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Abstract
Astrocytic tumours are common primary brain tumours in adults and 

display a marked propensity for malignant progression and recurrence, 

although the genetic mechanisms that are involved in these processes are 

unclear. The purpose of this study was to determine if the presence of 

gemistocytes, p53 mutations, Ki-67 labelling index and EGFR 

overexpression are associated with tumour progression and recurrence. 

The study was carried out in 132 patients which comprised 45 cases of 

grade 2 astrocytoma, 27 cases of grade 3 astrocytoma and 23 cases of 

grade 4 astrocytoma in which paired samples were available at the time 

of diagnosis and subsequently at progression. A fourth group of 37 

patients with grade 4 astrocytoma without evidence of a pre-existing 

tumour were also examined. This latter group was divided into those 

patients who survived more than two years after diagnosis and those 

which survived less than two years after diagnosis. Alterations of p53 

gene status were examined using immunocytochemical staining, PCR- 

SSCP analysis and sequencing. Over-expression of EGFR and the Ki-67 

labelling index were determined immunocytochemically and the presence 

of gemistocytes determined using a morphometric approach.

It was clear that tumour grade, age and Ki-67 LI were powerful 

independent prognostic indicators while the presence of gemistocytes, 

and alterations of p53 status and over-expression of EGFR were not. 

Patients with grade 4 tumours who survived more than 2 years tended to 

have higher Ki-67 Lis than those who survived less than 2 years. A novel 

polymorphism at codon 76 of the p53 gene was detected in about 30% of 

patients in this series. This polymorphism appears to be associated with 

those tumours that were progressive in nature or those unselected grade 4 

astrocytomas in which it was possible to carry out neurosurgical 

debulking at recurrence. The failure to identify molecular markers other 

than Ki-67 LI predictive of early recurrence makes it imperative to 

identify new genetic markers which are associated with astrocytic tumour 

progression and recurrence.
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CHAPTER 1

Introduction

Astrocytic tumours are the most common primary brain tumours in adults 

and account for more than 50% of primary intracranial tumours (Walker 

et al., 1985). The incidence of these tumours varies between countries, 

but is generally between 2 and 5 cases per 100,000 population per year 

(Walker et al., 1985; Cole et al., 1989; Radhakrishnan et al., 1995; 

Kuratsu and Ushio, 1996). The peak age of incidence of these tumours is 

in the sixth decade of life, and the majority are located in the 

supratentorial compartment (Walker et al., 1985; Cole et al., 1989). Such 

tumours are more common in males than in females and the incidence in 

males has been reported to have a positive correlation with higher social 

class in some races, including Caucasians, people of African origin and 

the Chinese (Preston-Martin, 1989).

Classification of tumours

There have been several attempts to compile a generally accepted 

classification system for brain tumours. A widely used numerical grading 

system for the classification of gliomas was developed by Kemohan and 

colleagues which divided astrocytic tumours into four grades, grade 1 to 

grade 4 (Kemohan et al., 1949). The subsequent WHO classification is the 

result of an international collaboration and the first consensus document 

was published in 1980 (Zülch, 1980) with a revision in 1993 (Kleihues et 

al., 1993). The revised version is widely used for the classification and 

grading of gliomas. The St. Anne Mayo grading system was developed by 

Daumas-Duport and colleagues (1988) as an alternative classification of 

diffuse astrocytic glial tumours and is similar to the WHO classification 

(Kleihues et al., 1995). The St. Anne Mayo grading system divides 

tumours into three categories, a benign form (astrocytoma grade 1 and 2), 

an intermediate grade of malignancy (astrocytoma grade 3 corresponding 

to WHO anaplastic astrocytoma grade III), and a high grade tumour
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(astrocytoma grade 4 corresponding to glioblastoma multiforme, grade IV 

in the WHO classification). This system is highly reproducible, and has 

shown a good correlation with clinical outcome in diffuse astrocytomas 

(Kim et al., 1991; Revesz et al., 1993a). The criteria for grading is based on 

an objective scoring system using the presence of one or more specific 

histological features comprising nuclear atypia, mitosis, microvascular 

proliferation (vascular endothelial proliferation) and necrosis. Tumours 

with none of these features are termed grade 1 tumours. Tumours with a 

single criterion are termed grade 2; two criteria are grade 3; and three or 

four criteria are grade 4.

Astrocytoma (WHO grade H or St. Anne Mayo grade 2)

Astrocytoma grade II (WHO classification, 1993) or grade 2 astrocytoma 

in the St. Anne Mayo system usually show only nuclear atypia without 

mitotic figures (Daumas-Duport et al., 1988; Kim et al., 1991; Kleihues 

et al., 1993). These tumours, which are slightly more common in males 

than in females (1.2:1) (Walker et al., 1985; Kim et al., 1991; Kuratsu 

and Ushio, 1996), comprise about 35% of all supratentorial gliomas 

(Davis et al., 1998). They occur most frequently in adults with a peak 

incidence in the fourth and fifth decades of life (mean = 36 years) (Kim et 

al., 1991; Kleihues et al., 1993, Peraud et al., 1998). Patients with a low- 

grade astrocytoma often present with seizures (McCormack et al., 1992; 

Ettinger, 1994), although some over-looked abnormalities such as speech 

difficulty or impaired vision or sensation may also be early signs 

(McCormack et al., 1992). Patients with fi"ontal lobe tumours may present 

with personality or mental changes or may not develop symptoms until 

the intracranial pressure is increased due to the enlargement of the 

tumour. Focal neurological deficits and clinical symptoms of increased 

intracranial pressure including headache, vomiting or blurred vision 

usually only develop at a later stage when the tumour has increased in 

size (Fisher and Recht, 1989; Lote et al., 1997; Lowry et al., 1998).
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Macroscopically, low-grade astrocytomas are firm in consistency, 

homogenous, yellow-white to grey in colour and have ill-defined borders. 

They firequently invade adjacent structures without destroying them and 

those localized in the fi-ontal lobe commonly infiltrate into contralateral 

structures through commissural pathways. The presence of small or large 

cysts may be a feature, but haemorrhage is rare (Kleihues et al., 1993). On 

microscopic examination, low grade astrocytomas show increased 

cellularity. The tumour cell nuclei may be irregular in shape, size and 

chromatin pattern. The cell morphology may vary considerably with regard 

to the size of the nucleus, the morphology of the cellular processes or the 

amount of cytoplasm fi*om one area to another. In such tumours mitoses 

are, however, absent (Kim et al., 1991). Based on the dominant cell type, 

low grade astrocytomas are divided into three groups; fibrillary, 

gemistocytic and protoplasmic astrocytoma (Kleihues et al., 1993).

I. Fibrillary astrocytoma

Fibrillary astrocytoma is the most common form of low-grade 

astrocytoma and is composed predominantly of fibrillary, neoplastic 

astrocytes. On microscopic examination, the tumour cells are well- 

differentiated with low to moderate cellular density. The presence of 

atypical hyperchromatic nuclei without mitosis is the histological 

hallmark of such tumours and can be used to distinguish the tumour cells 

from reactive and normal astrocytes. Cytoplasmic processes are often 

scant and barely discernible but in the cellular areas, the tumour cell 

processes usually form a loose fibrillary matrix. Microcysts containing 

mucinous fluid are also a characteristic feature of this tumour (Russejl and 

Rubinstein, 1998; Kleihues et al., 1993). Gemistocytic cells may 

occasionally be seen (Kleihues et al., 1993).

24



.  t

.  *•  %
. .  . .  %.  \  #  .  # e •

« .  • 1 ,  
.

Figure 1.1 Photomicrograph of tumour tissue from a fibrillary 
astrocytoma (H&E, x400)

II. Gemistocytic astrocytoma

Gemistocytic astrocytoma is the second most common variant of low- 

grade diffuse astrocytoma. According to one definition, for this diagnosis 

to be made, more than 60% of tumour cells should display this phenotype 

(Krouwer et al., 1991). Some studies have suggested that this variant is 

prone to progress to a more malignant form, even though studies with 

proliferative markers have indicated that gemistocytic cells per se appear 

to be quiescent (Hoshino et al., 1975; Onda et al., 1994; Watanabe et al., 

1997a; Peraud et al., 1998). On microscopic examination, gemistocytic 

cells are predominant. They are round or slightly oval with a diameter of 

about 1 5 - 4 0  pm and possess abundant, homogeneous, eosinophilic 

cytoplasm and small, round to oval, flattened or sickle-shaped eccentric 

nuclei (Kleihues et al., 1993). Mitosis and nuclear polymorphism are very 

rare in gemistocytic tumour cells (Hoshino et al., 1975). Cytoplasmic 

processes are short, thick and randomly orientated to form a coarse 

fibrillary network (Kleihues et al., 1993). Perivascular cuffing with 

lymphocytes is found in about 50% of cases (Krouwer et al., 1991).
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Figure 1.2 Photomicrograph of tumour tissue from a gemistocytic 
astrocytoma. (H&E, x400 )

III. Protoplasmic astrocytoma

Protoplasmic astrocytoma is a rare variant representing less than 1% of 

all low grade astrocytomas. On histological examination, the tumour has 

low cellularity with tumour cells possessing uniformly round to oval 

nuclei in a small cell body with few, flaccid processes. The common 

characteristic feature of this tumour type is mucoid degeneration and 

microcyst formation (Kleihues et al., 1993).

Anaplastic astrocytoma (WHO grade III or St Anne Mayo grade 3)

Anaplastic astrocytoma (WHO grade III) is a malignant, infiltrating 

tumour, which corresponds to grade 3 astrocytoma of the St. Anne Mayo 

system. This diagnosis requires the presence of two histological criteria, 

usually nuclear atypia and mitotic activity (Daumas-Duport et al., 1988; 

Kim et al., 1991). Anaplastic astrocytoma may develop from a pre-existing 

astrocytoma, but more frequently are de novo tumours (Russell and 

Rubinstein, 1998). The cerebral hemispheres are the common locations of 

these tumours. Anaplastic astrocytomas are usually found in patients older 

than those with low-grade astrocytoma. The peak incidence is between 40- 

50 years in males, and 30-40 years in females. Anaplastic astrocytomas, 

like low grade astrocytomas, occur more commonly in males than in 

females (1.87:1) (Kleihues and Cavenee, 1997). Patients developing
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anaplastic astrocytoma usually present with symptoms and signs similar to 

those in patients with low-grade astrocytoma, but with a shorter clinical 

history. The duration of symptoms before diagnosis ranges from 6 to 24 

months.

On CT scan, anaplastic astrocytoma presents as a low density mass with 

ill-defined borders similar to astrocytoma. However, anaplastic tumours 

frequently show partial contrast enhancement in some areas. Oedema and 

mass effect are usually more obvious than in low-grade astrocytoma. T l- 

and T2-weighted MRI images show heterogeneous intensities with ill- 

defined borders, mass effect and surrounding oedema.

On gross examination, it is frequently difficult to differentiate between 

anaplastic astrocytoma and low-grade astrocytoma. However, anaplastic 

astrocytomas are usually softer in consistency and show more mass 

effect. They also often show areas of granularity, opacity and are clearly 

different in colour from the surrounding brain parenchyma. Macroscopic 

cyst formation is rarely seen. On histological examination, anaplastic 

astrocytomas show hypercellularirty, increased cellular pleomorphism 

and the tumour cells often have enlarged, irregular, hyperchromatic 

nuclei, many of which are in mitosis. Tumour cells also display features 

indicative of neoplastic spread (so called secondary structures) by 

frequently lining up in the subpial region of the cortex, in the 

subependymal region and clustering around neurons (satellitosis) or 

blood vessels (Scherer, 1938 and 1940).
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Figure 1.3 Photomicrograph of tumour tissue from an 
anaplastic astrocytoma, arrow pointing at a mitotic cell. (H&E, 
x400)

Glioblastoma (WHO grade IV or St Anne Mayo grade 4)

Glioblastoma is the most common and most malignant form of diffuse 

astrocytic tumour in adults with a peak incidence between 45-70 years 

(mean age 56 years). Such tumours are found more commonly in males 

than in females (1.5:1) and account for 12-15% of all intracranial tumours 

and for about 50-60% of all astrocytic tumours (Kim et al., 1991; 

Kleihues et al., 1995; Kleihues and Cavenee, 1997). Glioblastoma 

corresponds to grade 4 astrocytoma in the St. Anne Mayo system, and 

three or four criteria are necessary for the diagnosis: nuclear atypia, 

mitotic activity and microvascular proliferation and/or necrosis (Daumas- 

Duport et al., 1988). They occur most commonly in the cerebral 

hemispheres, particularly the fronto-temporal and parietal regions and 

often infiltrate into the basal ganglia and contralateral hemisphere.

On CT scan glioblastomas present as heterogeneous, irregular, ill-defined 

masses with extensive peritumoural oedema. They frequently infiltrate 

across the midline through commissural anatomical pathways to the 

opposite cerebral hemisphere and show a bilateral or “butterfly” pattern 

on CT scan. Glioblastomas usually show contrast ring enhancement on 

CT scan, which surrounds a hypodense area representing the necrotic part 

of the tumour. However, the tumour border extends beyond the area of
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ring enhancement and tumour cells have been identified at least 2 cm 

outside the area of ring enhancement (Kelly et al., 1987a; 1987b; Burger 

et al., 1988). On MRI scan, glioblastoma typically presents with 

heterogeneous signal intensity on both T l- and T2-weighted images, 

which is a result of the complex histology of such tumours including cyst 

formation, haemorrhage and necrosis.

On gross examination, the cut surface of the tumour shows a variegated 

appearance typically with a greyish peripheral rim surrounding yellowish 

necrotic and haemorrhagic areas. In some cases the central necrosis 

occupies most of the tumour mass while haemorrhages are usually small 

and discrete throughout the tumour. However, occasionally extensive 

haemorrhage may occur and produce stroke-like symptoms, which may 

be the first clinical sign of this tumour (Lantos et al., Greenfield’s 

Neuropathology, sixth edition).

The features used for the histological diagnosis of glioblastoma include 
high degree of nuclear atypia, mitotic activity, microvascular prohferation 
and/or tumour necrosis. Microvascular prohferation consists of multi
layered actively dividing endothelial cells together with smooth muscle 
cells and pericytes. This is typicaUy seen as ‘glomeruloid tufts’, which are 
most common near necrotic areas and in the peripheral parts of the tumour 
at the infiltrative zone (Lantos et al., Greenfield’s Neuropathology, sixth 
edition). There are two types of necrosis in ghoblastoma. The first, 
commonly found in primary ghoblastoma, is ischaemic necrosis (Scherer, 
1940; Tohma et al., 1998) and presents as large confluent areas of non- 
viable tumour tissue in which outlines of tumour cehs and dilated necrotic 
tumour vessels can stiU be recognized. The second type, found at a similar 
frequency in both primary and secondary ghoblastomas (Tohma et al.,
1998), is called pseudopahsading necrosis or pseudopahsades, in which 
smah, irregular necrotic foci are surrounded by densely packed, smah, 
fusiform ghoma cells aligned radially in a pahsade-like fashion (Lantos et 
al., Greenfield’s Neuropathology, sixth edition).
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Figure 1.4 Photomicrograph of tumour tissue from a 
glioblastoma showing microvascular proliferation. (H&E, 
x400)

mMm.
Figure 1.5 Photomicrograph of tumour tissue from a 
glioblastoma showing pseudopalisade around necrotic area. 
(H&E, x400)

I. Giant cell glioblastoma

Giant cell glioblastoma is a rare variant representing about 5% of all 

glioblastoma. This type of tumour is predominantly composed of bizarre, 

multinucleated, GFAP-positive giant tumour cells and, on occasion, an 

extensive stromal reticulin network (Russe 11 and Rubinstein, 1998; 

Kleihues et al., 1993). In spite of containing multiple nuclei, the giant 

tumour cells are still capable of division (Kawano et al., 1995). Although 

these tumours usually occur de novo, they are genetically similar to 

secondary glioblastoma (Meyer-Puttlitz et al., 1997; Peraud et al., 1997).
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Giant cell glioblastomas are macroscopically well-circumscribed and are 

often located subcortically in the cerebral hemisphere (Palma et al.,

1989). On histological examination, the multinucleated giant tumour cells 

are predominant, but small fusiform cells are also found. Microvascular 

proliferation and necrosis are present and both pseudopahsading and 

ischaemic necrosis can be found in these tumours. Perivascular 

lymphocytic cuffing is occasionally observed (Russell and Rubinstein,

1998).

II. Gliosarcoma

Gliosarcoma is a rare variant of glioblastoma containing a sarcomatous 

component, which accounts for about 2% of all glioblastoma. These 

tumours are commonly located in the cerebral hemispheres, particularly 

in the temporal lobes (Galanis et al., 1998).

On CT scan, gliosarcoma presents two variants. The first, more common, 

variant is radiologically similar to other glioblastoma. The second variant 

with a predominant sarcomatous component, typically shows a well- 

demarcated, hyperdense mass with homogeneous contrast enhancement 

in a manner similar to that seen in meningiomas. On MRI scan, 

gliosarcoma may present as well defined masses with intermediate signal 

intensity on T2-weighted images and a marked contrast enhancement 

with a ring-like appearance on post-contrast Tl-weighted images (Dwyer 

et al., 1996).

Macroscopically gliosarcoma has a variegated appearance with discrete 

masses representing the sarcomatous component alternating with features 

of a glioblastoma. Histologically gliosarcomas show biphasic growth 

pattern with evidence of both gliomatous and sarcomatous 

différenciation. The glial component shows typical features of 

glioblastoma, while the sarcomatous part firequently shows the typical 

pattern of fibrosarcoma. p53 mutation analysis and comparative genomic
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hybridisation (CGH), have shown similar abnormalities in both the 

gliomatous part and sarcomatous part of the tumour, suggesting that they 

either arise from a common progenitor cell or that a sarcomatous portion 

itself may transform from the gliomatous part of tumour (Biemat et al., 

1995; Boerman et al., 1996).

Histological features associated with recurrent glioblastoma

Glioblastoma is associated with a poor prognosis and massive recurrence 

at the original site of the tumour is regular. Histologically such recurrent 

tumours are characterised by an overgrowth of the original neoplasm by 

small anaplastic glial cells (Budka et al. 1979; Giangaspero and Burger 

1983; Schmitt 1983). Serial radiological investigations suggest that 

tumours recur within a 2 cm margin of the original tumour bed and this, 

together with data of histological examinations, support the notion that 

recurrence results from infiltration by rapidly growing subpopulations of 

radioresistant tumour cells which have been preferentially selected 

(Gaspar et al. 1992, Burger et al. 1983). That such subpopulations are 

likely derived from monoclonal expansion of residual tumour elements 

rather than continued anaplastic transformation of additional cell 

populations is supported by molecular genetic investigations (James et al. 

1988, Berkman et al. 1992, Sidransky et al. 1992, Lang et a. 1994).

Primary and secondary glioblastoma

Glioblastoma can be divided into two groups. Patients with primary or de 

novo glioblastoma present without any clinical evidence of a pre-existing 

lower grade tumour, while in cases of secondary glioblastoma a pre

existing lower grade astrocytoma, which has subsequently progressed, is 

found. Although the histological appearances of primary and secondary 

glioblastomas are similar, the clinical history, genetic alterations and 

immunophenotypic properties of these two groups of tumours are 

different. Primary glioblastoma is more common than secondary 

glioblastoma and patients typically have a short clinical history, which is
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frequently less than 6 months and about half of them usually have an 

interval between the onset of symptoms and the establishment of the 

diagnosis of less than three months (Scherer, 1940). Patients with 

secondary glioblastomas are typically younger than those with primary 

glioblastoma (Watanabe et al., 1996). Both groups of patients often 

present with symptoms of raised intracranial pressure (Kleihues et al., 

1995).

Treatment of astrocytic tumours

The primary treatment for astrocytic tumours usually is surgery. 

However, the optimum time for surgery in low grade astrocytoma 

remains controversial. Some studies suggest delaying surgery until 

further symptoms have developed or the tumour has become enlarged 

while others suggest that early surgical treatment aimed at total or sub

total removal improves prognosis (Caimcross and Laperriere, 1989; 

Recht et al., 1992; Berger et al., 1994; Ito et al., 1994; Janny et al., 1994; 

Nicolato et al., 1995; Scerrati et al., 1996; Peraud et al., 1998). However, 

studies have suggested that young patients with low grade astrocytoma 

who undergo extensive resection, have a better outcome than those 

receiving subtotal, less radical resection. The 4 year progression free 

interval was 74% in patients who received gross total resection, but only 

20% in patients who underwent subtotal resection (Peraud et al., 1998).

The benefit from aggressive surgery has been shown in malignant 

astrocytomas. There is evident that glioblastoma patients who undergo 

subtotal or total removal of tumour have a longer survival time than those 

who have only biopsy (Winger et al., 1989; Jeremic et al., 1994). In 

addition, surgical resection plus postoperative radiotherapy have been 

shown to increase survival time of glioblastoma patients when compared 

with biopsy and radiotherapy (Devaux et al., 1993; Jeremic et al., 1994). 

However, other studies could not confirm the correlation between extent of 

surgery and prognosis in malignant astrocytomas (Winger et al., 1989; 

Nazzaro and Neuwelt, 1990; Curran et al., 1992; Prados et al., 1998).
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Furthermore, in spite of the combination of surgery and postoperative 

radiotherapy, most patients with glioblastoma survive less than 2 years 

(Burger et al., 1985).

There is clear evidence that radiotherapy increases survival of patients with 

both anaplastic astrocytoma and glioblastoma. Large score clinical trials 

carried out in the 1970’s in both the United States (Walker et al., 1978 and 

1980) and Europe (Kristiansen et al., 1981) indicated that the addition of 

radiotherapy to surgery resulted in an increase of median survival from 14 

weeks to 36 weeks and an increase in 1 year survival from 3% to 24%.

There is some evidence of a dose response effect with regard to radiation 

(Walker et al., 1979; Bleehen and Stenning, 1991). Although it appears 

safe to administer doses up to and including 60 Gy, doses above this level 

produce increasing dose-related toxicity (Leibel and Sheline, 1987; Murray 

et al., 1995). Stereotactic radiotherapy, although showing promising results 

in small scale trials, has not yet been assessed in large scale randomised 

trials. Furthermore brachytherapy as a boost to conventional radiotherapy 

appears to be ineffective (Laperriere et al., 1998). The addition of 

radiosensitising agents to radiotherapy does not seem to be effective 

(Prados et al., 1998, EORTC Brain Tumor Group, 1991, Fischbach et al.,

1991). There is evidence, however, that radiotherapy with adjuvant 

combination chemotherapy comprising procarbazine, CCNU, and 

vincristine (PCV) can improve survival in some patients with malignant 

astrocytic tumours (Levin et al., 1990; Jeremic et al., 1992).

Molecular genetics of astrocytic tumours

The development of tumours appears to be the consequence of a process 

of clonal evolution driven by either the activation of oncogenes or the 

loss of function of tumour suppressor genes or a combination of both 

(Nowell, 1976). Several studies have indicated that both types of genes 

play a role in astrocytic tumourigenesis (Sidransky et al., 1992; Kattar et 

al., 1997).
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The loss of function of a tumour suppressor gene normally occurs by either 

homozygous deletion of both alleles or by loss of one allele and mutation 

in the remaining one. A number of tumour suppressor genes have been 

found to play a role in astrocytoma progression including p53, p21, 

CDKN2A, CDKN2B, Rb, DCC (“deleted in colorectal cancer”), and 

PTEN/MMACl (“phosphatase and tensin” or “mutated in multiple 

advanced cancer 1”). Additionally, multiple areas of genetic loss have been 

identified in astrocytoma and glioblastoma, including deletions on 

chromosomes 10,1 Ip, 19q, and 22q, which strongly suggests that there are 

unidentified tumour suppressor genes which are important in the 

pathogenesis of these tumours (Fults et al., 1992b; Ino et al., 1999; 

Schmidt et al., 1999; Smith et al., 1999).

The activation of oncogenes usually occurs by either amplification as 

cytogenetically evident homogeneous staining regions (HSRs) or double 

minute chromosomes (Dms) or by gene mutations which result in an 

increase in function of the gene. Dms have been detected in about half of 

glioblastoma and most of these probably encode for epidermal growth 

factor receptor (EGFR) (Libermann et al., 1985; Bigner et al., 1988a; 

Muleris et al., 1994). The other genes which have been found to be 

amplified in a proportion of astrocytic tumours include mdm2 and CDK4 

(Biemat et al., 1997a; 1997b). In addition, the numerical increase of the 

specific chromosomes on which oncogenes are located may be another 

pathway for activation. Chromosome 7, which harbours the EGFR and 

PDGF-A genes, is the most common chromosome which has an 

increased copy number in glioblastoma (Westphal et al., 1994).

I. Alterations of the p53 gene

7. Phylogeny o f the p53 gene

The p53 gene is the most commonly mutated gene in human cancer. 

Functional inactivation of the p53 gene has been found in about half of 

all human tumours (Hollstein et al., 1996). Many tumours express high
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levels of p53 protein and further analysis suggests that the over-expressed 

p53 protein is a mutant form (Iggo et al., 1990; Bartek et al., 1991). 

Moreover, mutations of the p53 gene have been found not only in 

sporadic tumours but also in the Li-Fraumeni familial cancer syndrome in 

which affected individuals develop multiple cancers early in life (Malkin 

et al., 1990; Malkin, 1993).

The p53 gene product is a 53 kD protein originally discovered in virus 

transformed cells (Lane and Crawford, 1979; Linzer and Levine, 1979), 

and has been found to be expressed at a high level in both chemical or 

radiation-induced and spontaneous tumours (DeLeo et al., 1979). The 

first human cDNA clone for p53 was isolated in 1984 and a second 

cDNA clone covering the whole sequence of p53 mRNA was reported in 

the following year (Matlashewski et al., 1984; Zakut-Houri et al., 1985).

p53 protein forms a complex with adenovirus Elb (early lb region) and 

SV40 large T antigen in transformed cells (Samow et al., 1982) and 

microinjection of p53 specific monoclonal antibodies into the nuclei of 

quiescent 3T3 cells at or around the time of serum stimulation inhibits the 

entry of these cells into S-phase (Mercer et al., 1982; 1984). These 

studies showed that p53 is involved in both the process of cell 

transformation and the regulation of cell proliferation during the 

transition of cells from a resting to a proliferating state. Moreover, it has 

been found that although transfection of p53 cDNA into cells in vitro 

results in cellular immortality, these cells are non-tumorigenic (Jenkins et 

al., 1984). Further studies have demonstrated that co-transfection of p53 

and the Ha-ras oncogene can induce transformation in normal embryonic 

cells (Eliyahu et al., 1984; Parada et al., 1984). In addition, although p53 

over-expressing Rat-1 cell lines did not show detectable histological 

abnormalities, they contained large amounts of p53 mRNA and were 

capable of inducing tumours in nude mice (Eliyahu et al., 1985). These 

observations led to the initial conclusion that p53 was a dominantly 

acting oncogene.
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However, evidence from later studies indicated that the wild-type p53 

gene is inactivated rather than activated during the course of cell 

transformation, which is not consistent with a role as an oncogene. For 

instance, the p53 gene in erythroleukaemia induced by the Friend virus 

was inactivated by a gene rearrangement which gave a selective growth 

advantage to erythroid cells during the course of transformation (Chow et 

al., 1987; David et al., 1988). Such rearrangements have also been found 

in human leukaemia (Prokocimer et al., 1986). Another study in human 

osteogenic sarcoma showed rearrangement involving the first exon of the 

p53 gene (Masuda et al., 1987). Subsequent studies have clearly 

demonstrated that the wild-type p53 gene is actually a tumour suppressor 

gene (Finlay et al., 1988; Eliyahu et al., 1989). Plasmids encoding wild- 

type p53 inhibit the transformation of cell cultures but mutant forms of 

p53 do not (Finlay et al., 1988; Eliyahu et al., 1989; Finlay et al., 1989) 

and loss of the wild-type p53 gene has been found in many types of 

tumours such as colorectal cancer, neurofibrosarcoma, osteosarcoma, 

oesophageal cancer and breast cancer (Baker et al., 1989; Menon et al., 

1990; Miller et al., 1990; Mulligan et al., 1990; Meltzer et al., 1991; 

Hollstein et al., 1991; Matsuyama et al., 1994). The function of the p53 

gene has been found to involve cell cycle control in the event of DNA 

damage by arresting cell division at the Gi phase (Baker et al., 1990; 

Oilier et al., 1990; Mercer et al., 1990; Kuerbitz et al., 1992) or inducing 

apoptosis or programmed cell death in certain cell types (Shaw et al., 

1992; Clarke et al., 1993; Lowe et al., 1993).

2. Structure and location o f the p53 gene

The p53 gene is located on the short arm of chromosome 17 at 17pl3 

(Isobe et al., 1986; McBride et al., 1986). The gene covers 20 kb of 

genomic DNA and contains 11 exons, the size of which varies from 22 to 

1,268 bp (Lamb and Crawford, 1986). The first exon is a non-coding 

sequence and is followed by a large first intron 10 kb in length. The first 

in-frame start codon (methionine) preceded by 28 bp of 5’-untranslated
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region is in the second exon. There are two promoter regions for the 

human p53 gene, the first of which lies within the 350 bps upstream of 

the Xba I site in exon 1 and the second promoter is located within the 5’ 

region of the first intron (Reisman et al., 1988). The second promoter 

region possesses a stronger activity than the first. However, both of the 

promoter regions of the p53 gene do not contain any of the consensus 

sequences such as CAAT box, TATA box or G\C rich sequences, which 

have been found in most eukaryotic promoters (Soussi et al., 1990).

The p53 gene contains five highly conserved domains (Soussi et al.,

1987). The domains I, II, III, IV, and V are specified by exons 2, 4, 5, 7, 

and 8 with each domain falling into one exon respectively except domain 

II which spans two exons (exons 4 and 5) (Soussi et al., 1990). The 

nucleotide sequence length for domains I to V is codons 13-19, codons 

117-142, codons 171-181, codons 234-258 and codons 270-286, 

respectively (Soussi et al., 1990). The majority of p53 mutations are 

clustered in four regions corresponding to domains II, III, IV, and V 

(Levine et al., 1991), which include three mutation hot spots at codons 

175, 248 and 273 (Levine et al., 1991).

The p53 gene is intron-dependent, since the presence or absence of intron 

4 in its normal position influences the expression of p53 (Hinds et al., 

1989; Beenkeen et al., 1991). It has been reported that intron 4 contains a 

specific DNA binding site and mutation in this site results in poor 

transcription of the p53 mRNA (Beenkeen et al., 1991). However, the 

mechanism of this is not clearly understood.

2.1 Polymorphism in the p53 gene

Many polymorphisms have been found in both exons and introns of the 

p53 gene, some of which may have implications in the development of 

tumours. Polymorphisms reported to date include those in exons 2, 4 and 

6 and in introns 1, 3 and 6.
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The rare polymorphism in exon 2 is located at codon 21 and creates a 

Bglll site by a C to T transition at the third base of codon 21 which 

changes the nucleic sequence from GAC to GAT, both of which encode 

aspartic acid (Ahuja et a l, 1990).

Polymorphisms in exon 4 have been reported in three locations. In 

approximately 4% of the population, there is a G to A transition at the 

third base of codon 36 which changes the nucleic acid sequence from 

CCG to CCA, both of which code for proline (Felix et al., 1994). This 

polymorphism changes a Fini site at codon 36 to a Bed site. The second 

polymorphism in exon 4 occurs at codon 47 and is represented by a C to 

T transition of the first base which changes the amino acid from proline 

(CCG) to serine (TCG), resulting in the elimination of a Ncil site. This 

polymorphism has been found in less than 2% of the population (Felley- 

Bosco et al., 1993). The third polymorphism in exon 4, which alters the 

mobility of the p53 gene under electrophoresis, is at an AccII site at 

codon 72 (Harris et al., 1986; Matlashewski et al., 1987; Ara et al., 1990). 

In about 35% of the population there is a G to C transversion at the 

second base which changes the amino acid from arginine (CGC) to 

proline (CCC) (Buchman et al., 1988; Olschwang et al., 1991). About 

10% of individuals who have a polymorphism at this location also have 

another polymorphism at the Bglll site in intron 1 (Buchman et al., 

1988). Although both wild-type and polymorphic forms of p53 are 

structurally the same, they have dissimilar transcription activities and 

different abilities to induce apoptosis and to suppress growth of 

transformed cells (Thomas et al., 1999). In addition, they also have 

different binding capacities to the HLA molecule, and this may have 

clinical implications in the immune response to tumour development 

(Gnjatic et al., 1995). It has been reported that a germ-line polymorphism 

at this location may be implicated in the development of ovarian cancer 

and smoking-induced lung cancer (Kawajiri et al., 1993).

Another polymorphism in exon 6 at codon 213 (Carbone et al., 1991) is 

found in between 3% and 10% of the normal population (Bhatia et al..
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1992; Mazars et al., 1992; Serra et al., 1992). An A to G transition at the 

third base of this codon abolishes a TaqI restriction site but there is no 

amino-acid change as both the CGA and the polymorphic CGG 

sequences encode arginine (Arg).

The polymorphism in intron 1 creates an EcoRI restriction site and has 

been found in 10-50% of the population (Ahuja et al., 1989). The 

polymorphism in intron 3 is an insertion of 16 bases which is identical to 

the following 16 bases. The polymorphism is characterized by two 

identical 8 bp motifs (5’-GGGCTGGG-3’) which are located at the 

beginning and at the end of the repeat 16 base sequence (Lazar et al.,

1993). Heterozygosity of this polymorphism has been observed in 28% 

and homozygosity has been detected in about 6% of a normal Caucasian 

population.

The polymorphism in intron 6 spans 8 bps from the 55* base to the 62"  ̂

base from the 3’ end of exon 6. This polymorphism is unique, since the 

two forms of polymorphism have a 5-bp sequence difference and also 

differ in length by 2 bp (Teller et al., 1995). The homozygotic genotype 

of the short sequence allele has been found in about 68% and the 

heterozygotic genotype (one allele in short sequence form and another in 

long sequence form) has been found in about 32% of the normal 

population. The homozygotic genotype of the long sequence allele, 

however, is rare (Teller et al., 1995).

3. The p53 protein

Transcription of the human p53 gene results in a 2.8 kb long mRNA 

(Matlashewski et al., 1984). Generally, the level of p53 mRNA does not 

significantly change in response to stimuli such as DNA damage, although 

the level of p53 protein is increased significantly. However, the level of the 

p53 mRNA can be affected by some structural alterations of the gene. It 

has been shown that alterations of sequences in the 5’ region of intron 4 

have an effect on the transcription of p53 mRNA (Beenkeen et al., 1991).
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p53 protein is a sequence-specific DNA-binding phosphoprotein that can 

activate transcription (Fields and Jang, 1990; Raycroft et al., 1990; 

Bargonetti et al., 1991; Kern et al., 1991; Weintraub et al., 1991). It 

comprises 393 amino-acids (Lamb and Crawford, 1986) which contains 

three nuclear localisation signals (Shaulsky et al., 1991; Montenarh, 1992). 

It has been demonstrated that the translocation of p53 protein from the 

cytoplasm into the nucleus does not depend on the level of protein 

synthesis and it has been proposed that the translocation of the protein is 

controlled by an active transportation and cytoplasmic anchor protein 

(Gannon and Lane, 1991). In normal cells, wild-type p53 protein has a 

short half-life of about 6 to 30 minutes and is expressed at low levels 

(Reich and Levine, 1984; Rogel et al., 1985; Finlay et al., 1988; Ginsberg 

et al., 1991). The half-life and amount of p53 protein can increase by 

several folds from a post-translational stabilisation during normal cellular 

proliferation (Reich and Levine, 1984) or in response to cellular stress 

conditions such as DNA damage from UV irradiation, ribonucleotide 

depletion, or generation of reactive oxygen species (Maltzman and 

Czyzyk, 1984). The half-life and level of p53 protein are also increased in 

SV40-transformed cells (Oren et al., 1981; Reich et al., 1983). It has been 

suggested that the level of p53 protein is controlled by at least two 

mechanisms. One is degradation and the other is nuclear exportation of p53 

protein (Gannon and Lane, 1991). Degradation occurs via the mdm2 

autoregulation pathway involving ubiquitin-proteasome proteolytic 

pathway (Haupt et al., 1997, Kubbutat et al., 1997). p53 protein contains a 

nuclear exportation signal in its tetramerization domain (Stommel et al., 

1999). Intra-nuclear conversion from tetramers into monomers or dimers 

may activate this signal and accelerate transportation of p53 protein into 

the cytoplasm where it is degraded. In addition, export of p53 protein into 

the cytoplasm can be enhanced by mdm2 protein (Roth et al., 1998; Lu et 

al., 2000).

p53 protein is divided into five regions. The first and second regions are 

located on the N-terminus. The first 42 amino-acids comprise the 

transcription activation domain which mediates the transcriptional activity
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of p53. It has been demonstrated that mdm2 protein can bind to this region, 

resulting in inhibition of transcriptional activity and degradation of p53 

protein (Momand et al., 1992; Kussie et al., 1996; Haupt et al., 1997). 

However, phosphorylation at the N-terminal of p53 protein impairs the 

ability to interact with mdm2 protein and reduces its degradation (Shieh et 

al., 1997). The first region at the N-terminal also includes the TBP (TATA 

box-binding polypeptide) binding domain which is located between codons 

20 and 57 which is necessary for transcriptional activation function of p53 

(Liu et al., 1993). The second region, which is located between the 

transactivation and the sequence-specific binding domains, is a proline-rich 

region between amino-acids 61 and 94. This region mediates the growth 

suppression function and does not depend on the transactivation function 

of p53 in binding with the Gasl gene (growth arrest specific) (Walker and 

Levine, 1996; Ruaro et al., 1997). Another function of the second region is 

the negative regulation of DNA specific binding of p53 protein. This 

region has been shown to co-operate with the C-terminus between codons 

364 and 393 in the negative regulation of the sequence-specific DNA 

binding function of the p53 (Muller-Tiemann et al., 1998). The third region 

is the central portion that lies between amino-acids 96 and 286. It has a 

hydrophobic core located in the P -strands portion of p53 protein molecule 

which covers domains II to V of the highly conserved regions and is 

responsible for sequence-specific DNA binding (Kem et al., 1991; Cho et 

al., 1994). The fourth region is a tetramerization domain which is located 

between amino-acids 310 and 360 and which interacts with other p53 

protein chains to form the biologically active tetramer (Clore et al., 1994; 

Sakamoto et al., 1994). The fifth region is located between amino-acids 

364 and 390 of the C-terminus. It is a basic domain that contains a highly 

positive charge. This region is a non-specific DNA binding site and also 

contains an oligomerization domain and casein kinase II phosphorylation 

site (Buchman et al., 1988; Prives and Manfredi, 1993; Cho et al., 1994; 

Lee et al., 1995). p53 protein which lacks the last 30 amino acids exhibits 

higher affinity at the specific binding site, suggesting a negative regulation 

in p53 sequence-specific DNA binding function of this region by 

competitive binding to the non-specific one (Hupp et al., 1992; Bayle et al..
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1995; Muller-Tiemann et al., 1998). Oligomerization at the C-terminus is 

necessary for both the wild-type and mutant p53 function (Bargonetti et al., 

1992; Unger et al., 1993) since the transcriptional regulation of p53 

depends on the presence of both the N-terminal and the C-terminal 

oligomerization domain (Shiio et al., 1992). Mutations at the casein kinase 

II site can also disrupt the growth suppression function of p53.

A consensus binding site of p53 protein has been identified (El-Deiry et al.,

1992). It consists of two copies of the 10 base pair motif of 

5’-PuPuPuC(A/T)(T/A)GPyPyPy-3’ separated by 0-13 base pairs. The 

structure of each motif has the first 5 base sequence in a mirror image of 

the second half. The symmetry of the two halves of both consensus 

sequences suggests that p53 binds with DNA as a tetrameric protein and 

that only one copy of this sequence is not enough for DNA binding activity 

(El-Deiry et al., 1992).

Further studies of the molecular structure of p53 protein have shown that 

the central core domain contains a sandwich of two sets of antiparallel _ 

sheets that have four and five _ strands within the hydrophobic portion of 

the molecule and a loop-sheet-helix motif that packs tightly against one 

end of the _ sheet. There are two large loops at one end of the _ sandwich 

that are held together by a tetrahedrally co-ordinated zinc atom. p53 

protein uses one of the loops in the central portion of the molecule and 

the sheet helix near the carboxyl end to bind to DNA (Cho et al., 1994; 

Wang et al., 1995). The sheet helix binds DNA in the major groove while 

the loop binds in the adjacent minor groove. The two core domains which 

bind with DNA correspond to the four conserved regions of the p53 gene 

where most of the mutations have been identified (Pavletich and Pabo, 

1993; Cho et al., 1994).

4. Function o f p53

The wild-type p53 protein functions as a cell cycle regulator and acts as a 

tumour suppressor preventing abnormal cell proliferation. It also
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modulates cell cycle events in response to DNA damage or stress 

conditions such as hypoxia by inhibition of cell cycle progression or the 

induction of apoptosis. Loss of function of the wild-type p53, therefore, 

can lead to genomic instability and the perpetuation of gene 

amplification, aneuploidy, and uncontrolled cell proliferation (Yin et al., 

1992; Carder et al., 1993; Ko and Prives, 1996; Levine, 1997).

4.1 Growth suppression function o f p53

p53 protein can function as a growth inhibitor in response to intracellular 

stress signals. Under certain conditions, p53 protein can induce cell cycle 

arrest at both the Gi/S and G2/M boundaries, which can allow damaged 

DNA to be repaired before replication (Hartwell and Weinert, 1989; 

Hartwell and Kastan, 1994; Agarwal et al., 1995; Stewart et al., 1995; 

Pallegata et al., 1996). However, wild-type p53 protein can lose its 

function if it forms a complex with the mutant p53 protein (Eliyahu et al.,

1988). The transcriptional activation function of p53 can also be inhibited 

if it is bound by mdm2 (Momand et al., 1992), whilst its transcriptional 

activation can be increased by conjugation to the small ubiquitin-like 

protein SUMO-1, which attaches to the C-terminal of p53 (Gostissa et al.,

1999).

p53 protein induces cell cycle arrest mainly by transactivating the p21 

(Wafl/Cipl) gene, which inhibits the function of several cyclin-cdk 

complexes that promote entry to S-phase and M-phase during normal cell 

proliferation by phosphorylation of pRb (El-Deiry et al., 1993; Harper et 

al., 1993). If p21 is inactivated or repressed, cellular response to p53 

over-expression may change from growth arrest to apoptosis (Polyak et 

al., 1997; Allan and Fried, 1999) whilst high levels of p21 can delay but 

not block the apoptotic response (Allan and Fried, 1999).

There are other conditions that alter the cellular response to p53; for 

instance, the level of expression of p53 protein, and the presence of 

interleukin-3 (IL-3). It has been reported that cells with high levels of p53
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expression respond to DNA damage by apoptosis, while cells with low 

levels of p53 expression react by growth arrest (Chen et al., 1996). The 

presence of growth factors such as IL-3 can also regulate the choice of 

cellular response to p53 between growth arrest and apoptosis. 

Experiments with mouse lymphoma cells and murine haematopoietic cell 

lines have shown that cells respond to wild-type p53 by cell-cycle arrest 

in the presence of IL-3 and by apoptosis in the absence of IL-3. The 

mechanism of this process involves joint control of pRb cleavage and 

degradation by p53 and IL-3 (Canman et al., 1995; Gottlieb and Oren,

1998).

p53 protein also activates the gadd45 gene (growth arrest and DNA 

damage-inducible), which is involved in DNA repair (Kastan et al., 1992; 

Lu and Lane, 1993; Zhan et al., 1994). The arrest of the cell cycle in 

either Gi or Gz allows the cell to repair the damaged DNA prior to cell 

division in order to prevent genetic abnormalities being passed on to 

daughter cells (Kaufmann et al., 1995; Bates and Vousden, 1996). If the 

damage is beyond repair, p53 can trigger an apoptotic response or can 

induce cells to enter a senescence programme. Recently, it has been 

shown that transfection of wild-type p53 into bladder cancer cells can 

rapidly activate tumour cells to enter a senescence programme after 

irreversible growth arrest in Gi or G2/M (Sugrue et al., 1997). Moreover, 

an increase in p53 expression and transactivation activity has also been 

found in normal fibroblasts undergoing senescence (Atadja et al., 1995; 

Kulju and Lehman, 1995; Bond et al., 1996).

An increase in the synthesis of p53 mRNA and p53 protein has been 

found during the progression of normal cells from a quiescent state to an 

actively dividing state (Reich and Levine, 1984). However, the levels of 

p53 mRNA do not change appreciably in response to DNA damage, 

although the level of p53 protein increases rapidly. p53 protein activates 

the expression of the mdm2 gene in an autoregulation pathway (Barak et 

al., 1993). The mdm2 protein can bind to the transcriptional activation 

domain at the N-terminal of p53 and inhibit its function. Furthermore,
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mdm2 also promotes degradation of p53 protein by the ubiquitin 

conjugation pathway (Haupt et al., 1997). p53 protein can be stabilised by 

inhibition of the mdm2-mediated degradation pathway, resulting in its 

retention in the nucleus (Haupt et al., 1997; Kubbutat et al., 1997).

4.2 The function ofp53 protein in apoptotic pathway

Apart from induction of growth arrest or inhibition of cell growth, p53 

protein is also an important regulator of cell death via the apoptotic 

pathway in certain cell types (Levine, 1997; Agarwal et al., 1998). p53 

protein may play a role in apoptosis by regulating genes which are 

involved in this pathway such as bcl-2, bax, cd95/fas and insulin-like 

growth factor binding protein-3 (IGFBP-3) (Miyashita et al., 1994; 

Buckbinder et al., 1995; Miyashita and Reed, 1995). It has been shown 

that p53 can induce the expression of the bax gene (Miyashita and Reed, 

1995) and the cd95/fas gene (Owen-Schub et al., 1995), both of which 

are promoters of apoptosis. However, mutations in particular regions of 

the p53 gene may have an influence on the expression of bax protein. A 

study in non-small cell lung cancer has demonstrated that tumours which 

showed mutations at the loop-sheet-helix motif of p53 protein had 

significantly higher expression of bax than those with wild-type p53, 

while tumours which showed mutations in other parts of p53 protein had 

significantly lower expression of bax (Huang et al., 1999). However, the 

activation of bax is not the only pathway by which p53 induces apoptosis. 

Furthermore, p53 and bax may use different pathways to initiate 

apoptosis since cytochrome c is required by bax but not by p53 (Li et al.,

1999).

There is evidence that the allelic status of the p53 gene plays a role in the 

apoptotic response. Thymocytes which contain homozygous wild-type 

p53 rapidly undergo apoptosis after treatment with ionising radiation, 

while cells heterozygous for a p53 deletion show partial apoptosis and 

homozygous null cells are resistant to the induction of apoptosis (Clarke 

et al., 1993).
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Some of the pro-apoptotic effects of p53 are mediated through its 

sequence-specific transactivation (SST) function and involve genes that 

generate reactive oxygen species (ROS) which are known to be powerful 

inducers of apoptosis (Yonish-Rouach et al., 1995; Attardi et al., 1996; 

Kroemer, 1997; Polyak et al., 1997). It has been shown that the alteration 

of the mitochondrial membrane potential by increasing the levels of ROS 

is one of the important pathways of p53-induced apoptosis (Li et al.,

1999). p53 can also induce apoptosis by activation of caspases. The 

caspases are cysteine proteases that can act on B c 1 -x l and convert it from 

an apoptotic inhibitor to an apoptotic inducer (Clem et al., 1998).

However, transcriptional activation may not be the only pathway by 

which the p53 plays a role in apoptosis since p53-mediated apoptosis 

initiated by DNA damage can occur in the presence of actinomycin D or 

cyclohexamide, which blocks RNA and protein synthesis respectively 

(Caelles et al., 1994). In addition, transfection of a truncated p53 protein, 

which lacks the ability to bind to DNA or act as a transcription factor, is 

capable of inducing apoptosis in HeLa cells (Haupt et al., 1995).

5. Germline mutation in p53 in humans

There are a number of hereditary syndromes which predispose to the 

development of tumours including retinoblastoma, breast cancer, soft 

tissue sarcomas, brain tumours, colon carcinoma and leukaemia (Malkin 

et al., 1990; Kleihues et al., 1997).

Li-Fraumeni syndrome is one of these conditions and is characterised by 

the development of multiple primary cancers in an autosomal dominant 

manner early in life (Malkin et al., 1990; Srivastava et al., 1990; Malkin,

1993). About 80 % of these tumours develop before 45 years of age (Li et 

al., 1988). Mutations of the p53 gene have been found in up to 70% of 

patients with the Li-Fraumeni syndrome and have been found in both 

normal and tumour cells (Malkin et al., 1990; 1992; Srivastava et al., 

1990; Santibanez-Koref et al.,1991; Kleihues et al., 1997; Varley et al..
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1997). Although mutations must be present in every cell, tumours in such 

patients seem to develop preferentially in certain organs. The common 

sites and type of cancers that occur in Li-Fraumeni patients are breast 

carcinomas (24%), bone sarcomas (12.6%), brain tumours (12%) and soft 

tissue sarcomas (11.6%) (Kleihues et al., 1997). The most common brain 

tumours found in Li-Fraumeni syndrome are tumours of astrocytic origin 

and account for nearly 70% of all inherited brain tumours.

About 20% of astrocytoma patients with a history of a second 

malignancy have p53 germline mutations (Kyritsis et al., 1994). In 

addition, astrocytoma in families with p53 germline mutation frequently 

progress to glioblastoma (Lubbe et al., 1995).

There are no specific sites for germline p53 mutations in patients with Li- 

Fraumeni syndrome and the mutations that have been found in the 

tumours in these patients are similar to those in sporadic tumours. The 

most common mutation is a missense mutation with a base substitution 

C:G to T:A at the CpG sites which is frequently found in astrocytic 

tumours (Santibanez-Koref et al., 1991; Malkin et al., 1992; Brugieres et 

al., 1993).

6. Mutations that occur in the p53 gene

Most of the mutations of the p53 gene fall within domains II to V of the 

conserved regions. Nearly three-quarters of mutations which have been 

found in the p53 gene involve guanine (Greenblatt et al., 1994). There are 

three codons or three hot spots of the p53 gene where mutations are 

found most commonly. These are codons 175, 248 and 273 which fall in 

exons 5, 7 and 8 respectively (Hollstein et al., 1991). All of these hot 

spots are at CpG sites. The most common base changes in brain tumours 

are G:C to A:T transitions at the CpG sites (Greenblatt et al., 1994).

Cytosine can be modified by a methylase into 5-methylcytosine and one 

possible explanation for the high incidence of mutations at CpG sites is
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deamination of 5-methylcytosine. Deamination of cytosine normally 

results in uracil but deamination of 5-methylcytosine results in thymine. 

Although uracil can lead to mismatch pairing resulting in substitution of 

the original C-G to T-A, it is normally not found in the nucleus and can 

be detected by DNA repair systems which replace it with the base 

normally found at that position. However, deamination of 5- 

methylcytosine results in thymine which is normally found in the nucleus 

and may escape repair, resulting in mutation by base substitution from C- 

G to T-A (Lewin, Genes VI).

Mutations of the p53 gene in several tumour types are present in a non- 

random fashion, suggesting that some mutant forms produce a growth 

advantage in the cells in which they occur. The location of mutations may 

also be important in tumour development, as most of the p53 missense 

mutations occur in the middle part of the molecule and only very rarely in 

the N- or C-terminal (Greenblatt et al., 1994). Some amino acids seem to 

be affected more than others. For example, lysine at codon 132 and lysine 

at codons 135 and 141 are frequently altered in domain II whilst tyrosine 

is altered at multiple locations without any pattern. Certain types of p53 

mutation may develop in particular cell types. For example in lung 

cancer, the incidence of C:G to T:A transition at CpG sites is much lower 

than G:C to T:A transversion. These former mutations frequently occur at 

codon 157 of p53 and may relate to cigarette smoking or may indicate a 

growth advantage produced by this mutation in bronchial epithelia. 

Particular cell types may also have a tendency to develop p53 mutations 

at higher rates than the others. In lung cancer, p53 mutations are more 

common in small cell carcinoma than in adenocarcinoma and in brain 

tumours, they are more commonly found in astrocytoma than in 

oligodendroglioma (Soussi et al., 2000).

7. Alteration o f the p53 gene in astrocytic tumours

In low grade astrocytoma, the most common genetic abnormality is loss 

of heterozygosity (LOH) on chromosome 17pl3.1 at the locus of the p53
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gene. This has been found in 50% of low grade astrocytomas and also in 

a similar proportion of anaplastic astrocytoma (El-Azouzi et al., 1989; 

James et al., 1989; von Deimling et al., 1992a) indicating that this is an 

early event in tumour development. Furthermore, mutations of the p53 

gene are found more commonly in astrocytic tumours than in other types 

of brain tumour (Nozaki et al., 1998). Mutations of the p53 gene have 

been identified in about 40% of both astrocytoma and anaplastic 

astrocytoma which apparently developed without a pre-existing lower 

grade tumour (Fults et al., 1992a; von Deimling et al., 1992a; Watanabe 

et al., 1997b). Mutations of the remaining p53 allele have been found in 

about 60% of tumours which have LOH on 17p (Fults et al., 1992a; von 

Deimling et al., 1992a), suggesting that LOH on 17p precedes p53 

mutation. An increased frequency of p53 mutations has been reported in 

gemistocytic astrocytoma (Watanabe et al. 1998). In unselected series of 

glioblastomas the incidence of mutations of the p53 gene is about 25- 

30% suggesting that alternative mechanisms are important in a significant 

proportion of such tumours (Louis 1994, Ohgaki et al. 1995). If cases are 

further divided on the basis of the presence (secondary glioblastoma) or 

absence (primary or de novo glioblastoma) of a pre-existing lower grade 

astrocytic neoplasm, a different situation can be established. p53 

mutations are less common in de novo glioblastomas (about 10%), while 

the secondary glioblastomas have a high incidence of p53 mutations 

(Watanabe et al. 1996, Watanabe et al. 1997, Hayashi et al. 1997). It also 

emerged that giant cell glioblastoma, which is a histological variant of 

glioblastoma, is also characterised by frequent p53 mutations even 

though a pre-existing less malignant lesions is absent in such cases 

(Meyer-Puttlitz et al. 1997, Peraud et al 1999). The p53 gene plays a role 

in cell cycle control by inducing Gi arrest in response to DNA damage 

and inducing apoptosis when the damage is beyond repair. Loss of 

function of the p53 gene either by mutation or deletion may render 

astrocytic tumours prone to the development of further genetic alterations 

through the loss of this normal response to genetic damage. This 

hypothesis is supported by the evidence that members of families with 

germline p53 mutations may develop brain tumours early in life and a
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significant proportion of these are astrocytic tumours (Kleihues et al., 

1997). In addition, astrocytes from p53-deficient mice grow and exhibit a 

significant change from a nearly normal DNA content to marked 

aneuploidy within a few passages (Yahanda et al., 1995). Although 

alterations of the p53 gene can occur at an early stage of tumorigenesis 

and tumours which contain p53 mutations tend to have a shorter time to 

recurrence, there is evidence that some tumours contained wild-type p53 

in the first biopsy but had developed p53 mutations in their recurrent 

tumours. This suggests that the p53 gene plays a role not only in 

tumorigenesis but also in some case in the recurrence and progression of 

these tumours (Hayashi et al., 1991; Watanabe et al., 1997b).

II. Epidermal growth factor receptor

The epidermal growth factor receptor (EGFR) is a tyrosine-specific 

protein kinase receptor that plays a role in cell growth, differentiation and 

development. It resides in the cell membrane and is classified as a group I 

integral membrane protein. Although it shares structural similarity with 

the v-erbB oncogene, most of the extracellular N-terminus and the distal 

C-terminal region in cytoplasmic domain of the EGFR appear to be 

missing in v-erbB (Downward et al., 1984; Gammet et al., 1986). The 

EGFR protein is expressed at low levels in a wide variety of normal 

human tissues and adult rodent tissues except in the parietal endoderm, 

mature skeletal muscle and haemopoietic tissues (Partanen, 1990).

1. Structure o f EGFR

The EGFR gene is located on chromosome 7pll-p l2  (Merlino et al., 

1985) and comprises at least 26 exons which span more than 110 kb 

(Haley et al., 1987). The promoter structure of the human EGFR gene is 

typical of a housekeeping promoter (Ishii et al., 1985; Haley et al., 1987; 

Johnson et al., 1988). The gene transcribes 5.6 and 10 kb mRNAs but 

only the 10 kb transcript has been identified in human brain (Ullrich et 

al., 1984).
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The protein is a 170 kDa single-pass transmembrane glycoprotein of 

about 1200 amino acids, with a large glycosylated extracellular portion 

that binds epidermal growth factor (EGF). The EGF is a 53 amino acid 

protein that stimulates the proliferation of epidermal cells and a variety of 

other cell types. The EGFR protein is divided into 3 parts consisting of 

extracellular, transmembrane and cytoplasmic portions.

The extracellular part is a ligand-binding domain consisting of two 

identical sets of 300 amino acids in tandem and can be subdivided into 

four 150 amino acid subdomains on the basis of amino acid sequence 

homology (Lax et al., 1988). Subdomains I and III share 37% sequence 

identity and play a role in direct ligand binding specificity. Subdomain in 
is the primary site for interaction between EGF and EGFR as it binds 

EGF more strongly than subdomain I (Lax et al., 1989, 1990; Wu et al.,

1990). Subdomains II and IV are cysteine-rich with 21 cysteine residues 

conserved in these two domains, the pattern of which resembles the 

structural motif found in the tumour necrosis factor (TNF) receptor 

extracellular domain (Ward et al., 1995). The transmembrane domain is 

short and has hydrophobic properties. The cytoplasmic part is divided 

into two regions which are the tyrosine kinase (TK) catalytic domain and 

the carboxyl terminal regulatory (REG) domain. An intracellular TK 

domain is activated when the EGF binds to its receptor at the ligand- 

binding sites. This action induces dimerization of the receptors which 

enable them to cross-phosphorylate each other and to phosphorylate other 

specific cellular proteins in growth stimulating pathways. The cross

phosphorylation within EGFR dimers is frequently referred to as 

autophosphorylation. The REG region of the EGFR has several 

regulatory functions and contains a calcium internalization (CAIN) 

domain. The function of CAIN is to increase cytosolic calcium and 

receptor internalization following ligand stimulation (Chen et al., 1989). 

The REG region also contains a number of autophosphorylation sites that 

are involved in the function of the kinase domain (Walton et al., 1990) 

and has a protein sequence similar to the v-erb-B protein (Downward et 

al., 1984). REG, in an unphosphorylated form, can act as an inhibitor of
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the catalytic site of the tyrosine kinase domain which is dissociated from 

the tyrosine kinase domain when phosphorylated. Although five 

autophosphorylation sites have been found in the REG of human EGFR, 

only three are considered to be major sites of autophosphorylation 

(Bertics and Gill, 1985; Bertics et al., 1988).

2. Function o f the EGFR protein

Activity of wild-type EGFR is regulated by ligand binding, 

autophosphorylation and down-regulation (Carpenter and Cohen, 1979). 

The first step of EGFR activation is oligomerization of the ligand binding 

sites, following binding of a number of different ligands including EGF, 

transforming growth factor-a (TGF-a), and heparin binding EGF-like 

growth factor (HB-EGF) (Higashiyama et al., 1991). EGF is a 

monomeric ligand which forms a complex with EGFR in a ratio of 1:1 

(Weber et al., 1984; Lemmon et al., 1997). The EGF-EGFR complex then 

forms a dimer and this is followed by phosphorylation of the TK domain. 

Phosphorylation of tyrosine is the key event in a cascade of signal 

transduction. The phosphorylation converts the TK domain into an SH2- 

binding site (Src homology), which is capable of binding to and 

activating a protein that contains a corresponding SH2 domain. This 

activation of the SH2-binding protein leads to a series of kinase 

phosphorylations, which eventually phosphorylate transcription factors 

that trigger cell growth or differentiation. In addition to ligand binding, 

there is evidence that EGFR can be activated via an autocrine pathway 

(El-Obeid et al., 1997).

3. The role o f the EGFR in astrocytic tumours

The EGFR family comprises the tyrosine kinases most frequently 

implicated in human cancer. Amplification and rearrangement of the 

EGFR gene has been identified in a variety of human cancers (Zhang et 

al., 1989; Shin et al., 1991; Moscatello et al., 1995). Co-expression of
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EGFR and its TGF-a ligand producing an autocrine stimulatory loop is 

common in many types of tumour. Amplification of the EGFR gene 

occurs in approximately 10% of anaplastic astrocytoma and between 40% 

and 50% of glioblastoma and in more than half of such cases the gene is 

also rearranged (Libermann et al., 1985; Wong et al., 1987; Sugawa et al., 

1990; Ekstrand et al., 1991; von Deimling et al., 1992b). Amplification of 

the EGFR gene is usually accompanied by expression of both the mRNA 

and the protein (Wong et al., 1987). In some cases, however, expression 

can occur without the evidence of gene amplification and vice versa 

(Ekstrand et al., 1991; Fleming et al., 1992). Rearrangement of the EGFR 

gene is the result of either chromosomal deletion or translocation and 

results in the expression of a truncated receptor. There are three types of 

deletion involving the extracellular domain of EGFR which have been 

identified in human glioblastoma (Wong et al., 1992). In the first type, 

three out of four extracellular subdomains of the EGFR are truncated, 

resulting in loss of capacity to bind EGF. Truncation of this type is the 

result of deletion of the EGFR gene at the 5’ end of exon 14 and this 

creates a molecule similar to the v-erbBl protein (Haley and Waterfield, 

1991; Wong et al., 1992). The second type of deletion is an in-frame 

deletion of exons 14 and 15 which encode amino acids 520 to 603 of 

domain IV of the extracellular portion. This mutant maintains the ability 

to bind EGF and the tyrosine kinase activity is increased (Humphrey et 

al., 1991). The third type of deletion is the most common EGFR 

alteration in glioblastoma and is characterized by in-ffame deletion of 

exons 2 through 7 which encode for amino acids 6 to 273 of the 

extracellular domain (Moscatello et al., 1995). This mutant creates a 140 

kDa receptor protein which can complex with adapter proteins such as 

Grb2 and She (Humphrey et al., 1990; Montgomery et al., 1995; Chu et 

al., 1997). Although this mutant cannot bind EGF, the 

autophosphorylation of tyrosine kinase remains active producing 

mitogenic signalling but at a lower level than normal EGFR. In addition, 

the signal fi*om autophosphorylation of the mutant EGFR is insufficient 

to produce internalization and down-regulation which is critically
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important in normal growth regulation (Chu et al., 1997; Huang et al., 

1997).

Although in-frame deletion of the N-terminus is the most common 

mutation of the EGFR, alterations of the C-terminal region also occur. 

These include truncation, point mutations and internal mutations within 

the tyrosine kinase domain (Velu et al., 1989; Helin et al., 1991; Sorkin et 

al., 1992). Deletion of the C-terminal region leads to increased 

transforming ability presumably via prolongation of cell-surface receptor 

half-life (Wells et al., 1990). Another type of mutation in the C-terminal 

region identified in the A-172 human glioma cell line is characterized by 

an in-frame tandem repeat of both tyrosine and calcium internalization 

domains (TK/CAIN), which are encoded by exons 18 to 26. This type of 

mutation may be the result of the recombination of introns 17 and 26 

(Fenstermaker et al., 1998).

Amplification of the EGFR gene usually results in the expression of the 

receptor, which can be detected by immunohistochemistry. Expression of 

EGFR has been demonstrated in about 60% of de novo glioblastoma and 

in about 10% of secondary glioblastoma (Watanabe et al., 1997b). About 

60% of glioblastoma that contain EGFR amplification exhibit an in frame 

deletion of exons 2 to 7, which is the coding sequence for the 

extracellular domain of the EGFR, and/or an in frame deletion of the 

coding sequence for the intracellular domain of the EGFR (Sugawa et al., 

1990; Ekstrand et al., 1992; Wong et al., 1992). The 5’ alteration is more 

common and has been found in 50% of tumours with amplification of the 

EGFR gene while the deletion of the 3’ region has been found in only 

25% (Ekstrand et al., 1992). Although cells which exhibit the in frame 

alteration at the 5’ region of the EGFR gene do not show any growth 

advantage in vitro, they grow faster than normal cells in vivo, suggesting 

the enhanced tumorigenic activity of the aberrant EGFR gene (Nishikawa 

et al., 1994). It has been demonstrated that about 70% of glioblastoma 

had loss of chromosome 10, while about 40% had amplification of the 

EGFR. All tumours which exhibit amplification of the EGFR also show
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loss of genetic material on chromosome 10 (von Deimling et al., 1992b), 

suggesting that this may be the late event after loss of tumour suppressor 

gene or genes on chromosome 10.

in. Loss of genetic material on chromosome 10

Loss of genetic material involving all or part of chromosome 10 has been 

found in about 20% of anaplastic astrocytoma and between 60-95% of 

glioblastoma (Fults et al., 1992a; von-Deimling et al. 1992b). 

Chromosome 10 harbours several tumour suppressor genes including the 

PTEN (also called MMACl) gene at 10q23.3 (Li et al., 1997; Steck et al., 

1997), the MXIl gene at 10q25 (Albarosa et al., 1995) and DMBTl at 

10q26 (Mollenhauer et al., 1997). Although LOH on chromosome lOq 

has been detected in more than 70% of glioblastoma, mutations of PTEN 

have been detected in only about 14% to 30% of tumours and mutations 

of MXIl are rarer still (Wang et al., 1997; Duerr et al., 1998; Fults et al., 

1998; Sano et al., 1999). Loss of genetic material not only occurs on the 

long arm of chromosome 10 but also on the short arm. LOH at 1 Op 14-15 

has been found in about 25% of gliomas (Kon et al., 1998). These 

findings suggest that losses on chromosome 10 play a role in the 

development of glioblastoma preceding the mutation of PTEN or that 

other unidentified genes are involved.

IV. Loss of chromosome l ip

LOH on chromosome lip  has been found in about a quarter of mahgnant 

astrocytoma and the most common region of deletion is between p i5.4- 

pter (Fults et al., 1992b). However, one gene which is located proximal to 

llpl5.4 at llpl5.1 is the RIG gene (regulated in glioma) (Ligon et al., 

1997). RIG mRNA is expressed at a high level in normal brain but 

expressed at a significantly lower level in glioblastoma cells, about 30% of 

which showed a complete lack of expression. Alterations of the RIG gene 

have been detected in about 25% of glioma cell lines (Ligon et al., 1997).
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However, the biological and clinical significance of this gene remains 

unclear.

V. Overexpression and amplification of mdm2 (murine double 

minute 2), CDK4, and SAS (sarcoma amplified sequence) genes

The mdm2, CDK4, and SAS genes lie on the long arm of chromosome 12 

at ql3-14 (Oliner et al., 1992; Reifenberger et al., 1994). The mdm2 gene 

contains a p53 binding site and its transcription is induced by wild-type 

p53 protein (Barak et al., 1993; Juven et al., 1993). However, mdm2 

protein can also act as a negative regulator of p53 by forming a complex 

with and accelerating the degradation of wild-type p53 protein (Haupt et 

al., 1997, Kubbutat et al., 1997). Over-expression or amplification of the 

mdm2 gene reduces the quantity and ability of wild-type p53 to regulate 

the cell cycle by enhancing transportation of the p53 protein from the 

nucleus to the cytoplasm (Roth et al., 1998), and in some tumours this can 

provide an alternative pathway to escape p53 regulation. This hypothesis is 

supported by two lines of evidence. Firstly, amplification of the mdm2 

gene is found only in tumours which express wild-type p53 (He et al.,

1994) and secondly over-expression of mdm2 in cultured neonatal rat 

astrocytes containing wild-type p53 induces DNA synthesis and 

subsequently transformation (Kondo et al., 1996a). Furthermore, there is 

evidence that mdm2 can also bind to the carboxyl terminal of the 

retinoblastoma protein (pRb) and inhibit its function, which may be 

another alternative pathway of escaping growth suppression (Xiao et al.,

1995).

Amplification of the mdm2 gene has been found in about 10% of both 

anaplastic astrocytoma and glioblastoma (Reifenberger et al., 1993), 

although over-expression of the mdm2 protein has been detected in a 

higher proportion, particularly in primary glioblastoma. Over-expression of 

the mdm2 protein has been found in about 50% of primary glioblastoma 

but in only 10% of secondary glioblastoma (Biemat et al., 1997a). A 

recent study has identified the presence of a splice variant of mdm2 in
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about 70% of glioblastoma without any correlation with the p53 gene 

status, suggesting a role of mdm2 in the development of malignant 

astrocytic tumours independent of the p53 regulatory pathway (Matsumoto 

et al., 1998). Moreover, the mdm2 gene may also play a role in the 

resistance of glioblastoma to chemotherapeutic agents as it can induce the 

expression of the multidrug resistance gene (mdrl) which codes for P- 

glycoprotein (Kondo et al., 1996b). However, attempts to determine a 

correlation between mdm2 expression and prognosis are still inconclusive 

(Korkolopoulou et al., 1997; Rainov et al., 1997; Newcomb et al., 1998; 

Olson et al., 1998).

The CDK4 and SAS genes are co-amplifîed at similar levels in about 

15% of anaplastic astrocytoma and glioblastoma (Reifenberger et al., 

1994; Bums et al., 1998). Although the CDK4 and SAS genes map 

closely to the mdm2 gene and the three genes are usually co-amplifîed, 

CDK4/SAS and mdm2 are also independent targets of amplification 

(Reifenberger et al., 1996). CDK4 belongs to the cyclin dependent kinase 

family and plays a cmcial role in cell cycle control by promoting cell 

division. It can form complexes with several members of the cyclin D 

family, PCNA, pRb, and p21 protein and such complexes have a catalytic 

activity which is negatively regulated by pl6 (Serrano et al., 1993).

The SAS gene encodes a protein of the transmembrane 4 superfamily 

(TM4SF). This protein may have a role in signal transduction and growth 

control, although its exact function is still unknown (Jankowski et al.,

1994).

IV. The retinoblastoma gene (Rb)

The retinoblastoma gene (Rb) is located on the long arm of chromosome 

13 at 13ql4 (Friend et al., 1986). The retinoblastoma protein (pRb) acts 

as a growth suppressor in cell cycle regulation. The pRb is active in a 

hypophosphorylated form during the quiescent stage of the cell cycle and 

becomes inactive when phosphorylated in mid-Gi phase. Levels of the
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phosphorylated form peak during S phase and revert to the 

hypophosphorylated form by the beginning of the next Gi phase (Juan et 

al., 1998). The hypophosphorylated form of pRb can bind to many 

proteins which are involved in cell cycle control, in particular E2F 

proteins which are S-phase promoting transcription factors. The E2F 

proteins bind to specific sequences in the promotors of many genes that 

are important for cell proliferation. CDK/cyclin complexes phosphorylate 

pRb and inhibit its ability to bind to the E2F and induce cells to enter S 

phase. Apart from phosphorylation, loss of function of pRb can occur by 

deletion or mutation of the Rb gene, or binding to the mdm2 protein 

(Xiao et al., 1995). LOH on 13q has been found in 20% of anaplastic 

astrocytoma and in about 30% of glioblastoma but not in low grade 

astrocytoma. In addition, Rb mutations have been detected in about 20% 

of glioblastoma which had LOH 13q (Henson et al., 1994; Ueki et al., 

1996; Bums et al., 1998).

VII. Homozygous deletion of CDKN2B and CDKN2A genes 

(pl5/pl6)

The pl5 and p i6 proteins are encoded by the CDKN2B and CDKN2A 

genes respectively, and both genes are located on the short arm of 

chromosome 9 at 9p21. The CDKN2B gene is located proximal to the 

CDKN2A gene (Jen et al., 1994; Kamb et al., 1994; Nobori et al., 1994). 

The p is and p i6 proteins are cychn-dependent kinase inhibitors and are 

important components of a cell cycle regulatory pathway involving cyclin 

Dl, CDK4 and pRb. The CDK4/cyclin D complex phosphorylates pRb 

during Gi inhibiting its growth suppression activity. pl5 and p i6 inhibit 

the kinase activity of the CDK4/cyclin D complexes by binding to CDK4 

and preventing its association with the catalytic subunit of cyclin D. 

Over-expression of the p i6 protein has been detected in about 20% of 

ghoblastoma, which contain either CDK4 amplification or LOH of Rb 

(Bums et al., 1998). Loss of function of the pl5 and pl6 proteins causes 

unrestrained CDK4/cyclin D induced phosphorylation of pRb allowing 

cells in Gi to enter S phase (Cordon-Cardo, 1995).
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Intragenic mutations of CDKN2A and CDKN2B are rare events in 

glioblastoma (Jen et al., 1994; Tenan et al., 1995). The common 

mechanism of inactivation of these genes is through the deletion of both 

alleles. Homozygous deletion of the CDKN2A gene has been found in 

about 25% of anaplastic astrocytoma and 40% to 70% of glioblastoma 

(Ono et al., 1996; Bums et al., 1998). Homozygous deletion of the 

CDKN2B gene has been found in a similar proportion in glioblastoma (Jen 

et al., 1994; Tenan et al., 1995). Such deletions are more common in de 

novo glioblastoma than in secondary tumours. Deletions of the CDKN2A 

and CDKN2B are rarely seen in low grade astrocytoma (Jen et al., 1994; 

Walker et al., 1995; Biemat et al., 1997b; Louis, 1997; Bums et al., 1998).

VIII. Loss of heterozygosity on chromosome 19q

LOH involving 19q has been found in about 40% of anaplastic 

astrocytoma and about 20% of glioblastoma but in only about 10% of low 

grade astrocytoma (von-Deimling et al., 1992c; 1994). The common area 

of deletion on 19 is ql3.3, which is Ukely to contain a tumour suppressor 

gene at a location between D19S219 and D19S112 (Yong et al., 1995) or 

between D19S412 and D19S596 (Smith et al., 1999). However, the 

identity of this tumour suppressor is unknown.

IX. Loss of genetic material on chromosome 22q

Loss of heterozygosity on chromosome 22q has been identified in about 

15% to 30% of all grades of astrocytic tumour (Thiel, et al., 1992; Bello 

et al., 1994; Hoang-Xuan et al., 1995). The region most commonly lost in 

astrocytic tumours is located between 22ql2.3 -  13.1 (Muhammad et al., 

1997; Ino et al., 1999; Oskam et al., 2000). One of the genes which lies in 

this region is the neurofibromatosis 2 gene (NF2). However, mutations of 

the NF2 gene have never been found in astrocytoma (Hoang-Xuan et al.,

1995). Other common regions of chromosome loss on the long arm of 

chromosome 22 are at 22ql3.2 and 22ql3.3 which have been detected in 

about 15% of low grade astrocytoma, 20% -  30% of anaplastic
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astrocytoma and 35% of glioblastoma (Ino et al., 1999; Oskam et al., 

2000). These regions may play a role in the progression of astrocytic 

tumours.

X. Expression of platelet-derived growth factor (PDGF) and its 

receptors (PDGFR)

PDGF is a 30 kD protein consisting of dimers of A- and B-chains linked 

by disulphide links forming three isoforms; PDGF-AA, -BB and -AB. 

The gene encoding for the A-chain is located on chromosome 7p22 

(Bonthron et al., 1988; Stenman et al., 1992a) and the gene for the B- 

chain resides on chromosome 22ql2.3-13.1 (Dalla-Favera et al., 1982; 

Bartram et al., 1984; Abe et al., 1989). PDGF binds to two types of 

receptors, a  and P , both of which are protein-tyrosine kinase growth 

factor receptors (Matsui et al., 1989). The gene encoding for the|a- 

receptor lies on chromosome 4qll-12, while the gene forp -receptor is 

located on chromosome 5q33-35. Th^ a-receptor binds to all three 

isoforms of PDGF, whereas thep -receptor binds only the PDGF-BB 

dimer (Hart et al., 1988; Heldin et al., 1989).

Studies using glioblastoma cell lines which co-express PDGF B-chain 

mRNA and PDGF a-receptor have confirmed the role of PDGF in the 

growth of tumour cells. Hamsters which were implanted with cells 

expressing receptor binding-deficient forms of the PDGF A-chain 

survived significantly longer than others which were implanted with 

wild-type A-chain or mutant B-chain expressing cells (Kaetzel et al., 

1998).

Both a- and p-PDGFR are not detectable in normal brain tissue or in 

normal blood vessels but a-PDGFR mRNA has been found in glioma 

cells and p-PDGFR mRNA has been observed at a high level in vessels 

of both low grade and high grade gliomas, particularly in the endothelium 

of proliferating vessels in glioblastoma (Hermanson et al., 1992; Plate et
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al., 1992). Although the a- and p-receptors are either undetectable or 

detected at a low level in low grade astrocytoma, the expression levels 

increase in glioblastoma (Hermansson et al., 1992). Over-expression of 

a-PDGFR and p-PDGFR has been found in about a quarter of 

glioblastoma. However, the over-expression of either receptor does not 

correlate with the amplification or rearrangement of the genes (Fleming 

et al., 1992). The amplification of the a-receptor gene has been detected 

in about 8% of glioblastoma whilst amplification of the P-receptor gene is 

a rare event (Fleming et al., 1992). The clinical significance of PDGF 

receptor amplification is unclear.

Molecular genetics of primary and secondary glioblastoma

It has been demonstrated that de novo glioblastoma arises through a 

different genetic pathway to glioblastoma which has progressed from pre

existing low grade tumours. Genetic alterations in these so-called primary 

and secondary pathways tend to be mutually exclusive. Mutations of the 

p53 gene, loss of heterozygosity of chromosome 17p and 10, amplification 

of EGFR and mdm2, and abnormahties of the CDKN2A/CDK4/Rb 

pathway have been analysed in primary and secondary glioblastomas (von- 

Deimling et al., 1995; Watanabe et al., 1996). EGFR amplification has 

been identified in about 60% of primary ghoblastoma but only in 10% of 

secondary glioblastoma. In contrast, p53 mutations have been found in 

only 10% in primary glioblastoma but in about 70% of secondary 

ghoblastoma (Reifenberger et al., 1996; Watanabe et al., 1996). 

Furthermore, LOH of 17p has been detected mostly in secondary 

ghoblastoma. Loss of 10 has been identified in both primary and 

secondary glioblastomas. However, there is evidence showing that pattern 

of loss on chromosome 10 in primary ghoblastoma is different to that in 

secondary ghoblastoma. Large deletions and the loss of the entire 

chromosome 10 are common in primary ghoblastoma, whereas partial 

deletions on chromosome 10 are more common in the secondary form 

(Kleihues and Ohgaki, 1999). In addition, mutations of PTEN occur
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almost exclusively in primary tumours (Tohma et al. 1998). Further 

differences between the two groups are related to alterations of the mdm2 

gene. Amplification of the mdm2 gene has only been detected in primary 

ghoblastoma. In addition, over-expression of the mdm2 protein has been 

found in about 50% of primary glioblastoma but only in about 10% of 

secondary glioblastoma (Biemat et al., 1997a). Although the frequency of 

CDK4 and Rb gene alterations are similar in primary and secondary 

ghoblastoma, deletions of CDKN2A have been observed predominantly in 

de novo tumours (Biemat et al. 1997).

In summary, the development of primary ghoblastoma is predominantly 

associated with amplification of the EGFR gene, while development of 

secondary ghoblastoma is associated with mutations of the p53 gene. 

However, there may be further subgroups of ghoblastoma that will be 

identified in the future.

Proliferative markers in astrocytic tumours

A knowledge of the prognosis of tumours is important for selecting and 

evaluating the effectiveness of treatment and for determining the 

appropriate interval for follow-up after treatment. Since astrocytic tumours 

grow within the limited volume of the skull, morbidity and mortality of 

patients are usually the result of increased intracranial pressure created by 

tumour enlargement and surrounding brain oedema and so an accurate 

indicator of tumour growth rate or proliferative rate is likely to be of 

clinical importance.

It might be expected that the mitotic index could be used to estimate 

prohferative capacity of a tumour. However, most tumours contain so few 

mitoses or the size of the specimens is so small that it is difficult to 

determine an accurate mitotic index. Using antibodies to detect other 

marker molecules associated with proliferation, such as 

bromodeoxyuridine (BUdR) which is incorporated into DNA during S-
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phase, proliferating-cell nuclear antigen (PCNA) or Ki-67, should provide 

a more accurate insight into the proliferative potential of tumours.

I. Bromodeoxyuridine

The detection of cell proliferation can be done by using radio-labelled 

thymidine incorporation into DNA which is subsequently detected by 

autoradiography or scintillation counting (Couldwell et al., 1995). 

However, autoradiography is time consuming and scintillation counting 

cannot provide in situ information about the distribution of proliferating 

cells. Using radioisotopes to detect proliferating cells is also not without 

hazard to the patients.

Immunohistochemical techniques to detect bromodeoxyuridine (BUdR), 

a non-radioactive alternative to radio-labelled thymidine, have been 

developed (Gratzner, 1982). BUdR is a halopyrimidine analogue of 

thymidine which is incorporated into DNA in the place of thymidine 

during the S-phase. Monoclonal antibodies against BUdR have been 

produced (Gratzner, 1982) and used to detect the presence of 

incorporated BUdR in tissue following pre-operative administration to 

patients with brain tumours. The antibody can be applied to both frozen 

and formalin-fixed, paraffin embedded tissue sections. However, 

enzymatic digestion is needed when the antibody is applied on formalin- 

fixed tissue sections (Hayashi et al., 1988). The BUdR labelling index, or 

S-phase fraction, has been used to evaluate the proliferative potential of 

various types of tumour and has been found to correlate well with results 

from other proliferative markers such as PCNA and Ki-67 (Morimura et 

al., 1991; Sasaki et al., 1992; Onda et al., 1996).

This methodology suffers from a number of disadvantages. It requires 

BUdR to be administered intravenously to patients before surgery, and the 

drug has been shown to be potentially mutagenic at high doses (Franz and 

Kleinehrecht, 1982; Landolph and Jones, 1982; Hoshino et al., 1986).
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BUdR labelling obviously cannot be applied to archival material, although 

it is possible to use an ex vivo labelling procedure with fresh tumour 

biopsies (Nishizaki et al., 1988).

II. Proliferating cell nuclear antigen (PCNA)

PCNA is an acidic nuclear protein with a molecular weight of about 35 

Kda and is thought to be identical to cyclin, a non-histone protein, which 

plays a role in DNA synthesis (Miyachi et al., 1978; Mathews et al., 

1984). This protein is an auxiliary protein to DNA polymerase ô and is 

preferentially synthesised in late G% and S-phase of the cell cycle (Prelich 

et al., 1987; Galand and Degraef, 1989). The antibody to PCNA was first 

identified as an autoantibody in the sera of patients with systemic lupus 

erythematosus (SLE). It reacts with nuclear antigens present in 

proliferating cells (Miyachi et al., 1978). PCNA can be detected between 

late Gi and G: phase of the cell cycle and its expression peaks during S 

phase (Bravo and Macdonal-Bravo, 1985; Morris and Mathews, 1989). 

There are several antibodies against PCNA which can be used to detect 

proliferating cells in tissue sections. One such antibody is PC 10 a 

monoclonal antibody which can be applied to formalin-fixed, paraffin 

embedded tissue sections (Hall et al., 1990; Waseem and Lane, 1990).

There is a clear relationship between PCNA labelling index and tumour 

grade. Louis et al., (1991) showed that PCNA labelling index increases 

with tumour grade. In low-grade astrocytic tumours, PCNA Lie’s were 

typically less than 1%, between 1 and 1.5% in anaplastic astrocytoma and 

between 6 and 15% in glioblastoma. Similar results were observed by 

Revesz et al. (1993b) although the PCNA-LIs in this series where 

generally higher than in the previous series. There was also marked 

heterogeneity in PCNA-LI between individual tumours of the same grade 

and this was particularly marked in glioblastoma where a subset of 

tumours had very high Lis as high as 73%. This suggests that there may 

be subsets of glioblastoma with high labelling indices that have 

correspondingly poorer prognosis. Further evidence to support this has
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been presented by Haapasalo and colleagues (1993) who examined the 

relationship between survival and PCNA-LI in patients with astrocytoma. 

They were able to identify two groups of patients with glioblastoma, one 

with low PCNA-LIs of which 56% were alive a year postoperatively and 

a second group, with higher PCNA-LIs of whom only 17% were alive at 

one year.

in . Ki-67

A monoclonal antibody to Ki-67 was first isolated by Gerdes and 

colleagues (1983) who observed that it bound to proliferating cells within 

the germinal centres of a lymph node obtained from a patient with 

Hodgkin’s lymphoma. They also found that the antibody also reacted 

with proliferating cells in various normal human tissues including tonsil, 

thymus, stomach, small intestine and colon. The antibody was found to 

react specifically with a nuclear protein present in G%, S, G: and M 

phases of the cell cycle but not in non-proliferating (Go) cells (Gerdes et 

al., 1984). It is clear that with astrocytoma, the Ki-67 LI increases with 

increasing grade of malignancy (Kara et al., 1990; Coons and Johnson,

1993).

However, the first generation of antibody to Ki-67 works only in frozen 

tissue sections which limits its application to archival material (Cattoretti 

et al., 1992). MIB-1 is a monoclonal antibody that detects the Ki-67 

epitope in formalin-fixed tissue sections (Cattoretti et al., 1992). In 

contrast to PCNA, the fixation method and time does not appear to effect 

the Ki-67 LI (He et al., 1994; Hendricks and Wilkinson, 1994). However, 

it does require an antigen retrieval technique using microwaving for 

optimal staining (Shi et al., 1991, Cattoretti et al., 1992).

There have been a number of studies using both fresh-frozen material from 

astrocytic tumours stained with Ki-67 or paraffin wax material stained with 

MIB-1 which have attempted to demonstrate a relationship between LI and
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survival. Whilst it has not been possible to find an association between Ki- 

67 LI and survival time in low-grade astrocytoma (Hilton et al., 1998) or 

ghoblastoma (Pigott et al., 1991; Hsu, et al., 1997). However, using the 

MIB-1 antibody it has been possible to show that there is a relationship 

between higher LI and survival in patients with either low grade 

astrocytoma or ghoblastoma (Montine et al., 1994; Ellison et al., 1995; 

Enestrom et al., 1998; McKeever et al., 1998).

Prognosis of astrocytic tumours 

Age and pre-operative clinical status

It is well established that younger patients (less than 45 years old) and 

those with good pre-operative performance status have a more favourable 

outcome than older patients or those with poor performance status 

(Fischbach et al., 1991; Chandler et al., 1993; Phuphanich et al., 1993; 

Jeremic et al., 1995).

On CT scan, astrocytomas that show contrast enhancement have a poorer 

prognosis than those without (Smith et al. 1991; McCormack et al., 1992; 

Kreth et al., 1995; Schuurman et al., 1997; Lote et al., 1998). Such 

tumours may have a higher vascular content, which has been found to 

correlate with a tendency for malignant progression (Abdulrauf et al., 

1998). Furthermore, the density of microvessels in astrocytic tumours has 

been shown to correlate with prognosis with tumours containing more 

microvessels per unit area having a poorer prognosis (Leon et al., 1996). 

In addition, it has been shown that astrocytomas which produce mass 

effect on CT scan have a worse prognosis than tumours which do not 

(Shibamoto et al., 1993).

Histology

Low grade astrocytoma has the best prognosis while glioblastoma has the 

worst prognosis with less than 10% of glioblastoma patients survive more 

than 2 years (Burger et al., 1985; Davis et al., 1998) and even with the
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most intensive treatment protocols, the median survival is still only 

around 12 months (Shapiro et al., 1989; Simpson et al., 1993).

On histological examination, the presence of a significant gemistocytic 

component in low grade astrocytoma has been found to correlate with a 

tendency for progression and shortened survival time (Krouwer et al., 

1991; Watanabe et al., 1997a; Peraud et al., 1998). However, other 

studies have suggested that the proportion of gemistocytic cells does not 

influence survival (Westergaard et al., 1993). In glioblastoma, although 

there is no significant difference in survival between primary and 

secondary glioblastoma (Dropcho and Soong, 1996), some histological 

variants like giant cell glioblastoma do have a slightly better prognosis 

(Palma et al., 1989; Kleihues and Cavenee, 1997).

Molecular genetics

There is some evidence that grade 2 astrocytoma with mutations in the 

p53 gene progress more frequently and the time to progression is also 

shorter (Hayashi et al., 1991; Fults et al., 1992a; Rasheed et al., 1994; 

Watanabe et al., 1997b). Mutations of the p53 gene are usually followed 

by accumulation of p53 protein. There are several studies suggest that the 

expression of p53 protein correlates with a poor prognosis (Jaros et al., 

1992; Soini et al., 1994), although other studies have not been able to 

reproduce these findings (Chozick et al., 1994; al Sarraj et al., 1995; 

Ellison et al., 1995; Hilton et al., 1998).

Expression or amplification of the EGFR gene in anaplastic astrocytoma 

or glioblastoma has also been found to be associated with a poor 

prognosis (Hurtt et al., 1992; Jaros et al., 1992; Diedrich et al., 1995; Zhu 

et al., 1996; Korshunov et al., 1999). However, this finding has not been 

confirmed in other studies (Bigner et al., 1988; Bouvier-Labit et al., 

1998).
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Proliferative potential

There is a strong relationship between proliferative potential, determined 

by a number of proliferative markers, and prognosis of astrocytic 

tumours. A low Ki-67 labelling index, low bromodeoxyuridine (BUdR) 

labelling index or low proliferating cell nuclear antigen (PCNA) labelling 

index is associated with a longer recurrence free period and survival time 

in both low grade and malignant astrocytomas (Fujimaki et al, 1991; 

Korkolopoulou et al., 1994; Sallinen et al., 1994; Vigliani et al., 1994; 

Ellison et al., 1995; Korshunov et al., 1999; Scott et al., 1999).

Several studies have shown that the BUdR labelling index correlates with 

prognosis of some types of brain tumour (Gratzner, 1982; Vanderlaan, 

1986; Hoshino et al., 1989). It has been shown to correlate with relapse 

free interval and survival time in patients with low grade astrocytoma and 

ependymoma (Hoshino et al., 1989; 1993; Asai et al., 1992; Ito et al.,

1994). However, it did not correlate with relapse free interval and 

survival time in patients with glioblastoma (Ritter et al., 1994; Barker et 

al., 1996).

It has been reported that the Ki-67 LI demonstrated using MIB-1 

antibody correlates with survival time and relapse free interval and can be 

used as a prognostic indicator in both low grade and malignant 

astrocytoma (Montine et al., 1994; Ellison et al., 1995; Enestrom et al., 

1998; McKeever et al., 1998). This is important, particularly for low 

grade astrocytoma in which very few mitotic cells are visible as a guide 

to the possibility of early tumour recurrence. Several studies have not 

been able to find an association between Ki-67 LI and survival time in 

low grade astrocytoma (Hilton et al., 1998) or glioblastoma (Pigott et al., 

1991; Hsu, et al., 1997). However, this may be the result of heterogeneity 

of tissue within glioblastoma (Darling, 1991).
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Aims of the present study

The molecular mechanisms that underlie the processes involved in 

astrocytoma recurrence and progression are unclear. In adults, low-grade 

astrocytoma may appear relatively indolent on pathological examination 

at the time of diagnosis, but in a very high proportion of cases these 

tumours will recur at a higher grade of malignancy although this may not 

occur for many years. However, there is wide variability in the length of 

time between diagnosis and recurrence and there is no test 

(neuropathological or neuroradiological) which can be applied at the time 

of diagnosis which could identify patients who are at risk of early 

recurrence.

Similarly in patients with high-grade astrocytoma, the time between 

diagnosis and recurrence is also variable with some patients succumbing 

to their tumour within a few weeks of diagnosis whilst others survive 

several years. At a neuropathological level these tumours are essentially 

indistinguishable.

Although a considerable amount of work has been carried out comparing 

groups of low grade tumours taken at diagnosis and at recurrence in 

different individuals, there is a shortage of data derived from paired 

samples taken from the same patients who have been followed for long 

periods of time. There has also been only a very small amount of research 

. conducted on paired samples taken from patients with high grade 

tumours comparing the molecular features of these tumours with those 

seen subsequently at recurrence. This is surprising bearing in mind that 

local recurrence is the cause of death of the vast majority of patients with 

high-grade astrocytoma. Molecular genetic information from paired 

samples is likely to be of importance in two major ways. It could provide 

information about markers which are prognostic and so useful for 

predicting the likelihood of early recurrence and death, and a clearer 

understanding of the molecular basis of astrocytoma recurrence may 

identify new targets which can be exploited therapeutically in the future.
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This study utilises a unique group of patients. In all cases, paraffin wax 

embedded material was available from patients at the time of original 

diagnosis and again in the same patient at the time of recurrence. This 

panel of paired samples represents, to our knowledge, the largest group of 

paired samples taken from the same individuals with astrocytoma that have 

been subjected to intensive investigation of a number of molecular genetic 

and neuropathological features. Five groups of patients were identified:

Group 1

29 patients with paired samples who presented with grade 2 astrocytoma 

and subsequently with a recurrent tumour at grade 3

Group 2

16 patients with paired samples who presented with grade 2 astrocytoma 

and subsequently with a recurrent tumour at grade 4

Group 3

7 patients with paired samples who presented with grade 3 astrocytoma 

and subsequently with a recurrent tumour, but with the same grade

Group 4

20 patients with paired samples who presented with grade 3 astrocytoma 

and subsequently with a recurrent tumour at grade 4

Group 5

23 patients with paired samples that presented with grade 4 astrocytoma 

and subsequently with a recurrent tumour at the same grade.

Group 6

37 patients that presented with grade 4 astrocytoma who had only a single 

biopsy.
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Additionally, patients in Groups and 5 and 6 were also used to investigate 

the relationship between molecular genetic and neuropathological 

features and long term survival.

This panel of paired tumour samples will be examined for the following 

features which have been implicated in the process of astrocytoma 

progression:

• For mutations within the p53 gene

• Nuclear accumulation of p53 protein

• Overexpression of the epidermal growth factor receptor (EGFR)

• Proliferative capacity as evidenced by the Ki-67 labelling index

• Presence of gemistocytic astrocytes

The aim of this study is to investigate whether features identified at the 

time of diagnosis can be indicative of early recurrence or can predict the 

grade of the recurrent tumour. The changes in these features during the 

process of tumour recurrence or progression will also be determined.

The specific research questions to be answered are:

I. Are large numbers of gemistocytes indicative of early tumour 

recurrence or of a more indolent clinical course?

II. Is a high proliferative rate as evidenced by Ki67 

immunopositivity indicative of early tumour recurrence?

III. Is the overexpression of EGFR associated with the likelihood of 

tumour recurrence?

IV. What is the spectrum of p53 mutations that are present in these 

five groups of tumour at diagnosis and at recurrence?

V . Does p53 protein nuclear accumulation as evidenced by 

immunocytochemical staining correlate with the presence of p53 

mutation?
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VI. Are particular p53 mutations at the time of diagnosis associated 

with the likelihood of rapid tumour recurrence?

VII. Is there a relationship between the presence of gemistocytes and 

the presence of any of the other genetic markers?
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CHAPTER 2
Materials and methods

1. Materials

1.1 Selection of tumour samples

Formalin fixed, paraffin embedded material was selected firom 95 patients 

(190 biopsies) with astrocytic gliomas from whom paired samples were 

taken at the time of diagnosis and again at recurrence. For comparison, a 

further series of 37 biopsy samples taken at diagnosis from unselected 

patients with grade 4 astrocytoma (glioblastoma) were included. These 

tumour samples were selected fi*om the files of :

- the Department of Neuropathology, Institute of Neurology,

University College London, National Hospital for Neurology and 

Neurosurgery, Queen Square, London;

- the Department of Morbid Anatomy, Royal London Hospital, 

Whitechapel, London;

- the Department of Histopathology, Southampton General Hospital, 

Southampton;

- the Department of Neurosurgery and Department of Pathology, The 

National Institute of Neurosurgery, Budapest, Hungary.

1.2 Classification of tumour samples

All tumour samples were reviewed and graded by a consultant 

neuropathologist (T. Revesz) using the Daumas-Duport grading system 

as an alternative to the WHO classification because it has been proved to 

correlate well with clinical outcome in astrocytic tumours (Kim et al., 

1991; Revesz et al., 1993a). Six groups of patients were established on 

the basis of tumour grade at diagnosis and recurrence:

- group 1 : grade 2 tumours which progressed to grade 3;

- group 2: grade 2 tumours which progressed to grade 4;

- group 3: grade 3 tumours which recurred without change in grade;
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- group 4: grade 3 tumours which progressed to grade 4;

- group 5: recurrent grade 4 tumours, and

- group 6: unselected grade 4 tumours with a single operation at

diagnosis.

The number of patients in each group is described in Table 2.1. Tissue 

sections were cut serially in each case. The first and the last sections were 

7 pim thick and were stained with haematoxylin and eosin and used to 

assess the extent of tumour tissue. In cases with adequate tumour material 

within the tissue block, ten 7 pm thick sections between the first and the 

last sections were used for immunohistochemistry and three 10 pm thick 

sections were used to extract DNA for p53 gene analysis.

Group Number of cases

1. Astrocytoma with progression to anaplastic astrocytoma 
(Grade 2 tumours diagnosed as grade 3 at recurrence)

29

2. Astrocytoma with progression to glioblastoma multiforme 
(Grade 2 tumours diagnosed as grade 4 at recurrence)

16

3. Recurrent anaplastic astrocytoma
(Grade 3 tumours which remained grade 3 at recurrence)

7

4. Anaplastic astrocytoma with progression to glioblastoma multiforme 
(Grade 3 tumours diagnosed as grade 4 at recurrence)

20

5. Recurrent glioblastoma multiforme 
(Recurrent grade 4 tumours)

23

6. Unselected glioblastoma taken at diagnosis 
(Grade 4 tumours with a single operation)

37

Total 132

Table 2.1: Number of cases in each group divided by grade at the first 
and second operations.

1.3 Definition of recurrence, progression, survival and time between 

operations

Recurrence of tumour was diagnosed when no additional malignant 

features, defined in the criteria of the Daumas-Duport grading system, 

were present in second biopsy sample compared to the first biopsy
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sample on histological examination. Progression of tumour was 

diagnosed when the second biopsy sample showed more malignant 

features defined in the criteria of the Daumas-Duport grading system. 

Survival time was defined as the interval from the date of the first 

surgical procedure until the date of death or the date of the last contact 

with the patient. The interval between first and second operations was 

used in all analyses as clinical information was not available in all cases 

to determine relapse free interval. The second operation was carried out 

when the patients had indication for surgery because of enhancement of 

signal or enlargement of tumour on CT or MRI scan.

1.4 Age and sex distribution of patients

Of the 132 patients, 79 were males and 53 females. The gender ratio for 

each group is shown in table 2.2. The median age of patients at the time 

of first operation is shown in Table 2.3.

Group Male Female Total

1. Astrocytoma with progression to anaplastic astrocytoma 
(Grade 2 tumours diagnosed as grade 3 at recurrence)

17 12 29

2. Astrocytoma with progression to glioblastoma multiforme 
(Grade 2 tumours diagnosed as grade 4 at recurrence)

10 6 16

3. Recurrent anaplastic astrocytoma
(Grade 3 tumours which remained grade 3 at recurrence)

4 3 7

4. Anaplastic astrocytoma with progression to glioblastoma 
multiforme
(Grade 3 tumours diagnosed as grade 4 at recurrence)

13 7 20

5. Recurrent glioblastoma multiforme 
(Recurrent grade 4 tumours)

15 8 23

6. Unselected glioblastoma taken at diagnosis 
(Grade 4 tumours with a single biopsy)

20 17 37

TOTAL 79 53 132

Table 2.2: Number of cases in each group divided by gender.
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Group

Median age at 
1** operation in 
years (range in 

years)
1. Astrocytoma with progression to anaplastic astrocytoma 36

(Grade 2 tumours diagnosed as grade 3 at recurrence) (22-49)

2. Astrocytoma with progression to glioblastoma multiforme 36
(Grade 2 tumours diagnosed as grade 4 at recurrence) (26-52)

3. Recurrent anaplastic astrocytoma 36
(Grade 3 tumours which remained grade 3 at recurrence) (30-40)

4. Anaplastic astrocytoma with progression to glioblastoma multiforme 33.5
(Grade 3 tumours diagnosed as grade 4 at recurrence) (19-60)

5. Recurrent glioblastoma multiforme 40
(Recurrent grade 4 tumours) (27-68)

6. Unselected glioblastoma taken at diagnosis 52
(Grade 4 tumours with a single biopsy) (20-71)

Table 2.3: Age distribution of patients.

1.5 Time interval between first and second operations

The average duration from the first operation to the second operation in 

groups 1 to 5 is shown in Table 2.4.

Group
Median duration between 

1'* and 2"** operation in 
months (range in months)

1. Astrocytoma with progression to anaplastic astrocytoma 
(Grade 2 tumours diagnosed as grade 3 at recurrence)

36.8
(7.4-115.1)

2. Astrocytoma with progression to glioblastoma multiforme 
(Grade 2 tumours diagnosed as grade 4 at recurrence)

26.9
(3.6-111.8)

3. Recurrent anaplastic astrocytoma
(Grade 3 tumours which remained grade 3 at recurrence)

27.2
(11.1-137.8)

4. Anaplastic astrocytoma with progression to glioblastoma 
multiforme
(Grade 3 tumours diagnosed as grade 4 at recurrence)

21.7
(9.1-43.3)

5. Recurrent glioblastoma multiforme 
(Recurrent grade 4 tumours)

14.5
(2.1-207)

Table 2.4: Time interval between first and second operation in each 
group.
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2. M ethods

Haematoxylin and eosin (H&E) stained tissue sections were used for 

histological grading of tumours and to determine the presence and 

proportion of gemistocytic cells by morphometry. Immunohistochemistry 

was used to determine p53 protein accumulation, Ki-67 labelling index 

(Ki-67 LI) and the expression of EGFR in each sample.

PCR-SSCP analysis was used to screen the tumour for mutations of the 

p53 gene. Samples showing abnormal migration of SSCP bands under 

electrophoresis were sequenced on a 373A DNA Sequencer (Perkin 

Elmer, Warrington, Cheshire, UK). The ABI Prism™ 373XL Collection 

software (Perkin Elmer, Warrington, Cheshire, UK) was used to 

determine the p53 gene sequence from each sample and these sequences 

were then analysed using Sequencher™ 3.0 software (Gene Codes 

Corporation, Ann Arbor, Michigan, USA).

2.1 Immunohistochemistry

2.1.1 p53 immunohistochemistry

The monoclonal antibody DO-7 (DAKO, Cambridgeshire, UK) which 

recognises the N-terminal region of both mutant and wild-type p53 

protein was used for detection of p53 protein accumulation in the tumour 

samples. This antibody was selected because it works well on formalin 

fixed, parafin embedded tissue and it was routinely used in the laboratory 

at the Institute of Neurology. Sections were dewaxed in xylene and 

placed in absolute alcohol and endogenous peroxidase activity was 

blocked by incubating the tissue sections in 2.5% (w/v) periodic acid 

(BDH, UK) for 5 minutes. Slides were washed for 10 minutes in running 

tap water and placed in tris-buffered saline solution (TBS) before the 

primary antibody was applied. Sections were incubated for 1 hour in DO- 

7 monoclonal primary antibody diluted 1:100 in TBS containing 0.05% 

Triton-X 100 to reduce non-specific background staining. The slides were
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washed three times for 5 minutes in TBS before being incubated for 1 

hour in biotinylated rabbit anti-mouse secondary antibody (DAKO, 

Cambridgeshire, UK) diluted 1:200 in TBS. All sections were then 

washed three times for 5 minutes in TBS before being incubated for a 

further 30 minutes in horseradish peroxidase avidin-conjugate avidin 

(DAKO, Cambridgeshire, UK) diluted 1:500 in TBS. The slides were 

washed three times for 5 minutes in TBS and further washed for 5 

minutes in phosphate buffer saline (PBS) before visualisation. For 

visualisation of the antigen-antibody complex, all sections were 

immersed in 0.05% diaminobenzidine tetrahydrochloride (DAB) (Sigma, 

Dorset, UK) diluted in PBS containing 0.01% hydrogen peroxide for 10 

minutes. The sections were then washed in running tap water for 10 

minutes before being counterstained with Mayer’s haematoxylin for 25 

seconds. The sections were then dehydrated through graded alcohol, 

cleared in xylene and mounted in Ralmount (BDH, UK). All reactions 

were carried out at room temperature.

2.1.2 Ki-67 (MIB-1) immunohistochemistry

For the detection of Ki-67, the MIB-1 monoclonal antibody 

(Immunotech, Marseille, France) was used. The immunohistochemical 

process carried out was similar to that used to detect p53 protein. One of 

the differences included antigen retrieval by microwaving. In this 

process, the slides were placed in 0.0IM sodium citrate buffer (pH 6.0) 

and microwaved at 650 watts for four cycles of 5 minutes (Ellison et al,

1995). The slides were then left in citrate buffer for 20 minutes, washed 

briefly in TBS and incubated in 2.5% periodic acid for 5 minutes. The 

slides were then washed in running tap water for 10 minutes and placed 

in TBS before the primary antibody was applied. Incubation with the 

MIB-1 monoclonal primary antibody was carried out using a dilution of 

1:75 in PBS containing 1% bovine serum albumin for 1 hour. Signal 

amplification and detection of the antigen-antibody complex were carried 

out using the same procedure as described for p53.
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2.1.3 EGFR immunohistochemistry

EGFR expression was detected using the NCL-EGFR monoclonal 

antibody (Novocastra, Newcastle upon Tyne, UK), which recognises the 

extracellular region of this molecule. Tissue sections were dewaxed in 

xylene which was removed by washing in absolute ethanol and the 

sections were then rehydrated in 95%, 70% ethanol and distilled water 

respectively. Sections were then boiled in 0.0 IM sodium citrate buffer 

(pH 6.0) in a stainless steel pressure cooker, with the lid locked. The 

pressure cooker was kept on the heat source until the pressure indication 

valve rose and the sections were incubated for a further 5 minutes with 

the heat still on. The pressure cooker was then removed from the heat 

source and placed under running cold water for a few minutes to cool. 

The slides were then removed and placed immediately in distilled water. 

The sections were transferred to TBS and the endogenous peroxidase 

activity blocked by incubation with 1.5% hydrogen peroxide in methanol 

for 10 minutes. The sections were then washed in distilled water for 5 

minutes followed by a wash in TBS for another 5 minutes. Non-specific 

binding of the antibody was blocked by immersing the sections for 1 hour 

in 5% skimmed milk made up in distilled water (Watanabe et al, 1996). 

After this step, the tissue sections were washed briefly in PBS and 

incubated with EGFR primary antibody diluted 1:200 in PBS for 1 hour 

at room temperature. The procedures for signal amplification and 

detection of the antigen-antibody complex were the same as those 

described for p53 and Ki-67.

2.1.4 Evaluation of p53, Ki-67 and EGFR immunohistochemistry 

I.) p53 labelling index

Positive p53 immunohistochemistry is characterised by dark brown 

staining of the nuclei. Cytoplasmic staining was disregarded. A labelling 

index (p53 LI) was calculated from areas of each section with the largest 

numbers of labelled nuclei. In these areas, depending on the size of the
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specimen, about 1000 tumour cells were counted and the labelling index 

was calculated as shown below:

Number of labelled nuclei ,p53LI = -------------------------------- xlOO
Total number of nuclei

There is a great deal of heterogeneity in the literature regarding the cut 

off points used to correlate p53 immunostaining and outcome in patients 

with astrocytoma. Division of patients into three groups is common. 

However, although there is agreements that tumours with <5% of nuclei 

positive for p52 should be classified as negative, the description of high 

and intermediate level groups is more controversial. Simmonds et al. 

(2001) use an upper cut off point of 30% and other groups as high as 50% 

(Newcomb et al., 1998). In this study, three divisions of <5%, 5-15% and 

>15% were used.

n.) Ki-67 labelling index

In order to assess the proliferative potential of the tumours, a Ki-67 

labelling index (Ki-67 LI) was calculated in the same way as the p53 LI. 

For cell counting, however, a newly described morphometric method 

described by van Diest and colleagues (1997) was used, which became 

available after most the p53 immunohistochemical studies had been 

carried out. This method includes random, systematic sampling and has 

been proved to be scientific and reproducible. In addition, 20 of the p53 

immunohistochemistry samples were randomly selected and re-counted 

using both techniques and there was no statistical difference in the results 

obtained from these two techniques (results not shown).

For evaluation of Ki-67 LI, the representative areas of the tumours were 

selected and marked with felt-tipped pen. If the population of positive 

cells was obviously distributed unevenly in the tumour sample, two 

representative areas with the highest and lowest densities were selected. 

The counting was carried out in both areas and the average labelling
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index was calculated from the total positive cells divided by the total 

number of tumour cells counted. Cell counting was carried out by using 

an unbiased morphometric method.

The first field for counting was determined by randomly choosing a 

starting area with a low magnification objective (x 1.25) and a network of 

100 squares of an ocular grid. The starting square was selected using a 

random number generated by the SPSS software. Counting was carried 

out under a x40 objective. The first field of counting was also randomly 

selected from the starting square under a high magnification objective 

(x40) by randomly choosing a number from 1 to 5. Once the first field of 

counting was determined, counting was carried out in a systematic 

fashion by selecting every 5* field until a total of 50 fields had been 

counted. In the process of counting, the slide was moved continuously 

from left to right until the right margin of the selected tumour area was 

reached. The examination field was then moved down and then the slide 

was moved from right to left until the left margin of the selected tumour 

area was reached. The movement of the slide in this fashion was repeated 

until sufficient numbers of fields had been counted. Once the field had 

been selected, cell counting was carried out using a ‘simple’ point 

method using an image analyser. For each field, a network of 100 points 

represented by two ends of 50 bars, was superimposed over each field 

and tumour cells with either positive or negative nuclei were counted 

only when a point hit their nucleus (Figure 2.1). This experiment was 

designed to count at least 200 tumour cell nuclei from 50 fields to 

achieve a result with a variation of coefficient of less than 5% (van Diest 

et al., 1997). In samples with low cellularity, in which the number of 

nuclei counted was less than 200 in 50 fields, counting was continued to 

reach at least 200 nuclei.
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Step 1 The starting square was randomly selected using an ocular grid.

Step 2 A network of 100 points represented by two ends of 50 bars, was 
superimposed over each square.

Step 3 Tumour cells were counted only when a point hit their nucleus. 

Figure 2.1. Simple point counting technique.

The arbitary cut off points chosen for this study were the same as those 

used in similar previous studies. Enestrom et al., (1998) examined a 

group of patients with paired samples and found that patients with Ki-67 

Lis above 10% had a significantly worse prognosis then those patients 

who had Ki-67 Lis below 10%. Other groups have used lower cut off 

points including >2% an <2% of cells labelled with Ki-67 and shown
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these to be of relevance in predicting outcome in patients with 

astrocytoma (Ellison et al., 1995).

III.) EGFR expression

EGFR expression was categorised on the basis of the intensity of 

membrane staining using a four-tier scoring system: 0, 1+, 2+ and 3+, in 

which 0 equated with no positive stained cells; 1+ when there was 

membranous staining in less than 25 percent of tumour cells; 2+ when 

there was staining in 25 to 50 percent of the tumour cells, and 3+ when 

staining was present in more than 50 percent of the tumour cells (Figure 

2.2-2.4).

1*

Figure 2.2 Photomicrograph of grade 2 astrocytoma illustrates EGFR 1+. 

(x400).

Figure 2.3 Photomicrograph of grade 2 astrocytoma illustrates EGFR 2+ 

(x400).
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Figure 2.4 Photomicrograph of grade 4 astrocytoma illustrates EGFR 3+ 

(x640).

2.2 Evaluation of the gemistocytic cell population in gliomas

The incidence of tumour cells with a gemistocytic phenotype was 

determined using sections stained with haematoxylin and eosin. Each 

case was scrutinised by a neuropathologist (Dr T Revesz) for the presence 

of gemistocytic cells. Gemistocytic cells are defined as cells which are 

round or slightly oval with a diameter of about 15 -4 0  pm and possess 

abundant, homogeneous, eosinophilic cytoplasm and small, round to 

oval, flattened or sickle-shaped eccentric nuclei (Kleihues et al., 1993). 

In cases with a gemistocytic component, the counting was carried out in 

the same fashion as the evaluation of Ki-67 LI. Only tumour cells and 

gemistocytic cells were counted. Cells in vascular structures, neurons or 

ghost cells in necrotic areas were not counted. If the distribution of 

gemistocytes was obviously non-homogenous in the tumour sample, 

counting was carried out in two representative areas with the highest and 

lowest density of gemistocytic cell population. An index was calculated 

from the number of gemistocytic cells divided by the total number of 

tumour cells counted and multiplied by 100 as shown below:

_ .  ̂ , Number of gemistocvtic cells
emis ocytic m ex jotal number of tumour cells x 100
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2.3 Polymerase chain reaction (PCR) and single strand conformation 

polymorphism (SSCP) analysis

2.3.1 Collection of tissue samples and extraction of genomic DNA

Genomic DNA was extracted from three 10 pm thick formalin fixed, 

paraffin embedded tissue sections. Before cutting each new case, the 

microtome and all other instruments used in the cutting process were 

carefully cleaned to remove any wax and tissue debris from previously 

cut blocks. Tissue sections were carefully cut using a new microtome 

blade for every case and changing gloves between cases to avoid any 

contamination. Adjacent histological sections were stained with H&E and 

examined for the presence of both tumour and normal tissues in the 

sections. In cases where areas of normal cerebral tissue were present, they 

were microdissected and collected separately. The sections were collected 

in Eppendorf tubes. DNA extraction was carried out as previously 

described (Gruis et al, 1993). First, the tissue samples were dewaxed in 

two cycles by immersion in 1 ml of xylene for 30 minutes followed by 

centrifugation at 14,000 rpm for 15 minutes. The supernatant was 

removed from the pellet and the remaining xylene in the sample tubes 

was removed by washing the pellet with absolute ethanol. The pellet was 

then dried and digested in proteinase K (300 pg/ml in 10 mM Tris-HCl 

[pH8.3], 1 mM EDTA, and 0.5% Tween 20) overnight at 37°C. The 

samples were then boiled for 7 minutes to inactivate the proteinase K and 

placed on ice. The samples were centrifuged at 14,000 rpm for 5 minutes 

and the supernatant containing the DNA was collected and stored at 

-20°C until required.

2.3.2 Polymerase chain reaction

Exons 4 to 9 of the p53 gene were amplified from both tumour DNA and 

normal brain DNA where available, in 0.5ml sterile Eppendorf tubes 

using the polymerase chain reaction (PCR). The primer sequences and 

amplification cycles for each exon are shown in Tables 5.5 to 5.12. The 

PCR reactions were carried out in a final volume of 50 pil containing 2 p,l
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of genomic DNA solution. The PCR reaction mix consisted of 50 mM 

KCl, 10 mM Tris-HCl pH 9.0, 3 mM MgCh, 200 pmol of each dNTP, 

and 0.2 pmol of each forward and reverse primer. The PCR reactions 

were denatured by heating at 95°C for 5 minutes in the thermal cycler 

before 1 unit of Taq DNA polymerase (Pharmacia Biotech) was added. 

The appropriate amplification cycles for each exon were then carried out. 

The efficiency of PCR amplification was confirmed by running 10 p,l of 

each product on a 2% agarose gel immersed in IxTAE buffer (Tris- 

acetate, EDTA) under electrophoresis. The products on the agarose gel 

were stained with ethidium bromide (0.5 p-g/ml) and visualised under UV 

light.

Amplification of exon 4 was carried out using a first set of primers, as 

described in Table 2.5. For some samples that failed to be amplified with 

the first primers, the second set of primers in Table 2.5 was used. The 

PCR reaction mix was identical for both set of primers.

Initially, amplification of exons 5 and 6 was performed using a nested 

approach, in which a first round amplification was carried out using 

external primers for 35 cycles. Five pi of the first round amplification 

product was used as a DNA template for a further 30 cycles of 

amplification using internal primers. For a small number of cases that 

failed to be amplified with the original set of primers, different primer 

sequences were used. These are detailed in Table 2.6, 2.7, 2.8 and 2.9. In 

each case, the PCR reaction mix was identical except for those used in 

amplifying exons 5 and 6 using primer sequences obtained fi*om the J K 

Douglas Laboratories (Clatterbridge Hospital, Bebington, Wirral, UK). 

The amplification of exons 5 and 6 using these primer sequences was 

carried out in two stages. The first stage of amplification was carried out 

using two pairs of primers for exon 5 (5AF1, 5AR1, 5BF1, and 5BR1) 

and one pair of primers for exon 6 (6F1 and 6R1). The second stage of 

amplification was carried out using reverse nested primers and the paired 

forward primers for exon 5 (5AF1, 5ANRI, 5BF1, and 5BNR2). For
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exon 6, a reverse primer and a forward nested primer (6R1 and 6NF1) 

were used (Thompson-Hehir, personal communication). In the first-round 

amplification, the final reaction volume was 18 p,l and contained 2 p,l of 

DNA template. The PCR reaction mix was composed of Ix Amplitaq 

PCR buffer II (Perkin-Elmer), 2mM MgCl], 200 piM of each dNTP, and 

0.5 units of Amplitaq Gold. All primers were at a concentration of 0.1 

p,M with the exception of the primers for exon 5 ‘A’ set which were 0.3 

jiM.

For the second-round PCR, 5 p,l of a 1:16 dilution of the first-round PCR 

product was used as the DNA template. The final reaction volume in the 

second-round was 40 pi containing Ix Amplitaq PCR buffer II (Perkin- 

Elmer), 1.5 mM MgCl2 , 200 pM of each dNTP, and 1 unit of Amplitaq 

Gold. All primers were at a concentration of 1 pM.

Amplification of exon 8 and 9 was initially carried out using primers 

shown in Table 2.11, which produce PCR products cover both exon 8 and 

9. In a small group of samples, which failed to be amplified, the second 

set of primers was used. The second set of primers, which amplify only 

exon 8 or exon 9 are shown in Table 2.12. All primer concentrations and 

PCR reaction mixes were identical for both set of primers.
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Oligonucleotide sequences Amplification cycles

5’-TTC ACC CAT CTA CAG TCC CC-3’ and 

5’-TCA GGG CAA CTG ACC GTG CA-3’

Hot start at 95 °C for 5 minutes.

Followed by 45 cycles of 

94°C for 2 minutes,

66°C for 4 minutes, and 

72°C for 6 minutes.

The last cycle was followed by 1 cycle of 

72°C for 15 minutes.

5’-TGC ACC AGC AGC TCC TAG AC-3’ and 

5’-CAT GGA AGC CAG CCC CTC AG-3’ 

(product 181 bp)

Hot start at 95 ®C for 5 minutes.

Followed by 35 cycles of 

94®C for 1 minute,

61 “C for 1 minutes, and 

72°C for 1 minute 30 seconds.

The last cycle is followed by 1 cycle of 72°C 

for 10 minutes

Table 2.5 : Primer sequences and amplification conditions for exon 4 
(Hensel et al., 1991; Dahiya et al., 1998).

Oligonucleotide sequences Amplification cycles

(external primer)

5’-GGA GOT GCT TAG ACA T-3’ and 

5’-AGT TGC AAA CCA GAC CTC-3’

(internal primer)

5'-TTC ACT TGT GCC CTG ACT T-3’ and 

5’-GCT CAT AGG GCA CCA CC-3’

The first round of amplification 
95 “C for 5 minutes

followed by 35 cycles of 

94°C for 30 seconds,

50°C for 30 seconds, and 

72‘*C for 1 minute 30 seconds.

The last cycle is followed by 72°C for 5 

minutes.

The second round o f amplification 

95°C for 5 minutes 

followed by 30 cycles of 

94°C for 30 seconds,

50°C for 30 seconds, and 

72°C for 1 minute 30 seconds.

The last cycle is followed by 72 °Cfor 5 
minutes.

Table 2.6 : Primer sequences and amplification conditions for exon 5 and 
6 (nested method) (Hedrum et al., 1994).
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Oligonucleotide sequences Ampiification cycles

5’-TTC CTC TTC CTG CAG TAC TC-3’ and 

5’-GCA AAT TTC CTT CCA CTC GG-3’

Hot start at 95 °C for 5 minutes.

Followed by 35 cycles of 

94°C for 1 minute,

54°C for 1 minutes, and 

72“C for 1 minute 30 seconds.

The last cycle is followed by 1 cycle of 72°C 

for 10 minutes

Table 2.7 : Primer sequences and amplification conditions for exon 5 
(Karameris et al., 1995).

Oligonucleotide sequences Amplification cycles

5’-ACC ATG AGC GCT GCT CAG AT-3’ and 

5’AGT TGC AAA CCA GAC CTC AG-3’

Hot start at 95 °C for 5 minutes.

Followed by 35 cycles of 

94“C for 1 minute,

57“C for 1 minutes, and 

72“C for 1 minute 30 seconds.

The last cycle is followed by 1 cycle of 72°C 

for 10 minutes.

Table 2.8 : Primer sequences and amplification conditions for exon 6 
(Karameris et al., 1995).
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Primer pairings Amplification cycles

First-round

Exon 5 (two pairs of primer) 

5AF1,5AR1, 5BF1, and 5BR1

Exon 6 

6F1and 6R1

Second-round

Exon 5 (two pairs of primer) 

5AF1,5ANRI, 5BF1, and 5BNR2

Exon 6

6NF1 and 6R1

First-round reactions

Hot start at 94°C for 10 minutes then followed by 8 

cycles of 

94°C for 60 sec,

30°C for 60 sec, and 

72*’C for 60 sec.

After the 8* cycles, the amplification was carried 

out for a further 30 cycles of 

94°C for 30 sec,

63°C for 30 sec, and 

72°C for 30 sec.

The last cycle is followed by 72°C for 10 minutes.

Second-round reactions

Hot start at 94°C for 10 minutes then followed by 

48 cycles of 

94°C for 30 sec,

63°C for 30 sec, and 

IT C  for 30 sec.

The last cycle is followed by 72°C for 10 minutes.

Table 2.9 : Primer pairing and amplification conditions for exon 5 and 6 
(semi-nested method by courtesy of Dr Thompson-Hehir, J.K. Douglas 
Cancer Research Laboratories).

Oligonucleotide sequences Amplification cycles

5’-TCT CCT AGG TTG GCT CTG AC-3’ and 

5’-CAA GTG GCT CCT GAC CTG GA-3’

Hot start at 95 °C for 5 minutes.

Followed by 45 cycles of 

94“C for 2 minutes,

66°C for 4 minutes, and 

72°C for 6 minutes.

The last cycle was followed by 1 cycle of 

72°C for 15 minutes.

Table 2.10 : Primer sequences and amplification conditions for exon 7 
(Hensel et al., 1991).
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Oligonucleotide sequences Amplification cycles

5’-CCT ATC CTG ACT ACT GOT AAT C-3’ and 

5’-CCC AAG ACT TAG TAC CTG AAG-3’

Hot start at 95 °C for 5 minutes. Followed

by 45 cycles of

94°C for 1 minute 30 seconds,

55°C for 3 minutes,

65 °C for 1 minutes 30 seconds, and 72°C 

for 3 minutes.

The last cycle was followed by 1 cycle of 

72°C for 15 minutes.

Table 2.11 : Primer sequences and amplification conditions for exon 8 
and 9 (Hensel et al., 1991).

Oligonucleotide sequences Amplification cycles

5’-ATT ATC TTA CTG CCT CTT GCT TC-3’ and 

5’-CTT GGT CTC CTC CAC CGC-3’

(Exon 8, product 218 bp)

95“C for 5 minutes.

Followed by 35 cycles of 

94°C for 1 minute,

60°C for 1 minutes, and 

72“C for 1 minute 30 seconds.

The last cycle is followed by 1 cycle of 

72“C for 10 minutes.

5’-GCC TCA GAT TCA CTT TTA TCA CC-3’ and 

5’-GAC TGG AAA CTT TCC ACT TGA TAA G-3’ 

(Exon 9, product 161 bp)

95 “C for 5 minutes.

Followed by 35 cycles of 

94°C for 1 minute,

55°C for 1 minutes, and 

72°C for 1 minute 30 seconds. The last 

cycle is followed by 1 cycle of 72“C for 

10 minutes.

Table 2.12 : Primer sequences and amplification conditions for exon 8 
and exon 9 (Dahiya et al., 1998).

2.3.3 Single strand conformation polymorphisms (SSCP)

Exons 4 to 9 were screened for mutations using polyacrylamide gel 

electrophoresis to detect aberrant mobility patterns of the single strand 

PCR amplification products. For this analysis, 3 pi of PCR product was 

mixed with 3 pi of loading buffer. 1 ml of loading buffer solution 

consisted of 800 pi of formamide, 100 pi of 1% Bromophenol blue, 100 

pi of 1% xylene cyanol, 2 pi of 0.5M EDTA and 1 pi of NaOH. The
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samples were denatured at 95 °C for 5 minutes and then immediately 

placed on ice to prevent reannealing of the single strand products. The 

samples were loaded on a polyacrylamide gel (GeneGel Excel, Pharmacia 

Biotech) and run at 5°C at 600V, 25mA, 15W for 2 hours. For 

visualisation, the gel was fixed in fixing solution (3% benzene sulphonic 

acid in 24% ethanol) and stained using Plusone DNA silver staining kit 

(Pharmacia Biotech). The samples which showed abnormal mobility in 

the SSCP gel were then sequenced.

2.4 Sequencing of PCR products

2.4.1 Preparation of the sequencing samples

A second PCR amplification was performed for the sequencing of those 

exons which showed an abnormal migration pattern on SSCP analysis 

using the ABI PRISM Dye terminator cycle sequencing kit with 

AmpliTaq DNA Polymerase, FS (Perkin Elmer, Warrington, Cheshire, 

UK). The sequencing reaction, which was carried out in a total volume of 

20 pi, was composed of 8 pi of Terminator Ready Reaction Mix, 3.2 

pmol of either forward or reverse primer, 5 pi of first round PCR product, 

and distilled water. The amplification conditions for every exon were 25 

cycles of dénaturation (95°C) for 30 seconds, annealing (50°C) for 15 

seconds, and extension (60°C) for 4 minutes. After amplification, the 

excess dye terminator in the samples was removed by ethanol 

precipitation. For this, 35 pi of 95% ethanol was added to the samples 

and the contents were mixed by gently vortexing. The samples were 

incubated on ice for 10 minutes and were then centrifuged at 14,000 rpm 

for 30 minutes. The supernatant was carefully removed and the pellet was 

then dried in a vacuum centrifuge prior to sequencing.

2.4.2 Sequencing procedures

The sequencing products were separated by electrophoresis on a vertical 

5% polyacrylamide gel, which was enclosed between two glass plates. 

The two plates are the same width but slightly different in length. One
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plate is shorter than the other and has a notch at the end of one side. The 

inner surfaces of both glass plates were clean and dust-free before the gel 

was poured.

a) Preparing the gel plates and pouring the gel for sequencing

The glass plates (24 cm Well-to-Read) were cleaned with detergent and 

rinsed in distilled water before air-drying. The plates were assembled just 

before pouring the gel solution. Spacers (4 mm thick) were inserted 

between the plates along the long edges on both sides. Bulldog clips were 

used to hold plates together. The plates were then laid down with the 

notched edge face up and slightly raised.

The gel solution was made up by dissolving 40 gm of urea and 12 ml of 

polyacrylamide (19:1) in 30 ml distilled water. One gram of ion exchange 

mixed bed resin (Amberlite MB-150, ICN, Hampshire, UK) was added to 

the solution to remove any metal ions and the resin removed by filtering 

the gel solution. Firstly, 8 ml of lOxTBB buffer was filtered through a

0.45 pm nylon membrane. The gel solution was then filtered and mixed 

with the TBE. The filtered solution was left for a few minutes until all of 

the air bubbles had gone. Immediately prior to pouring the gel, 400 pi of 

10% ammonium per sulphate (APS) and 45 pi of TEMED (N, N, N', N'- 

Tetramethylethylenediamine) (Sigma, Dorset, UK) were added. The 

solution was carefully poured between the glass plates making sure that 

no air bubbles were formed. When the space between the gel plates was 

full, a 4 mm spacing strip was inserted and held in place at the notched 

end. The gel was allowed to set for about 2 hours in a horizontal position.

b) Procedures prior to loading the sequencing products

Once the gel had set, the clips were removed and the outside of the 

assembled plates were cleaned. The plates were placed vertically in the 

373A DNA Sequencer (Perkin Elmer, Warrington, Cheshire, UK) on the 

buffer chamber with the notched edge facing upward and away from the 

operator. The distance between the notched edge and the reader’s head
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was set to 24 cm. The ABI Prism™ 373XL Collection software (Perkin 

Elmer, Warrington, Cheshire, UK) together with the translator were used 

to control the Sequencer. The upper buffer chamber and heat plate were 

then attached to the glass plates. The TBE solution (Ix) was used to fill 

the buffer chambers until the gel edge in the upper chamber and the 

electrode in the lower chamber were covered. The spacing strip at the 

notched edge in the upper chamber was carefully removed. Residual gel 

left above the gel edge was removed by flushing with the buffer solution. 

A 4 mm thick 64 well-sharks-tooth comb was then gently inserted 

between the plates until it went into the gel by 1 or 2 mm. All the 

electrodes were then connected and the gel was pre-run under 

electrophoresis for a few minutes before loading the sequencing products.

c) Sequencing

The dried sequencing products were re-suspended in 8 pi of loading 

buffer solution containing de-ionised formamide mixed with blue dextran 

in a ratio of 5:1. The sequencing samples were denatured at 95°C for 3 

minutes and directly placed onto ice and 2 pi of each sample was loaded 

onto the gel. The sequencing was then carried out for 12 hours at 2500 V, 

40 mA, 30 W, and 40 mW laser power. The picture from the gel was read 

and interpreted into chromatograms and text sequences by using the ABI 

Prism™ 373XL Collection software (Perkin Elmer, Warrington, 

Cheshire, UK).

2.4.3 Analysing the sequences

Analysis of the sequences was carried out by using Sequencher™ 3.0 

software (Gene Codes Corporation, USA). Tumour sequences were 

compared with wild-type sequences for each exon of p53 gene 

downloaded from the National Center for Biotechnology Information 

(NCBI) website (http://www.ncbi.nlm.nih.gov/  ̂(Matlashewski et al., 

1984; Lamb and Crawford, 1986). The sequences of exons 4 to 9 of p53 

gene are shown in table 2.13.
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2.5 Statistical analysis

All statistical analysis was performed by using the SPSS 9.0 for Windows 

statistics software package (SPSS Inc., Chicago, Illinois). For the 

analysis of survival data, survival curves and median survival were 

calculated using the Kaplan-Meier product limit estimate. This is a non- 

parametric method which makes no assumptions about the shape of the 

survival distribution and is especially useful for smaller data sets. 

Survival curves were compared using the log-rank test. This was chosen 

because of significant numbers of censored observations in the data sets 

examined. Cox’s proportional hazards model was used for multivariate 

analysis.
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Exon 4
1 TCCCCCTTGC CGTCCCAAGC AATGGATGAT TTGATGCTGT CCCCGGACGA TATTGAACAA 

61 TGGTTCACTG AAGACCCAGG TCCAGATGAA GCTCCCAGAA TGCCAGAGGC TGCTCCCCGC 

121 GTGGCCCCTG CACCAGCAGC TCCTACACCG GCGGCCCCTG CACCAGCCCC CTCCTGGCCC 

181 CTGTCATCTT CTGTCCCTTC CCAGAAAACC TACCAGGGCA GCTACGGTTT CCGTCTGGGC 

241 TTCTTGCATT CTGGGACAGC CAAGTCTGTG ACTTGCACG

Exon 5
1 TACTCCCCTG CCCTCAACAA GATGTTTTGC CAACTGGCCA AGACCTGCCC TGTGCAGCTG 

61 TGGGTTGATT CCACACCCCC GCCCGGCACC CGCGTCCGCG CCATGGCCAT CTACAAGCAG 

121 TCACAGCACA TGACGGAGGT TGTGAGGCGC TGCCCCCACC ATGAGCGCTG CTCAGATAGC 

181 G ATG

Exon 6
1 GTCTGGCCCC TCCTCAGCAT CTTATCCGAG TGGAAGGAAA TTTGCGTGTG GAGTATTTGG 

61 ATGACAGAAA CACTTTTCGA CATAGTGTGG TGGTGCCCTA TGAGCCGCCT GAG

Exon 7
1 GTTGGCTCTG ACTGTACCAC CATCCACTAC AACTACATGT GTAACAGTTC CTGCATGGGC 

61 GGCATGAACC GGAGGCCCAT CCTCACCATC ATCACACTGG AAGACTCCAG

Exon 8
1 TGGTAATCTA CTGGGACGGA ACAGCTTTGA GGTGCGTGTT TGTGCCTGTC CTGGGAGAGA 

61 CCGGCGCACA GAGGAAGAGA ATCTCCGCAA GAAAGGGGAG CCTCACCACG AGCTGCCCCC 

121 AGGGAGCACT AAGCGAG

Exon 9
1 CACTGCCCAA CAACACCAGC TCCTCTCCCC AGCCAAAGAA GAAACCACTG GATGGAGAAT 

61 ATTTCACCCT TCAG

Table 2.13: Wild-type sequences of exon 4 to 9 of p53 gene 
(Matlashewski et al., 1984; Lamb and Crawford, 1986).
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CHAPTER 3 

Results

1. Grade and histological features

A total of 132 patients with astrocytic tumours were included in this study. 

The tumours were diagnosed at first operation as astrocytoma (grade 2; 45 

cases), anaplastic astrocytoma (grade 3; 27 cases) and glioblastoma (grade 4; 

60 cases). There were 29 cases of grade 2 tumours which progressed to grade 

3 and 16 cases which progressed to grade 4. Of the 27 grade 3 tumours, 

seven were diagnosed as the same grade at the second operation, whilst 20 

cases progressed to grade 4. Of the cases which were diagnosed as 

glioblastoma at the first operation, 23 had two operations and 37 had only a 

single operation. The distribution of tumours in each group is summarised in 

Table 3.1.

T um our grade N um ber of 
cases

Astrocytom a grade 2 a t operation

Grade 2 tumours diagnosed as grade 3 at the second operation 

Grade 2 tumours diagnosed as grade 4 at the second operation

29

16

45

A strocytom a grade 3 a t biopsy

Recurrent grade 3 tumours

Grade 3 tumours diagnosed as grade 4 at the second operation

7

20

27

A strocytom a grade 4 (glioblastoma) a t biopsy

Recurrent grade 4 tumours

Patients with grade 4 tumours who had a single operation

23

37

60

Total 132

TOTAL 132

Table 3.1 Grade and histological features of tumours included in the study.
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2. Age and sex of patients

In this study, 79 patients were male (60%) and 53 patients were female 

(40%), and there were more samples derived from males than females (1.5:1) 

for all tumour grades. The median age of the whole group at diagnosis was 

39 years (range 19-71 years). When divided by grade at first operation, the 

median age of patients with a grade 2 tumour was 36 years, with a grade 3 

tumour 35 years and with a grade 4 tumour 44 years (Table 3.2). For the 

grade 4 group, the median age was 52 years in patients who had a single 

operation and was 38 years in those who had two operations (Table 3.2). 

Patients who were diagnosed as having a grade 2 or 3 tumour at first 

operation were significantly younger than those with a grade 4 tumour (p 

<0.001, Student’s t-test). There was, however, no difference in median age 

between patients with grade 2 and 3 tumours. In addition, patients with grade 

4 tumours who had two operations were significantly younger than those 

who had only a single operation (p = 0.007, Student t-test).

Grade at 1“ operation
Sex

Median age in years 
(range)No. of males

(%)
No. of females

(%)

2
27

(60.0%)
18

(40.0%)
36

(22-52)

3
17

(63.0%)
10

(37.0%)
35

(19-60)

4
35

(58.3%)
25

(41.7%)
44

(20-71)
Grade 4 
with 
a single 
operatn

Grade 4
with
two
operatn

20
(54.1%)

15
(652%)

17
(45.9%)

8
(34.8%)

52
(20-71)

38 
(27 -  68)

Table 3.2 Gender and median age at diagnosis.
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3. Location of tumour

Information about the precise localisation of the tumour was available in 114 

cases. Tumours were located in the frontal lobe in 61 cases (53.5%), 

temporal lobe in 36 cases (31.6%), parietal lobe in 16 cases (14.0%) and 

occipital lobe in 1 case (0.9%) (Table 3.3). There was no left or right 

predominance in this series, with 51.8% of cases having tumours on the left 

and 48.2% of cases with tumours on the right side.

Location No. of cases (%)
Frontal 61 (53.5%)
Temporal 36 (31.6%)
Parietal 16 (14.0%)
Occipital 1 (0.9%)
TOTAL 114(100.0%)

Table 3.3 Localisation of tumours irrespective of grade.

4. Type of operation and post-operative treatment

Of the 113 available cases, total removal of tumour was attempted in 56 

cases, subtotal resection in 51 and biopsy only in 6 cases. The number of 

cases for each type of operation divided by grade at the first operation is 

shown in Table 3.4. The data concerning post-operative treatment was 

available in 119 out of 132 patients (see Table 3.5). However,there was 

considerable heterogeneity in the types of treatment received and it was not 

possible to obtain meaningful analysis regarding effect on survival.
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Type of operation
Grade at 1̂* operation 

(No. of cases) Total
Grade 2 Grade 3 Grade 4

Biopsy 3 3 6
Subtotal resection 14 15 22 51
Total resection 22 7 27 56
TOTAL 39 25 49 113

Table 3.4 Type of operation by grade at the first operation.

Grade at 

operation

Post-operative therapy (No. of cases, %)

TotalChemotherapy
alone

Radiotherapy
alone

Both
radiotherapy

and
chemotherapy

No
post-operative

therapy

2 2 16 6 15 39
(5.1%) (41.0%) (15.4%) (38.5%) (100%)

3 12 6 7 25
(48.0%) (24.0%) (28.0%) (100%)

4 19 31 5 55
(34.5%) (56.4%) (9.1%) (100%)

TOTAL 2 47 43 27 119

Table 3.5 Post-operative treatment by grade at first operation.

5. Survival time of patients and time interval between first and second 

operations

Survival time was defined as the interval from the date of the first surgical 

procedure until the date of death or the date of the last contact with the 

patient. The second operation was carried out when the patients had 

indication for surgery because of enhancement of signal or enlargement of 

tumour on CT or MRI scan.

The interval between first and second operations in the grade 2 group was 

longer than in the grade 3 group, which again had a longer interval than the 

grade 4 group. The median time interval between the first and second
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operations in grade 2,3,  and 4 tumours was 36.4, 23.2 and 14.5 months, 

respectively (Table 3.6, Figure 3.1, p <0.001, Log Rank test). The median 

interval between first and second operations can also be described in each 

subgroup by taking into account tumour grade at recurrence as shown in 

Table 3.7. Patients with a grade 2 tumour at first operation had a median 

interval between operations of 36.8 months in those whose tumour 

progressed to grade 3 and 26.9 months in those whose tumours progressed to 

grade 4. This pattern was also present in the grade 3 group, in which patients 

whose tumour recurred as the same grade had a median interval between 

operations of 27.2 months while those whose tumours progressed to grade 4 

had a median interval of 23.2 months. For the entire group, the interval 

between first and second operations for tumours which recurred or 

progressed to grade 3 was 35.8 months, which was significantly longer than

20.2 months of those which recurred or progressed to grade 4 (Figure 3.2, p 

= 0.001, Log Rank test).

Grade at I’’* operation
Median time interval 

between 1®* and 2"** 
operations in months (range)

'y 36.4
i t

(3.6-115.1

'X 23.2
J

(9.1 -137.8)

A 14.5
4

(2.1 -  207)

Table 3.6 Interval between first and second operations and grade at first 
operation.
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Grade at 
1®* operation

Grade at 
2"** operation

Median time interval between 
and 2°** operations in months 

(range)

■X 36.8
(7.4-115.1)

2
A

26.9
(3.6-111.8)

'I 27.2
(11.1-137.8)

3
4 21.7

(9.1-43.3)

Table 3.7 Time interval from first to second operations in subgroup of grade 
2 and 3.

1.2

ur

Grade 1st bx

4 = 35

2=440.0

120 144967248240

Interval between first and second operation (months;

Figure 3.1 Kaplan-Meier plot of interval between first and second operations 
against grade at first operation (p < 0.001, Log Rank test).
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2.6

Grade 2id bx

4=56

3 = 340.0

14496 1207224 480

Interval between first and second operation (months)

Figure 3.2 Kaplan-Meier plot of interval between first and second operations 
against grade at progression (p = 0.001, Log Rank test).

Of the 130 available cases, 11 patients, whose tumours were grade 2 (6 

cases), grade 3 (2 cases) or grade 4 (3 cases), were alive (or censored) at the 

last follow up. The median survival time in patients whose tumour was 

diagnosed as grade 2,3, and 4 at first operation is 51.1 months, 34.1 months 

and 22.5 months respectively (Table 3.8). The median survival time in each 

group was also categorised according to grade at recurrence/progression and 

this is shown in Table 3.9. There was a strong association between grade 

diagnosed at either the first or second operation and survival time. Patients 

who were diagnosed as having a grade 2 tumour at first operation survived 

significantly longer than those with a grade 3 and patients with a grade 3 

tumour survived longer than those with a grade 4 (Figure 3.3, p <0.001, Log 

Rank test). In addition, patients whose tumours were diagnosed as grade 2 at 

the first operation and progressed to grade 3 and those whose tumours were 

diagnosed as grade 3 at the first operation and recurred at the same grade
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lived longer than those whose tumours progressed to grade 4 regardless of 

their original grade (Figure 3.4, p <0.001, Log Rank test). There was no 

statistical difference in survival time between patients with grade 4 tumours 

who had only a single operation and who had two operations.

The correlation between grade and survival time was further analysed by 

splitting tumours into subgroups by grade at the second operation. Patients 

with grade 2 tumours which progressed to grade 4 had a shorter survival time 

than those which progressed to grade 3, although this difference did not 

reach statistical significance (p = 0.134, Log Rank test). This association is 

also seen in grade 3 tumours which progressed to grade 4 where these 

patients had a shorter survival time than those that stayed at the same grade 

at recurrence (p = 0.114, Log Rank test). Those patients with grade 4 

tumours who had a single operation and those who had two operations had 

similar survival times.

Patients were divided into three age groups for further analysis (group 1: s40 

years, group 2: 41 -  60 years, group 3: > 60 years). Several studies have 

shown the clinical relevance of using such subdivisions of age (Penman and 

Smith, 1954; Davies et al., 1996). The validity of these subdivisions has also 

been emphasised by the MCR Brain Tumour Working Party who have 

applied age (subdivided into three groups) as one of the prognostic variables 

used to stratify patients in subsequent clinical trials (Bleehen et al., 1991; 

Thomas et al., 2000). Patients who developed grade 4 tumours were 

significantly older than patients with lower grade tumours (p < 0.001, 

Student’s t-test). About 70% of patients with grade 2 or grade 3 tumours 

were 40 years old or younger, while about 60% of grade 4 patients were 

older than 40 years. Without taking tumour grade into consideration, patients
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who were younger than 40 years of age survived significantly longer than 

those who were between 40 to 60 years old or who were older than 60 years 

(Figure 3.5, p = 0.002, Log Rank test). In addition, younger patients also 

showed a longer duration between first and second biopsies (Figure 3.6, p = 

0.002, Log Rank test). However, when dividing the patients by tumour grade 

at the first biopsy, only patients with grade 2 tumours showed this difference 

in survival time (Figure 3.7, p = 0.035, Log Rank test)

Nevertheless, age did not correlate with the progression of tumours. There 

was no significant difference in age between patients with grade 2 tumours 

which progressed to grade 3 and those which progressed to grade 4 and there 

was no difference in age between patients with grade 3 tumours which 

recurred at the same grade and those which progressed to grade 4 tumours.

Grade at 1®* 
operation

Median survival time in months 
(range)

51.1
(7.6-147.5)

34.1
(12.3 -164.5)

A 22.5
4

(1.4-316.5)

Table 3.8 Survival time and grade at first operation.
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Grade at 
1** operation

Grade at 
2"** operation

Median survival time in months 
(range)

2
3

56.1 

( 12.1 -  147.5)

4
35.9

(7 .6 - 141.6)

3
3

44.9  

(2 7 .3 -  164.5 )

4
30.8

( 12.3 - 5 7 .2)

4 4
22.3

(5 .0- 3 1 6 .5 )

Grade 4 with a single operation
263

( 1.4- 2 0 7 .0 )

Table 3.9 Survival time in each subgroup divided by grade at the first and 
second operations.

1.0

G rade 1st 
b*—
“ 4 = 60

3
CO
E3o

o 3 = 26

Ü 2 = 44

0.0
48 120 144

survival tim e in m onths

Figure 3.3 Kaplan-Meier plot of survival time against grade at first operation 
(p < 0.001, Log Rank test).
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I3
CO
E
d

Grade 2nd bx

□ 4 = 59

□ 3 = 34

0.0
120 144

survival time in months

Figure 3.4 Kaplan-Meier plot of survival time against grade at second 
operation (p < 0.001, Log Rank test).

1.2

1.0

I3
CO
E
3o

Age group

“ > 60 yrs = 9

□ 41-60 yrs = 49

< 40 yrs = 72

0.0
120 144

survival time in months

Figure 3.5 Kaplan-Meier plot of survival time against age group (p = 0.002, 
Log Rank test).
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I3(/)
E
O

Age group

a 41.^0 yrs = 12

_  a < 40 yrs = 32

0.0
0 24 48 72 96 120 144

survival time in months

Figure 3.7 Kaplan-Meier plot of age against survival time in grade 2 tumours 
(p = 0.035, Log Rank test).

. > 8

Age goup
mm I

° > 60 yrs = 4

° 41-60 yis = 35

0.0 < 40 yrs = 65
14412072 9648240

Interval between first and second operation (months)

Figure 3.6 Kaplan-Meier plot of interval between first and second operations 
against age group (p = 0.002, Log Rank test)
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6. Incidence and frequency of gemistocytic tumour cells

For the cases with two operations, gemistocytic tumour cells were present in 

the first biopsy sample in 53 out of 95 cases (55.8%) and the proportion of 

gemistocytic cells ranged firom 1.1% to 38.9%. There were gemistocytic 

tumour cells present in 59 out of 95 second biopsy samples (62.1%) and their 

fi-equency ranged fi*om 1.8% to 65.3%. In grade 2 tumours, there were 18 out 

of 45 cases which had a gemistocytic cell component in the first biopsy 

sample. The number of cases that contained gemistocytes increased to 28 

cases in the second biopsy sample. However, the median gemistocyte counts 

of the first and second biopsy samples were not significantly different. 

Twenty of the 27 cases diagnosed as grade 3 in the first biopsy sample 

contained a gemistocytic cell component. Although a similar proportion of 

tumours with gemistocytic tumour cells was found in the second biopsy 

samples of this group, the median gemistocytic count significantly decreased 

from 18.0% in the first biopsy sample to 6.5% in the second biopsy sample 

(p = 0.031, Wilcoxon Signed Ranks test). Fifteen (65.2%) of the first biopsy 

samples and 12 (52.2%) of the second biopsy samples of the 23 grade 4 

tumours with two operations had a gemistocytic cell component. There was 

no significant difference in the number of gemistocytes between the first and 

second biopsy samples taken from grade 4 tumours. The mean gemistocyte 

count in this group increased fi*om 5.9% in the first biopsy samples to 10.3% 

in the second biopsy sample, the median values showed only a slight increase 

from 5.3% in the first biopsy sample to 7.3% in the second biopsy sample (p 

= 0.169, Wilcoxon Signed Ranks test). Of the 37 grade 4 tumours with a 

single operation, there were 12 (32.4%) with a gemistocytic cell component. 

The percentage of specimens that contained a gemistocytic cell component in 

grade 4 tumours with a single operation was significantly lower than the first 

biopsy sample of grade 4 that had two operations (p = 0.017, Pearson Chi- 

Square test). This data is summarised in Table 3.10.
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Gemistocytic
cell

component

Grade 2 Grade 3 Grade 4 Grade 4 
who had 
a single 

operation

1"
operatn operatn

1“
operatn operatn

1“
operatn

2«d
operatn

Presence
No. of cases 

mean, median 

gemistocytic count 

(range)

18

10.1,7.5

(1.1-30.7)

28 

10.2,6D 

(1.9-65.3)

20 

18.2,18.0 

(33 -38 .9 )

19

9.8,63

(2.4-32.0)

15

5.9,53

(1.4-19.9)

12

103 ,73

(1.8-48.4)

12 

8.7,6.7 

(2 .1 -283 )

Absence 27 17 7 8 8 11 25

Table 3.10 Frequency of gemistocytic tumour cells in different grades of 
astrocytic glioma.

7. Correlation between the presence of gemistocytic tumour cells and 

interval between first and second operations and survival time

A number of analyses were carried out in order to investigate the influence of 

the presence of gemistocytes on survival.

The presence o f gemistocytic tumour cells in the first biopsy sample 

Patients with grade 3 tumours who had a gemistocytic cell component had a 

significantly longer interval between first and second operations (Figure 3.8, 

p = 0.008, Log Rank test) and survival time (Figure 3.9, p = 0.012, Log Rank 

test) than those that did not. There was also an association between the 

presence of a gemistocytic cell component greater than 5% in the first biopsy 

sample and longer interval between first and second operations (p < 0.001, 

Log Rank test) but there was no association with length of survival. There 

was no correlation between the presence of gemistocytic tumour cells in the 

first biopsy sample and survival in patients with grade 2 or grade 4 tumours.
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2 .6 '

Gemistocytes

° Presence

0.0 Absence

'0 24 48 72 96 120 144

Interval between first and second operation (months)

Figure 3.8 Interval between first and second operations and the presence of 
gemistocytic cells in the first biopsy sample of grade 3 astrocytoma (p = 
0.008, Log Rank test).

.0

.8

.6

Gemistocytes 

o Presence
.4

.2
1  ■ ■ a

D Absence

0.0
24 48 72 96 120

survival time in months

144

Figure 3.9 Survival time and the presence of gemistocytic cells in the first 
biopsy sample of grade 3 astrocytoma (p = 0.012, Log Rank test).
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The presence of gemistocytic tumour cells in the second biopsy sample 

Tumours which progressed or recurred as grade 4, irrespective of their 

original grade, had significantly longer interval between first and second 

operations (Figure 3.10, p = 0.021, Log Rank test) and longer survival time 

(Figure 3.11, p = 0.025, Log Rank test) when gemistocytic tumour cells were 

present in the second biopsy sample. Similarly, those patients with grade 4 

tumours who had two operations also survived longer if there was a 

proportion of gemistocytes higher than 5% in the second biopsy sample 

(Figure 3.12, p = 0.009, Log Rank test). However, there was no correlation 

between the presence of gemistocytic tumour cells and interval between first 

and second operations and survival time in tumours which were diagnosed as 

grade 3 at the second operation.

.4 '

0.0
10 24 48 72 96 120 144

gemistocytes 

° Presence 

° Absence

Interval between first and second operation (months)

Figure 3.10 Interval between first and second operations and the presence of 
gemistocytic cells in the second biopsy sample of tumours which diagnosed 
as grade 4 at the second operation irrespective of original grade (p = 0.021, 
Log Rank test).
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Figure 3.11 Survival time and the presence of gemistocytic cells in the 
second biopsy sample of tumours which diagnosed as grade 4 at the second 
operation irrespective of original grade (p = 0.025, Log Rank test).
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Figure 3.12 Survival time and presence of gemistocytes in the second biopsy 
sample of tumours which were originally diagnosed as grade 4 (p = 0.009, 
Log Rank test).
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8. Proliferative potential of the tumour samples determined by Ki-67 

immunohistochemistry

The mean Ki-67 labelling index (LI) determined in the first biopsy sample in 

grade 2, 3 and 4 tumours was 4.1%, 8.3% and 14.1%, and in the second 

biopsy sample 17.6%, 23.3% and 19.4%, respectively (Table 3.11). The 

mean Ki-67 LI in the first biopsy sample increased with the grade of 

malignancy. It was significantly higher in grade 3 than grade 2 (p <0.001, 

Mann-Whiney U test), and in grade 4 than in grade 3 tumours (p = 0.002, 

Mann-Whitney U test). In grade 2 tumours which progressed to grade 3 and 

grade 4, the mean Ki-67 LI in the first biopsy sample was 3.4% and 5.3% 

which increased significantly to 15.1% and 22.1% in the second biopsy 

sample, respectively (Table 3.12, p < 0.001 for those progressed to grade 3 

and p = 0.001 for those progressed to grade 4, Wilcoxon Signed Ranks test). 

Although the mean Ki-67 LI in grade 3 tumours which recurred at the same 

grade increased from 6.2% in the first biopsy sample to 14.1% in the second 

biopsy sample, the difference was not significant (p = 0.176, Wilcoxon 

Signed Ranks test). This may be due to the small number of samples in this 

group. However, in grade 3 tumours which progressed to grade 4, the mean 

Ki-67 LI increased significantly from 9.1% in the first biopsy sample to 

26.5% in the second (p < 0.001, Wilcoxon Signed Ranks test). Finally, in 

grade 4 tumours, the mean Ki-67 LI increased from 14.7% in the first biopsy 

sample to 19.4% in the second biopsy sample (Table 3.12, p = 0.048, 

Wilcoxon Signed Ranks test).
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Grade at
fSt

operation

Mean and median 
Ki-67 LI in 

1®* biopsy (range)

Mean and median 
Ki-67 LI in 

2"** biopsy (range)

2
4.1,2.7 

(0 .1-22.4)
17.6,14.0 

(0.9-59.1)

3
8.3,6.7 

(0.8-33.7)
23.3,22.0

(1.8-55.1)

4
14.7,13.5 

(2.9-37.0)
19.4,19.0 

(3.6-37.0)

Table 3.11 Mean and median Ki-67 LI in first and second biopsy samples by 
grade at first operation.

Grade at 
1®* operation

Grade at 
2"** operation

Mean and median Ki-67 LI 
(range) p value

1®* biopsy 2*”* biopsy

2
3

3.4,2.8 
(0 .1-9 .6)

15.1,11.3
(0.9-41.8)

p<  0.001

4
5.3,2.4 

(0.1-22.4)
22.1,21.1

(5.6-59.1)
p = 0.001

3
3

6.2,6.2 
(2 .8-11.4)

14.1,15.8
(1.8-24.4)

p = 0.176

4
9.1,7.1 

(0 .8-33.7)
26.5,24.2 

(5.7-55.1)
p < 0.001

4 4
14.7,13.5 

(2.9-37.0)
19.4,19.0 

(3.6-37.0)
p = 0.048

Grade 4
with a single operation

13.7,11.0
(0.6-42.6)

Table 3.12 Mean and median Ki-67 LI in the first and second biopsy samples 
divided by subgroups.

9. Influence of Ki-67 LI on interval between first and second operations 

and survival time

Higher grade tumours had a significantly higher Ki-67 LI than lower grade 

tumours (Table 3.11). There was also a correlation between the Ki-67 LI in
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the first biopsy sample and age (Table 3.13). Older patients had significantly 

higher Ki-67 Lis than younger patients (p = 0.007, Kruskal Wallis test).

Ki-67 LI in the first biopsy sample was associated with both interval between 

first and second operations (Figure 3.13, p<0.002. Log Rank test) and 

survival (Figure 3.14, p <0.001, Log Rank test). Patients with a Ki-67 LI 

below 2% in the first biopsy sample had the longest interval between first 

and second operations and the longest survival time, while those with a Ki- 

67 LI in excess of 10% had the shortest interval between first and second 

operations and the shortest survival time. This negative correlation was also 

apparent in an analysis of Ki-67 LI in relation to interval between first and 

second operations and survival time. Patients with a high Ki-67 LI in the 

second biopsy sample had a shorter interval between first and second 

operations (Figure 3.15, p = 0.022, Log Rank test) and a shorter survival 

time (Figure 3.16, p = 0.001, Log Rank test) than those who had lower Ki-67 

Lis.

Furthermore, there was an association between an increased Ki-67 LI in the 

first biopsy sample and survival time in patients with grade 4 tumours. 

Patients with high Ki-67 Lis tended to have a shorter survival time than 

those with a lower Ki-67 LI (p = 0.015, Cox regression analysis). However, 

no such correlation was found in patients with grade 2 or grade 3 tumours.

In addition, Cox regression analysis indicated that Ki-67 LI in the first 

biopsy sample had a significant unadjusted risk to shorter survival time (p 

<0.001) and interval between first and second operations (p<0.001). This 

effect remained significant after adjustment for age and tumour grade (p = 

0.022 for survival time and p = 0.012 for interval between first and second 

operations).
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Age (years)
Mean and median 

Ki-67 LI in 1*‘ biopsy 
(range)

<40
8.3,4.8

(0 .1-37.0)

> 4 0 -6 0
10.0,8.7

(0 .1-25 .8)

>60
17.0,12.9 

(4 .0-42 .7)

Table 3.13 Age group with mean and median 
Ki-67 LI in the first biopsy sample.

> 8 '

Ki-67 In 1 St bbpsy
H i  I

°  >10% =31

>2-10% =58

0.0

120 14448 72 96240

Interval between first and second operation (months)

Figure 3.13 Kaplan-Meier plot of Ki-67 LI in the first biopsy sample and 
interval between first and second operations (p <0.002, Log Rank testy
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Figure 3.14 Kaplan-Meier plot of Ki-67 LI in the first biopsy sample and 
survival time (p <0.001, Log Rank test).

» V
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> 2 - 10% = 20
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240 48 72 96 120

In^^erval between first and second operation (months)

Figure 3.15 Kaplan-Meier plot of Ki-67 LI in the second biopsy sample and 
interval between first and second operations (p <0.022, Log Rank test).
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Figure 3.16 Kaplan-Meier plot of Ki-67 LI in the second biopsy sample and 
survival time (p = 0.001, Log Rank test).

10. Expression of epidermal growth factor receptor (EGFR)

EGFR expression evaluated as 1+ level in the first biopsy samples was found 

in 14 of 43 grade 2 (32.6%), 8 of 25 grade 3 (32.0%), and 6 of 59 grade 4 

cases (10.2%) (Table 3.14, 3.15). EGFR expression evaluated as 2+ level in 

the first biopsy samples was detected in 7 out of 43 cases of the grade 2 

tumours (16.3%), 7 out of 25 cases of grade 3 (28.0%), and 8 out of 59 cases 

of grade 4 tumour (13.6%). There were 12 out of 59 cases of grade 4 tumour 

(20.3%) and 2 out of 25 cases of grade 3 tumour (8.0%) that expressed 

EGFR evaluated as 3+ level in the first biopsy sample. In the first biopsy 

sample, there were 22 grade 2 (51.2%), 8 grade 3 (32.0%) and 33 grade 4 

tumours (55.9%) that did not express EGFR. EGFR positivity evaluated as 

3+ in the first biopsy sample was observed predominantly in grade 4 

tumours, although it did occur occasionally in grade 3 tumours (n = 2). There 

was an association between tumour grade and 3+ EGFR expression (p <0.01, 

Fisher’s Exact test). However, there were no statistically significant changes 

in EGFR expression during tumour progression or recurrence.
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Grade at EGFR expression in 1®* biopsy
JSt (No. of cases, %)

operation 3+ 2 + 1 + Negative

9 0 7 14 22
(0%) (16.3%) (32.6%) (51.2%)

2 7 8 8
(8.0%) (28.0%) (32.0%) (32.0%)

A 12 8 6 33
4

(20.3%) (13.6%) (10.2%) (55.9%)

Table 3.14 EGFR expression in the first biopsy sample.

Grade 
at I" 
op

Grade 
at 2"" 

op

EGFR expression k 
1“ biopsy (No. of cases, %)

EGFR expression k  
2"* biopsy (No. of cases %)

3+ 2+ 1+ Negative 3+ 2+ 1+ Negative

2
3 0

(0%)
6

(222%)
8

(29.6%)
13

(48.1%)
2

(7.1%)
9

(32.1%)
6

(21.4%)
11

(39.3%)

4 0
(0%)

1
(6.3%)

6
(37.5%)

9
(56.3%)

0
(0%)

6
(37.5%)

3
(18.8%)

7
(43.8%)

3
3 0

(0%)
1

(14.3%)
3

(42.9%)
3

(42.9%)
0

(0%)
4

(57.1%)
0

(0%)
3

(42.9%)

4 2
(11.1%)

6
(33.3%)

5
(27.8%)

5
(27.8%)

1
(5.0%)

5
(25.0%)

5
(25.0%)

9
(45.0%)

4 4 5
(21.7%)

3
(13.0%)

4
(17.4%)

11
(47.8%)

3
(13.0%)

5
(21.7%)

6
(26.1%)

9
(39.1%)

Grade 4 with a 
single operation

7
(19.4%)

5
(13.9%)

2
(5.6%)

22
(61.1%)

Table 3.15 EGFR expression in the first and second biopsy samples.
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11.Influence of EGFR expression on interval between first and 

second operations and survival time

Without taking grade into account, patients whose tumours expressed 

EGFR at high level (3+) in the first biopsy sample had a significantly 

shorter survival time (Figure 3.17, p = 0.008, Log Rank test) and shorter 

interval between first and second operations (Figure 3.18, p = 0.001, Log 

Rank test) than patients whose tumours did not express EGFR or 

expressed it at lower levels. However, after grouping by grade at first 

operation, the association between EGFR staining and survival time or 

interval between first and second operations did not reach statistical 

significance (Tables 3.16, 3.17). This was probably because all of the 14 

tumours which expressed high levels of EGFR in the first biopsy sample 

were malignant tumours with 12 out of 14 tumours diagnosed as grade 4 

(Table 3.15). There was no association between the expression of EGFR 

at lower levels and survival time or interval between first and second 

operations.

1.0

5
E3w
E3o

EGFR expression 

□ 3+

□ neg-2+

0.0
120 144

survival time in months

Figure 3.17 Kaplan-Meier plot of survival time and EGFR expression (p 
= 0.008, Log Rank test).
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EGFR expression

0.0 neg -2 +

0 24 48 72 96 120 144

Interval between first and second operation (months)

Figure 3.18 Kaplan-Meier plot of interval between first and second 
operations and EGFR expression (p = 0.001, Log Rank test).

G rade at 1^ operation EG FR in 1*‘ biopsy
Survival time in m onths 

(range)

2
< 3 +

47.8
(7 .6 -147 .5 )

3+ No patient

3
< 3 +

32.6
(12 .3 -164 .5 )

3+
30.3

(14 .8 -45 .8 )

4
< 3+

22.4
(1 .4 -316 .5 )

3+
26.0

(10 .4 -40 .6 )

Table 3.16 Median survival time of cases with EGFR 3+ and lower 
grouped by grade at the first operation.
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Grade at 1̂  operation EGFR in 1** biopsy
Interval between first and 

second operations in months 
(range)

2
<3+ 35.8

(3.6-115.1)

3+ No patient

3
<3+ 22.3

(7.4-137.8)

3+ 11
(single case)

4
<3+ 14.5

(2.1-207)

3+ 9.7
(4.5-26.7)

Table 3.17 Median interval between first and second operations in cases 
with EGFR 3+ and lower grouped by grade at the first operation.

12. p53 immunohistochemistry

p53 protein accumulation was detected by immunohistochemistry in 91 

first biopsy samples of the 132 cases (68.9%). Twenty eight of the 45 

grade 2 tumours (62.2%), 23 of the 27 grade 3 tumours (85.2%) and 40 of 

the 60 grade 4 tumours (66.7%) were p53 positive. Of the grade 4 

tumours, 16 (69.6%) of the 23 cases with two biopsy ssample and 24 

(64.9%) of the 37 cases with a single biopsy sample were p53 positive.

In 95 cases which had two operations, 77 cases (81.1%) were p53 

positive in the second biopsy sample. These comprised 35 grade 2 cases 

(out of 45 cases, 77.8%), 24 grade 3 cases (out of 27 cases, 88.9%), and 

18 grade 4 cases (out of 23 cases, 78.3%).

The overall mean p53 LI, without taking grade into consideration, was 

20.2% (0.1 -  77.9) in the first biopsy sample and 28.9% (0.3 -  87.2) in 

the second. The mean p53 LI increased significantly during tumour 

progression, from 16.4% in the first biopsy sample to 24.2% in the 

second biopsy sample in the grade 2 cases that progressed to grade 3 and 

from 19.9% in the first biopsy sample to 31.5% in the second biopsy 

sample in the grade 2 cases that progressed to grade 4 (p <0.001,
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Wilcoxon Signed Ranks test, Table 3.15). In tumours that were originally 

diagnosed as grade 3, the mean p53 LI also increased significantly during 

tumour progression to grade 4 from 19.8% in the first biopsy sample to 

39.1% in the second biopsy sample (p = 0.006, Wilcoxon Signed Ranks 

test). However, in grade 3 tumours which did not show progression in 

grade at recurrence and also in the tumours which were originally 

diagnosed grade 4, there was no statistically significant difference in the 

mean p53 LI between the first and the second biopsy samples.

1®* biops^V sample 2”** biopsy sample
Grade at 

l^op
Grade at 

2“*op

No. of p53 
positive cases 

(mean, median) 
(range)

No. of p53 
negative cases

No. of p53 
positive cases 

(mean, median) 
(range)

No. of p53 
negative cases

3
17

(16.4,14.0) 
(0.01 -  34.9)

12
23

(242,25.3)
(0.8-56.2)

6

2

4
11

(19.9,19.1) 
(11.0-38.2)

5
12

(31.5,30.7)
(3.7-64.3)

4

3
6

(20.2,16.5) 
(12.4-42.3)

1
6

(27.4,25.8)
(0.5-48.0)

1

3

4
17

(19.8,17.7) 
(0.2-49.6)

3
18

(39.1,40.7)
(3.1-87.2)

2

4 4
16

(28.2,26.2)
(0.2-77.9)

7
18

(23.6,24.8) 
(0.3-46.7)

5

Grade 4 with a single 
operation

24
(17.9,11.9)
(0.3-67.4)

13

Table 3.18 p53 immunohistochemistry in the first and second biopsy 
samples.

13. Mutational status of the p53 gene

PCR-SSCP showed abnormal migration of the PCR product during 

electrophoresis in at least one exon of the p53 gene either in the first or 

second biopsy sample in 103 out of 132 cases (78.0%) (Figure 3.19). The 

results from DNA sequence analysis of these samples indicated that 44 

out of 132 cases (33.3%) had p53 mutations in at least one of the biopsy

127



samples (Table 3.19, 3.20, Figure 3.20). These can be divided by grade at 

the first operation into 20 grade 2 cases (out of 45 cases, 44.4%), 12 

grade 3 cases (out of 27 cases, 44.4%), and 12 grade 4 cases (out of 60 

cases, 20.0%).

The incidence of p53 mutation in grade 4 tumours was significantly lower 

than in grade 2 tumours (p = 0.007, Pearson Chi-Square) or in grade 3 

tumours (p = 0.018, Pearson Chi-Square). The incidence of p53 mutation 

can be divided further by grade at the first and second operations as 

shown in Table 3.20. There was no difference in the incidence of p53 

mutation in the grade 2 and grade 3 tumours diagnosed at the first 

operation which subsequently progressed or recurred as grade 3 or 4 at 

the second operation. There was no difference in the incidence of p53 

mutation in the grade 4 tumours which had one or two operations.

Of the 39 cases with two operations which had p53 mutations, 

irrespective of grade, 11 cases had the same mutations in both the first 

and second biopsy samples, 12 cases had different mutations between the 

first and second biopsy samples, 2 cases had mutations in the first biopsy 

sample only, and 10 cases had mutations in the second biopsy sample 

only. There were 4 cases in which information was available only in one 

of the biopsy samples because of a failure in amplification of PCR 

products (Table 3.22).

In the 11 cases which had the same mutation in the first and second 

biopsy samples, 7 were originally diagnosed as grade 2, 3 were grade 3 

and 1 was a grade 4 tumour. In the 12 cases in which the mutations were 

located at a different sites or which had a second mutation during 

recurrence or progression, 5 cases were originally diagnosed as grade 2,4 

cases as grade 3 and 3 cases as grade 4 (Table 3.23). One out of 5 cases 

of grade 2 tumour (ID 71) had an additional silent mutation in the second 

biopsy. The original mutation in this case was an A to C transversion at 

the first base of codon 239 in exon 7 with an amino acid change from 

asparagine (AAC) to histidine (CAC). In the second biopsy sample there 

was also a sequence change at exon 4 with a G to C transversion at the 

second base of codon 72 producing an amino acid change from arginine 

(CGC) to proline (CCC). The second base change at codon 72 in exon 4,
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which changes an arginine to proline has been reported as a 

polymorphism which occurs in about 35% of the population (Buchman et 

al., 1988; Olschwang et al., 1991). However, in this case (ID 71) the 

amino acid at codon 72 in the first biopsy sample was arginine but 

changed to proline in the second biopsy sample and should be regarded as 

a mutation because there is a sequence change between the first and 

second biopsy samples.

There were 2 cases which had a p53 mutation present in the first biopsy 

sample only. Of 10 cases which had a mutation in the second biopsy 

sample only, 6 were originally diagnosed as grade 2, 3 as grade 3, and 1 

as grade 4. Of the 6 cases in grade 2, 5 progressed to grade 3 and 1 case 

progressed to grade 4 (Table 3.24). Of the 4 cases in which information 

was available only in one of the biopsy samples, there were 2 cases in 

which the mutation was found in the first biopsy sample but DNA from 

the second biopsy sample failed to be amplified by PCR.

The highest incidence of mutations in this series was in exon 5 in which 

mutations occurred in 19 out of 32 cases (59.4%) in the first biopsy 

sample and 17 out of 35 cases (48.6%) in the second biopsy sample. The 

most common location for mutation in exon 5 was at codon 175 and this 

occurred in 8 out of 32 cases (25.0%) in the first biopsy sample and in 9 

out of 35 cases (25.7%) in the second biopsy sample. The second most 

common location of p53 mutation in exon 5 was at codon 176 which was 

detected in 4 out of 32 cases (12.5%) in the first biopsy sample and in 3 

out of 35 (8.6%) in the second biopsy sample.

Polymorphisms of the p53 gene was found in 37 out of 132 cases (28%), 

consisting of 17 cases from grade 2, 7 cases from grade 3 and 13 cases 

from grade 4 tumour (Table 3.25). There was no difference in frequency 

of p53 polymorphism between grades of tumour. The most common 

location of p53 polymorphism in this series was at codon 76 of exon 4 

which is characterised by a C to G transversion at the second base 

resulting in an amino acid change from alanine (GCA) to glycine (GGA). 

Of 33 cases in which p53 polymorphism was detected in the first biopsy 

sample, in 30 cases (91%) the polymorphism was located at codon 76.
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Five of these cases also had a second polymorphism at codon 72. The 

polymorphism at codon 72 is characterised by a G to C transversion at the 

second base resulting in an arginine (CGC) to proline (CCC) amino acid 

change. Polymorphisms were detected in the second biopsy sample in 24 

out of 132 cases. Of these, 22 cases (91.6%) had a polymorphism at 

codon 76 and 2 cases were additionally polymorphic at codon 72 (Table 

3.26).
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ID 27 exon 4 ID 94 exon 5 ID 131 exon 6 ID 61 exon

m i
ID 33 exon 8

I
C T C T1 T2 C T C T C T

Figure 3.19 Representative samples which showed band shift in SSCP gel (C = control, T = tumour, T1 = tumour from T* biopsy sample, 
T2 = tumour from 2"‘* biopsy sample).
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3.. Exon 4 riD 21)

I'VV'A
codon

wild-type

72 76

Pro Arg Val Ala Pro Gly Pro 
CCC CGC GTG GCC CCT GGA CCA

mutant
Pro Pro Val Ala Pro Ala Pro 

CCC CCC GTG GCC CCT GCA CCA

b .  Exon 5 (ID 94)

Ç  _G _ Ç

codon 177 182

Arg Cys Pro His His Glu Arg Trp Ser Asp 
wild-type CGC TGC CCC CAC CAT GAG CGC TGG TCA GAT

mutant
Arg Cys 
CGC TGC

Ser Asp 
TCA GAT

C. Exon 6 (ID 1311

codon

wild-type

293

Gin His Leu 
GAG CAT CTT

mutant
Gin Tyr Leu 

CAG TAT CTT
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d . E x o n 7 f I D 6 n

codon 255
Thr He He Thr Leu 

wild-type ACC ATC ATC ACA CTG

mutant
Thr He Thr Leu

ACC ATC ACA CTG

C. exon 8 (ID 331

codon

wild-type

273
Val Arg Val 

GTG CGT GTT

mutant
Val His Val 

GTG CAT GTT

Figure 3.20 Chromatograms showing alterations of p53 gene in tumour 
samples, (a) Polymorphism at codon 72 and 76 in exon 4, (b) frame shift 
mutation by deletion of codons 177 to 182 in exon 5, (c) point mutation at 
codon 293 in exon 6, (d) frame shift mutation by deletion of codon 255 in 
exon 7 and (e) point mutation at codon 273 in exon 8.
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Grade at 
operation

p53 mutational status 
(No. of cases, %) Total

Mutation No mutation

2 20
(44.4%)

25
(55.6%)

45
(100.0%)

3 12
(44.4%)

15
(55.6%)

27
(100.0%)

4
12

(20.0%)
48

(80.0%)
60

(100.0%)

TOTAL 44
(33.3%)

88
(66.7%)

132
(100.0%)

Table 3.19 Frequency of p53 mutation versus grade at the first operation.

Grade at 
1** operation

Grade at 
2"** operation

p53 mutational status 
(No. of cases, %) Total

Mutation No mutation

2
3 13

(44.8%)
16

(55.2%)
29

(100.0%)

4 7
(43.8%)

9
(56.3%)

16
(100.0%)

3
3 2

(28.6%)
5

(71.4%)
7

(100.0%)

4 10
(50.0%)

10
(50.0%)

20
(100.0%)

4 4 7
(30.4%)

16
(69.6%)

23
(100.0%)

Grade 4 with a single 
biopsy

5
(13.5%)

32
(86.5%)

37
(100.0%)

TOTAL 44
(33.3%)

88
(66.7%)

132
(100.0%)

Table 3.20 Frequency of p53 mutation versus grade at the first and 
second operations.
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Case
ID

Age
(yrs)

Sex Location of tumour

Interval
between

operations
(months)

Survival
time

(months)

Location of the p53 gene mutations in 
1®* biopsy

Location of the p53 gene mutations in 
2"** biopsy

Exon Codon Base change Amino acid 
change

Exon Codon Base change Amino acid 
change

Grade 2 4 3
76 30 M Lt frontal 453 >67.8 5 142 CCT to CTT Pro to Leu 5 142 CCT to CTT Pro to Leu
79 45 M Rt temporal 32.6 40.6 No mutation 5 175 CGC to CAC Arg to His
80 39 F Lt temporal 643 90.9 No mutation 4 72 CGC to CCC Arg to Pro
81 38 F Lt frontal 50.3 125.3 No mutation 8 282 CGG to TGG Arg to Trp
82 36 F Lt frontal 24.3 58.4 8 303 AGC to GGC Ser to Gly 8 278 CCT to CGT Proto Arg
83 34 M Lt frontal 35.8 58.3 5 175 CGC to CAC Arg to His 5 175 CGC to CAC Arg to His
86 31 M Lt temporal 16.7 25.7 8 282 CGGtoTGG Arg to Trp 8 282 CGG to TGG Arg to Trp
90 24 F Rt temporal 115.1 >147.5 No mutation 7 243 ATG to GTG Met to Val
94 35 M n/a 42.3 >44.3 5 177-182 Deletion 5 177-182 Deletion
98 24 F n/a 30.7 33.6 7 244 GGC to AGC Gly to Ser 4 45 CTG to CGG Leu to Arg
136 41 F Lt occipital 19.7 23.3 5 141 TGC to AGC Cys to Ser 5 175 CGC to CAC Arg to His
147 43 M Rt frontal 11.1 12.1 No mutation 4 95 TCTtoTTT Ser to Phe
151 37 F Rt temporal 9.1 13.8 7 252 CTCtoTTC Leu to Phe 7 252 CTC to TTC Leu to Phe

Grade 2 4 4

71 27 M Rt frontal 41.9 47.0 7 239 AAC to CAC Asn to His 4& 7 72 & 239 CGC to CCC & 
AAC to CAC

Arg to Pro & 
Asn to His

102 52 F Rt temporal 5.2 12.2 No mutation 8 273 CGT to CAT Arg to His
103 48 F Rt frontal 44.0 59.9 5 176 TGCtoTAC Cys to Tyr 5 176 TGC to TAC Cys to Tyr
104 33 M Lt temporal 32.6 38.7 5 175 CGC to CAC Arg to His 5 175 CGC to CAC Arg to His
107 41 M Lt temporal 18.8 223 n/a 5 176 TGC to TAC Cys to Tyr
108 36 M Lt temporal 21.2 21.4 5 157 GTC to ATC Val to lie 5 137 CTG to ATG Leu to Met
156 36 M Rt parietal 15.9 28.4 7 238 TGTtoAGT Cys to Ser No mutation

Grade 3 4 3
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Case
ID

Age
(yrs)

Sex Location of tumour

Interval
between

operations
(months)

Survival
time

(months)

Location o f the p53 gene mutations in 
1** biopsy

Location of the p53 gene mutations in 
2"** biopsy

Exon Codon Base change Amino acid 
change

Exon Codon Base change Amino acid 
change

142 40 F Lt temporal 31.9 43.3 6 215 AGTtoATT Ser to lie n/a
145 35 M Lt parietal 19.7 463 4 95 TCTtoTTT Ser to Phe 4 116 TCTtoTTT Ser to Phe

Grade 3 4  4
25 34 M Rt frontal 19.8 23.2 No mutation 5 175 CGC to CAC Arg to His
26 33 M Rt frontal 24.8 29.9 5 175 CGC to CAC Arg to His No mutation
29 49 F Rt frontal 25.9 28.1 6 193 CAT to CGT His to Arg 6 193 CAT to CGT His to Arg
30 28 F Rt temporal 123 13.7 No mutation 4 86 GCA to GTA Ala to Val
31 42 M Rt frontal 23.4 35.5 No mutation 5 175 CGC to CAC Arg to His
33 28 F Lt frontal n/a 45.8 8 273 CGT to CAT Arg to His 8 273 CGT to CAT Arg to His
36 29 M Lt frontal 40.4 47.1 5 176 TGCtoTAC Cys to Tyr 5 176 TGCtoTAC Cys to Tyr
106 47 F Rt frontal 30.5 34.6 7 244 GGC to AGC Gly to Ser 5 175 CGC to CAC Arg to His
138 19 F Rt frontal 7.4 123 5 176 TGCtoTAC Cys to Tyr 6 215 AGT to ATT Ser to lie
139 48 M Lt temporal 163 18.0 5 176 TGCtoTAC Cys to Tyr 6 215 AGTtoATT Ser to Tie

Grade 4 4 4
48 46 M Lt temporal 9.6 13.9 5 161 GCC to GTC Ala to Val 5 145 CTG to GTG Leu to Val
49 37 F Lt parietal 38.7 42.2 5 137 CTG to ATG Leu to Met 5 175 CGC to CAC Arg to His
54 57 M Rt parietal 4.5 5.0 5 175 CGC to CAC Arg to His 8 285 GAG to GTG Glu to Val

61 31 M Lt frontal 133 22.3 No mutation 7 255
Deletion 3 bases 
of this codon 
(ATC... ACA)

64 34 M Lt temporal n/a 15.8 n/a 5 181 CGC to TGC Arg to Cys
67 30 M Lt frontal 10.5 13.2 5 175 CGC to CAC Arg to His 5 175 CGC to CAC Arg to His
113 27 M n/a 51.0 >316.5 5 175 CGC to CAC Arg to His n/a

Grade 4 who had only a single biopsy
6 52 M Rt frontal 3.9 5.1 5 128 CCT to CTT Pro to Leu
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Case
ID

Age
(yrs)

Sex Location of tumour

Interval
between

operations
(months)

Survival
time

(months)

Location of the p53 gene mutations in 
1®* biopsy

Location of the p53 gene mutations in 
2“** biopsy

Exon Codon Base change Amino acid 
change

Exon Codon Base change Amino acid 
change

11 27 F Rt frontal 14.8 15.2 5 175 CGC to CAC Arg to His
116 54 M Lt temporal n/a 25.6 5 175 CGC to CAC Arg to His
122 57 F Lt frontal n/a 27.8 9 310 AAC to GAC Asn to Asp
131 52 M n/a n/a 40.1 6 193 CAT to TAT His to Tyr

Table 3.21 p53 mutations and survival time in each group. M, male; F, female
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p53 mutation

Grade at 1®* 
operation 

(No. of cases) Total

2 3 4
1®‘ biopsy only 1 1 2
2“** biopsy only 6 3 1 10
Same mutation in f  and 2”** biopsy 7 3 1 11
Different mutation 
between 1** and 2"*' biopsies 5 4 3 12

Mutation was found in 1** biopsy 
but 2""* sample not available 1 1 2

Mutation was found in 2""" biopsy 
but sample not available 1 1 2

TOTAL 20 12 7 39

Table 3.22 Distribution of p53 mutation in each clinicopathological 
group.

ID Mutation in 1** biopsy Mutation in Z"** biopsy
Grade at 

1** operation 
(No. of case)

codon Base change codon Base change 2 3 4
71 239 AAC to CAC 72 & 239 CGC to CCC & AAC to CAC 1
82 303 AGC to GGC 278 CCT to CGT 1
98 244 GGC to AGC 45 CTG to CGG 1
108 157 GTC to ATC 137 CTG to ATG 1
136 141 TGC to AGC 175 CGC to CAC 1
106 244 GGC to AGC 175 CGC to CAC 1
138 176 TGC to TAC 215 AGT to ATT 1
139 176 TGC to TAC 215 AGT to ATT 1
145 141 TGC to AGC 175 CGC to CAC 1
48 161 GCC to GTC 145 CTG to GTG 1
49 137 CTG to ATG 175 CGC to CAC 1
54 175 CGC to CAC 285 GAG to GTG 1

TOTAL 5 4 3

Table 3.23 Location of p53 mutations in tumours where the mutations 
were different between the first and second biopsy samples.
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Grade at
jSt

operation

Grade at 

operation
ID

Mutation
codon Base change

2 3

79 175 CGC to CAC
80 72 CGC to CCC
81 282 CGG to TGG
90 243 ATG to GTG
147 95 TCT to TTT

4 102 273 CGT to CAT

3 4
25 175 CGC to CAC
30 86 GCA to GTA
31 175 CGC to CAC

4 4 61 255 Deletion o f 3 bases o f this codon

Table 3.24 Location of p53 mutations in cases which occurred only in the 
second biopsy sample.

Grade at 1'* operation
Polymorphism 

(No. of cases, %) Total
Yes No

2 17
(37.8%)

28
(62.2%)

45
(100.0%)

3 7
(25.9%)

20
(74.1%)

27
(100.0%)

4 13
(21.7%)

47
(78.3%)

60
(100.0%)

TOTAL 37
(28.0%)

95
(72.0%)

132
(100.0%)

Table 3.25 Frequency of p53 polymorphism and grade at the first 
operation.
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Case
ID

Age
(yrs)

Sex Location of tumour

Interval
between

operations
(months)

Survival
time

(months)

Location of polymorphism in the p53 gene 
in 1** biopsysample

Location of polymorphism in the p53 gene 
in 2“** biopsy sample

Exon Codon Base change Amino acid 
change

Exon Codon Base change Amino acid 
change

Grade 2 4  3
75 39 M Lt frontal 18.0 36.3 4 76 GCA to GGA Ala to Gly 4 76 GCA to GGA Ala to Gly
77 41 F Lt temporal 56.1 69.9 n/a 4 76 GCA to GGA Ala to Gly
78 24 M Rt frontal 35.2 >55.1 4 76 GCA to GGA Ala to Gly 4 76 GCA to GGA Ala to Gly
80 39 F Lt temporal 64.5 90.9 4 76 GCA to GGA Ala to Gly 4 76 GCA to GGA Ala to Gly
81 38 F Lt frontal 50.1 125.3 4 76 GCA to GGA Ala to Gly 4 76 GCA to GGA Ala to Gly
83 34 M Lt frontal 35.8 58.3 4 76 GCA to GGA Ala to Gly 4 76 GCA to GGA Ala to Gly
84 36 F Lt frontal 58.3 70.8 4 76 GCA to GGA Ala to Gly 4 76 GCA to GGA Ala to Gly
85 30 M Rt frontal 76.0 >87.8 4 72 CGC to CCC Arg to Pro 4 72 CGC to CCC Arg to Pro
86 31 M Lt temporal 16.7 25.7 4 72 CGC to CCC Arg to Pro n/a
87 44 M Lt temporal 36.7 90.5 n/a 4 76 GCA to GGA Ala to Gly

95 37 M n/a 36.4 48.5 4 72&76
CGC to CCC & 
GCA to GGA

Arg to Pro & 
Ala to Gly 4 72&76

CGC to CCC & 
GCA to GGA

Arg to Pro & 
Ala to Gly

147 43 M Rt frontal 11.1 12.1 4 76 GCA to GGA Ala to Gly n/a
Grade 2 4 4

71 27 M Rt frontal 41.9 47.0 4 76 GCA to GGA Ala to Gly 4 76 GCA to GGA Ala to Gly

102 52 F Rt temporal 5.2 12.2 4 72&76
CGC to CCC & 
GCA to GGA

Arg to Pro & 
Ala to Gly

4 76 GCA to GGA Ala to Gly

105 30 F Lt temporal 80.4 83.4 4 76 GCA to GGA Ala to Gly 4 76 GCA to GGA Ala to Gly
107 41 M Lt temporal 18.8 22.3 4 76 GCA to GGA Ala to Gly 4 76 GCA to GGA Ala to Gly
110 32 M Rt frontal 13.8 33.2 4 76 GCA to GGA 4 76 GCA to GGA Ala to Gly

Grade 3 4 3

27 37 M Lt parietal 22.9 42.9 4 72&76
CGC to CCC & 
GCA to GGA

Arg to Pro & 
Ala to Gly 4 72&76 CGC to CCC & 

GCA to GGA
Arg to Pro & 
Ala to Gly

Grade 3 4 4
28 42 M Rt temporal 20^ 25.1 4 76 GCA to GGA Ala to Gly n/a
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Case
ID

Age
(yrs)

Sex Location of tumour

Interval
between

operations
(months)

Survival
time

(months)

Location of polymorphism in the p53 gene 
in 1®* biopsysample

Location of polymorphism in the p53 gene 
in 2“** biopsy sample

Exon Codon Base change Amino acid 
change

Exon Codon Base change Amino acid 
change

30 28 F Rt temporal 12.3 13.7 4 76 GCA to GGA Ala to Gly
No
polymorphism

31 42 M Rt frontal 23.4 353 4 76 GCA to GGA Ala to Gly No
polymorphism

32 46 M Rt parietal 11.0 14.8 4 72&76
CGC to CCC & 
GCA to GGA

Arg to Pro & 
Ala to Gly

4 76 GCA to GGA Ala to Gly

37 37 F Rt frontal 17.7 31.7 4 76 GCA to GGA Ala to Gly 4 76 GCA to GGA Ala to Gly
52 28 M Rt parietal 363 57.2 n/a 4 76 GCA to GGA Ala to Gly

Grade 4 4 4
50 38 F Rt parietal 19.5 22.6 4 76 GCA to GGA Ala to Gly 4 76 GCA to GGA Ala to Gly
53 55 M Lt temporal 26.7 26.9 4 76 GCA to GGA Ala to Gly n/a
59 36 M Lt frontal 12.0 22.4 4 76 GCA to GGA Ala to Gly 4 76 GCA to GGA Ala to Gly
61 31 M Lt frontal 13.3 22.3 n/a 5 126 TAC to TAT None
62 42 F Lt frontal 9.7 10.4 4 76 GCA to GGA Ala to Gly n/a
63 40 M Rt temporal 143 19.1 4 76 GCA to GGA Ala to Gly 4 76 GCA to GGA Ala to Gly
68 36 F n/a n/a 12.0 4 76 GCA to GGA Ala to Gly 4 76 GCA to GGA Ala to Gly

Grade 4 who had only a single biopsy
10 57 M Rt temporal 203 22.7 4 76 GCA to GGA Ala to Gly
12 53 F Lt temporal 2.1 4.6 4 76 GCA to GGA Ala to Gly
18 59 M Rt parietal n/a 123 4 76 GCA to GGA Ala to Gly
19 48 M Lt temporal n/a 12.6 5 126 TAC to TAT None
117 60 F Rt frontal n/a 29.7 4 76 GCA to GGA Ala to Gly

124 43 M n/a n/a 66.9 4 72&76
CGC to CCC & 
GCA to GGA

Arg to Pro & 
Ala to Gly

Table 3.26 p53 polymorphisms and survival time in each group. M, male; F, female
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14. Correlation between p53 protein accumulation and the mutational status 

of the p53 gene

The correlation between the accumulation of the p53 protein and the mutational 

status of the p53 gene was evaluated. There were 8 out of 45 cases (17.8%) of 

grade 2 tumour, 8 out of 27 cases (29.6%) of grade 3 and 7 out of 60 cases 

(11.7%) of grade 4 tumour which had accumulation of the p53 protein and 

mutations of the p53 gene in the first biopsy sample (Table 3.27). Statistical 

analysis, using the Chi-Square test, showed no correlation between the 

accumulation of p53 protein by immunohistochemistry and the mutation of the 

p53 gene in the first or second biopsy samples in every group of tumour.

Grade at 1** 
operation

Accumulation of 
the p53 protein

Mutation of the p53 gene 
in 1®* biopsy Total

Yes No

2
Positive 8 20 28
Negative 5 12 17

TOTAL 45

3 Positive 8 15 23
Negative 1 3 4

TOTAL 27

4 Positive 7 33 40
Negative 3 17 20

TOTAL 60

Table 3.27 The accumulation of the p53 protein and the p53 gene mutational 
status in first biopsy sample.

15. Influence of the accumulation of p53 protein and the mutational status of 

the p53 gene on interval between first and second operations and survival 

time

Tumours positive for p53 were separated into three groups for survival analysis: 

Group 1, p53 LI ^ 5%; group 2, p53 LI > 5% to 15%; group 3, p53 > 15%. 

Without taking grade or age into consideration, Cox’s regression analysis showed 

that patients whose tumours had p53 Lis between 5% to 15% in the first biopsy

143



sample had a longer survival time than those patients with staining in ^ 5% or > 

15% of tumour cells (Table 3.28, p = 0.024). However, the effect of the 

accumulation of p53 protein on survival time did not reach statistical significance 

after taking grade at the first operation into consideration. In addition, there was 

no correlation between level of p53 LI in the first biopsy sample and interval 

between first and second operations (Table 3.29).

The median survival time and interval between first and second operations of 

patients with and without mutations of the p53 gene is shown in Tables 3.30 and 

3.31. Cox regression analysis indicated that the mutational status of p53 gene did 

not influence survival or interval between first and second operations in these 

patients, either as a single parameter or after adjusting by grade and age.

Grade at 1"* operation p53 LI in 1** biopsy Survival time in months 
(range)

2

0-5% 44.3
(12.1-125.3)

>5-15% 75.9
(7.6-147.5)

>15% 47.0
(23.3-105.2)

3

0-5% 32.6
(14.8-47.6)

>5-15% 28.1
(12.3-164.5)

>15% 35.5
(13.7-57.2)

4

0-5%
22.4

(4.6-113.6)

>5-15% 27.5
(6.1-316.5)

>15% 21.6
(1.4-207.0)

Table 3.28 Median survival time and p53 Lis in the first biopsy grouped by grade 
at first operation.
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Grade at operation p53 LI in 1®* biopsy
Interval between fîrst and 

second operations in months 
(range)

2

0-5% 33.9
(5.2-86.2)

>5-15% 47.6
(3.6-115.1)

>15% 37.2
(11.8-89.2)

3

0-5% 20.2
(11-43.3)

>5 15% 21.7
(7.4-137.8)

>15% 24.1
(11.6-36.3)

4

0-5% 11.8
(2.1-28.7)

>5-15% 13.3
(5-51)

>15% 16.4 
(4 -  2079)

Table 3.29 Median interval between first and second operations and p53 Lis in the 
first biopsy sample grouped by grade at first operation.

Grade at 1®* operation
Median survival time in months 

(range)
Mutations of p53 No mutation of p53

? 39.7 56.1
it (12.1 -  147.5) (7.6-141.6)

2 32.2 36.9
(12.3-47.1) (14.8 -  164.5)

4 19.1 22.7
(5.0-316.5) (1.4-207.0)

Table 3.30 Median survival time of cases with and without p53 mutations in each 
grade.
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Grade at operation

Median interval between fîrst and second operations in 
months 
(range)

Mutations of p53 No mutation of p53

2 31.7 39.6
(5.2-115.1) (3.6-111.8)

‘X 23.4 22.3
(7.4-40.4) (9.1-37.8)

4 11.9 14.5
(4-51) (2.1 -  207)

Table 3.31 Median interval between first and second operations of cases with and 
without p53 mutations in each grade.

16. Base change at codon 76

The presence of a base change involving codon 76 of exon 4 of the p53 gene was 

found in a high proportion of cases in the present series of tumours. Overall, 

30/132 cases (22.7%) showed this base change. This did not seem to be related to 

a particular racial group with 25.3% of samples derived from Hungarian patients 

and 18.9% of samples from UK patients exhibiting this change (p=0.39, Pearson’s 

Chi square test, Table 3.31). This base change appeared to be more common in 

cases derived from lower grade astrocytoma which subsequently progressed to 

higher grade neoplasms. The proportion of cases which had this base change was 

higher in grade 2 and grade 3 tumours than in grade 4 tumours although this 

difference did not reach statistical significance (p=0.44, Pearson’s Chi square test. 

Table 3.32). Sub-group analysis confirmed this trend, which showed that 

unselected grade 4 tumours which had only a single operation having the base 

change in only 5/37 cases (13.5%) whilst lower grade tumours more commonly 

showed this change as did the series of grade 4 tumours which had been examined 

at both diagnosis and recurrence (Table 3.33).
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Country
Base change 

Number o
at codon 76 

r cases (%) Total
Yes No

Hungary
20 59 79

(25.3%) (74.7%) (100%)

UK
10 43 53

(18.9%) (81.1%) (100%)

Total
30 102 132

(22.7%) (77.3%) (100%)

Table 3.32 Frequency of base change at codon 76 in tumours which obtained from 
Hungary and the UK (p = 0.39, Pearson’s Chi square)

Grade at 1®*
Base change at codon 76

operation
Number oiÏ  cases (%) Total

Yes No
13 32 45

L (28.9%) (71.1%) (100%)
'X 6 21 27
J (22.2%) (77.8%) (100%)

A 11 49 60
4 (18.3%) (81.7%) (100%)

30 102 132
Total (22.7%) (77.3%) (100%)

Table 3.33 Base change at codon 76 in tumour samples divided by grade at the 
first operation (p = 0.44, Pearson’s Chi square).
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Grade at 
1®* operation

Grade at 
2“** operation

Base change at codon 76 
No. of cases (%) Total

Yes No
-y 8 21 29

(27.6%) (72.4%) (100%)
2

A 5 11 16
4 (31.3%) (68.8%) (100%)

-i 1 6 7
Ô (14.3%) (85.7%) (100%)

3
A 5 15 20
4 (25.0%) (75.0%) (100%)

Grade 4 with a single 5 32 37
operation (13.5%) (86.5%) (100%)

Grade 4 with two operations
6

(26.1%)
17

(73.9%)
23

(100%)

Table 3.34 Base change at codon 76 in each group of tumours.

17. Relationship between a base change at codon 76 and clinical outcome

The presence of a base change at codon 76 did not seem to influence interval 

between first and second operations (data not shown, p= 0.64, Log Rank test) or 

survival (p = 0.73, Log Rank test) in patients with grade 2 tumours.

However, in patients with grade 3 tumours, there was a clear indication that in 

patients who did not have a base change at codon 76 that this was related to both 

longer interval between first and second operations (Figure 3.21, p= 0.02 Log 

Rank test) and survival (Figure 3.22, p = 0.05 Log Rank test).

148



1.21

1 .0 '

. > . 8 '

. 4 '

b a se  change

nopol ymor phi sm

0 .0, -
0

codon 76
24 48 72 96 120 144

Interval between first and second operation (months)

Figure 3.21 Kaplan-Meier plot of interval between first and second operations of 
grade 3 tumour between those with a base change at codon 76 and those without 
(p = 0.02, Log rank test).
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Figure 3.22 Kaplan-Meier plot of survival time of grade 3 tumour which had base 
change at codon 76 and those which did not (p = 0.05, Log Rank test).
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There was no relationship between either interval between first and second 

operations (data not shown, p = 0.55, Log Rank test) and survival (p = 0.25, Log 

Rank test) and the presence of base change at codon 76 in patients with grade 4 

tumours. Further analysis of the survival of patients with grade 4 tumours who 

survived longer than 2 years also failed to identify a relationship between a base 

change and survival (p = 0.66, Log Rank test). Splitting these long-term cases into 

those with only single operations failed to demonstrate a relationship between 

base change and survival (p = 0.85. Log Rank test). However it was not possible 

to carry out survival analysis on those long-term survivors with two operations 

because of the 7 cases of long term survivors with grade 4 tumour who had two 

operations, only 1 case had base change at codon 76.

18 .Correlation between the accumulation of p53 protein, the mutational 

status of p53 gene and EGFR expression

The presence of p53 protein accumulation and the expression of EGFR in all 127 

available cases are shown in Table 3.35. There was a negative correlation between 

p53 protein accumulation and high level expression of EGFR in the first biopsy 

sample of grade 4 tumours (p = 0.045, Pearson Chi-Square).

The correlation between EGFR expression and mutational status of the p53 gene 

in the first biopsy sample is shown in Table 3.36. There was no correlation 

between EGFR expression and p53 mutation in either first or second biopsy 

samples in any grade.
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Grade at 1"* operation
p53 protein 

accumulation
Expression of the EGFR

Total
Negative 1+ 2+ 3+

Grade 2
Positive 13 9 5 27
Negative 9 5 2 16

Total 22 14 7 43

Grade 3 Positive 6 8 7 1 22
Negative 2 1 3

Total 8 8 7 2 25

Grade 4 Positive 21 6 7 5 39
Negative 12 1 7 20

Total 33 6 8 12 59

Table 3.35 p53 protein accumulation and the expression of EGFR in the first 
biopsy sample divided by grade.

Grade at 1“* operation Mutational
status

Expression of the EGFR
Total

Negative 1+ 2+ 3+

Grade 2
No mutation 16 8 6 30

Mutation 6 6 1 13
Total 22 14 7 43

Grade 3
No mutation 6 5 5 1 17

Mutation 2 3 2 1 8
Total 8 8 7 2 25

Grade 4
No mutation 30 5 5 9 49

Mutation 3 1 3 3 10
Total 33 6 8 12 59

Table 3.36 p53 mutational status and expression of EGFR in the first biopsy 
sample divided by grade.
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19 .Correlation between the accumulation of p53 protein, the 

mutational status of the p53 gene and the presence of 

gemistocytes

The accumulation ofp53 protein and the presence o f gemistocytes in the 

first biopsy sample

Without taking tumour grade into consideration, there was a positive 

correlation between the presence of gemistocytic cells and the 

accumulation of p53 protein in the first biopsy sample. In the 55 tumours 

which had a p53 LI equal or less than 5% in the first biopsy sample, 18 

(32.7%) had a gemistocytic cell component. The proportion of cases 

which contained gemistocytic tumour cells increased significantly to 

44.0% and 69.2% in a group of tumours which had a p53 LI between 5% 

and 15%, and in a group which had a p53 LI in excess of 15%, 

respectively (Figure 3.23, Table 3.37, p = 0.001, Pearson’s Chi-Square 

test).

The correlation between the presence of a gemistocytic cell population 

and the accumulation of p53 protein in the first biopsy sample in each 

grade is shown in Table 3.38. There was no correlation between the 

presence of a gemistocytic cell population and the accumulation of p53 

protein in grade 2 (p = 0.351, Fisher’s Exact test) and grade 4 tumours (p 

= 0.099, Pearson’s Chi-Square test). However, a correlation was detected 

in grade 3 tumours where tumours with a gemistocytic cell component 

tended to have accumulation of p53 protein (p = 0.042, Fisher’s Exact 

test).

The mean and median p53 LI in each group is shown in Table 3.39. 

There was no difference of the median p53 LI between cases which had 

or did not have a gemistocytic cell component in grade 2 (p = 0.363, 

Mann-Whitney U test) and grade 3 tumours (p = 0.409, Mann-Whitney U 

test). In grade 4 tumours, however, there was a tendency, in cases 

containing a gemistocytic cell component, to have a higher p53 LI than 

cases which did not contain gemistocytes (p = 0.023, Mann-Whitney U 

test).

Plotting p53 LI against the percentage of gemistocytic cell population in 

the first biopsy samples divided by grade as a scatter plot showed that
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there was a tendency of grade 2 tumours which had a high population of 

gemistocytic tumour cells to have a lower p53 LI than those with a 

smaller numbers of gemistocytes. However, in grade 3 and grade 4 

tumours, there was a tendency for tumours which had a high gemistocytic 

cell population to also have a high p53 LI (Figure 3.24). These 

correlations only reached statistical significance in grade 3 (p = 0.020), 

but not in grade 2 (p = 0.348) or grade 4 (p = 0.061) tumours. In grade 4 

tumours, after taking into account whether they had a p53 LI higher than 

5% or not, there was an association between the presence of gemistocytic 

tumour cells and p53 LI as those tumours which contained gemistocytic 

tumour cells had higher p53 Lis than those without (Table 3.40, p =

0.009, Pearson Chi-Square).

Gemistocytic cells

I lAbsence

^iR esence
0-5% >5-15% >15%

p53 LI in 1st biopsy

Figure 3.23 Bar graph representing the proportion of tumours which had 
a gemistocytic cell component in relation to p53 LI in the first biopsy 
sample.
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p53 LI Gemistocytic cells TotalPresence Absence
^5% 18

(32.7%)
37

(67.3%)
55

(100.0%)
>5-15% 11

(44.0%)
14

(56.0%)
25

(100.0%)
> 15% 36

(69.2%)
16

(30.8%)
52

(100.0%)
TOTAL 67

(50.8%)
65

(49.2%)
132

(100.0%)

Table 3.37 The presence of a gemistocytic cell component and p53 
protein accumulation for the whole group in the first biopsy sample = 
0.001, Pearson’s Chi-Square test).

Grade at 
1**

operation
Gemistocyte

p53 immunohistochemistry 
(No. of cases, %) Total p-value

Positive Negative

2

Presence 13
(72.2%)

5
(27.8%)

18
(100.0%)

0.351*Absence 15
(55.6%)

12
(44.4%)

27
(100.0%)

TOTAL 28
(62.2%)

17
(37.8%)

45
(100.0%)

3

Presence 19
(95.0%)

1
(5.0%)

20
(100.0%)

0.042 *Absence 4
(57.1%)

3
(42.9%)

7
(100.0%)

TOTAL 23
(85.2%)

4
(14.8%)

27
(100.0%)

4

Presence 21
(77.8%)

6
(22.2%)

27
(100.0%)

0.099 **Absence 19
(57.6%)

14
(42.4%)

33
(100.0%)

TOTAL 40
(66.7%)

20
(33.3%)

60
(100.0%)

Table 3.38 The presence of a gemistocytic cell component and p53 
protein positive in the first biopsy sample in each grade Fisher’s Exact 
test,  ̂Pearson Chi-Square).
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G rade at 1** 
operation Gemistocyte M ean and median p53 LI 

(range) p-value *

2
Presence 15.9, 13.6 

(0 .5 -3 8 .2 )
0.363

Absence 19.4,21.6
(0 .1 -3 4 .9 )

3
Presence 21.0, 17.7 

(0 .2 -4 9 .6 ) 0.409
Absence 14.7, 13.0 

(5 .8 -2 7 .0 )

4
Presence 26.4, 25.7 

(3 .0 -7 7 .9 ) 0.023
Absence 17.2, 10.0 

(0 .2 -6 7 .4 )

Table 3.39 Mean and median p53 LI in relation to the presence of 
gemistocytic cells in the first biopsy sample in each grade Mann- 
Whimey U test).

Grade at 1st bx

G r4

G r 3

-10 G r 2

-10 0 10 20 30 40 50

gem istocytes at 1st bx

Figure 3.24 Scatter plot illustrating the correlation between p53 LI and 
presence of a gemistocytic cell population in different tumour grade at the 
first operation.

p53 LI Gemistocytic cells TotalPresent Absent

^5% 8
(27.6%)

21
(72.4%)

29
(100.0%)

>5% 19
(61.3%)

12
(38.7%)

31
(100.0%)

TOTAL 27
(45.0%)

33
(55.0%)

60
(100.0%)

Table 3.40 p53 LI higher than 5% and the presence of gemistocytic 
tumour cells in grade 4 tumours (p = 0.009, Pearson Chi-Square).
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The accumulation o f p53 protein and the presence o f gemistocytes in the 

second biopsy sample

Further analysis was carried out in samples taken at recurrence or 

progression and grouped by grade at the first operation, to see if there 

was any change in the relationship between p53 LI and the presence of a 

gemistocytic cell population at the time of recurrence or progression. A 

scatter plot showing the correlation between p53 LI and percentage of 

gemistocytic cell population in the second biopsy sample is shown in 

Figure 3.25 which demonstrates that there is a reverse trend in the data 

from that seen in the first biopsy sample for each group of tumours. There 

was a tendency that tumours which contained a high gemistocytic cell 

population to have a high p53 LI in grade 2 tumours. On the other hand, 

in tumours which were diagnosed as grade 3 and grade 4 at the first 

operation, there was a tendency for tumours which contained a high 

proportion of gemistocytic cells to have a lower p53 LI than those with a 

smaller percentage of gemistocytes, although this did not reach statistical 

significance.

CN

Grade at1st b(

G r4

G r 3

-10 G r2

-10 0 10 20 30 40 50 60 70

gemistocytes at 2nd be

Figure 3.25 Scatter plot illustrating the correlation between p53 LI and 
gemistocytic cell population in the second biopsy sample in each group of 
tumours defined by grade at the first operation.
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Mutation o f the p5S gene and the presence o f gemistocytes in the first 

biopsy sample

An analysis for the association between the presence of a gemistocytic 

cell population and p53 gene mutation was carried out (Table 3.41). 

There were 18 out of 45 grade 2 tumours which had a gemistocytic cell 

component. Of these, 6 (33.3%) had p53 mutations. The proportion of 

p53 mutations were similar (25.9%) in grade 2 tumours without a 

gemistocytic cell component. In grade 3 tumours, 30.0% of cases 

contained gemistocytic tumour cells and had p53 mutations, whilst 42.9% 

of cases did not have a gemistocytic cell component but had p53 

mutations. For grade 4 tumours, 25.9% of cases which had a gemistocytic 

cell component had p53 mutations, whilst 9.1% of cases that did not 

contain gemistocytic tumour cells had a p53 mutation. This difference did 

not reach statistical significance.

Further analysis of the association between the presence of gemistocytic 

tumour cells and the mutational status of the p53 gene was carried out 

following categorisation of the samples into those with a gemistocytic 

cell population equal or less than 5% and those with a gemistocytic cell 

population more than 5% (Table 3.50). In grade 2 tumours which had p53 

mutations, there were 9 out of 32 (28.1%) which had gemistocytic tumour 

cells ^ 5%, and 4 out of 13 (30.8%) which had gemistocytic tumour cells 

> 5%. In grade 3 tumours which had p53 mutations, there were 4 out of 

10 (40%) which contained gemistocytes ^ 5%, and 5 out of 17 (29.4%) 

which had gemistocytes > 5%. In grade 4 tumours which had p53 

mutations, there were 5 out of 45 (11.1%) which had gemistocytic cell 

population ^ 5%, and 5 out of 15 (33.3%) which contained gemistocytic 

tumour cells >5% . There was no correlation between the presence of 

gemistocytic tumour cells > 5% and the mutational status of the p53 gene.
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Grade at 
1“

operation
Gemistocytic cells

M utation of p53 
(No. of cases, % ) Total p-value

M utation No m utation

2
Presence 6

(33.3%)
12

(66.7%)
18

(100.0%)

0.591 *Absence 7
(25.9%)

20
(74.1%)

27
(100.0%)

TOTAL 13
(28.9%)

32
(71.1%)

45
(100.0%)

3
Presence 6

(30.0%)
14

(70.0%)
20

(100.0%)

0.653Absence 3
(42.9%)

4
(57.1%)

7
(100.0%)

TOTAL 9
(33.3%)

18
(66.7%)

27
(100.0%)

4
Presence 7

(25.9%)
20

(74.1%)
27

(100.0%)

0.097Absence 3
(9.1%)

30
(90.9%)

33
(100.0%)

TOTAL 10
(16.7%)

50
(83.3%)

60
(100.0%)

Table 3.41 Correlation between the presence of gemistocytic tumour cells 
and the mutational status of p53 gene in the first biopsy sample C Pearson 
Chi-square,  ̂Fisher’s Exact test).

Grade at 

operation
Gemistocytic cells

M utation of p53 
(No. of cases, % ) Total p-value

M utation No m utation

2
s5 % 9

(28.1%)
23

(71.9%)
32

(100.0%)

1 .0“>5% 4
(30.8%)

9
(69.2%)

13
(100.0%)

TOTAL 13
(28.9%)

32
(71.1%)

45
(100.0%)

3
s5 % 4

(40.0%)
6

(60.0%)
10

(100.0%)

0.683 “>5% 5
(29.4%)

12
(70.6%)

17
(100.0%)

TOTAL 9
(33.3%)

18
(66.7%)

27
(100.0%)

4
s5 % 5

(11.1%)
40

(88.9%)
45

(100.0%)

0 .102“>5% 5
(33.3%)

10
(66.7%)

15
(100.0%)

TOTAL 10
(16.7%)

50
(83.3%)

60
(100.0%)

Table 3.42 Correlation between the presence of gemistocytic tumour cells 
(> 5% of total cells) and the mutational status of p53 gene in the first 
biopsy sample Fisher’s Exact test).
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Mutation o f p53 gene and the presence o f gemistocytes in the second 

biopsy sample

Of the 45 grade 2 tumours, 28 had a gemistocytic cell component in the 

second biopsy sample. Of these, 12 (42.9%) had mutations of p53. A 

similar proportion of cases which had p53 mutations was found in 

tumours which did not have a gemistocytic component (7 out of 17 cases, 

41.2%). In 26 of those tumours originally diagnosed as grade 3, there 

were p53 mutations in 10 cases. Of these, 8 cases had a gemistocytic cell 

component in the second biopsy sample and 2 did not (Table 3.43). The 

proportion of tumours which had a mutation of p53 was 42.1% (8/19 

cases) in tumours which contained gemistocytic tumour cells and 28.6% 

(2/7 cases) in tumours which did not. This difference did not reach 

statistical significance (p = 0.668, Fisher’s Exact test). In 23 of the second 

biopsy samples which were originally diagnosed as grade 4, the 

proportion of tumours which had a mutation of p53 was 33.3% (4/12 

cases) in those tumours which contained a gemistocytic cell component 

and 18.2% (2/11 cases) in those which did not (p = 0.640, Fisher’s Exact 

test).

In summary, there was a positive correlation between the presence of 

gemistocytic cells and p53 protein accumulation in the first biopsy 

sample of grade 3 tumours, although this was not evident in grade 2 or 

grade 4 tumours. However, grade 4 tumours which contained a 

gemistocytic tumour cell component had a tendency to have higher p53 

Lis in the first biopsy sample. There was no association between the 

presence of gemistocytic tumour cells and p53 protein accumulation in 

second biopsy sample of tumours at any grade and there was no 

correlation between the presence of gemistocytic tumour cells and the 

mutational status of the p53 either in the first or second biopsy samples of 

tumours of any grade.
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Grade at 

operation
Gemistocytic cells

M utation of p53 
(No. of cases, % ) Total p-value

M utation No m utation

2
Presence 12

(42.9%)
16

(57.1%)
28

(100.0%)

0.406 “Absence 7
(41.2%)

10
(58.8%)

17
(100.0%)

TOTAL 19
(42.2%)

26
(57.8%)

45
(100.0%)

3
Presence 8

(42.1%)
11

(57.9%)
19

(100.0%)

0.668 **Absence 2
(28.6%)

5
(71.4%)

7
(100.0%)

TOTAL 10
(38.5%)

16
(61.5%)

26
(100.0%)

4
Presence 4

(33.3%)
8

(66.7%)
12

(100.0%)

0.640Absence 2
(18.2%)

9
(81.8%)

11
(100.0%)

TOTAL 6
(26.1%)

17
(73.9%)

23
(100.0%)

Table 3.43 Correlation between the presence of gemistocytic tumour cells 
and the mutational status of p53 gene in the second biopsy samples of 
tumours divided on the basis of grade at first operation C Pearson Chi- 
square,  ̂Fisher’s Exact test).

20. Correlation between the presence of gemistocytic tumour cells 

and the expression of EGFR

The correlation between the presence of gemistocytes and the expression 

of EGFR is described in Table 3.44. This indicates that there was an 

association between the presence of gemistocytic tumour cells and the 

expression of EGFR in the first biopsy sample of grade 3 tumours. These 

tumours which contained a gemistocytic cell component had a tendency 

to be positive for EGFR protein (p = 0.017, Fisher’s Exact test) but this 

correlation was not apparent in grade 2 or grade 4 tumours nor in the 

second biopsy sample of tumours at any grade.
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G rade a t 1** operation Gemistocytic 
cell population

Expression of the EG FR  
in the P* biopsy 

(No. of cases) Total

Negative Positive 
(1+ to 3+)

2 Presence 11 7 18
Absence 11 14 25

3 Presence 3 15 18
Absence 5 2 7

G rade 4
Presence 13 14 27
Absence 20 12 32

TOTAL 63 64 127

Table 3.44 The presence of gemistocytic cell population and the 
expression of EGFR in the first biopsy sample,

21. Correlation between Ki-67 LI and the presence of gemistocytic 

tumour cells

There was no correlation between the presence of gemistocytic tumour 

cells and the level of proliferative activity in any grade of astrocytic 

tumours in either first or second biopsy samples. This data indicates that 

the presence of gemistocytic tumour cells did not have an influence on 

the proliferative activity of these tumours.

2 2 .Short term and long term survival in patients with grade 4 

tumours

Patients who were diagnosed as having a grade 4 tumour at diagnosis 

were divided into two groups on the basis of their survival time. One 

group consisted of patients who survived less than 2 years and the second 

group comprised those who survived more than 2 years. There were 33 

patients in the first group and 27 patients in the second group (Table 

3.45). Median age of short-term survivors was 43 years (range 22 -  70 

years) and 48 years (range 2 0 - 7 1  years) in long term survivors. 

Seventeen out of 33 (51.5%) short term survivors and 20 out of 27 

(74.1%) long term survivors had only a single biopsy (Table 3.46). There 

was no statistically difference in age and the number of operation 

received in these groups of patients.

The median survival time of patients who survived less than two years 

was 15.2 months (range 1.4 -  24.2 months) and 33.4 months (range 25.6
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-316.5 months) in those who survived longer than 2 years (Table 3.33). 

In patients who had two biopsies, the median survival time after the 

second operation was 4.6 months (range 0.5-17.1 months) in short term 

survivors and 8.5 months (range 0.2 -  265.5 days) in long term survivors. 

The difference in survival time after the second operation was not 

statistically significant (p = 0.343, Log Rank test, data not shown).

M edian age 
in years 
(range)

M edian survival 
time in m onths 

(range)

No. of cases 
(% )

G rade 4 patients
who survived less than  2 years

43
(2 2 -7 0 )

15.2
(1 .4 -2 4 .2 )

33
(55.0%)

G rade 4 patients
who survived m ore than  2 years

48
(2 0 -7 1 )

33.4
(25 .6 -316 .5 )

27
(45.0%)

TOTAL 60
(100.0%)

Table 3.45 Median age and number of cases of short term (survived less 
than 2 years) and long term (survived more than 2 years) survivors with 
grade 4 tumours.

G roup Single operation 
(No. of cases, % )

Two operations 
(No. of cases, % ) Total

Short term  survivor 17
(51.5%)

16
(48.5%)

33
(100.0%)

Long term  survivor 20
(74.1%)

7
(25.9%)

27
(100.0%)

TOTAL 37
(61.7%)

23
(38.3%)

60
(100.0%)

Table 3.46 Short term and long term survivors in grade 4 tumours grouped 
by number of operations.

23. The presence of gemistocytic tumour cells in grade 4 tumours of 

patients with short term and long term survival

Gemistocytic tumour cells were detected in the first biopsy sample in 16 

out of 33 (48.5%) short term survivors with an average gemistocytic cell 

population of 7.4% (range 2.1 -  28.3) and in 11 out of 16 (40.7%) long 

term survivors with an average population of 6.9% (range 1.4 -  19.9) 

(Tables 3.47, 3.48). None of these differences was statistically 

significant.
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Group
Gemistocytic cells in 1̂* biopsy 

(No. of cases, %) Total
Presence Absence

Short term survivors 16
(48.5%)

17
(51.5%)

33
(100.0%)

Long term survivors 11
(40.7%)

16
(59.3%)

27
(100.0%)

TOTAL 27
(45.0%)

33
(55.0%)

60
(100.0%)

Table 3.47 The presence of gemistocytic cells in first biopsy sample 
between the short term and long term survivors.

Group
Meau aud median gemistocytic cells 

(range)
1®* biopsy 2"“ biopsy

Short term survivor 7.4,4.9 
(2.1-28.3)

6.2, 3.9 
(1.8-14.0)

Long term survivor 6.9, 6.2 
(1.4-19.9)

14.4, 8.5 
(3.0-48.4)

Table 3.48 Mean and median gemistocytic cell population in the first and 
second biopsy samples in short term and long term survivors.

24. Ki-67 LI in grade 4 tumours of patients with short and long term 

survival

The mean Ki-67 LI in the first biopsy sample was 17.5% in short term 

survivors and 9.9% in long term survivors (Table 3.49, p = 0.002, Mann- 

Whitney U test). The mean Ki-67 LI of short term survivors in the second 

biopsy sample was similar (19.4%) to that seen in the first biopsy sample, 

but the mean Ki-67 LI of long term survivors increased significantly from 

9.9% in the first biopsy sample to 19.6% (p = 0.019, Mann-Whitney U 

test). In addition, 24 out of 33 samples (72.7%) taken from short term 

survivors had Ki-67 LI higher than 10% in the first biopsy sample, while 

in samples taken from long term survivors, 11 out of 27 samples (40.7%) 

had Ki-67 LI higher than 10% (Table 3.50). The proportion of cases 

which had a Ki-67 LI higher than 10% in short term survivors was 

significantly higher than seen in long term survivors (p = 0.012, Pearson 

Chi-Square).
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Group
Mean and median Ki-67 LI 

(range)
1** biopsy 2"** biopsy

Short term survivor 17.5,16.3 
(2.9-42.6)

19.4, 18.3 
(3.8-34.9)

Long term survivor 9.9, 9.5 
(0.6-25.6)

19.6,19.0 
(3.6-37.0)

Table 3.49 Mean and median Ki-67 LI at the first and second biopsy 
samples in short term and long term survivors.

Group
Ki-67 LI ini'*  biopsy 

(No. of cases, %) Total
g 10% > 10%

Short term survivor 9
(27.3%)

24
(72.7%)

33
(100.0%)

Long term survivor 16
(59.3%)

11
(40.7%)

27
(100.0%)

TOTAL 25
(41.7%)

35
(58.3%)

60
(100.0%)

Table 3.50 Number of cases which had Ki-67 LI higher than 10% in the 
first biopsy sample in short term and long term survivors.

25. EGFR expression in grade 4 tumours of patients with short term 

and long term survival

High level expression of EGFR (3+) in the first biopsy sample was 

observed in 5 cases (15.2%), 2+ in 4 cases (12.1%), 1+ in 4 cases 

(12.1%) and 20 cases (60.6%) were negative out of 33 short term 

survivors (Table 3.51). In the first biopsy sample of the long term 

survival group, EGFR expression was 3+ in 7 (26.9%), 2+ in 4 (15.4%), 

1+ in 2 (7.7%) and negative in 13 (50.0%) of 26 cases. There were 23 out 

of 59 cases which had second operations. Of these, 16 cases were short 

term survivors and 7 cases were long term survivors. In the second biopsy 

sample of short term survivors, EGFR expression was 3+ in 2 cases 

(12.5%), 2+ in 3 cases (18.8%), 1+ in 6 cases (37.5%) and negative in 5 

cases (31.3%) (Table 3.52). In long term survivors, EGFR expression was
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3+ in 1 case (14.3%), 2+ in 2 cases (28.6%) and negative in 4 cases 

(57.1%). There was no significant difference in the expression of EGFR 

between short term and long term survivors either in the first or second 

biopsy sample. However, in the long term survivor group, patients whose 

tumours had high level EGFR expression (3+) survived significantly 

shorter than patients with lower levels of EGFR expression (Figure 3.26, 

p < 0.010, Log Rank test).

G roup
EG FR  expression in 1*‘ biopsy 

(No. of cases, % ) Total
Negative 1+ 2+ 3+

Short te rm  survivor 20
(60.6%)

4
(12.1%)

4
(12.1%)

5
(15.2%)

33
(100.0%)

Long term  survivor 13
(50.0%)

2
(7.7%)

4
(15.4%)

7
(26.9%)

26
(100.0%)

TOTAL 33
(55.9%)

6
(10.2%)

8
(13.6%)

12
(20.3%)

59
(100.0%)

Table 3.51 EGFR expression in the first biopsy sample of short term and 
long term survivors.

G roup
EG FR  expression in 2"*' biopsy 

(No. of cases, % ) Total
Negative 1+ 2+ 3+

Short term  survivor 5
(31.3%)

6
(37.5%)

3
(18.8%)

2
(12.5%)

16
(100.0%)

Long term  survivor 4
(57.1%) 0 2

(28.6%)
1

(14.3%)
7

(100.0%)

TOTAL 9
(39.1%)

6
(26.1%)

5
(21.7%)

3
(13.0%)

23
(100.0%)

Table 3.52 EGFR expression in the second biopsy sample of the short 
term and long term survivors.
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Figure 3.26 Kaplan-Meier plot of survival of patients with EGFR 3+ and 
less than 3+ in the long term survivor group (p < 0.010, Log Rank test).

26. p53 LI in grade 4 tumours of patients with short term and long 

term survival

There was p53 immunopositivity in the first biopsy sample in 23 out of 

33 samples (69.7%) taken from short term survivors and in 17 out of 27 

samples (63.0%) taken from long term survivors (Table 3.53). In the first 

biopsy sample, the median p53 LI was 22.6% in the short term survivors 

and 12.6% in the long term survivors, respectively (Table 3.54). The 

median p53 LI of both groups remained unchanged at the time of second 

operation. Similarly, there was no significant difference in either the 

proportion of cases which were p53 positive or in the absolute level of 

p53 positive cells between the two groups.

166



Group
p53 immunohistochemistry 

(No. of cases, %) Total
Negative Positive

Short term survivor 10
(30.3%)

23
(69.7%)

33
(100.0%)

Long term survivor 10
(37.0%)

17
(63.0%)

27
(100.0%)

TOTAL 20
(33.3%)

40
(66.7%)

60
(100.0%)

Table 3.53 p53 protein accumulation in the first biopsy sample of short 
term and long term survivors.

G roup
M ean and m edian p53 LI 

in 1** biopsy 
(range)

M ean and  m edian p53 L I 
in 2"** biopsy 

(range)

Short te rm  survivor 21.8,22.6 
(0 .2 -6 7 .4 )

22.8,24.8 
(0 .3 -4 2 .8 )

Long term  survivor 22.3, 12.6 
(2 .1 -7 7 .9 )

25.2,25.6 
(2 .8 -4 6 .7 )

Table 3.54 Mean and median p53 LI in the first and second biopsy 
samples of short term and long term survivors.

27. The mutational status of p53 gene in grade 4 tumours of patients 

with short term and long term survival

Mutations of the p53 gene in the first biopsy were detected in 5 of 33 

(15.2%) short term survivors and in 5 of 27 (18.5%) long term survivors 

(Table 3.55, p = 0.742, Fisher’s Exact test) indicating that the mutational 

status of the p53 gene did not influence survival in these groups of 

patients.

Group
p53 mutational status 

in 1** biopsy 
(No. of cases, %) Total

No mutation Mutation
Short term survivor 28

(84.8%)
5

(15.2%)
33

(100.0%)
Long term survivor 22

(81.5%)
5

(18.5%)
27

(100.0%)
TOTAL 50

(83.3%)
10

(16.7%)
60

(100.0%)

Table 3.55 The mutational status of the p53 gene in short term and long 
term survivors.
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Part rv : Discussion and conclusion
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CHAPTER 4

Discussion and conclusion

This study investigated the relationship between p53 gene mutations, 

EGFR expression, presence of gemistocytic tumour cells, proliferative 

index and outcome in patients with astrocytic gliomas of different grades. 

In this study group, the tissue samples were collected from patients who 

underwent either partial or total removal of their tumours. The results 

from this study are comparable with previous studies in terms of grade, 

age, sex distribution and survival. However, it should be noted that the 

patient population is biased, since most of the patients included were 

selected because they had a second operation at the time of recurrence or 

progression and tissue biopsy samples which were large enough to be 

used for immunohistochemical studies and DNA extraction. Moreover, 

patients with grade 4 tumours who survived longer than two years were 

intentionally selected for this study. However, the patients in this study 

represent a subset of astrocytoma patients who had recurrence or 

progression of tumour over a period of time, which may provide a useful 

information for further studies.

1. Age and grade as prognostic indicators

Astrocytomas are infiltrative tumours which occur more commonly in 

males than in females at a ratio of approximately 3:2 and this sex 

distribution was reflected in the present study. The distribution in 

location of tumours in the present series was also similar to other reports 

(Daumas-Duport et al., 1988; Pace et al., 1998). The median age of 

patients, however, was different from previous studies in that patients 

with grade 3 or grade 4 tumours were younger than patients in other 

series (Kim et al., 1991; Revesz et al., 1993; Watanabe et al., 1996; 

Fleury et al., 1997; Afra et al., 1999). This is proably due to the sampling 

bias outlined above. However, it should be noted that the median age of 

those patients with grade 4 tumour who had a single biopsy was 52 years, 

which is similar to previous reports, while in those who had two biopsies

169



the median age was only 38 years. This may be because younger patients 

have a better performance at the time of tumour recurrence making it 

more probable that a second operation will be carried out (Barker et al., 

1998). The finding that grade 4 patients with two biopsies were younger 

than those with a single biopsy was consistent with previous studies 

which found that patients who were younger than 40 years had a higher 

chance of undergoing re-operation after recurrence than older patients 

(Salcman et al., 1994; Barker et al., 1998). Although there is no direct 

data about the performance status of patients in the present series, the age 

distribution makes this is a likely explanation as to why there was a 

higher incidence of re-operation in younger glioblastoma patients.

There are reports that patients with malignant astrocytoma who had more 

than one operation tended to survive longer than those who had a single 

operation (Ammirati et al., 1987; Salcman et al., 1994). However, the 

results of those studies should be interpreted with caution because they 

included both grade 3 and grade 4 tumours in the analyses. In addition, 

the majority of patients who benefited fi'om the second operation in those 

studies were grade 3 astrocytoma and there was no separate analysis of 

survival time after second operation of grade 3 and grade 4 tumours. This 

may have biased the findings. Moreover, in neither report was the 

difference in proliferative potential of tumours in each grade between the 

first and second biopsy samples determined.

In the present study, although grade 4 patients who had two operations 

were younger, the total length of survival time was not different from 

those with a single operation. This was probably because the tumours 

became more aggressive at recurrence. This is supported by the results of 

Ki-67 LI in the second biopsy sample of grade 4 tumours, which was 

significantly higher than in the first biopsy sample. However, the 

indifference in the total length of survival time in patients with grade 4 

tumours in the present study may be because about half of patients with 

grade 4 tumours survived longer than 2 years and most of such patients 

(74%) had only a single operation. Thus, the median survival in the group 

which had only a single operation in this series was higher than previous 

studies. In fact the results fi*om this study show that median survival time
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in patients with grade 4 tumours who had a single operation was slightly 

more than 2 years, in contrast with other studies in which median survival 

of patients with grade 4 astrocytoma is around 1 year (Shapiro et al., 

1989; Simpson et al., 1993).

The variation in grading systems used for the diagnosis of astrocytomas 

is one of the main problems encountered in evaluating and comparing 

data between different studies. In addition, tissue samples are usually 

small because of the aim to preserve neurological function during 

surgery, which can result in an underestimation of the degree of 

malignancy (Glantz et al., 1991). However, the development of the 

grading system by Daumas-Duport and colleagues (1988) and the WHO 

classification (1993), which have been widely used, have increased 

sensitivity in identifying malignancy in tumours and clearly differentiate 

between anaplastic astrocytoma and glioblastoma in terms of survival 

(Daumas-Duport et al., 1988; Kleihues et al., 1993; Revesz et al., 1993). 

Both the Daumas-Duport grading system and the WHO classification 

have been found to correlate well with survival time of astrocytoma 

patients and can be used as an independent prognostic indicator (Kim et 

al., 1991; Revesz et al., 1993; Ellison et al., 1995). In the present study, 

the Daumas-Duport system was used for tumour grading, which was felt 

to be justified on the basis that neuropathologists at the Institute of 

Neurology have had long-standing experience with this grading system 

(Revesz et al. 1993). Furthermore the grading scheme provided by the 

WHO classification for astrocytic tumours is a modification of the 

Daumas-Duport system itself (Burger et al. 2002) and largely 

corresponds to it (Kleihues et al. 2002). The present investigations also 

found a clear correlation between survival time and grade at the first 

biopsy. The findings strongly support that grade is a prognostic indicator 

in astrocytomas.
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2. The role of gemistocytic tumour cells in astrocytic tumours

Gemistocytic tumour cells and survival time
Gemistocytic astrocytoma is defined as ‘a variant of astrocytoma 

predominantly composed of gemistocytic astrocytes’ (Kleihues et al., 

1993). Although gemistocytic astrocytoma is classified as a grade II 

tumour by the WHO classification (Kleihues et al., 1993) and 

gemistocytic tumour cells appear to quiescent (Hoshino et al., 1975), it 

has been reported that these tumours have a marked tendency to progress 

(Peraud et al., 1998). It has been suggested that the presence of a 

gemistocytic tumour cell population larger than 5% in low grade 

astrocytoma correlates with a rapid tumour progression (Watanabe et al., 

1997a) while according to another study the presence of at least 20% of 

such cells in a given tumour is an unfavourable prognostic sign regardless 

of whether the surrounding background tumour has more fibrillary or 

anaplastic astrocytic components (Krouwer et al., 1991). However, 

Westergaard and colleagues (1993) found that the proportion of 

gemistocytic tumour cells in low grade astrocytomas increased with the 

age of patients and that the main prognostic indicator in tumours with a 

gemistocytic tumour cell component could, in fact, be age. Moreover, 

other studies also documented that patients with low grade astrocytoma 

whose tumours had a higher gemistocytic cell population were older than 

those whose tumours had fewer gemistocytic tumour cells (Krouwer et 

al., 1991; Watanabe et al., 1997a). Since age is a strong independent 

prognostic indicator, it can be argued therefore that the poor prognosis in 

the tumours with a high proportion of gemistocytes might, in part, result 

from the increased patient age.

In this series of astrocytic glial tumours using an unbiased morphometric 

approach the overall incidence of gemistocytic neoplastic astrocytes was 

determined in order to assess the influence of such a cell component on 

tumour progression. It was found that about half of the samples contained 

a variable fraction of tumour cells of the gemistocytic phenotype and, 

similar to a recent study by Watanabe and colleagues (1997a), a cut off 

point of 5% was used as a criterion for classifying tumours as
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“gemistocytic” for statistical analyses. In this series no correlation was 

found between the presence of gemistocytic neoplastic astrocytes and 

survival time in patient groups with either grade 2 or grade 4 

astrocytomas, although patients with grade 3 tumours containing a 

gemistocytic tumour cell component (5%) had longer survival times than 

those without. There was no difference in age between these latter two 

groups of patients with grade 3 tumours. Our patients whose grade 2 

astrocytomas contained more than 5% of gemistocytic tumour cells had a 

median survival time of 32 months, which is similar to the findings 

reported by Watanabe and colleagues (1997a). In contrast the median 

survival time of patients whose tumours contained less than 5% of such 

cells was only 38 months in our series while this was 64 months in the 

equivalent patient group of Watanabe and colleagues’ (1997a) series. It 

may be of significance that in the present highly selected series of cases 

the median age of patients, whose tumours did not contain a gemistocytic 

cell component was 7 years higher than that of the equivalent patients in 

Watanabe and colleagues’ (1997a) series, which may, at least partly, be 

responsible for the shorter survival time observed in the subgroup of 

patients whose tumours did not contain a significant gemistocytic cell 

population. Only about 10% of samples in the present study had a 

gemistocytic cell population ranging between 20% and 60%, which is the 

diagnostic category of ‘mixed gemistocytic astrocytoma’ used by 

Krouwer and colleagues (1991). In the present study survival analysis 

detected no significant difference in survival time between patients 

whose tumours contained such a high gemistocytic tumour cell 

component and those whose tumours contained gemistocytic tumour cells 

of less than 20%. In addition, in this study the median survival time of 

patients whose tumours contained gemistocytic tumour cells was 32.9 

months (140.9 weeks) for the entire group, which is in agreement with 

135.6 weeks of ‘mixed gemistocytic astrocytoma’ in the report by 

Krouwer et al. (1991). However, the median survival time of patients 

whose tumours had no gemistocytic tumour cells was 28.6 months (122.6 

weeks) in our series, which is only slightly shorter than that of those 

patients with a larger than 20% gemistocytic cell component. Our
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findings suggest that the presence of gemistocytes was not found to be a 

poor prognostic sign in our highly selected series of astrocytic gliomas 

and these results also raise the possibility that some of the differences in 

survival ascribed to the presence of gemistocytes by other studies may, at 

leas in part, be due to differences in age.

The presence o f gemistocytic tumour cells and alterations ofp53 protein 

and p53 gene

It has been suggested that in low grade astrocytomas with a larger than 

5% neoplastic gemistocytic fraction gemistocytic tumour cells have 

higher p53 Lis than tumour cells as a whole and also that such tumours 

more often contain p53 mutations than those in which less than 5% of the 

tumour cells can be classified as gemistocytic (Watanabe et al., 1997a; 

1998). In this previous study of gemistocytic astrocytomas by Watanabe 

et al. (1997a) the difference in p53 LI between tumours with or without 

neoplastic gemistocytic astrocytes (5% cut off point) as a whole did, 

however, not reach statistical significance. Findings of another recent 

study, in which the fraction of neoplastic gemistocytic astrocytes used as 

a criterion for the definition of gemistocytic astrocytoma, was 

considerably higher a tendency for gemistocytic tumours to express p53 

at higher was found, although these findings did not reach statistical 

significance either (Kosel et al., 2001).

In the present study a correlation between p53 LI and the presence of 

neoplastic gemistocytic astrocytes was found when tumour grade was not 

taken into consideration; the proportion of tumours with a gemistocytic 

component was higher in the group of tumours that accumulated higher 

levels of p53 than among those, which did not. However when tumour 

grade, established at the time of the first tumour biopsy, was also taken 

into consideration no association was found between the incidence of 

gemistocytic tumours and whether a tumour was classified as p53 

positive or negative in the grade 2 or the grade 4 groups, although in the 

grade 3 tumour group the proportion of p53 positive tumours was
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significantly higher among the gemistocytic tumours than among those 

which were labelled as negative. Further statistical analysis of the mean 

p53 Lis also suggested that the presence of gemistocytes may be 

associated with higher levels of p53 expression in the grade 4 tumour 

group.

Previous studies have suggested that gemistocytic astrocytomas more 

fi*equently harbour p53 mutations than fibrillary astrocytomas and that 

the incidence of such mutations may vary between 60 to 100% 

(Watanabe et al. 1997a, Watanabe et al. 1998, Kosel et al. 2001). In our 

study of relatively small number of gemistocytic astrocytic tumours, no 

such association was found between the gemistocytic tumour phenotype 

and a higher incidence of p53 mutations. It is noteworthy that previous 

studies were based on the examination of relatively small numbers of 

cases, which showed a selection bias towards tumours containing a high 

proportion of gemistocytic tumour cells (Watanabe et al., 1998, Kosel et 

al. 2001). In the absence of finding a correlation between p53 mutations 

and gemistocytic tumour phenotype in this series, our results suggest that 

increased p53 LI that may be associated with grade 3 and grade 4 

tumours with a higher than 5% gemistocytic cell component could 

represent nuclear accumulation of wild type p53 protein and not mutated 

p53, although the possibility of mutations outside exon 4 to 9 studies 

cannot be entirely excluded. To confirm such a possibility further studies 

will be required.

3. Proliferative markers as prognostic indicators in astrocytic 

tumours

There are several antibodies that have been used to determine the 

proliferative potential of tumours, among which is the MIB-1 monoclonal 

antibody which has been used to detect the antigen recognised by the Ki- 

67 antibody in archival material. Previous studies have provided evidence 

that a high Ki-67 LI is associated with tumour grade with higher grade 

tumours having higher mean or median Lis (Sallinen et al., 1994; Ellison 

et al., 1995; Hsu et al., 1997; Cunningham et al., 1997; Enestrom et al., 

1998). This study presents data which is wholly consistent with previous
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studies. Grade II tumours had a median LI of 2.7%, grade 3 tumours, 

6.7% and grade 4 tumours, 13.5%. However, it is clear that in this highly 

selected group of patients who underwent two operations, the distribution 

of Ki-67 Lis were not different from the consecutive cases of grade 4 

astrocytoma included in this series who had only one operation. The Ki- 

67 LI range in the patients with grade 4 tumours who underwent only 

single operation was 0.6 -  42.6% whilst those grade 4 patients who 

underwent two operations had Ki-67 Lis between 2.9 and 37%. However 

the present study reveals that there is marked heterogeneity in Ki-67 LI 

between tumours with the same histological grade. The Lis of grade 2 

tumours varied between 0.1 -  22.4%, grade 3 tumours between 0.8 and 

33.7% and grade 4 tumours between 2.9 and 37% with considerable 

overlap between the grades. Within the present data set, there is evidence 

for a subset of tumours of all grades which possess a relatively high Ki- 

67 LI at the time of diagnosis. Reveisz et al. (1993b) have commented on 

this when examining the spectrum of PCNA LI in a separate series of 

astrocytic gliomas and suggested that the subset of tumours with high LI 

might be predisposed to early recurrence or progression. One novel 

feature of the present study is that it has been possible in a large series of 

astrocytomas to demonstrate that tumour recurrence or progression is 

associated with a marked rise in the Ki-67 LI between samples taken at 

diagnosis and again at recurrence or progression. This was seen in 

tumours of all grades but interestingly the largest rises occurred in the 

lower grade tumours. Grade 2 tumours which progressed to grade 3 had a 

4-fold increase in median LI, those which progressed to grade 4 had 

nearly a nine fold increase, grade 3 tumours which recurred at the same 

grade increased their LI by 2.5-fold whilst those which progressed to 

grade 4 had a 3.4-fold increase. Grade 4 tumours which recurred had the 

smallest increase of only 1.9-fold. This suggests that in astrocytic 

gliomas, there may be an upper threshold in terms of the number of 

proliferating cells that can be present even in the most malignant 

tumours.
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One major finding of this study is that the Ki-67 LI at the time of 

diagnosis was predictive of the length of time between first and second 

operation and overall survival. Those patients with low labelling indicies 

had a median time to recurrence or progression of slighly more than three 

years whilst those with intermediate Lis had a median time to recurrence 

or progressionof two years and those patients with Li’s over 10% had a 

median time to recurrence or progression of only a year. A similar pattern 

was observed with overall survival. Of particular significance, the 

relationship between Ki-67 LI and time to recurrence or progression and 

overall suvival held true when the analysis was adjusted for grade and 

age indicating the value of Ki-67 LI as an independent prognotic variable. 

The present study is one of the few in which this has been found to be 

true. A number of studies have found that although Ki-67 LI was 

associated with survival time in univariate analysis, this relationship was 

lost in multivariate analysis when taking patient age and tumour grade 

into consideration (Ellison et al., 1995; Cunningham et al. 1997).

One of the reasons for this discrepancy is probably because of the 

intrinsic heterogeneity and infiltrative nature of astrocytic tumours. Even 

comparativly large tumour resection specimens may be unrepresentative 

of the tumour as a whole. There is also every indication that the number 

of stained cells are not distributed evenly which might underestimate the 

Ki-67 LI (Coons and Johnson, 1993). Biased cell counting together with 

the lack of uniformity between studies in how particular areas are chosen 

for counting may account for the descrepancies between individual 

studies that have attemped to examine the relationship between Ki-67 LI 

and time to recurrenceor progression or survival. In the present study, 

fields for counting were selected on a random basis and only those cells 

within the selected field were counted using a random point counting 

scheme. Others have selectively counted only those areas where there are 

large numbers of stained cells based on the assumption that it is from 

these areas that tumour recurrence will start. However, it is possible to 

speculate that areas of high cell proliferation are also areas where there 

are high levels of apoptosis which results from the alteration of the
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cellular microenvironment around areas of rapid proliferation. This 

would be an interesting area of study (see below). An additional 

confounding variable which might frustrate attempts to link Ki-67 LI 

with outcome is likely to be linked to histological quality control. For 

example, the series examined by Cunningham and colleagues (1997) 

included 12% mixed oligo-astrocytoma which had a lower MIB-1 LI than 

other cell types. In the present series, rigorous histological quality control 

coupled with a non-biased selection scheme for labelled cells resulted in 

a clear, independent association between Ki-67 LI and time to recurrence 

or progression and overall survival in this group of tumours.

Tumours are dynamic structures in which cells are being continually 

being renewed and dying through programmed cell death. The balance 

between cell renewal and cell death is therefore likely to determine if a 

particular tumour is increasing or decreasing in size. Recently, two 

studies have been undertaken to examine both the number of proliferating 

cells and the number of cells undergoing apoptosis to examine the 

balance between these features. Mizoguchi et al. (2000) determined the 

number of apoptotic cells and the number of proliferating cells in samples 

of germinoma, a brain tumour that is comparatively sensitive to radio-and 

chemotherapy, and glioblastoma, which is not. The ratio of apoptotic 

cells to proliferating cells in germinoma was 2.7:1 but only 0.17:1 in 

glioblastoma. This finding might well explain the therapeutic differences 

between these two different types of brain tumour. However of more 

direct clinical significance is the possibility that the ratio of apoptotic 

cells to proliferating cells might be prognostic of tumour recurrence and 

ultimately overall survival in individual patients with astrocytoma. In 

order to investigate this, Kuriyama and colleagues (2002) determined the 

proportion of cells undergoing apoptosis using in situ end labelling and 

the proportion of cell proliferating using MIB-1 staining in a series of 

patients with glioblastoma. The ratio between these two parameters 

seems to be of prognostic significance. Patients whose tumours had a 

high apotoptic index/proliferation index (0.5 -  1 or greater than 1) had a 

better prognosis (median survival 435 and 414 respectively) than those
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patients whose tumour had a low apoptotic index/proliferation index 

(<0.5, median survival 290 days).

A major question remains about using proliferation markers as predictors 

of clinical outcome. One important one would seem to be are all the 

markers equal in their predictive value? Several studies have been carried 

out to determine if the number of proliferating cells detected by 

antibodies against PCNA are the same as the number of proliferating 

cells detected by other means. Sasaki et al. (1992) compared the number 

of cells in benign and malignant brain tumours using preoperative 

administration of BrdU against those detected by staining with anti- 

PCNA antibody. There was not complete numerical correspondence 

between the two methods. However, the method and duration of tissue 

fixation or the period of tissue storage after fixation can influence PCNA 

LI, which creates difficulties in interpreting results from different studies 

(He et al., 1994; Nakasu et al., 1994; Hoyt et al., 1995). In addition, the 

interpretation of PCNA immunoreactivity as positive or negative is 

subjective as the antibody also variably stains cells in other phases of the 

cell cycle or normal cells adjacent to tumours. Hence, it is difficult to 

discriminate cells with faint staining from negative cells (Hall et al., 

1990; VandenBerg, 1992; Schiffer et al., 1993; He et al., 1994). The 

number of MIB-1 positive cells in tissue sections has been found to 

correlate with the S-phase fraction determined by flow cytometry (Hoyt 

et al., 1995). Furthermore, while the MIB-1 LI has been shown to have an 

association with BUdR LI in astrocytic glioma (Onda et al., 1994; Davis 

et al., 1995), there does not appear to be a correlation between MIB-1 LI 

and PCNA LI (Cunningham et al., 1997), although this might be the 

result of scoring weak-non-specific nuclear staining by PCNA as positive 

(Gee et al., 1995). However, this may also be the result of heterogeneity 

(Darling, 1991; Jaros et al., 1992; Coons and Johnson, 1993).

4. The role of EGFR expression in astrocytic tumours

Amplification and expression of EGFR have been detected in about 50% 

of malignant gliomas (Libermann et al., 1985; Ekstrand et al., 1991).
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Studies of the association between the amplification or expression of 

EGFR and prognosis of patients with astrocytic tumours have produced 

conflicting results. Although some groups have found that amplification 

or expression of EGFR is associated with poorer prognosis in malignant 

astrocytoma (Hurtt et al., 1992, Torp et al., 1992), others have not 

(Bigner et al., 1988; Diedrich et al., 1995; Waha et al., 1996).

It has been reported that loss of chromosome 10 preceded the 

amplification of EGFR in the formation of primary glioblastoma (von 

Deimling et al., 1992b, 1993). However, Diedrich and colleagues (1995) 

demonstrated that primary glioblastoma with EGFR amplification can 

occur without loss of chromosome 10 in particular glioblastoma patients 

who were older than 60 years. EGFR may also play a role in tumour 

invasion because EGF can function as a migration inducter in astrocytes 

(Lund-Johansen et al., 1990; Engebraaten et al., 1993) and glioma cell 

lines (Berens et al., 1996). However, the influence of EGFR expression 

or EGFR amplification in the invasive property of astrocytic tumours in 

vivo is unclear.

The present study divided tumour samples into four groups on the basis 

of the level of EGFR expression from negative to 3+. The high level of 

EGFR expression (3+) was detected only in grade 3 and grade 4 

astrocytomas at frequencies of 8.0% and 20.3% respectively. Although 

the frequency of high level EGFR expression was about half that reported 

by others in grade 4 tumours (Kordek et al., 1995), these findings support 

the hypothesis that abnormalities of EGFR expression is a feature in the 

formation of some grade 4 astrocytomas. However, the lower incidence 

found in this series may be the result of selection bias as the series 

includes a high proportion (about 50%) of patients with grade 4 

astrocytomas who survived longer than 2 years. High level EGFR 

expression was also found in those grade 3 tumours which progressed to 

grade 4 and in the second biopsy sample of some grade 2 tumours which 

progressed to grade 3, suggesting that the expression of EGFR may also 

play a role in tumour progression in a subset of astrocytomas.

Without taking grade into consideration, there was a correlation between 

EGFR expression and interval between operations and length of survival
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in the present study. However, after taking the grade of tumours into 

account, there was no correlation between expression of EGFR and 

interval between operations and survival time in any grade of tumours, 

supporting the conclusion that EGFR expression is not a marker of 

prognosis of patients with astrocytic tumours. In addition, there was no 

difference in Ki-67 LI between tumours which expressed EGFR and 

those which did not, suggesting that expression of EGFR did not play a 

role in tumour proliferation.

It has been proposed that there is more than one pathway involved in the 

development of adult glioblastoma (Lang et al., 1994). The first is a 

progression pathway which is associated with alterations of the p53 gene 

in which glioblastoma develops by progression from lower grade 

tumours. This pathway has been observed in about 30% of glioblastomas 

(Fults et al., 1992a). In the second pathway, glioblastoma develops 

without evidence of a pre-existing lower grade tumour or “de novo”. This 

type of glioblastoma does not appear to be associated with alterations of 

the p53 gene but typically shows expression of EGFR (Watanabe et al.,

1996). However, within this group of glioblastoma, some tumours do not 

have amplification of EGFR gene and may arise through a third or 

alternative pathway. De novo glioblastomas without detectable changes 

in p53 status or EGFR expression comprise about 25% of all 

glioblastomas (Lang et al., 1994). However, the present study found that 

50.8% of grade 4 tumours examined have no p53 mutation and no 

detectable expression of EGFR which was about two times higher than 

previous report by Lang and colleagues (1994). These findings support an 

alternative pathway of glioblastoma development which is p53 and 

EGFR independent.

5. The role of p53 alterations in astrocytic tumours

Incidence and spectrum o f p53 mutations

The data from a number of previous studies have consistently shown p53 

mutations at an incidence of about 30% to 40% in both low grade and 

malignant astrocytic tumours (Fults et al., 1992a; von Deimling et al., 

1992a; Louis, 1994; Bogler et al., 1995; Watanabe et al., 1997b). In
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addition, the high incidence of astrocytic tumours in familial syndromes 

which carry mutations of the p53 gene suggest that p53 mutations must 

be an early event in development of astrocytic tumours (Kleihues et al., 

1997). However, there is no specific location of mutations in p53 gene 

which is specifically associated with the formation of astrocytic tumours. 

The present study found that the incidence of p53 mutations was 44.4% 

in both grade 2 and grade 3 astrocytoma, which is consistent with 

previous reports. However, the incidence of p53 mutations in grade 4 

tumour was only about half of those found in lower grade tumours which 

is similar to a previous study by Fults and colleagues (1992a). 

p53 mutations commonly occur within exons 5 to 8 and 53% of p53 

mutations in astrocytomas occur at three hot spots which are codons 175, 

248 and 273 (Bogler et al., 1995; Soussi et al., 2000). A similar pattern 

was seen in the present study and about 93% of the mutations occurred 

within exons 5 to 8 and about 30% of these mutations were at codon 175 

and 176 of exon 5.

Studies of all the point mutations of the p53 gene have shown that about 

half of the mutations are a G to A transition and 59% of these occur at 

CpG sites (Soussi et al., 2000). Similarly, in the present study, a G to A 

transition was found in 23 of the 44 cases with mutations (52.3%) and 16 

of these (69.6%) were at CpG sites. Méthylation of cytosine at CpG sites 

is thought to be one mechanism which contributes to the formation of 

point mutations (Lewin, Gene VI). In addition, it has been shown that the 

methylcytosine at the CpG site is a preferential target for exogenous 

chemical carcinogens (Denissenko et al., 1997; Weisenberger and 

Romano, 1999). Moreover, Schroeder and Mass (1997) have found that 

the méthylation of cytosine within a promoter region can lead to 

inactivation of the p53 gene. This mechanism may explain instances 

where tumours which did not carry p53 mutations still appeared to have 

inactivation of the p53 gene.
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p53 mutations which occur only in the first or second biopsy and those 

which were different between the first and second biopsies.

Mutations of p53 gene in recurrent astrocytomas which occurred only in 

the first biopsy sample or developed during recurrence have been 

observed (Reifenberger et al., 1996; Watanabe et al., 1997b) and were 

detected in this study too. There are 2 out of 132 cases (1.5%) in this 

series which the mutations were detected only in the first biopsy sample. 

Both cases progressed to grade 4 tumours, one from a grade 2 tumour (ID 

156) and another one from grade 3 tumour (ID 26). The absence of 

mutation in the second biopsy samples in both cases may be because 

either one or both copies of the mutated p53 allele were lost through 

deletion by the time of the second operation.

There were 10 cases in this series in which the mutations were detected 

only in the second biopsy sample, 6 cases of which were at CpG sites. It 

is possible that the cytosine at this site in these 6 cases was methylated in 

the first biopsy sample which was not detectable by conventional PCR- 

SSCP. The methylcytosine then induced or developed a point mutation 

before the second operation. It has been reported that mutant and wild- 

type p53 alleles can be present in the same tumour (Webley et al., 2000) 

and p53 mutants can inhibit transactivation function of wild-type p53 in 

some cell types (Forrester et al., 1995).

It has been shown that a second p53 mutation can occur in some tumours 

(Rodin and Rodin, 1998). In the present series, there were 11 out of 132 

cases (8.3%) which developed a new mutation and 1 case (0.8%) that had 

a second mutation at the time of the second operation. This suggests that 

a new clone with different p53 mutations may develop after the first 

operation which has a growth advantage over other clones within the 

tumour.

Locations o f new p53 mutations identified in this study.

After checking all mutations with the Universal Mutation p53 Database 

website fhttpV/www.umd.necker.ff:20011 which contains 12,000 p53 

mutations from about 11,000 tumours (Soussi et al., 2000), eight new

mutations were detected in this study which have not previously been
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reported. The first is a deletion of 18 bps from codon 177 to 182, the 

second is a T to G transversion at the second base of codon 45 with an 

amino acid change from leucine (CTG) to arginine (CGG), the third is a 

C to T transition at the second base of codon 86 with an amino acid 

change from alanine (GCA) to valine (GTA), the fourth is a C to T 

transition at the second base of codon 95 with an amino acid change from 

serine (TCT) to phenylalanine (TXT), the fifth is a C to T transition at the 

second base of codon 116 with an amino acid change from serine to 

phenylalanine, the sixth is an A to C transversion at the first base of 

codon 239 with an amino acid change from arsenic acid (AAC) to 

histidine (CAC), the seventh is an A to G transition at the first base of 

codon 303 with an amino acid change from serine (AGC) to glycine 

(GGC) and the eighth is an A to G transition at the first base of codon 

310 with an amino acid change from asparagine (AAC) to aspartic acid 

(GAG). Five of these eight mutations were found in grade 2 tumours, 

suggesting that their presence is related to progression in this group of 

tumours.

The present study found p53 mutations in 13 locations which have been 

previously reported in other tumours but not in astrocytic tumours. These 

were 6 in exon 5, 2 in exon 6, 3 in exon 7 and 2 in exon 8. Six mutations 

which were found in exon 5 were at codons 128, 137, 141, 142, 157 and 

161. The mutation at codon 128 was a C to T transition at the second base 

with an amino acid change from proline (CCT) to leucine (CTT) which 

has been found in breast cancer (Glebov et al., 1994). The mutation at 

codon 137 was a C to A transversion at the first base with an amino acid 

change from leucine (CTG) to methionine (ATG) and has been found in 

lung cancer (Huang et al., 1998). The mutation at codon 141 was a T to A 

transversion at the first base with an amino acid change from cysteine 

(TGC) to serine (AGC) and has been found in prostate cancer 

(Mirchandani et al., 1995). The mutation at codon 142 was a C to T 

transition at the second base with an amino acid change from proline 

(CCT) to leucine (CTT) and has been found in nasopharyngeal 

carcinoma, rectal carcinoma and sarcoma (Van Tomout et al., 1997; 

Nakanishi et al., 1998; Zhang et al., 1998). The mutation at codon 157
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was a G to A transition at the first base with an amino acid change from 

valine (GTC) to isoleucine (ATC) which has been found in oesophageal 

carcinoma, laryngeal carcinoma, lung cancer and melanoma (Gates et al., 

1994, Suzuki et al., 1994; Hartmann et al., 1996; Baron et al., 1997; 

Huang et al., 1998). The mutation at codon 161 was a C to T transition at 

the second base with an amino acid change from alanine (GCC) to valine 

(GTC) and has been found in bladder carcinoma, osteosarcoma and lung 

cancer (Guinee et al., 1995; Radig et al., 1996; Yasunaga et al., 1997). 

Two mutations which were found in exon 6 were at codons 193 and 215. 

The mutation at codon 193 was a C to T transition at the first base with 

an amino acid change from histidine (CAT) to tyrosine (TAT) and has 

been found in adrenocortical carcinoma, breast cancer, colorectal 

carcinoma, oesophageal cancer and head and neck cancer (Hollstein et 

al., 1991; Cunningham et al., 1992; Sasa et al., 1993; Reincke et al., 

1994; Thomas et al., 1994). The mutation at codon 215 was a G to T 

transversion at the second base with an amino acid change from serine 

(AGT) to isoleucine (ATT) which has been found in oesophageal cancer, 

liver cancer, lymphoma and ovarian cancer (Teneriello et al., 1993; Kang 

et al., 1996; Koduru et al., 1997; Suwiwat et al., 1997). Three mutations 

which were found in exon 7 were at codon 238, 243 and 252. The 

mutation at codon 238 was a T to A transition at the first base with an 

amino acid change from cysteine (TGT) to serine (AGT) and has been 

found in basal cell carcinoma, breast cancer and pancreatic cancer 

(Ruggeri et al., 1992; Campbell et al., 1993; Bems et al., 1996). 

Themutation at codon 243 was an A to G transition at the first base with 

an amino acid change from methionine (ATG) to valine (GTG) and has 

been found in ovarian carcinoma (Wen et al., 1999). The mutation at 

codon 252 was a C to T transition at the first base with an amino acid 

change from leucine (CTG) to phenylalanine (TTC) which has been 

found in laryngeal cancer (Suzuki et al., 1994). Two mutations in exon 8 

were found at codon 278 and 285. Themutation at codon 278 was a C to 

G transversion at the second base with an amino acid change from proline 

(CCT) to arginine (CGT) and has been reported in basal cell carcinoma, 

bladder carcinoma and breast carcinoma (Spruck et al., 1993; Lens et al..
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1997) The mutation at codon 285 was an A to T transversion at the 

second base with an amino acid change from glutamic acid (GAG) to 

valine (GTG) which has been found in basal cell carcinoma, oesophageal 

cancer and liver cancer (Hosono et al., 1993; Matsumura et al., 1996; 

Lam et al., 1997).

Polymorphism o f p53 gene

Genetic polymorphism is defined as the coexistence of two or more 

genetic variants at a frequency of more than 1% in the population without 

causing loss or gain of function of the gene (Lewin, Gene VI). The p53 

gene contains a number of polymorphisms, the most common of which 

occurs at codon 72 in about 35% of the population (Buchman et al., 1988; 

Olschwang et al., 1991). This polymorphism is characterised by an amino 

acid change from arginine (Arg) (CGC) to proline (Pro) (CCC) and 

produces a change in the mobility pattern under electrophoresis 

(Matlashewski et al., 1987; Thomas et al., 1999). Although these variants 

are structurally wild-type and there are no differences in the sequence- 

specific DNA binding activity between the variants, it has been shown 

that the proline variant has a stronger transcriptional activity than the 

arginine counterpart (Thomas et al., 1999). However, the arginine variant 

is more efficient in suppressing transformation induced by the ras 

oncogene and inducing apoptosis than the proline counterpart (Thomas et 

al., 1999).

The clinical significance of these changes is presently an area of intensive 

study. Recently, Storey and colleagues (1998) have shown that 

individuals with Arg alleles at codon 72 are predisposed to human 

papillomavirus (HPV) associated cervical cancer. A number of other 

studies have suggested that inheritance of an Arg allele is a more general 

risk factor for the development of several different forms of cancer 

including lung (Weston et al., 1992; Jin et al., 1995) and breast cancer 

(Sjalander et al., 1996; Papadakis et al, 2000). However, the relationship 

between this polymorphism and cancer development is not a consistent 

finding (see Josefsson et al., 1998 and Sun et al., 1999 and the 

correspondence which follows both these letters). No doubt, some of
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these discrepancies can be accounted for by technical differences between 

laboratories and to differences in case selection, but it has been suggested 

that the role of p53 allelism in influencing cancer susceptibility is more 

complex. A series of studies have indicated that the presence of a 

combination of three polymorphisms, one in intron 3, one at codon 72 

and one in intron 6, pose a more potent cancer susceptibility risk than 

codon 72 alone. This genotype, termed p53^'^'\ appears to be associated 

with increased breast cancer risk (Sjalander et al., 1996).

The present study found apparent polymorphisms of p53 in 37 out of 132 

cases (28.0%). These involved codon 72 in 2 out of 37 cases (5%), codon 

76 in 28 out of 37 cases (76%), and both codons in 5 out of 37 cases 

(14%) and codon 126 in 2 out of 37 cases (5%). A polymorphism 

involving exon 76, producing an amino acid change from Ala to Gly, 

seems to be a common feature of some sub-sets of astrocytic glioma 

contained within the present series. This base change has not been 

reported previously in the literature as occurring in astrocytoma. This 

may be because exon 4 of the p53 gene is sequenced relatively 

infrequently in human cancer as the vast majority (>90%) of p53 

mutations occur in the conserved exons 5 through 8. However, isolated 

reports of deletion of codon 76 of the p53 gene in head and neck cancer 

and an amino acid change at codon 76 from alanine (GCA) to glycine 

(GGA) in colorectal cancer have previously been published 

(Ahomadegbe et al., 1995; Simms et al., 1998).

It is possible that this change, so common in this series of astrocytoma 

biopsies, but not reported before, is an artefact. All the tissue samples 

used in the present study were formalin-fixed and paraffin-embedded. It 

has been reported that some artefactual sequence changes can occur 

during PCR amplification of DNA from archival material. However, 

more than 90% of these base changes were C to T or G to A transitions 

(Williams et al., 1999) and the base change at codon 76 in the present 

study was a C to G transversion, making it unlikely to be a PCR artefact. 

Moreover, the incidence of artificial sequence alterations in formalin- 

fixed samples is very low (^0.2% of samples) (Williams et al., 1999) 

whilst the base change in the present study was detected in 25% of all
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samples. The codon 76 change, if an artefact, might be expected to occur 

randomly through out the sample population. However, this was not the 

case. Furthermore, in virtually all tumours where the base change was 

detected, it was present in both the first and second biopsy samples, 

although in a small number of paired samples, it was only possible to 

identify the base change in one of the biopsy samples due to a failure of 

PCR amplification in the paired sample. When taken together, this 

evidence strongly suggests that this base change is not artefactual.

Support for this change being a new polymorphism comes fi*om analysis 

of normal tissue samples microdissected from tumour samples in the 

present series. Alterations of codon 76 were present in both normal and 

tumour DNA in 6 cases where it was possible to microdissect normal 

tissue from tumour tissue and analyse these separately. Of course, it is 

possible that even in microdissected samples that a subpopulation of 

infiltrating tumour cells exists within apparently normal brain tissue and 

final confirmation that this is indeed a polymorphism will require further 

screening of normal tissues from patients in this series, a process that is 

underway.

Interpretation of this data is somewhat complicated by the biased 

population of tumour patients studied. Selection of the cases was based 

on two criteria, the availability of samples from two separate operations 

on a single patient and within those patients with GBM, selection was 

biased in favour of patients with atypically long survival. The present 

series contains only a small number of patients with “typical” GBM. 

However, this selection, together with the decision to examine exon 4 of 

the p53 gene may have made it possible to detect codon 76 abnormalities 

in a significant number of cases. The distribution of this change within 

the present, highly selected series suggests that individuals with Gly 

alleles at codon 76 of the p53 gene are predisposed towards the 

development of glial neoplasms which are progressive in nature, starting 

as grade 2 neoplasms which over time, progress to more malignant 

neoplasms. This base change also seems to occur more commonly in 

grade 4 tumours in which it has been possible to carry out two 

neurosurgical resections. This latter finding suggests that these neoplasms
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are more favourably located, or occur in patients with better performance 

status, or represent a subset of GBM which are biologically less 

aggressive and are therefore more amenable to multiple neurosurgical 

resections.

Polymorphism of codon 72 appears to differ significantly with race. The 

Arg/Arg genotype occurs more commonly in white Americans whilst the 

Pro allele occurs more commonly in African Americans. Indeed, there 

appears to be a significant decrease in the frequency of the Pro allele with 

increasing latitude (Beckman et al., 1994). Within our series there is no 

difference between the distribution of the codon 76 polymorphism 

between samples derived from the UK and those from Hungary. 

However, it would be of interest to determine the incidence of this 

polymorphism in other racial groups, particularly as there is some 

evidence that certain types of brain tumour occur more frequently in 

certain racial groups (Fan and Pezeshkpour, 1992; Diez et al., 1999). 

Clearly, further studies are required to determine the incidence of codon 

76 base changes in patients in the general population in order to 

determine if it is of predictive value in determining the development of 

astrocytic glioma. The presence of this base change may also influence 

the clinical course of this disease or response to therapy. Such studies 

may well be of importance in trying to understand the biological basis of 

p53-induced growth in astrocytes.

The accumulation ofp53 protein and mutations o f the p53 gene 

Alterations of the p53 gene status is an early event in astrocytic tumours. 

Accumulation of p53 protein has been found in between 40% and 70% of 

astrocytomas and this occurs in a similar frequency in low grade and high 

grade tumours (Danks et al., 1995; Ellison et al., 1995). Mutations of the 

p53 gene have been detected in about 40% of both low grade astrocytoma 

and anaplastic astrocytoma (Fults et al., 1992a; von Deimling et al., 

1992a; Watanabe et al., 1997b).

In the present study, the accumulation of p53 protein was detected in the 

first biopsy sample in 62.2% of grade 2 tumours, 85.2% of grade 3 

tumours and 66.7% of grade 4 tumours, supporting the conclusion that
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p53 alteration is an early event in the development of astrocytoma. 

Moreover, the decrease in the proportion of p53 immunopositive cells in 

grade 4 tumours suggests the involvement of other mechanisms in the 

development of such tumours. The frequency of cases with p53 protein 

accumulation significantly increased in second biopsy sample in each 

tumour group. In addition, the mean p53 LI also significantly increased 

during tumour progression, but stayed at the same level in recurrent 

tumours without progression in grade, supporting the role of clonal 

expansion of p53 protein expressing tumour cells during progression 

(Watanabe et al., 1997b).

A correlation between p53 protein accumulation and p53 gene mutations 

has been previously reported (Esrig et al., 1993; van Meyel et al., 1994). 

In addition, it has been shown that, in tumours which carry p53 

mutations, the p53 Lis tended to increase between the samples at 

diagnosis and recurrence (Reifenberger et al., 1996). This may be 

because tumour cells which harbour the mutant p53 gene and express the 

mutant p53 protein are more aggressive and have a growth advantage 

over those with the wild-type genotype. However, the present study 

found that, although an increase of p53 LI during progression of tumours 

occurred, it did so in both tumours with and without p53 mutations.

One possible explanation of the lack of correlation between p53 mutation 

and p53 protein accumulation is that the techniques used to detect p53 

mutation in the present study may underestimate the number of 

mutations. Only the conserved regions of the p53 gene were investigated 

for the presence of mutation. However, p53 mutations in astrocytic 

tumours which occur outside exon 4 through 9 are rare (Soussi et al., 

2000). It is possible that not all DNA samples bearing a p53 mutation 

showed abnormal migration patterns by SSCP analysis. The accuracy of 

SSCP analysis is in the range of 60% to about 90% (Orita et al., 1989; 

Sarkar et al., 1992; Martincic and Whitlock, 1996) and sensitivity can be 

affected by factors including the size of PCR products, temperature of the 

gel during electrophoresis, the concentration of electrophoresis buffer and 

the presence of denaturing agents in the gel or buffer (Orita et al., 1989; 

Martincic and Whitlock, 1996).
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A more likely explanation for the discrepancy between the p53 Lis and 

gene sequencing data is that a subset of astrocytomas accumulated wild- 

type p53 protein. The accumulation of wild-type p53 protein in astrocytic 

tumours has been reported (Rubio et al., 1993; Ono et al., 1997). High 

levels of wild-type p53 protein can occur in response to DNA damage or 

through an increase in protein stability, such as mutation of the mdm2 

gene or the presence of MdmX protein which is homologous to mdm2, 

but unable to induce degradation of p53 protein (Roth et al., 1998; 

Jackson and Berberich, 2000). In addition, DNA damage can modify the 

N-terminus of the p53 protein resulting in inhibition of mdm2 binding 

which can lead to the reduction of p53 protein degradation (Shieh et al.,

1997). Further investigations into the status of mdm2 gene or mdm2 

protein in these tumours will be necessary to clarify these possibilities. 

Another explanation may be the sensitivity of antibodies which have been 

used for detecting the accumulation of p53 protein. Different antibodies 

have different sensitivities in detecting expressed p53 protein in tumour 

cells (Ellison et al., 1992; Al-Sarraj and Bridges, 1995; Drach et al., 

1996). In addition, the definition of p53 immunopositivity may vary 

between groups of researchers and contribute further to the disparity 

between studies. Some groups defined immunopositive tumours as those 

which contained higher than 10% cells with at least medium staining 

(Drach et al., 1996) while others did not specify the minimum percentage 

for defining positivity (Ellison et al., 1992; Al-Sarraj and Bridges, 1995). 

The results from the present study, defining p53 immunopositive at any 

level without a minimum percentage and using a large number of 

tumours, suggest that the accumulation of p53 protein can occur 

independently of p53 mutation, which is in agreement with a study by 

Louis and colleagues (1993).

Although it has been suggested that tumours which contain frameshift 

mutations of the p53 gene should not accumulate p53 protein because 

such mutations produce a truncated and unstable protein (Harris and 

Hollstein, 1993), there is evidence that tumour cells which have a 

frameshift mutation can strongly express p53 protein (Ahomadegbe et al., 

1995). In the present study, there were two cases which had a frame shift
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mutation. One case (ID 61) had a deletion of codon 255 in the second 

biopsy sample but was p53 immunopositive in both the first and second 

biopsy samples. Another case (ID 94) had deletion of codons 177 to 182 

in both the first and second biopsy samples but was p53 immunopositive 

only in the second biopsy sample. The results from these two cases 

suggest that mechanisms other than p53 gene mutation is involved in 

stabilising p53 protein in both the wild-type form and the mutant form, 

such as over-expression of mdm2 protein, mutation of the mdm2 gene 

and the presence of MdmX protein. Further studies may be needed to 

elucidate the pathways involved in stabilisation of p53 protein.

p53 alterations and prognosis

The association between p53 mutations or p53 protein accumulation and 

a poor prognosis has been reported in female breast cancer, gastric 

carcinoma, hepatocellular carcinoma and colon carcinoma (Starzynska et 

al., 1992; Bergh et al., 1995; Kastrinakis et al., 1995; Shiota et al., 1997; 

Bems et al., 1998). However, there is disagreement about a correlation of 

p53 alterations and prognosis in astrocytic tumours. There is evidence 

that p53 Lis increased during progression of astrocytic gliomas (Jaros et 

al., 1992; Rainov et al., 1997; Watanabe et al., 1997b) and one study has 

demonstrated that high expression of p53 protein was associated with 

long term survival (Burton et al. 2002). In contrast, many other 

researchers have not demonstrated a correlation between p53 Lis and 

survival time (al-Sarraj and Bridges, 1995; Danks et al., 1995; Drach et 

al., 1996; Hilton et al., 1998). Similarly, p53 protein accumulation and 

survival time did not seem to be related in the present study.

In the present study, patients with grade 2 astrocytoma who had p53 

mutations had a median survival time nearly 17 months shorter than those 

grade 2 tumours without a p53 mutation, however, this difference did not 

reach a statistical significance. For patients with grade 3 or grade 4 

tumours, the median survival time was similar whether there was a p53 

mutation or not. The results indicated that the mutational status of p53 

does not have an influence on the outcome of patients with astrocytic 

tumours. A number of previous studies have also concluded that p53
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mutation status does not affect survival (Kraus et al., 2001; Burton et al., 

2002; Shirashi et al., 2002). However, Smith et al. (2001) found that in 

anaplastic astrocytoma but not glioblastoma, p53 mutation was 

significantly associated with prolonged survival. In contrast, a further 

study has reported that glioblastomas which harbour mutations of the p53 

gene responded to radiation better than those without and the presence of 

p53 mutations was a good prognostic indicator (Tada et al., 1998). This 

may be because one of the functions of p53 gene is induction of DNA 

repair. Thus, tumours which contain a mutant p53 allele may respond to 

DNA damaging agents such as radiation better than those with the wild- 

type gene. However, another group could not find an association between 

p53 alterations either mutations of the gene or accumulation of the 

protein and survival time of glioblastoma patients who received post

operative radiotherapy (Baxendine-Jones et al., 1997).

There are also studies suggesting that p53 mutation at codon 175 of exon 

5 correlates with a shorter survival time and relapse free interval (Goh et 

al., 1995; Watanabe et al., 1997b). In a recent investigation of grade II 

astrocytoma, tumours with a codon 175 p53 mutation had a significantly 

worse prognosis compared with those with nay other mutational sites 

(Peraud et al., 2002). Although the present study found that codon 175 

was the most common location of p53 mutations, there was no 

association between mutation at this codon and survival time. 

Interestingly, codon 175 mutation was present in the first biopsy sample 

of only two grade II tumours and was more prevalent in the second 

biopsy samples of all cases regardless of grade at first operation.

Previous studies have found that the incidence of p53 mutations is higher 

in anaplastic astrocytoma than in astrocytomas suggesting that p53 

mutations may also play an additional role in progression of these 

tumours (Hayashi et al., 1991; Fults et al., 1992a). This possibility was 

supported by the study of Sidransky and colleagues (1992), which 

showed that clonal expansion of tumour cells carrying mutations of the 

p53 gene can occur. Others have reported that grade 2 astrocytoma which 

subsequently progresses to grade 3 more often harbour p53 mutations
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than those tumours which progress to grade 4 (van Meyel et al., 1994; 

Shirashi et al., 2002). In addition, it has been suggested that low grade 

astrocytomas which carry p53 mutations tend to have a shorter relapse 

free interval than those without (Watanabe et al., 1997b; Peraud et al., 

2002). However, another study found that the mutation of the p53 gene 

did not correlate with relapse free interval but did with survival time (van 

Meyel et al., 1994). Moreover, results from the present study showed that 

mutations of p53 were not assocaited with interval between operations. 

However, p53 mutation may be involved in the progression of tumours, 

since the incidence of p53 mutations in the present study was about 44% 

to 50% in grade 2 and grade 3 tumours which progressed to higher grade 

tumours but only about 30% in tumours that recurred at the same grade.

6. Long term survivors in grade 4 tumours

Patients with grade 4 astrocytomas who survive for long periods of time 

are rare. In large scale studies, the incidence of patients with glioblastoma 

who survive 2 years or 3 years is 5.6% and 1.8%, respectively (Imperato 

et al., 1990; Scott et al., 1998). However, the median survival of 

glioblastoma patients is between 9 and 12 months. Why do some grade 4 

patients survive much longer than others? One possibility is they are 

younger and with higher performance status, both of which have been 

shown to be prognostic indicators in astrocytic tumours. Certainly, there 

is some evidence that patients with grade 4 tumours who survived more 

than 3 years often are younger and also have a better performance status 

than control patients (Scott et al., 1998).

However, the present series found that the median age at the time of 

diagnosis in patients with grade 4 tumours who survived more than 2 

years was not different from those who survived less than two years. In 

addition, even if the cut-off point between short term and long term 

survivors was increased to 3 years, there did not appear to be a 

correlation between age and survival. These results suggested that there 

may be factors other than age in this group of tumours which determined 

survival time of patients. One finding is that patients with grade 4 

tumours who survived longer than 2 years had a lower Ki-67 LI than
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those who survived shorter than 2 years. This suggests that grade 4 

tumours which had a longer survival time may be less aggressive and 

have a lower proliferative activity.

It has been observed that long term survivors may well have a second 

operation at the time of tumour recurrence (Salcman et al., 1994). The 

benefits of tumour debulking included relief of intracranial pressure and 

cytoreduction, which may enhance the effect of further post-operative 

treatment (Weiss et al., 1975; DeVita, 1983). However, it might be 

argued whether a second operation really helps to prolong survival in 

patients with grade 4 tumours. In a study by Barker and colleagues 

(1998), they observed that the median survival time after recurrence was 

29 weeks in patients who did not undergo re-operation and 42 weeks in 

those who had tumours removed within 45 days after the diagnosis of 

recurrence. Although the median survival time of those who underwent 

re-operation in that study was 13 weeks longer than those who did not, 

the difference was not significant. In addition. Harsh and colleagues 

(1987) found that although the median survival of patients with 

glioblastomas after a second operation in their series was 36 weeks, the 

median duration of high quality survival was only 10 weeks. 

Furthermore, they found that age at recurrence and pre-operative 

functional status had no effect on survival time but did influence the 

quality of life after second operation (Harsh et al., 1987). On the other 

hand, although Young and co-workers (1981) could not find a correlation 

between age at the time of re-operation and survival, they were able to 

detect that pre-operative functional status was a significant determinant 

of survival after second operation. A correlation between a good pre

operative performance status and a longer survival in patients with grade 

4 astrocytomas has also been found in other studies (Ammirati et al., 

1987; Barker et al., 1998). However, these studies did not describe the 

correlation between age at the first operation and survival time. Patients 

who had tumours at a younger age may have a better performance status 

than those who were older. Furthermore, it has been observed that 

younger patients had a higher chance of selection for re-operation when 

their tumour recurred (Stromblad et al., 1993). In addition, those patients
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were also likely to have a better performance status at recurrence which 

could influence outcome. Questions about the benefit of re-operation may 

also come from the sample groups which were included. The study by 

Harsh and colleagues (1987) included patients who were diagnosed as 

anaplastic astrocytoma and glioblastoma at the second operation without 

information of the diagnosis at the first operation. Patients with tumours 

which progressed from grade 2 to grade 4 may have a different outcome 

after re-operation to those which progressed from grade 3 to grade 4 or 

those which had a diagnosis of grade 4 at the first operation. This 

comment was supported by the study by Young and colleagues (1981) 

which did not include patients who were diagnosed as a low grade 

tumour at the first operation.

One factor which is in agreement in several studies is pre-operative 

performance status of patients (Young et al., 1981; Stromblad et al., 

1993). Patients who had a better pre-operative performance status tended 

to survive longer. Tumours of patients who had a high performance status 

may be at non-vital area in the brain because one criterion of performance 

score higher than 60 is the ability to carry on normal activity or require 

only occasionally assistance. In addition, the present study found that 

tumours of those who had a longer survival time had lower proliferative 

activity indicating that these tumours were less aggressive.

196



Plans for future studies

The formation of de novo grade 4 astrocytoma usually involves 

expression of EGFR without mutation of the p53 gene. However, about 

half of the cases with de novo grade 4 tumours in the present study did 

not have p53 mutations and did not overexpress EGFR. This strongly 

suggests that these samples were taken from a group of tumours that 

developed by alternative genetic pathway. In the absence of any 

information about which loci might be involved in the pathogenesis of 

these “alternative pathway astrocytomas” methods like comparative 

genomic hybridisation (CGH) which is capable of detecting copy number 

changes across the whole genome should be employed to detect 

consistent areas of loss or gain. Such regions are likely to contain genes 

that are important in either the pathogenesis and/or progression of these 

tumours.

Because only a limited number of molecular genetic features were 

examined in the present series, it would also be of considerable interest to 

examine the low-grade astrocytomas and their subsequent recurrences for 

additional molecular genetic features using CGH.

The present study has been able to demonstrate that a base change at 

codon 76 occurs in a large proportion of the present study sample. This 

change has not previously been described in astrocytic tumours. This 

raises the question about the role of genetic alterations at this codon in a 

subset of astrocytic tumours. Further investigations of the base change at 

codon 76 need to be carried out. In particular, sequence comparison of 

DNA from normal blood and tumour tissue in the same individual would 

determine whether this is a polymorphism or mutation and whether it has 

an association with prognosis in astrocytic tumours. There are also 

specific questions that need to be answered. For example: what is the 

incidence of this polymorphism in patients with typical GBMs? Is it 

associated with other molecular genetic changes typical of astrocytic 

gliomas? Is it associated with the development of non-astrocytic brain
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tumours in adults? Is it associated with the development of astrocytic 

tumours in children?

A further investigation on p53 mutation in gemistocytic tumour cells in 

correlation to tumour cells in other areas of the same tumour would be 

helpful to understand the role of gemistocytes in recurrence or 

progression of astrocytic tumours and whether there is any correlation 

between p53 mutation and the presence of gemistocytes. Molecular 

genetic studies are required in microdissected specimens of gemistocytes 

using techniques like laser capture microdissection which is capable of 

selecting single cells or very small groups of cells.

The present study could not find an association between p53 mutation 

and clinical outcome in this group of patients. However it would be of 

considerable interest to examine other down-stream components of the 

p53 pathway to determine if there is any relationship between clinical 

outcome and abnormalities involving mdm2, bax or other components of 

this pathway.
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Conclusions

Within a highly selected group of patients with astrocytic gliomas in 

which it has been possible to secure resection specimens large enough to 

carry out molecular genetic studies at both diagnosis and subsequent 

recurrence it has been possible to demonstrate that:

1) The presence of gemistocytes did not influence outcome.

2) High proliferation rate as determined by Ki-67 immunopositivity was a 

significant prognostic variable, independent of age and tumour grade. 

Patients with tumours with high Ki-67 LI had significantly shorter 

intervals between operations and survived significantly shorter periods of 

time than those whose tumours had low Ki-67 Lis.

3) After taking tumour grade into consideration, there was no correlation 

between expression of EGFR and interval between operations and 

survival time in any grade of tumours.

4) p53 protein nuclear accumulation did not correlate with the presence 

of p53 mutation. Increases in p53 LI were observed at tumour recurrence 

or progression regardless of p53 gene status.

5) No individual p53 mutation was associated with rapid tumour 

recurrence. However, there was a high incidence of a novel 

polymorphism involving codon 76 in exon 4 of the p53 gene which 

appeared to be associated with a subset of astrocytic tumours which are 

biologically less aggressive.

6) Within this group of patients, there was a high proportion of grade 4 

astrocytomas without p53 mutation or EGFR expression, features 

indicative of the so-called “alternative pathway” glioblastoma.
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7) There was a positive correlation between presence of gemistocytes and 

p53 protein accumulation in high grade tumours but not with p53 

mutation status. There was no relationship between presence of 

gemistocytes and any other genetic marker.
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Appendix A

Chemotherapeutic protocols which were given in the present study.
1. PCB 60 mg/sqm/d, CCNU 110 mg/sqm/d, VCR 2 mg/d

2. PCB 50 mg/d, CCNU 120 mg/d, VCR 2 mg/d (varied between 1 to 11 courses)

3. PCB 50 mg/d, CCNU 80 mg/d, VCR 2 mg/d (varied between 1 to 6 courses)

4. PCB 50 mg/d, CCNU 120 mg/d, VCR 2 mg/d followed by PCB 50 mg/d, CCNU 80 

mg/d, VCR 1 mg/d (varied from 3 to 7 courses)

5. BCNU 200 mg x 2 courses and PCB 100 mg x 14 courses followed by 

dibromodulcitol (DBD) 2500 mg x 6 courses

6. CCNU 200 mg/m^ and DBD 1000 mg/m^ x 6 courses

7. CCNU 40 gm for 5 days x 6 courses

8. Procarbazine 14 x 100 mg, CCNU 200 mg, Vincristine 2 mg x 4 courses

9. DBD 3 X 1200 mg followed by 8 x 2550 mg

10. BCNU 200 mg, DBD 1750 mg x 6 courses first post-operation, 3x BCNU 200 mg 

and Procarbazine 14 x 100 mg second post-operation

11. BCNU 250 mg, DBD 1750 mg x 4 courses

12. BCNU 300 mg, DBD 1750 mg x 5 courses followed by CCNU 160 mg, DBD 1500 

mg X 4 courses

13. DBD 1350 mg x 2 courses followed by 1600 mg x 8 courses

14. PCB 50 mg, CCNU 200 mg, VCR 2 mg every 6 weeks x 3 courses followed by 

CCNU 120 gm X 2 courses

15. PCB 50 mg, VCR 2 mg followed by PCB 50 mg, CCNU 80 mg, VCR 2 mg x 2 

courses

16. PCB 50 mg, VCR 2 mg x 5 courses plus CCNU 200 mg in 2 ^  and 5* course

17. PCB 50 mg, CCNU 120 mg, VCR 2 mg x 1 course followed by PCB 50 mg, CCNU 

80 mg, VCR 1 mg X 3 courses

18. PCB 50 mg, CCNU 150 mg, VCR 2 mg x 5 courses

19. PCB 50 mg, CCNU 200 mg, VCR 2 mg x 3 courses
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Appendix B
Astrocytom a 

grade 2
Astrocytom a 

grade 3
Astrocytom a grade 

4
Grade 
2 4  3

Grade 
2 4 4

Grade 
3 4  3

Grade 
3 4  4

Grade 
4 4  4 Single

biopsy

No. of cases 29 16 7 20 23 37

Median age 
in years (range)

36
(22-49)

36
(26-52)

36
(30-40)

34
(19-60)

38
(27-68)

52
(20-71)

Sex (M : F) 
(% o f M)

17: 12 
(58.6%)

10:6
(62.5%)

4 :3
(57.1%)

13 : 7 
(65.0%)

15:8
(65.2%)

20: 17 
(54.1%)

Site (%) (No. o f cases)

Frontal 44.8%
(13)

43.8%
(7)

14.3%
(1)

60.0%
(12)

47.8%
(11)

45.9%
(17)

Tem poral 27.6%
(8)

43.8%
(7)

28.6%
(2)

25.0%
(5)

26.1%
(6)

21.6%
(8)

Parietal 6.9%
(2)

6.3%
(1)

28.6%
(2)

15.0%
(3)

13.0%
(3)

13.5%
(5)

Occipital 3.4%
(1)

0 0 0 0 0

No inform ation 17.2%
(5)

6.3%
(1)

28.6%
(2)

0 13.0%
(3)

18.9%
(7)

S i d e ( R : L ) 8 : 1 6  8 : 7  2 : 3  1 3 : 6  6 : 1 4  17: 1 2
Preoperative epilepsy

Yes 20
(83.3%)

14
(87.5%)

3
(60.0%)

16
(80.0%)

6
(31.6%)

8
(25.8%)

No 4
(16.7%)

2
(12.5%)

2
(40.0%)

4
(20.0%)

13
(68.4%)

23
(74.2%)

Type of operation
Total rem oval 15

(62.5%)
7

(46.7%)
1

(20.0%)
6

(30.0%)
12

(60.0%)
15

(51.7%)

Sub total resection 6
(25.0%)

8
(53.3%)

4
(80.0%)

11
(55.0%)

8
(40.0%)

14
(48.3%)

Biopsy 3
(12.5%) 0 0 3

(15.0%) 0 0

Post operative treatment
Radiotherapy
alone

9
(37.5%)

7
(46.7%)

4
(80.0%)

8
(40.0%)

7
(33.3%)

12
(35.3%)

C hem otherapy
alone

1
(4.2%)

1
(6.7%) 0 0 0 0

Both
chem otherapy 
and radiotherapy

4
(16.7%)

2
(13.3%) 0 6

(30.0%)
11

(52.4%)
20

(58.8%)

None 10
(41.7%)

5
(33.3%)

1
(20.0%)

6
(30.0%)

3
(14.3%)

2
(5.9%)

Table A. Summary clinical information in each group
Grade 2  4  3 =  grade 2 tumour which progressed to grade 3
Grade 2 ♦ 4 = grade 2 tumour which progressed to grade 4
Grade 3 4  3=  grade 3 tumour which stayed in the same grade at recurrence
Grade 3 4  4 =  grade 3 tumour which progressed to grade 4
Grade 4 4  4 =  glioblastomas which had two biopsies
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Astrocytoma grade 2 Astrocytoma grade 3 Astrocytoma 
grade 4

Grade 2 ♦  3 Grade 2 *  4 Grade 3 9 3 Grade 3 9 4 Grade4 9 4 Single
biopsv

No. of cases 29 16 7 20 23 37
Time
biopsy 1" 2nd 1“ 2nd 1“ 2nd 1“ 2nd 1“ 2“*

p53 immunohistochemistry
Positive 17 23 11 12 6 6 17 18 16 18 24

Negative 12 6 5 4 1 1 3 2 7 5 13

Mean and 
median 
Ki-67 LI

3.4,
2.8

15.1,
11.3

5.3,
2.4

22.1,
21.1

6.2,
6.2

14.1,
15.8

9.1,
7.1

26.5,
24.2

14.7,
13.5

19.4,
19.0

13.7,
11.0

EGFR express]on
3+ 2 2 1 5 3 7

2+ 6 9 1 6 1 4 6 5 3 5 5

1+ 8 6 6 3 3 5 5 4 6 2

Negative 13 11 9 7 3 3 5 9 11 9 22

Gemistocytic cell component
Positive 10 18 8 10 5 6 15 13 15 12 12

Negative 19 11 8 6 2 1 5 7 8 11 25

Mutational status of p53 gene
Mutation 8 1 13 5 6 2 1 7 9 5 6 5

No mutation 21 1 16 11 10 5 6 13 10 18 17 32

Table B. Summary p53 im m unohistochem istry, Ki-67 LI, EGFR expression, 
gemistocytic cell population, and proportion o f p53 gene mutations.
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