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that differ in their location within the Central Nervous 
System (CNS), age and gender distribution, growth 
potential, extent of invasiveness, morphological 
features, tendency for progression and clinical course. 
These differences may reflect the type and sequence 
of genetic alterations acquired during the process of 
transformation.[1-5]

The histological grade continues to be one of the 
most important prognostic indicators but the roles of 
various newer prognostic factors are being investigated. 
These include various growth factors like Epidermal 
Growth factor (EGF), Platelet Derived growth factor 
(PDGF), Vascular Endothelial Growth Factor (VEGF), 
growth factor receptors like EGFR, Platelet Derived 
growth factor receptor (PDGFR), mutations of various 
oncogenes or tumor-suppressor genes, cytogenetic 
abnormalities and parameters of angiogenesis. Role 
of various proliferative markers like, PCNA, Ki67 
(MIB-1), BudR labeling index, AgNOR, are also 
increasingly being investigated with increasing grades 
of astrocytomas. There is increasing evidence that the 
progression from low-grade to anaplastic astrocytoma 
and glioblastoma multiforme (GBM) is associated with 
cumulative acquisition of multiple genetic alterations 
involving proto-oncogenes and tumor suppressor  
genes.[6-9] The most frequently amplified growth factor 
receptor gene in astrocytic tumors is the EGFR gene 
present on Chromosome 7, which shares a structural 
homology with v-erbB oncogene.[6,7]

Epidermal growth factor has been suggested as a 
mitogenic hormone which may be involved in the 
regulation of proliferation and differentiation of normal 
and neoplastic cells. The EGFR is a transmembrane 
glycoprotein and binding of EGF or TGF-α to this 
receptor results in an intracellular response leading to 
mitosis by activation of the tyrosine kinase. EGFRs are 
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Introduction

Astrocytic tumors comprise a wide range of neoplasms 
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of two types -wild type and mutant type (EGFRVIII). 
The wild-type EGFR protein is 170 KDa and belongs to 
the ErbB subfamily of tyrosine kinase receptors. EGFR-
mediated signaling occurs through various coupling and 
adaptor proteins like Shc and Grb causing enhanced 
tumourigenicity through both increased cellular 
proliferation and reduced apoptosis.[9-12] However, the 
exact mechanisms of downstream signaling pathways 
are still being investigated. The amount of EGFR 
appears to vary according to the cell type and stage 
of differentiation of many malignant tumors. EGFR 
gene amplification occurs in approximately 40% of 
glioblastoma (GBM) cases whereas EGFR protein 
overexpression has been reported in a slightly higher 
percentage of cases.[9,11,13-17] Torp et al.,[10] have shown 
that the high-grade gliomas contain more tumor cells 
rich in EGFR than do the low-grade gliomas, but its 
clinical significance is yet to be established.[18-23]

Immunoreactivity for the EGFR prevailed in >60% 
cases of primary glioblastoma in contrast to 10% of cases 
of secondary glioblastomas are given in Table 1.[24]

PCNA is a cofactor for DNA polymerase delta and is a 
substrate in RAD6 pathway causing DNA repair. DNA 
polymerase delta is the major enzyme for the replication 
of eukaryotic DNA and has a proofreading activity and 
is expected to play a significant role in the maintenance 
of the fidelity of mammalian DNA replication. PCNA 
is well recognized as a marker for proliferative activity 
in various types of neoplasm. However, while levels of 
PCNA are normally very low in non-cycling cells, high 
levels of the protein have been observed in the normal 
tissues surrounding human breast and pancreatic 
tumors. Hall et al.,[25] showed that PCNA can be induced 
in non-cycling cells by adjacent transplanted tumor 
cells and this phenomenon can be mimicked by the 
in vivo administration of growth factors (transforming 
growth factor alpha and epidermal growth factor).

PCNA expression increases in the cell during S-phase 
as well as during extensive DNA damage. Studies by 
Masih et al.,[26] suggested that PCNA may be responsible 
for recruitment of MMR (Mismatch Repair) machinery 
to actively replicating DNA. MMR is the primary post-
replicative DNA repair event. Bian et al.,[21] have studied 
the pathologic significance of the proliferative activity 
and oncoprotein expression in astrocytic tumors, but 

Table 1: Comparison between primary and secondary glioblastomas
 Primary glioblastoma Secondary glioblastoma
Age Older people are affected (Mean age 55 years) Young adults are affected (30-45 years)
Clinical history Short (<6 months) Long (4-5 years)
Histopathology Nuclear atypia, mitosis, endothelial proliferation,  Evidence of evolution from low-grade to high- 
 necrosis grade tumors
Immunophenotypic criteria  

EGFR amplification Present Rare
LOH of chromosome 10 Present Rare
P53 mutation Rare Present
LOH on chromosome 17p Rare Present

their results do not show significant positive correlation 
with grade or prognosis of tumors. Sallien et al.,[27] 
found strong association of three proliferative indices 
like Ki-67 (MIB-1), PCNA immunoreactivity and flow 
cytometry for S-phase and S+G2\ M phase fraction 
with the grade of astrocytomas (I-IV). Because PCNA 
is a marker of G1, S, G 2 and M-phases of the cell cycle 
and because of its long half-life (12 h) PCNA may be 
detected immunohistochemically in cells that have 
recently left the cell cycle.[28] Scott et al.,[29] suggested 
that PCNA Labelling Index indicates the relationship 
of PCNA Labelling Index and proliferative activity 
continuously.

In the present study, we have attempted to evaluate 
and compare the EGFR protein expression and 
PCNA labeling index in different grades of astrocytic 
neoplasms in order to elucidate the possible link 
between proliferative activity, oncoprotein expression 
and the histological grade. The relationship between 
EGFR protein expression and PCNA labeling index has 
not been previously evaluated.

Materials and Methods

A total of 40 cases were collected for a period of three 
years from June 2003 to May 2006. All the cases were 
diagnosed as primary brain tumors. Tissues were fixed 
in 10% formalin, processed and serial cut sections (5µm 
thickness) were obtained with a microtome. The sections 
were stained by hematoxylin and eosin (H and E) to 
identify the nature of primary brain tumors according 
to WHO classification. All the slides were examined 
separately by two pathologists and the differences in 
opinion were resolved by consensus. Amongst 40 cases, 
21 cases were diagnosed as glioblastoma, eight cases 
were anaplastic or Grade III astrocytomas, six cases 
were diffuse or Grade II astrocytomas and five cases 
were Grade I or pilocytic astrocytomas.

Consecutive serial sections were immunostained 
with SIGMA-ALDRICH ImmunotypeTM, Cat No. 
E3138 monoclonal anti-EGFR antibody (mouse IG1 
isotype) clone F4 representing residues 985 to 996 of 
human EGFR to see the EGFR expression and by mouse 
monoclonal anti-PCNA antibody (Immunotech, Cat 
No. 2144) to assess the labeling index of proliferative 
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activity. Standard immunostaining protocols using 
streptavidin-biotin immunoperoxidase method were 
utilized for both EGFR and PCNA immunostaining 
using monoclonal anti-EGFR and monoclonal anti-
PCNA antibodies on poly-L-lysine coated slides. During 
immunostaining of PCNA, antigen retrieval was done by 
“heat treatment” in pressure cooker using 10mM citrate 
buffer, pH 6. Protease treatment for 10 min was done 
prior to primary antibody treatment for EGFR. Anti-
EGFR antibody directed against the intracytoplasmic 
domain of EGFR and anti-PCNA antibody were used 
at concentrations of 1:100 and 1:200 respectively. The 
slides were incubated overnight at 4°C in moist chamber 
with primary antibody. Sections taken from placental 
tissue were taken as positive controls. The brown 
color of EGFR immunostaining was cytoplasmic, with 
accentuation at the cell periphery i.e. at cell membrane. 
Extent of EGFR immunostaining is graded as follows:

Extent of staining Grade
< 10% of cells showing positive staining  Mild
10-20% cells showing positive staining Moderate
>20% cells showing positive staining Severe

PCNA immunostaining showed brown coloration of 
nuclei indicating positive staining. Unstained nuclei 
took blue color of hematoxylin. Normal tonsils were 
used as a positive control. PCNA Labeling Index (LI) 
was calculated as follows:

    Number of nuclei showing positive 
PCNA Labeling =      staining (brown colour)    
Index         Total number of nuclei    

x 100%

Statistical analysis
Data were analyzed for statistical significance between 

EGFR expression and PCNA LI within each grade of 
astrocytomas. The level of significance (alpha) was 
calculated at 0.05 for the cases and a ‘p-value’ less 
than 0.01 was considered highly significant within 
95% confidence limit. The arithmetic means, standard 
deviations and p-values were calculated for Grade II, 
Grade III and Grade IV astrocytoma cases and unpaired 
t-test was done for comparison. Correlation of EGFR 

Table 2: Age group and gender distribution within different grades of astrocytoma
Age group (in years) WHO grade of astrocytoma
 I (n = 5) II (n = 6) III (n = 8) IV (n = 21)
 Male Female Male Female Male Female Male Female
1 - 10 1 -  - - - 1 -
11 - 20 - - 1 - 1 - - -
21 - 30 1 -  1 - 1 2 -
31 - 40 1 1 2 2 - - 2 1
41 - 50 1 -  - 3 - 3 1
51 - 60 - - 2 - 1 - 4 2
61 - 70 - - - - 1 1 3 -
71 - 80 - - - - - - 2 -
Total 4 1 5 1 6 2 17 4
Male: Female 4:1 5:1 3:1 4.25:1
mean age 30.1 38.5 55 49

expression and PCNA labeling index was done using 
Pearson correlation.

Results

We collected 40 cases of astrocytoma out of which 
21 cases were of glioblastoma or Grade IV astrocytoma 
(52.5%), eight cases of anaplastic astrocytoma or 
Grade III astrocytoma (20%), six cases of diffuse Grade 
II astrocytoma (15%) and five cases were Grade I or 
pilocytic astrocytoma (12.5%). Age group and gender 
distribution within different grades of astrocytoma are 
given in Table 2.

The mean percentage of EGFR-positive cells was 
2.17 +/- 0.475 in Grade II astrocytoma (n=6), 12.63 
+/- 1.79 in Grade III astrocytoma (n=8) and 22.86 +/- 
1.792 in glioblastoma (n=21) within 95% confidence 
limit [Figure 1]. There was significant increase in 
EGFR positivity from lower to higher grades. The 
extent of EGFR positivity in Grade III astrocytomas 
was significantly higher (p= 00036 i.e. p<0.05 
with degree of freedom= 1) than that of Grade II 
astrocytomas [Figure 1]. Similarly, the extent of EGFR 
positivity in glioblastoma was significantly higher 
(p<0.05) than that of Grade III astrocytomas [Figure 1]. 
Statistical significance was calculated by students t-test 
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Figure 1: Comparison of epidermal growth factor receptor (EGFR) 
positivity in different grades of astrocytoma. The values are 2.17% in 
Grade II astrocytoma, 12.63% in Grade III astrocytoma and 22.86% in 

glioblastoma
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Figure 2: Comparison of proliferating cell nuclear antigen (PCNA) 
positivity in different grades of astrocytoma

unpaired.
The PCNA labeling indices in Grade II, III 

astrocytomas and glioblastoma are 2.25 +/- 0.214 in 
Grade II astrocytoma (n=6), 8.18 +/- 1.78 in Grade III 
astrocytoma (n=8) and 19.30 +/- 1.424 in glioblastoma 
(n=21) within 95% confidence limit [Figure 2]. It was 
observed that the mean PCNA labeling index of Grade 
III astrocytomas was significantly higher (p= 00047 i.e. 
p<0.05 with degree of freedom= 1) than that of Grade 
II astrocytomas [Figure 2]. Similar comparison between 
glioblastoma and Grade III astrocytomas showed that 
the mean PCNA labeling index of glioblastoma was 
significantly higher (p= 00094 i.e. p<0.05 with degree 
of freedom=1) than that of anaplastic astrocytomas 
[Figure 2]. Statistical significance was calculated by 
student’s t-test unpaired.

The values of PCNA labelling indices are 2.25% in 
Grade II astrocytoma, 8.18% in Grade III astrocytoma and 
19.30% in glioblastoma. Thus, significant correlation 
was observed between PCNA LI and increasing grades 
of astrocytomas, similar to the EGFR expression pattern. 
Grade III astrocytomas and GBM showed significant 
positive correlation between overexpression of EGFR 
and PCNA labeling index. Statistical correlation of 
extent of EGFR expression and PCNA labeling index 
was done by using Pearson correlation test. In case of 
glioblastomas we got Pearson correlation coefficient 
or r=0.36 which indicates positive correlation 
between EGFR expression and PCNA labeling index in 
glioblastomas.

In case of Grade III astrocytomas we got the Pearson 
correlation coefficient or r=0.41 which also indicates 
positive correlation between extent of EGFR expression 
and PCNA labeling index in Grade III astrocytomas.

In case of Grade II astrocytomas we got the Pearson 
correlation coefficient or r=0.74 which also indicate 
more strong positive correlation between extent of 
EGFR expression and PCNA labeling index in Grade II 
astrocytomas.

Since the expression levels of EGFR and PCNA were 
low in Grade I or pilocytic astrocytomas, the correlation 
of these two parameters was not considered. 

The photomicrographs showing EGFR immunostaining 
in case of GBM are presented in Figure 3A-C. 

The photomicrographs showing PCNA immunostaining 
in case of GBM are shown in Figure-4A and B. Cases of 
Grade III astrocytoma showed variable immunostaining 
for both EGFR and PCNA (photographs not shown). 
Amongst the cases of Grade II astrocytoma EGFR and 
PCNA staining was present in only some of the cases 
with very low percentage of positivity (photographs not 
shown). The cases of Grade I, pilocytic astrocytomas 
did not show EGFR or PCNA immunostaining 
(photomicrographs not shown). 

Discussion

Astrocytic tumors begin as early as in the first decade 
of life. Young adults are typically affected by low-grade 
astrocytomas while GBM shows a peak incidence in 
the sixth decade. Anaplastic astrocytomas occupy 
an intermediate position.[1] Glioblastoma multiforme 
are among the most malignant human neoplasms 
with a mean duration of survival less than one 
year. Factors associated with tumor progression and 
affecting prognosis are still unidentified. Extensive 
research works on the molecular pathogenesis of 
GBM may facilitate molecular classification of this 
tumor and predict prognostic markers. Expression of 
EGFR is important in molecular classification and is 
considered as a new prognostic parameter for astrocytic  
tumors.[5,7-11]

The five cases of Grade I pilocytic astrocytomas 
showed mainly negative immunostaining both with 
anti-EGFR and anti-PCNA antibody, which is why 
we have excluded them during analysis of EGFR 
positivity and PCNA labeling indices. In a similar 
study, van der Valk et al.,[30] have also found negative 
EGFR immunostain in Grade I astrocytomas. However, 
EGFR positivity has been observed in Grade II, Grade 
III and Grade IV astrocytomas with increasing EGFR 
positivity associated with higher grades of astrocytomas. 
The results are in agreement with those reported by 
Smith et al.,[31] in a similar study. Our study further 
shows a mean EGFR positivity of 12.63% in anaplastic 
astrocytomas [Figure 1]. Torp et al.[10] and van der Valk 
et al.,[30] also have reported similar distributions of 
EGFR positivity within anaplastic astrocytoma cases. 
Although all 21 cases of GBM show high positivity for 
EGFR immunostain with a mean of 22.86%, the extent 
of EGFR positivity varies from case to case. Both Torp et 
al.[10] and van der Valk et al.,[30] have found similar high 
incidence of EGFR positivity in higher grades of human 
gliomas but in contrary to the above findings Waha et 
al.[32] and Bouvier et al.,[33] have reported lower degrees 
of EGFR positivity by immunohistochemistry method. 
Such discrepancies may be due to heterogeneity 
of expression of EGFR within the tumor and use of 
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Figure 3 (A-C): Epidermal Growth Factor Receptor immunoreactivity in a 
case of glioblastoma

Figure 4 (A-B): Proliferating cell nuclear antigen immunoreactivity in a 
case of glioblastoma

different staining protocols.
In the present study we have further determined the 

proliferative activity of the glioma cells by determining 
PCNA labeling index and found positive PCNA labeling 
index in Grade II (2.25%), Grade III (8.15%) and Grade 
IV (19.31%) gliomas respectively. Yoshimura et al.,[34] in 
their study have reported mean PCNA labeling index 
of 37%, 10.8% and 2.9% in cases of GBM, anaplastic 
astrocytomas and Grade II astrocytoma respectively. 
Bian et al.,[21] also found that PCNA LI amongst 97 
astrocytic tumors was significantly related to Silver 
staining nucleolar organizer regions (AgNORs), grading 
and prognosis of astrocytoma. It is interesting to observe 
the statistically significant and positive correlation 
between degrees of EGFR positivity and PCNA labeling 

index (a measure of proliferative activity) in Grade III 
and Grade IV glioblastomas. But presumably because of 
a small sample size the degree of positive correlation is 
statistically significant but not very strong. 

The expression of EGFR is important in molecular 
classification of astrocytic tumors and is considered 
as a prognostic marker with poor prognosis associated 
with increased level of EGFR in anaplastic astrocytomas 
and glioblastomas. Although other growth factors like 
platelet derived growth factor (PDGF), transforming 
growth factor (TGF) , fibroblast growth factor (FGF) 
and interleukin-2 produce variable stimulatory effects 
on glioma cell proliferation, migration and invasion, 
EGF appears to be much more potent in this respect.
[13,35] In vitro experiments with different glioma cell 
lines or tumor spherules have clearly demonstrated 
the involvement of EGF and EGFR in the growth and 
multiplication of neoplastic cells.[13,16,18,35]

In most of the earlier reports the expressions of 
the EGFR and other proliferative markers have been 
studied separately in cases of GBMs and other astrocytic 
neoplasms. In contrast to such studies, the present work 
has evaluated the levels of expression of both EGFR 
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and PCNA simultaneously in each case of astrocytoma 
and a positive correlation has been observed between 
the levels of these parameters in GBMs and in Grade III 
astrocytomas. The correlation between EGFR expression 
and PCNA labeling index in GBMs as well as in Grade 
III astrocytomas suggests that the tumor proliferation, 
at least in higher grades of astrocytomas is dependent 
in some measure on EGF and EGFR-related signaling 
pathways. Sugawa et al.,[36] compared proliferative 
activity of malignant glioma cells lines transfected 
with wild-type EGFR with that of mutant EGFR. They 
found that in tissue culture both have same proliferative 
activity. However, when the cells expressing mutant 
EGFR were implanted in nude mice, the tumorigenic 
capacity was much enhanced. They also found that the 
apoptotic index of tumors derived from mutant EGFR 
transfected cells was <0.1%, whereas that of wild-type 
EGFR transfected cell was<1%. These results suggest 
that aberrant EGFR stimulates proliferation and inhibits 
apoptosis. Pederson et al.[13] and Engerbraten et al.,[35] 
studied that EGF increases the volume of tumor spheroids 
obtained from glioma cells. Mottalese et al.,[37] found that 
the rate of PCNA positive cells is directly associated 
with EGFR expression and significantly correlates with 
morphological grading of astrocytomas. It would be 
further interesting to compare the expression levels of 
EGFR and other proliferative markers such as Ki-67 in 
cases of Grade III astrocytoma and Grade IV glioblastoma 
as PCNA LI estimation only is associated with some 
degree of overestimation of proliferative potential due 
to its long half-life as well as in vitro induction of PCNA 
expression by other growth factors.
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