slight male predominance had been identified. There was a
significant correlation between the age of the patients and the grade
of the tumor, Ki-67 and PCNA labeling indices, and microvessel
density (MVD) detected by CD34 (p<0.05). There was a highly
significant correlation between Ki-67 and PCNA labeling indices
in astrocytomas (p<0.001).

Conclusion: A significant correlation was found between Ki-
67, PCNA labeling indices, and MVD (microvessel density)
detected by CD34, and between the clinicopathological variables of
astrocytomas (age and grade of tumor). Hence, Ki-67 and PCNA,
as markers for proliferation, and MVD as a marker of angiogenesis,
could be used as ancillary methods in the differentiation of

bordetline grades of astrocytomas.
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Introduction

Astrocytic tumors are the most common primary tumors of
the central nervous system. These tumors have an inherit tendency
for progression and recurrence. The histopathological examination
and grading do not always identify the subset of these tumors,
especially when the tumor sample is small or inadequate." The
annual incidence of CNS tumors ranges from 10 to 17 per 100,000
persons for intracranial tumors and 1 to 2 per 100,000 persons
for intraspinal tumors; about half to three-quarters are primary
tumors and the rest are metastatic. In childhood, the CNS tumors
are likely to arise in the posterior fossa, accounting for about
20% of all childhood tumors.” In Iraq, CNS tumors are the fifth
most common tumor in adults and the second most common in
children.? Several grading systems are used to grade astrocytomas.
The most widely used system is the World Health Organization
(WHO) classification (1979, 1993, 2000, and 2007) that grades
astrocytomas (I-IV) based on cytological atypia, mitotic activity,
vascular proliferation, and necrosis: pilocytic astrocytoma (grade
I), diffuse astrocytoma (grade II), anaplastic astrocytoma (grade
III), and glioblastoma (grade IV).*

Since proliferative activity is a reliable method to assess tumor
biology, there has been continuous research to find such biological
markers. These markers may assist significantly in the evaluation
of proliferative activity in anaplastic astrocytomas and even have
prognostic value. The monoclonal antibody Ki-67/MIB-1 is
commonly used and has proven prognostic and diagnostic power
in astrocytic tumors.” Ki-67 is a nuclear antigen expressed in the
G1, S, G2, and M phases of the cell cycle. The monoclonal antibody
MIB-1 detects this nuclear antigen expressed by proliferating cells
during the entire cell cycle. The percentage of immunopositive
cells is referred to as the MIB-1 labeling index (L1).°It has been
recorded that the average level of MIB-1 LI varies considerably in
the different grades of astrocytomas, but considerable overlap can be
observed between them.” All studies show increasing values of Ki-
67/MIB-1 LI with increasing grade of malignancy. Most of them
demonstrate that MIB-1 LI differentiates well between diffuse
astrocytomas WHO grade II (AII) and anaplastic astrocytomas
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(AA) and between (AII), as well as glioblastomas (GM), but not
between AA and GM. There is, however, considerable overlap of
indices between the different malignancy groups. Further, in most
studies; positive correlations between MIB-1 LI and survival
were found, though the proposed cut-off values vary substantially
between the reports. The reviewed studies reported MIB-1 LI as
an important prognostic factor in human astrocytomas. Due to the
great spread of values between the various tumor grades however,
MIB-1 LI cannot be used as a diagnostic factor alone but should
be used in combination with established criteria of histological
malignancy. It may be especially useful in cases where histology
reveals a low-grade astrocytoma, whereas other parameters indicate
a more malignant neoplasm.® Bowers et al. found that children with
pilocytic astrocytomas with an MIB-1 LI of more than 2.0 have a
shortened progression-free survival.’

Several studies have emphasized the association of PCNA-LI
(Proliferating Cell Nuclear Antigen Labeling Index) with tumor
malignancy grade and to have prognostic significance in a number
of malignancies. It has been found that there is an association
between PCNA-LI and histological grade implying that this
marker could assist in discriminating between grade IT and grade
IIT astrocytoma.® Studies showed that the highest PCNA and
Ki-67 LI values were detected in glioblastoma (GBM) while
pilocytic astrocytoma showed the lowest values. In such tumors,
the correlation between the increasing grade and PCNA, as well
as Ki-67 LI values were statistically significant. A correlation
between the clinical outcome and Ki-67, as well as PCNA LI
values was also detected.!!

Microvessel density (MVD) is quite a useful parameter in the
evaluation of angiogenesis. Studies revealed that MVD by CD34 is
significantly different between normal brain tissue and astrocytoma.
MVD is increased with the progression of the pathological grade
of astrocytoma. Significant differences of MVD were found
among astrocytomas of different grades. Thus, high MVD may be
a contributing factor to the invasive growth of astrocytoma.'? The
aim of the present study is to assess the immunohistochemical
expression of Ki-67 and PCNA as proliferative markers to detect
proliferative activity and the presence of CD34 as an endothelial cell
marker to study vascular proliferation in astrocytomas in correlation
with some clinicopathological parameters (age, gender, site of the

tumor and tumor grade).
Methods

In this retrospective study, a total of 51 formalin-fixed paraffin-
embedded brain excisional biopsies from Iraqi patients covering the
period from June 2009 to February 2011. The study included 22
cases of diffuse fibrillary astrocytomas, 16 cases of glioblastomas, 7
cases of pilocyticastrocytomas and 6 cases of anaplastic astrocytomas
were retrieved from the archival materials of specialized surgical
hospital in medical city. All the clinicopathological parameters

(such as age, gender, site of tumor and tumor grade) were obtained
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from the available histopathological reports. Ethical approval was
obtained from the institution in which the study was carried out in
order to enable us to record patients’ clinical data from their files.
From each block, 4 sections of 4 pm thickness were taken.
One section was stained with hematoxylin and eosin (Fig. 1)
for revision of the histopathological diagnosis, and the other 3
sections were stained immunohistochemically using three steps-
indirect streptavidin method for Monoclonal Mouse Anti-Human
Ki-67 Antigen (MIB-1), clone M 7240, (manufactured by DAKO)
Denmark, Monoclonal Mouse Anti-Rat Proliferting Cell Nuclear
Antigen (PCNA), Clone PC10, (manufactured by DAKO)
and Monoclonal Mouse Anti-Human CD34, clone QBEnd-10,
(manufactured by DAKO, Denmark). Technical negative controls
were obtained by omitting the primary antibody for the three
markers under identical test condition, respectively. Sections
from a lymph node with follicular lymphoid hyperplasia known
to be immunoreactive for Ki-67, PCNA and CD34 were used as a

positive control (as recommended by the manufacturer).

Figure 1: Glioblastoma multiforme (grade I'V) stained with H& E

i 45

demonstrating marked cellularity with marked hyperchromatism
and pleomorphism. Note the prominent vascularity as well as the

area of necrosis. (A) At power (x10); (B) At power (x40).

Positive immunohistochemical staining for Ki-67 is brown
nuclear with a diffuse pattern, (Fig. 2). Ki-67 expression was

evaluated semi-quantitatively. It was scored by counting at least



Oman Medical Journal (2012) Vol. 27, No. 5: 368-374

1000 cells in 10 high-power fields. Every brown stained nucleus
was considered positive, irrespective of intensity. The percentage
of positive stained cells was recorded as Ki-67 labeling index
(Ki-67 LI)."> For PCNA, cells labeled by the antibody displayed
a staining almost entirely confined to the nucleus and with a
diffuse or granular pattern or a mixture of both, the color of the
stain is brown, (Fig. 3). PCNA expression was evaluated semi-
quantitatively. It was scored by counting 1000 cells in 10 high-
power fields. Every brown stained nucleus was considered positive,
irrespective of intensity. The percentage of positive stained cells

was recorded as PCNA labeling index (PCNA LI)."

Figure 2: Glioblastoma multiforme (grade I'V) stained immuno-
histochemically with anti-Ki-67 showing positive brown nuclear
expression of Ki-67 with large number of stained nuclei reflecting

active cellular proliferation (arrows) (x40).

Figure 3: Glioblastoma multiforme (grade IV) stained immuno-
histochemically with anti-PCNA showing positive brown nuclear
expression of PCNA (diffuse or granular stained nuclei) with large
number of stained nuclei reflecting increased cellularity (arrows)
(x40).

Brown cytoplasmic staining of endothelial cells of CD34
is considered positive reaction, (Fig. 4). MVD was calculated
according to Weidner’s method. Sections were scanned at low
power (x10) looking for hot spots (the hot spot area is an area with

the most dense vessel growth). Only hot spots close to the tumor

cell clusters in viable areas (non-necrotic and non-sclerotic areas)
were included in this study. Once the regions of interest were
defined, microvessel count (MVC) was performed by counting the
individual stained blood microvessels (at power x20) representing
a field size of 0.74 mm?. Three hot spots were chosen, and MVD
was calculated by dividing the mean of the MVC of the examined
fields on the high-power field area which is 0.74 mm?.”®

Figure 4: Glioblastoma multiforme (grade IV) stained immu-

nohistochemically with anti-CD34 showing positive brown cy-
toplasmic staining of endothelial cells and marked microvessels

proliferation(arrows) (x10).

Statistical analysis was performed using SPSS V. 17 (statistical
package for social sciences) and Excel 2007 programs. Data
analysis was done using t-test and Spearman rank correlation
for two continuous variables, ANOVA (analysis of variance) test
for more than two continuous variables. Data were expressed
as Mean+SEM (the standard error of the mean). Values were

considered statistically significant when p-value is less than 0.05.
Results

The mean+SEM of age for cases enrolled in the present study was
35.98+2.67 years with a range of 2-68 years. Statistical analysis
showed that the two peak incidences of astrocytomas were found
in the second and fifth decade of life. Gender distribution of brain
astrocytoma cases showed slight male predominance with 27 (53%)
cases compared to female with 24 (47%) cases; male to female ratio
was 1.125:1. Regarding the site of astrocytoma, 17 (33.3%) cases
were frontal, 16 (31.4%) cases were cerebellar, 13 (25.5%) cases
were parietal and 5 (9.8%) cases were temporal. When the tumor
grade is taken into consideration, 7 (13.2%) cases were pilocytic
astrocytomas (WHO grade I), 22 (43.1%) cases were fibrillary
astrocytomas (WHO grade II), 6 (11.8%) cases were anaplastic
astrocytomas (WHO grade III) and 16 (31.4%) cases were
glioblastomas (WHO grade IV).

In the studied cases, the mean + SEM of Ki-67 LI was 17.76%+
2.46 with a range of 0% to 70% whereas the mean+SEM of PCNA
LI was 20.98% + 2.71 with a range of 0% to 80%. Regarding the
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CD34 antibody, the mean + SEM of MVD was 37.3 + 3.43 witha  Table 1: Correlation of Ki-67 labeling index (Ki-67 LI), PCNA
range from 4.05-108.1. labeling index (PCNA LI) and microvessel density (MVD) with
There was a significant correlation between the age of cases  the gender of the cases.

studied, and Ki-67 LI, PCNA LI and MVD (p=0.003, 0.002,

. . Marker Gender Mean = SEM P
0.007, respectively). (Figs. 5, 6,7,)
Ki-67 LI Female 17.46%+3.97 0.909

29 Male 18.03%+3.10

70 1 * PCNA LI Female 20.63%+4.38 0.906

60 - . Male 21.30%+3.41

50 | s s CD34 (MVD) Female 37.04+4.98 0.944
2 40 4 ; i Male 37.531£4.83
£

=] Table 2: Correlation of Ki-67 labeling index (Ki-67 LI), PCNA

20 -

labeling index (PCNA LI) and microvessel density (MVD) with

the site of astrocytomas.

5 16 2 o 72 P4 & s 2 Marker Site Mean SEM P

Age (years) Ki-67 LI Cerebellum  1756% 522  0.999
Frontal 17.61%  4.09

Temporal 17.14%  10.74

Parietal 18.44%  3.63

Figure 5: Correlation of Ki-67 labeling index (Ki-67 LI) with the
age of the studied cases, (r=0.407; p=0.003).

90 PCNA LI Cerebellum  20.45%  5.78  0.998
80 - . Frontal 21.53% 440
70 Temporal 20.16% 11.86
o | ESSSSESS Parietal  21.24%  4.16
— = CD34 (MVD) Cerebellum 31.41 6.64 0.135
. . 5 Frontal 3354 425
= Temporal 33.23 8.60
P Parietal 51.03 7.93
= = Significant increases in Ki-67 LI and PCNC LI, as well as
S 10 2 30 40 50 0 70 80 MVD among astrocytoma grades were identified. (Table 3)

Age (years)

Figure 6: Correlation of PCNA labeling index( PCNA LI) with  ‘Tuple 3. Correlation of Ki-67 labeling index (Ki-67 LI), PCNA
the age of the studied cases, (r=0.416; p= 0.002). labeling index (PCNA LI) and microvessel density (MVD) with

the histopathological grade of the cases.

120 -
- i = Marker Grade Mean SEM p
P Ki-67 LI Pilocytic 1.51% 0.64 <0.001
% ¢ " Fibrilly ~ 6.42% 126
&
% 60 Anaplastic ~ 23.13%  2.25
glioblastoma ~ 38.45% 3.45
40 -
PCNA LI Pilocytic 2.60% 0.94 <0.001
& Fibrillay ~ 850% 141
PO i . . . . . Anaplastic 28.88% 2.59
0 10 20 30 40 50 60 70 80
Age (years) glioblastoma ~ 43.23% 3.86
Figure 7: Correlation of microvessel density (MVD) with the age of CD34 (MVD)  Pilocytic 1157 1.52 <0.001
the studied cases, (r=0.373; p=0.007). Fibrillary 23.82 2.13
anaplastic 43.46 4.17
There was no significant correlation between gender and site of glioblastoma = 64.77 5.20

the tumor, and Ki-67 LI, PCNA LI, and MVD. (Tables 1, 2)

E* Oman Medical Specialty Board



Oman Medical Journal (2012) Vol. 27, No. 5: 368-374

From a statistical point of view there was a positive correlation
between Ki-67 LI and PCNA LI in all types of astrocytomas, this
correlation was highly significant (p<0.001). (Fig. 8)

20 4
80
70
60
50 4

=
<
=
£ 40

0 10 20 30 40 50 60 70 80
Ki-67 LI

Figure 8: The correlation between Ki-67 labeling index (Ki-67

LI) and PCNA labeling index (PCNA LI) in the studied cases

(r=0.995; p<0.001).

Discussion

One of the best and well known immunohistochemical methods
for evaluating the proliferation rate is quantitation of Ki-67, which
was developed and introduced by Gerdes in 1993. A technique
which shows all phases of the cell cycle except cells in GO phase and
because the use of Ki-67 antigen is restricted to frozen material, a
new antibody (MIB-1) to an epitope of the Ki-67 antigen is used on
paraffin-embedded tissue. Although this marker is a helpful marker
for evaluating cellular proliferation, previous studies that used it in
grading gliomas have shown conflicting results.!

In the present study, there was a significant correlation between
the age and the Ki-67 LI (p<0.05). This result is supported by

1.16

the Egyptian study done by Abdelaziz et al.* and by a study done
by Rodriquez-Pereira et al.” While Isolan et al.’® revealed no
correlation between age and the expression of Ki-67. This variation
may be due to different antibodies used for immunohistochemical
detection of Ki-67 antigen (Ki-67 antibody was used in the study
of Isolan et al. while MIB-1 was used in this study. MIB-1 antibody
can be used on formalin-fixed paraffin-embedded section, and this
is its advantage over the original Ki-67 antibody), in addition to
differences in population size and ethnic groups.’

The present study found no significant correlation between
gender and Ki-67 LI (p>0.05). This result is in agreement with
the results of the studies done by Mahzouni et al.! Abdelaziz et
al.'¢ and Liwei and Xiuzhen;" however, a study done by Yonghua
et al.” demonstrated a significant correlation between gender and
immunohistochemical expression of Ki-67. This discordance could
be attributed to environmental, racial and geographical differences,
in addition to the difference in the sample size and antibodies used

for the detection of Ki-67 antigen.

The current work showed that Ki-67 LI was not significantly
affected by the site of astrocytomas (p<0.05). This observation
agrees with study done by Liwei and Xiuzhen."

There was a highly significant correlation between the
histopathological grade of astrocytomas and Ki-67 LI (p<0.001).
This result agrees with the studies done by Abdelaziz et al. 't
Mahzouni et al,' Atik et al,* Kayaselcuk et al,'" Liwei and
Xiuzhen.," Huang.,* Rodriquez-Pereira et al.,'” and Scott et al.”?

Proliferating cell nuclear antigen (PCNA) is a 36-kd DNA
polymerase delta auxiliary protein that complexes with cyclin D and
cyclin-dependent kinases, involved in the proliferation of neoplastic
as well as non-neoplastic cells, and it is specifically expressed in
proliferating cell nuclei. This specific antibody recognizes PCNA
protein, which is at the maximum level in the late G1 and S phase
of proliferating cells.” The current study reported a significant
correlation between the age and PCNA LI (p<0.05), this result
agrees with the study done by Anq et al.*® However, it disagrees
with a Chinese one done by Ripple.?® This variation may be due
to different antibodies used for immunohistochemical detection of
PCNA antigen in addition to genetic, environmental factors, racial
and sample size differences. There was no significant correlation
between gender and PCNA LI (p>0.05). This result is in
accordance with a Chinese study done by Chu et al.”” Regarding the
site of astrocytomas, there was no significant correlation between
the site of astrocytomas and the PCNA LI (p>0.05). This result is
supported by studies done by Chu et al.”” and Lebelt et al.?® There
was a highly significant correlation between histopathological grade
of astrocytomas PCNA LI (p<0.001). This result agrees with
studies done by others 125272934

The present study recorded a significant correlation between
the age of patients and MVD (p<0.05). This result is supported
by studies conducted by Leon et al.*® and Izycka-Swieszewska et
al’® in which a significant correlation between age and MVD in
glioblastomas had been identified, while Lebelt et al.’” revealed no
significant difference between age and MVD (detected by CD31
and anti-von Willebrand factor). This difference is attributed to
many factors, including differences in sample size, markers used to
detect MVD, and population. There was no significant correlation
between gender and MVD (p>0.05). This result agrees with other
studies done by EL-Sayed and Taha.*® and Chu et al.” Taking the
site in consideration, there was no significant correlation between
the site of astrocytomas and MVD (p>0.05). This result is in
concordance with that obtained by EL-Sayed and Taha*® Chu et
al.,”” and Lebelt et al.’” The present study demonstrated a highly
significant correlation between MVD and the grade of astrocytoma
(p<0.001). This result goes with studies done by others,?>*?4
but disagrees with an Iranian study done by Mahzouni et al.”® who
used factor VIII-related antigen (von Willebrand factor) to detect
the MVD. This discordance may be attributed to different sample
size and different markers used to assess angiogenesis. This study
showed a significant correlation between Ki-67 LI and PCNA
LI as markers of proliferation in cases of astrocytomas (r=0.995;

p<0.001), a finding similar to other studies.***
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Conclusion

A significant correlation has been found between Ki-67, PCNA
labeling indices and MVD detected by CD34 immunohistochemical
expression and clinicopathological variables of astrocytomas (age
and grade of tumor); hence, Ki-67 and PCNA, as markers for

proliferation, and MVD as a marker of angiogenesis, could be used

as ancillary methods in the differentiation of borderline grades of

astrocytomas,
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