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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, PCRSSCP 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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Part 1: Introduction
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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 lowgrade 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 welldifferentiated 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).
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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 lowgrade 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 4050 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 land T2-weighted MRI images show heterogeneous intensities with illdefined 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 (DaumasDuport 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 nonviable 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).

29

&
%
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 11and 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 welldemarcated, 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 o f 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 wildtype 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 B ed 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 (FelleyBosco 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
(W afl/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 LiFraumeni 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
48

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 5methylcytosine results in thymine which is normally found in the nucleus
and may escape repair, resulting in mutation by base substitution from CG to T-A (Lewin, Genes VI).

Mutations of the p53 gene in several tumour types are present in a nonrandom 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 2530% 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 7 p ll-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 ligandbinding 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 SH2binding 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 1Op14-15
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 i p

LOH on chromosome lip has been found in about a quarter of mahgnant
astrocytoma and the most common region of deletion is between p i5.4pter (Fults et al., 1992b). However, one gene which is located proximal to
llp l5 .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 Pglycoprotein (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 o f 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
D l, 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 Bchain 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|areceptor 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 (vonDeimling 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 formalinfixed 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 Ki67 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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Part II: Materials and Methods
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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

79

53

132

TOTAL

Table 2.2: Number of cases in each group divided by gender.
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Median age at
1** operation in
years (range in
years)
36
(2 2 -4 9 )

Group
1. Astrocytoma with progression to anaplastic astrocytoma
(Grade 2 tumours diagnosed as grade 3 at recurrence)
2. Astrocytoma with progression to glioblastoma multiforme
(Grade 2 tumours diagnosed as grade 4 at recurrence)

36
(2 6 -5 2 )

3. Recurrent anaplastic astrocytoma
(Grade 3 tumours which remained grade 3 at recurrence)

36
(3 0 -4 0 )

4. Anaplastic astrocytoma with progression to glioblastoma multiforme
(Grade 3 tumours diagnosed as grade 4 at recurrence)

33.5
(1 9 -6 0 )

5. Recurrent glioblastoma multiforme
(Recurrent grade 4 tumours)

40
(2 7 -6 8 )

6. Unselected glioblastoma taken at diagnosis
(Grade 4 tumours with a single biopsy)

52
(2 0 -7 1 )

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)
36.8
(7.4-115.1)

1.

Astrocytoma with progression to anaplastic astrocytoma
(Grade 2 tumours diagnosed as grade 3 at recurrence)

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 eth o d s

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 DO7 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.

83

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 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).
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:

_

.^
,
emis ocytic m ex

Number of gemistocvtic cells
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 (Trisacetate, 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 (PerkinElmer), 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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Amplification cycles

Oligonucleotide sequences
5’-TTC ACC CAT CTA CAG TCC CC-3’ and

Hot start at 95 °C for 5 minutes.

5’-TCA GGG CAA CTG ACC GTG CA-3’

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

Hot start at 95 ®C for 5 minutes.

5’-CAT GGA AGC CAG CCC CTC AG-3’

Followed by 35 cycles of

(product 181 bp)

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).

Amplification cycles

Oligonucleotide sequences
(external primer)
5’-GGA GOT GCT TAG ACA T-3’ and
5’-AGT TGC AAA CCA GAC CTC-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.

(internal primer)

The second round o f amplification

5'-TTC ACT TGT GCC CTG ACT T-3’ and

95°C for 5 minutes

5’-GCT CAT AGG GCA CCA CC-3’

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 isfollowed 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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Ampiification cycles

Oligonucleotide sequences
5’-TTC CTC TTC CTG CAG TAC TC-3’ and

Hot start at 95 °C for 5 minutes.

5’-GCA AAT TTC CTT CCA CTC GG-3’

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).

Amplification cycles

Oligonucleotide sequences
5’-ACC ATG AGC GCT GCT CAG AT-3’ and

Hot start at 95 °C for 5 minutes.

5’AGT TGC AAA CCA GAC CTC AG-3’

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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Amplification cycles

Primer pairings
First-round

First-round reactions

Exon 5 (two pairs of primer)

Hot start at 94°C for 10 minutes then followed by 8

5AF1,5AR1, 5BF1, and 5BR1

cycles of
94°C for 60 sec,

Exon 6

30°C for 60 sec, and

6F1and 6R1

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

Second-round reactions

Exon 5 (two pairs of primer)

Hot start at 94°C for 10 minutes then followed by

5AF1,5ANRI, 5BF1, and 5BNR2

48 cycles of
94°C for 30 sec,

Exon 6

63°C for 30 sec, and

6NF1 and 6R1

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).

Amplification cycles

Oligonucleotide sequences
5’-TCT CCT AGG TTG GCT CTG AC-3’ and

Hot start at 95 °C for 5 minutes.

5’-CAA GTG GCT CCT GAC CTG GA-3’

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
Hot start at 95 °C for 5 minutes. Followed

5’-CCT ATC CTG ACT ACT GOT AAT C-3’ and

by 45 cycles of

5’-CCC AAG ACT TAG TAC CTG AAG-3’

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

95“C for 5 minutes.

5’-CTT GGT CTC CTC CAC CGC-3’

Followed by 35 cycles of

(Exon 8, product 218 bp)

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

95 “C for 5 minutes.

5’-GAC TGG AAA CTT TCC ACT TGA TAA G-3’

Followed by 35 cycles of

(Exon 9, product 161 bp)

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 nonparametric 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 GATG

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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Part III: Results
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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 u m o u r grade
A strocytom a grad e 2 a t

N um ber of
cases

operation

45

Grade 2 tumours diagnosed as grade 3 at the second operation

29

Grade 2 tumours diagnosed as grade 4 at the second operation

16

A strocytom a grad e 3 a t

biopsy

27

Recurrent grade 3 tumours

7

Grade 3 tumours diagnosed as grade 4 at the second operation

20

A strocytom a g rad e 4 (glioblastom a) a t

biopsy

60

Recurrent grade 4 tumours

23

Patients with grade 4 tumours who had a single operation

37

T otal

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).

Sex
Grade at 1“ operation

2
3
4
Grade 4
with
a single
operatn

Grade 4
with
two
operatn

No. of females
(%)
18
(40.0%)
10
(37.0%)
25
(41.7%)

No. of males
(%)
27
(60.0%)
17
(63.0%)
35
(58.3%)
20
(54.1%)

15
(652%)

17
(45.9%)

Table 3.2 Gender and median age at diagnosis.
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8
(34.8%)

Median age in years
(range)
36
(2 2 -5 2 )
35
(19-60)
44
(2 0 -7 1 )
52
(2 0 -7 1 )

38
(27 - 68)

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
Frontal
Temporal
Parietal
Occipital
TOTAL

No. of cases (%)
61 (53.5%)
36 (31.6%)
16 (14.0%)
1 (0.9%)
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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Grade at 1^*operation
(No. of cases)
Grade 2
Grade 3
Grade 4
3
3
14
22
15
22
7
27
39
25
49

Type of operation
Biopsy
Subtotal resection
Total resection
TOTAL

Total
6
51
56
113

Table 3.4 Type of operation by grade at the first operation.

Post-operative therapy (No. of cases, %)

Grade at
operation

Chemotherapy
alone

Radiotherapy
alone

2

16

Both
radiotherapy
and
chemotherapy
6

(5.1%)

(41.0%)
12
(48.0%)
19

2
3

No
post-operative
therapy

Total

15

39

(15.4%)

(38.5%)

(100%)

6
(24.0%)

7
(28.0%)

25
(100%)

(34.5%)

31
(56.4%)

5
(9.1%)

55
(100%)

47

43

27

119

4
TOTAL

2

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

'y
it

'X
J

4A

Median time interval
between 1®*and 2"**
operations in months (range)
36.4
(3.6-115.1
23.2
(9.1 -137.8)
14.5
(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

Median time interval between
and 2°** operations in months
(range)

Grade at
2"** operation

36.8
(7.4-115.1)

■X

2

26.9
(3.6-111.8)
27.2
(11.1-137.8)

A

'I

3

21.7
(9.1-43.3)

4

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 = 44

0.0

0

24

48

72

96

120

144

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 = 34

0.0

0

24

48

72

96

120

144

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)
22.5
(1.4-316.5)

4A

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)
56.1

3

( 12.1 - 147.5)

2

35.9

4

(7 .6 - 141.6)
44.9

3

(2 7 .3 - 164.5 )

3

30.8

4
4

( 12.3 - 5 7 .2)
22.3

4

(5 .0- 3 1 6 .5 )

263

Grade 4 with a single operation

( 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

3

G ra d e 1st

CO

b*—

E

o3

“ 4 = 60

o 3 = 26

Ü 2 = 44

0.0
48

120

144

survival tim e in m o n th s

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

Age group

CO

E

“ > 60 yrs = 9

3

o

□ 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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3
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Age group
a 41.^0 yrs = 12

_

a < 40 yrs = 32

0.0

0

24
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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).
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Age goup
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° > 60 yrs = 4
° 41-60 yis = 35
< 40 yrs = 65

0.0

0
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120

144

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 ChiSquare test). This data is summarised in Table 3.10.
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Grade 2
Gemistocytic
cell
component

1"
operatn

Grade 3

operatn

1“
operatn

Grade 4

operatn

1“
operatn

2«d
operatn

Grade 4
who had
a single
operation

Presence
No. of cases
mean, median
gemistocytic count

18

28

20

19

15

12

12

10.1,7.5

10.2,6D

18.2,18.0

9.8,63

5.9,53

1 0 3 ,7 3

8.7,6.7

(1.1-30.7)

(1.9-65.3)

(3 3 -3 8 .9 )

(2.4-32.0)

(1.4-19.9)

(1.8-48.4)

(2 .1 -2 8 3 )

27

17

7

8

8

11

25

(range)

Absence

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
Absence

0.0
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24
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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).
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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 '

gemistocytes
° Presence
° Absence

0.0

10

24

48

72

96

120

144

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)

4.1,2.7
(0 .1-22.4)
8.3,6.7
(0.8-33.7)
14.7,13.5
(2.9-37.0)

17.6,14.0
(0.9-59.1)
23.3,22.0
(1 .8 -5 5 .1 )
19.4,19.0
(3.6 -3 7 .0 )

2
3
4

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
3

2
4
3
3
4
4

4

Grade 4
with a single operation

Mean and median Ki-67 LI
(range)
1®*biopsy
2*”*biopsy
3.4,2.8
15.1,11.3
(0 .1 -9 .6 )
(0.9-41.8)
22.1,21.1
5.3,2.4
(0.1-22.4)
(5.6-59.1)
6.2,6.2
14.1,15.8
(2 .8-11.4)
(1.8-24.4)
9.1,7.1
26.5,24.2
(5.7-55.1)
(0 .8-33.7)
19.4,19.0
14.7,13.5
(2.9-37.0)
(3.6-37.0)
13.7,11.0
(0.6-42.6)

p value

p < 0.001
p = 0.001
p = 0.176
p < 0.001
p = 0.048

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 Ki67 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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Mean and median
Ki-67 LI in 1*‘ biopsy
(range)

Age (years)

8.3,4.8
( 0 .1 -3 7 .0 )
10.0,8.7
(0 .1 -2 5 .8 )
17.0,12.9
(4 .0 -4 2 .7 )

< 40
> 4 0 -6 0
> 60

Table 3.13 Age group with mean and median
Ki-67 LI in the first biopsy sample.
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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).
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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).

121

I » .

>8

•s
Ki-67 in 2nd bopsy
>10% = 69

>

2 - 10%

=

22

0 -2 % =2
0.0

0

24

48

72

96

120

144

Survival Time (months)

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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EGFR expression in 1®*biopsy
(No. of cases, %)

Grade at
JSt

operation
9

A
4

3+
0
(0%)
2
(8.0%)
12
(20.3%)

2+

1+

7
(16.3%)
7
(28.0%)
8
(13.6%)

14
(32.6%)
8
(32.0%)
6
(10.2%)

Negative
22
(51.2%)
8
(32.0%)
33
(55.9%)

Table 3.14 EGFR expression in the first biopsy sample.

Grade
at I"
op

Grade
at 2""
op
3

2
4
3
3
4
4

4

Grade 4 with a
single operation

EGFR expression k
1“ biopsy (No. of cases, %)
3+
2+
1+
Negative
0
13
6
8
(222%) (29.6%)
(48.1%)
(0%)
0
1
6
9
(6.3%)
(37.5%)
(56.3%)
(0%)
0
1
3
3
(0%)
(14.3%) (42.9%)
(42.9%)
2
6
5
5
(11.1%) (33.3%) (27.8%)
(27.8%)
3
4
11
5
(21.7%) (13.0%) (17.4%)
(47.8%)
7
5
2
22
(19.4%) (13.9%)
(5.6%)
(61.1%)

EGFR expression k
2"* biopsy (No. of cases % )
3+
2+
1+
Negative
2
9
6
11
(32.1%) (21.4%)
(7.1%)
(39.3%)
0
6
3
7
(0%)
(37.5%) (18.8%)
(43.8%)
0
4
0
3
(57.1%)
(0%)
(42.9%)
(0%)
1
5
5
9
(5.0%)
(25.0%) (25.0%)
(45.0%)
3
5
6
9
(13.0%) (21.7%) (26.1%)
(39.1%)

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
E
3
w
E
3
o
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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24

0

48

72

96

120

144
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Figure 3.18 Kaplan-Meier plot of interval between first and second
operations and EGFR expression (p = 0.001, Log Rank test).

G rad e at 1^ operation

E G F R in 1*‘ biopsy
<3+

2
3+

<3+
3
3+

<3+
4
3+

Survival tim e in m onths
(range)
47.8
(7 .6 -1 4 7 .5 )
No patient

32.6
(1 2 .3 -1 6 4 .5 )
30.3
(1 4 .8 -4 5 .8 )
22.4
(1 .4 -3 1 6 .5 )
26.0
(1 0 .4 -4 0 .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 1^ operation

EGFR in 1**biopsy
<3+

2
3+

<3+
3
3+

<3+
4
3+

Interval between first and
second operations in months
(range)
35.8
(3.6-115.1)
No patient
22.3
(7.4-137.8)
11
(single case)
14.5
(2.1-207)
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
Grade at
l^ o p

Grade at
2“*op

3
2

4

3
3
4

4

4

Grade 4 with a single
operation

No. of p53
positive cases
(mean, median)
(range)
17
(16.4,14.0)
(0.01 - 34.9)
11
(19.9,19.1)
(11.0-38.2)
6
(20.2,16.5)
(12.4-42.3)
17
(19.8,17.7)
(0.2-49.6)
16
(28.2,26.2)
(0.2-77.9)
24
(17.9,11.9)
(0.3-67.4)

No. of p53
negative cases

12

5

1

3

7

2”**biopsy sample
No. of p53
positive cases
(mean, median)
(range)
23
(242,25.3)
(0.8-56.2)
12
(31.5,30.7)
(3.7-64.3)
6
(27.4,25.8)
(0.5-48.0)
18
(39.1,40.7)
(3.1-87.2)
18
(23.6,24.8)
(0.3-46.7)

No. of p53
negative cases

6

4

1

2

5

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
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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

T

C

T1 T2

C

T

ID 33 exon 8

I

i

m

C

ID 61 exon

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

72

76

wild-type

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

wild-type

Arg Cys Pro His His Glu Arg Trp Ser Asp
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

293

wild-type

Gin His Leu
GAG CAT CTT

mutant

Gin Tyr Leu
CAG TAT CTT

132

d.Exon7fID 6n

codon

255

wild-type

Thr He He Thr Leu
ACC ATC ATC ACA CTG

mutant

Thr He
ACC A T C

Thr Leu
ACA CTG

C. exon 8 (ID 331

codon

273

wild-type

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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p53 mutational status
(No. of cases, %)
Mutation
No mutation
20
25
(44.4%)
(55.6%)
12
15
(44.4%)
(55.6%)
12
48
(20.0%)
(80.0%)
44
88
(33.3%)
(66.7%)

Grade at
operation
2

3
4

TOTAL

Total
45
(100.0%)
27
(100.0%)
60
(100.0%)
132
(100.0%)

Table 3.19 Frequency of p53 mutation versus grade at the first operation.

Grade at
1** operation

Grade at
2"** operation

3
2
4

3
3
4
4

4

Grade 4 with a single
biopsy
TOTAL

p53 mutational status
(No. of cases, %)
Mutation
No mutation

13
(44.8%)
7
(43.8%)
2
(28.6%)
10
(50.0%)
7
(30.4%)
5
(13.5%)
44
(33.3%)

16
(55.2%)
9
(56.3%)
5
(71.4%)
10
(50.0%)
16
(69.6%)
32
(86.5%)
88
(66.7%)

Total

29
(100.0%)
16
(100.0%)
7
(100.0%)
20
(100.0%)
23
(100.0%)
37
(100.0%)
132
(100.0%)

Table 3.20 Frequency of p53 mutation versus grade at the first and
second operations.
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Case

Age

ID

(yrs)

Sex

Location of tumour

Interval

Survival

between

time

operations

(months)

Location of the p53 gene mutations in
1®*biopsy
Base change
Exon
Codon
Amino acid

(months)

Location of the p53 gene mutations in
2"** biopsy
Exon

Codon

Base change

Amino acid
change

change

Grade 2 4 3
76
79
80
81
82
83
86
90
94
98
136
147
151
Grade 2 4
71
102
103
104
107
108
156
Grade 3 4

30
45
39
38
36
34
31
24
35
24
41
43
37

M
M
F
F
F
M
M
F
M
F
F
M
F

Lt frontal
Rt temporal
Lt temporal
Lt frontal
Lt frontal
Lt frontal
Lt temporal
Rt temporal
n/a
n/a
Lt occipital
Rt frontal
Rt temporal

453
32.6
643
50.3
24.3
35.8
16.7
115.1
42.3
30.7
19.7
11.1
9.1

>67.8
40.6
90.9
125.3
58.4
58.3
25.7
>147.5
>44.3
33.6
23.3
12.1
13.8

27

M

Rt frontal

41.9

47.0

52
48
33
41
36
36

F
F
M
M
M
M

Rt temporal
Rt frontal
Lt temporal
Lt temporal
Lt temporal
Rt parietal

5.2
44.0
32.6
18.8
21.2
15.9

12.2
59.9
38.7
223
21.4
28.4

Gly to Ser
Cys to Ser

252

No mutation
Deletion
GGC to AGC
TGC to AGC
No mutation
CTCtoTTC

Leu to Phe

7

239

AAC to CAC

Asn to His

4& 7

72 & 239

5
5

176
175

5
7

157
238

8
5
5
5
5

273
176
175
176
137

142

8
5
8

303
175
282

5
7
5

177-182
244
141

7

CCT to CTT
No mutation
No mutation
No mutation
AGC to GGC
CGC to CAC
CGGtoTGG

Pro to Leu

142
175
72
282
278
175
282
243
177-182
45
175
95
252

5
5
4
8
8
5
8
7
5
4
5
4
7

5

Ser to Gly
Arg to His
Arg to Trp

CCT to CTT
CGC to CAC
CGC to CCC
CGG to TGG
CCT to CGT
CGC to CAC
CGG to TGG
ATG to GTG
Deletion
CTG to CGG
CGC to CAC
TCTtoTTT
CTC to TTC

Pro to Leu
Arg to His
Arg to Pro
Arg to Trp
Proto Arg
Arg to His
Arg to Trp
Met to Val
Leu to Arg
Arg to His
Ser to Phe
Leu to Phe

4

3
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No mutation
TGCtoTAC
CGC to CAC
n/a
GTC to ATC
TGTtoAGT

Cys to Tyr
Arg to His
Val to lie
Cys to Ser

CGC to CCC &
AAC to CAC
CGT to CAT
TGC to TAC
CGC to CAC
TGC to TAC
CTG to ATG
No mutation

Arg to Pro &
Asn to His
Arg to His
Cys to Tyr
Arg to His
Cys to Tyr
Leu to Met

Case
ID

Age
(yrs)

Sex

Location o f tumour

Interval

Survival

between

time

operations

(months)

Exon

Codon

1** biopsy
Base change

(months)
142
40
35
145
Grade 3 4 4
34
25
26
33
29
49
30
28
31
42
33
28
36
29
106
47
138
19
139
48
Grade 4 4 4

2"** biopsy
Amino acid

Exon

Codon

Base change

Lt temporal
Lt parietal

31.9
19.7

43.3
463

M
M
F
F
M
F
M
F
F
M

Rt frontal
Rt frontal
Rt frontal
Rt temporal
Rt frontal
Lt frontal
Lt frontal
Rt frontal
Rt frontal
Lt temporal

19.8
24.8
25.9
123
23.4
n/a
40.4
30.5
7.4
163

23.2
29.9
28.1
13.7
35.5
45.8
47.1
34.6
123
18.0

6
4

215
95

5
6

175
193

8
5
7
5
5
5
5
5

AGTtoATT
TCTtoTTT
No mutation
CGC to CAC

273
176
244
176
176

CAT to CGT
No mutation
No mutation
CGT to CAT
TGCtoTAC
GGC to AGC
TGCtoTAC
TGCtoTAC

161
137
175

GCC to GTC
CTG to ATG
CGC to CAC

Ser to lie
Ser to Phe

Arg to His
His to Arg

116

5

175

CGC to CAC

Arg to His
Cys to Tyr
Gly to Ser
Cys to Tyr
Cys to Tyr

193
86
175
273
176
175
215
215

Ala to Val
Leu to Met
Arg to His

5
5
8

145
175
285

7

255

5
5

181
175

46
37
57

M
F
M

Lt temporal
Lt parietal
Rt parietal

9.6
38.7
4.5

13.9
42.2
5.0

61

31

M

Lt frontal
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22.3

n/a
10.5
51.0

15.8
13.2
>316.5

5
5

175
175

n/a
CGC to CAC
CGC to CAC

Arg to His
Arg to His

3.9

5.1

5

128

CCT to CTT

Pro to Leu

No mutation

136

4

n/a
TCTtoTTT

6
4
5
8
5
5
6
6

48
49
54

Amino acid
change

change

F
M

64
34
M
Lt temporal
67
30
M
Lt frontal
113
27
M
n/a
Grade 4 who had only a single biopsy
6
52
M
Rt frontal

Location of the p53 gene mutations in

Location o f the p53 gene mutations in

No mutation
CAT to CGT
GCA to GTA
CGC to CAC
CGT to CAT
TGCtoTAC
CGC to CAC
AGT to ATT
AGTtoATT
CTG to GTG
CGC to CAC
GAG to GTG
Deletion 3 bases
of this codon
(ATC... ACA)
CGC to TGC
CGC to CAC
n/a

Ser to Phe
Arg to His
His to Arg
Ala to Val
Arg to His
Arg to His
Cys to Tyr
Arg to His
Ser to lie
Ser to Tie
Leu to Val
Arg to His
Glu to Val

Arg to Cys
Arg to His

Case

Age

ID

(yrs)

Sex

Location o f tumour

Interval

Survival

between

time

operations

(months)

Location o f the p53 gene mutations in
Exon

Codon

1®*biopsy
Base change

(months)
11

27

116

54

122

57

131

52

F
M
F
M

Rt frontal
Lt temporal
Lt frontal
n/a

2“**biopsy
Amino acid
change

5

175

14.8

15.2

n/a
n/a
n/a

25.6

5

175

27.8

9

310

40.1

6

193

Table 3.21 p53 mutations and survival time in each group. M, male; F, female
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CGC to CAC
CGC to CAC
AAC to GAC
CAT to TAT

Location of the p53 gene mutations in

Arg to His
Arg to His
Asn to Asp
His to Tyr

Exon

Codon

Base change

Amino acid
change

Grade at 1®*
operation
(No. of cases)
2
3
4

p53 mutation
1®‘ biopsy only
2“**biopsy only
Same mutation in f and 2”**biopsy
Different mutation
between 1**and 2"*' biopsies
Mutation was found in 1** biopsy
but 2""*sample not available
Mutation was found in 2"""biopsy
but sample not available

7

1
3
3

1
1

2
10
11

5

4

3

12

1

1

2

1

2

7

39

1

6

1
20

TOTAL

Total

12

Table 3.22 Distribution of p53 mutation in each clinicopathological
group.

ID
71
82
98
108
136
106
138
139
145
48
49
54

Mutation in 1** biopsy
codon
239
303
244
157
141
244
176
176
141
161
137
175

Base change
AAC to CAC
AGC to GGC
GGC to AGC
GTC to ATC
TGC to AGC
GGC to AGC
TGC to TAC
TGC to TAC
TGC to AGC
GCC to GTC
CTG to ATG
CGC to CAC

Mutation in Z"** biopsy
codon
72 & 239
278
45
137
175
175
215
215
175
145
175
285
TOTAL

Base change
CGC to CCC & AAC to CAC
CCT to CGT
CTG to CGG
CTG to ATG
CGC to CAC
CGC to CAC
AGT to ATT
AGT to ATT
CGC to CAC
CTG to GTG
CGC to CAC
GAG to GTG

Grade at
1** operation
(No. of case)
2
3
4
1
1
1
1
1
1
1
1
1
1
1
1
4
5
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

Grade at

operation

operation
3

2

4
3

4

4

4

ID

codon

79
80
81
90
147
102
25
30
31
61

175
72
282
243
95
273
175
86
175
255

Mutation
Base change
CGC to CAC
CGC to CCC
CGG to TGG
ATG to GTG
TCT to TTT
CGT to CAT
CGC to CAC
GCA to GTA
CGC to CAC
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
2
3
4
TOTAL

Polymorphism
(No. of cases, %)
Yes
No
17
28
(62.2%)
(37.8%)
20
7
(74.1%)
(25.9%)
47
13
(21.7%)
(78.3%)
37
95
(72.0%)
(28.0%)

Total
45
(100.0%)
27
(100.0%)
60
(100.0%)
132
(100.0%)

Table 3.25 Frequency of p53 polymorphism and grade at the first
operation.
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Case

Age

ID

(yrs)

Sex

Location of tumour

Interval

Survival

between

time

operations

(months)

Location of polymorphism in the p53 gene

Location of polymorphism in the p53 gene
Exon

in 1** biopsysample
Base change
Codon

(months)

in 2“**biopsy sample
Amino acid

Exon

Codon

Base change

Amino acid
change

change

Grade 2 4 3
75
77
78
80
81
83
84
85
86
87
95

39
41
24
39
38
34
36
30
31
44

M
F
M
F
F
M
F
M
M
M

Lt frontal
Lt temporal
Rt frontal
Lt temporal
Lt frontal
Lt frontal
Lt frontal
Rt frontal
Lt temporal
Lt temporal

18.0
56.1
35.2
64.5
50.1
35.8
58.3
76.0
16.7
36.7

36.3
69.9
>55.1
90.9
125.3
58.3
70.8
>87.8
25.7
90.5

4

76

4
4
4
4
4
4
4

76
76
76
76
76
72
72

37

M

n/a

36.4

48.5

4

72&76

147
43
Grade 2 4 4
71
27

M

Rt frontal

11.1

12.1

4

76

M

Rt frontal

41.9

47.0

4

76

52

F

Rt temporal

5.2

12.2

4

72&76

30
41
32

F
M
M

Lt temporal
Lt temporal
Rt frontal

80.4
18.8
13.8

83.4
22.3
33.2

4
4
4

76
76
76

37

M

Lt parietal

22.9

42.9

4

72&76

Grade 3 4 4
28
42

M

Rt temporal

20^

25.1

4

76

102
105
107
110
Grade 3 4
27

GCA to GGA
n/a
GCA to GGA
GCA to GGA
GCA to GGA
GCA to GGA
GCA to GGA
CGC to CCC
CGC to CCC
n/a
CGC to CCC &
GCA to GGA
GCA to GGA

Ala to Gly
Ala to Gly
Ala to Gly
Ala to Gly
Ala to Gly
Ala to Gly
Arg to Pro
Arg to Pro
Arg to Pro &
Ala to Gly
Ala to Gly

GCA to GGA
CGC to CCC &
GCA to GGA
GCA to GGA
GCA to GGA
GCA to GGA

Ala to Gly
Arg to Pro &
Ala to Gly
Ala to Gly
Ala to Gly

CGC to CCC &
GCA to GGA

Arg to Pro &
Ala to Gly

GCA to GGA

Ala to Gly

GCA to GGA
GCA to GGA
GCA to GGA
GCA to GGA
GCA to GGA
GCA to GGA
GCA to GGA
CGC to CCC

Ala to Gly
Ala to Gly
Ala to Gly
Ala to Gly
Ala to Gly
Ala to Gly
Ala to Gly
Arg to Pro

n/a
GCA to GGA
CGC to CCC &
GCA to GGA
n/a

Ala to Gly
Arg to Pro &
Ala to Gly

76

GCA to GGA

Ala to Gly

4

76

GCA to GGA

Ala to Gly

4
4
4

76
76
76

GCA to GGA
GCA to GGA
GCA to GGA

Ala to Gly
Ala to Gly
Ala to Gly

4

72&76

CGC to CCC &
GCA to GGA

Arg to Pro &
Ala to Gly

4
4
4
4
4
4
4
4

76
76
76
76
76
76
76
72

4

76

4

72&76

4

3
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n/a

Interval
Case
ID

Age
(yrs)

Location o f tumour

Sex

Survival

between

time

operations

(months)

Exon

in 1®*biopsysample
Base change
Codon

(months)

in 2“**biopsy sample
Amino acid
change

30

28

F

Rt temporal

12.3

13.7

4

76

GCA to GGA

Ala to Gly

31

42

M

Rt frontal

23.4

353

4

76

GCA to GGA

Ala to Gly

32

46

M

Rt parietal

11.0

14.8

4

72&76

17.7
363

31.7
57.2

4

76

CGC to CCC &
GCA to GGA
GCA to GGA
n/a

Arg to Pro &
Ala to Gly
Ala to Gly

19.5
26.7
12.0
13.3
9.7
143
n/a

22.6
26.9
22.4
22.3
10.4
19.1
12.0

4
4
4

76
76
76

Ala to Gly
Ala to Gly
Ala to Gly

4
4
4

76
76
76

GCA to GGA
GCA to GGA
GCA to GGA
n/a
GCA to GGA
GCA to GGA
GCA to GGA

Ala to Gly
Ala to Gly
Ala to Gly

203
2.1
n/a
n/a
n/a

22.7
4.6
123
12.6
29.7

4
4
4
5
4

76
76
76
126
76

n/a

66.9

4

72&76

GCA to GGA
GCA to GGA
GCA to GGA
TAC to TAT
GCA to GGA
CGC to CCC &
GCA to GGA

Ala to Gly
Ala to Gly
Ala to Gly
None
Ala to Gly
Arg to Pro &
Ala to Gly

Rt frontal
37
37
F
52
28
M
Rt parietal
Grade 4 4 4
50
Rt parietal
38
F
53
Lt temporal
55
M
59
36
M
Lt frontal
61
31
M
Lt frontal
62
42
Lt frontal
F
63
Rt temporal
40
M
n/a
68
36
F
Grade 4 who had only a single biopsy
10
Rt temporal
57
M
12
53
F
Lt temporal
18
59
M
Rt parietal
Lt temporal
19
48
M
117
60
Rt frontal
F
124

43

M

n/a

Location o f polymorphism in the p53 gene

Location o f polymorphism in the p53 gene

Table 3.26 p53 polymorphisms and survival time in each group. M, male; F, female
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Exon

Codon

Base change

Amino acid
change

No
polymorphism
No
polymorphism
4

76

GCA to GGA

Ala to Gly

4
4

76
76

GCA to GGA
GCA to GGA

Ala to Gly
Ala to Gly

4

76

Ala to Gly

4
5

76
126

4
4

76
76

GCA to GGA
n/a
GCA to GGA
TAC to TAT
n/a
GCA to GGA
GCA to GGA

Ala to Gly
None
Ala to Gly
Ala to Gly

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
2

Accumulation of
the p53 protein
Positive
Negative

Mutation of the p53 gene
in 1®*biopsy
Yes
No
8
20
12
5

TOTAL
3

Positive
Negative

8
1

15
3

Positive
Negative

7
3

33
17

TOTAL
4
TOTAL

Total
28
17
45
23
4
27
40
20
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
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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
0-5%

2

>5-15%
>15%

0-5%
3

> 5-15%
>15%

0-5%
4

>5-15%
>15%

Survival time in months
(range)
44.3
(12.1-125.3)
75.9
(7.6-147.5)
47.0
(23.3-105.2)
32.6
(14.8-47.6)
28.1
(12.3-164.5)
35.5
(13.7-57.2)
22.4
(4.6-113.6)
27.5
(6.1-316.5)
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
0-5%

2

> 5-15%
>15%

0-5%
3

>5

15%

>15%

20.2
(11-43.3)
21.7
(7.4-137.8)
24.1
(11.6-36.3)
11.8
(2.1-28.7)
13.3
(5-51)
16.4
(4 - 2079)

0-5%
4

Interval between fîrst and
second operations in months
(range)
33.9
(5.2-86.2)
47.6
(3.6-115.1)
37.2
(11.8-89.2)

>5-15%
>15%

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
?
it
2
4

Median survival time in months
(range)
Mutations of p53
No mutation of p53
39.7
56.1
(12.1 - 147.5)
(7.6-141.6)
32.2
36.9
(12.3-47.1)
(14.8 - 164.5)
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

2
‘X

4

Median interval between fîrst and second operations in
months
(range)
Mutations of p53
No mutation of p53
31.7
39.6
(5.2-115.1)
(3.6-111.8)
23.4
22.3
(7.4-40.4)
(9.1-37.8)
11.9
14.5
(2.1 - 207)
(4-51)

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

Hungary
UK
Total

Base change at codon 76
Number o rcases (%)
Yes
No
20
(25.3%)
10
(18.9%)
30
(22.7%)

59
(74.7%)
43
(81.1%)
102
(77.3%)

Total
79
(100%)
53
(100%)
132
(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®*
operation
L

'X
J

A

4

Total

Base change at codon 76
Number oiÏ cases (%)
Yes
No
13
(28.9%)
6
(22.2%)
11
(18.3%)
30
(22.7%)

32
(71.1%)
21
(77.8%)
49
(81.7%)
102
(77.3%)

Total
45
(100%)
27
(100%)
60
(100%)
132
(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 (%)
Yes
No

Total

8
(27.6%)
5
(31.3%)
1
(14.3%)
5
(25.0%)

21
(72.4%)
11
(68.8%)
6
(85.7%)
15
(75.0%)

29
(100%)
16
(100%)
7
(100%)
20
(100%)

Grade 4 with a single
operation

5
(13.5%)

32
(86.5%)

37
(100%)

Grade 4 with two operations

6
(26.1%)

17
(73.9%)

23
(100%)

-y

2
A

4

-i

Ô

3
A
4

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).
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1.21

1 .0 '

.>.8 '

.4'

b a s e ch a n g e

nopol ymor phi sm
codon 76

0 .0, 0

24

48

72

96

144

120

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).

1.0 .

3

I
J

change at codon 76

o Ma

0.0
0

24

48

72

96

120

144

su rv iv al tim e in m onths

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.

1 8 .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
Grade 2

p53 protein
accumulation
Positive
Negative

Total
Positive
Negative

Grade 3
Total

Positive
Negative

Grade 4
Total

Expression of the EGFR
2+
Negative
1+
3+
13
9
5
2
9
5
22
14
7
6
2
8
21
12
33

27
16
43

7

1
1
2

22
3
25

7
1
8

5
7
12

39
20
59

8

7

8
6
6

Total

Table 3.35 p53 protein accumulation and the expression of EGFR in the first
biopsy sample divided by grade.

Grade at 1“* operation
Grade 2

Mutational
status
No mutation
Mutation

Total
Grade 3

30
13
43

6
2
8

5
3
8

5
2
7

1
1
2

17
8
25

No mutation

30
3
33

5
1
6

5
3
8

9
3
12

49
10
59

Mutation
Total

Total

No mutation
Mutation
Total

Grade 4

Expression of the EGFR
Negative
1+
2+
3+
8
6
16
6
1
6
14
7
22

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
m utational status o f 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 e se n c e
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
^5%
> 5 -1 5 %
> 15%
TOTAL

Gemistocytic cells
Presence
Absence
18
37
(32.7%)
(67.3%)
11
14
(44.0%)
(56.0%)
36
16
(69.2%)
(30.8%)
67
65
(49.2%)
(50.8%)

Total
55
(100.0%)
25
(100.0%)
52
(100.0%)
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
Presence

2

Absence
TOTAL
Presence

3

Absence
TOTAL
Presence

4

Absence
TOTAL

p53 immunohistochemistry
(No. of cases, %)
Positive
Negative
13
5
(72.2%)
(27.8%)
12
15
(44.4%)
(55.6%)
17
28
(62.2%)
(37.8%)
19
1
(95.0%)
(5.0%)
4
3
(57.1%)
(42.9%)
23
4
(14.8%)
(85.2%)
21
6
(22.2%)
(77.8%)
14
19
(42.4%)
(57.6%)
40
20
(66.7%)
(33.3%)

Total
18
(100.0%)
27
(100.0%)
45
(100.0%)
20
(100.0%)
7
(100.0%)
27
(100.0%)
27
(100.0%)
33
(100.0%)
60
(100.0%)

p-value

0.351*

0.042 *

0.099 **

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 rad e at 1**
operation

M ean and m edian p53 LI
(range)
15.9, 13.6
(0 .5 -3 8 .2 )
19.4,21.6
(0 .1 -3 4 .9 )
21.0, 17.7
(0 .2 -4 9 .6 )
14.7, 13.0
(5 .8 -2 7 .0 )
26.4, 25.7
(3 .0 -7 7 .9 )
17.2, 10.0
(0 .2 -6 7 .4 )

G em istocyte
Presence

2
Absence
Presence
3
Absence
Presence
4
Absence

p-value *

0.363

0.409

0.023

Table 3.39 Mean and median p53 LI in relation to the presence of
gemistocytic cells in the first biopsy sample in each grade MannWhimey U test).

G rade at 1st bx
Gr4
Gr3

-10

-10

Gr2

0

10

20
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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
^5%
> 5%
TOTAL

Gemistocytic cells
Present
Absent
21
8
(27.6%)
(72.4%)
19
12
(61.3%)
(38.7%)
27
33
(45.0%)
(55.0%)

Total
29
(100.0%)
31
(100.0%)
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 r3

-10
-10

G r2

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
Presence

2
A bsence
TOTAL

Presence
3
Absence
TO T A L

Presence
4
Absence
TO T A L

M u tation o f p53
(No. o f cases, % )
M utation
No m utation
12
6
(66.7%)
(33.3%)
7
20
(74.1%)
(25.9%)
32
13
(28.9%)
(71.1%)

T otal

p-value

18
(100.0%)
27
(100.0%)
45
(100.0%)

0.591 *

6
(30.0%)
3
(42.9%)
9
(33.3%)

14
(70.0%)
4
(57.1%)
18
(66.7%)

20
(100.0%)
7
(100.0%)
27
(100.0%)

0.653

7
(25.9%)
3
(9.1%)
10
(16.7%)

20
(74.1%)
30
(90.9%)
50
(83.3%)

27
(100.0%)
33
(100.0%)
60
(100.0%)

0.097

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
Gemistocytic cells
operation
s5 %
2
> 5%
TOTAL

s5 %
3
>5%
TO T A L

s5%
4
> 5%
TOTAL

M utation of p53
(No. of cases, % )
No m utation
M u tation
9
23
(71.9%)
(28.1%)
4
9
(69.2%)
(30.8%)
32
13
(28.9%)
(71.1%)

T otal

p-value

32
(100.0%)
13
(100.0%)
45
(100.0%)

1 .0 “

4
(40.0%)
5
(29.4%)
9
(33.3%)

6
(60.0%)
12
(70.6%)
18
(66.7%)

10
(100.0%)
17
(100.0%)
27
(100.0%)

0.683 “

5
(11.1%)
5
(33.3%)
10
(16.7%)

40
(88.9%)
10
(66.7%)
50
(83.3%)

45
(100.0%)
15
(100.0%)
60
(100.0%)

0 .1 0 2 “

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
Gemistocytic cells
operation
Presence
2
A bsence
TOTAL

Presence
3
Absence
TO T A L

Presence
4
Absence
TO T A L

M utation of p53
(No. of cases, % )
No m utation
M utation
12
16
(42.9%)
(57.1%)
7
10
(41.2%)
(58.8%)
19
26
(42.2%)
(57.8%)

Total

p-value

28
(100.0%)
17
(100.0%)
45
(100.0%)

0.406 “

8
(42.1%)
2
(28.6%)
10
(38.5%)

11
(57.9%)
5
(71.4%)
16
(61.5%)

19
(100.0%)
7
(100.0%)
26
(100.0%)

0.668 **

4
(33.3%)
2
(18.2%)
6
(26.1%)

8
(66.7%)
9
(81.8%)
17
(73.9%)

12
(100.0%)
11
(100.0%)
23
(100.0%)

0.640

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 Chisquare, ^ 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 ra d e a t 1** operation

Gem istocytic
cell population

2

Presence
Absence
Presence
Absence
Presence
Absence

3
G rad e 4
TO TA L

Expression o f th e E G F R
in the P* biopsy
(No. of cases)
Positive
Negative
(1+ to 3+)
11
7
14
11
3
15
2
5
14
13
20
12
64
63

T otal

18
25
18
7
27
32
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).

G ra d e 4 p atients
w ho survived less th a n 2 years
G ra d e 4 p atients
w ho survived m ore th a n 2 years

M edian age
in years
(range)
43
(2 2 -7 0 )
48
(2 0 -7 1 )

M edian survival
tim e in m onths
(range)
15.2
(1 .4 -2 4 .2 )
33.4
(2 5 .6 -3 1 6 .5 )

TO TA L

No. o f cases
(% )
33
(55.0%)
27
(45.0%)
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 ro u p
S h o rt term survivor
Long te rm survivor
TO T A L

Single operation
(No. o f cases, % )
17
(51.5%)
20
(74.1%)
37
(61.7%)

Two operations
(No. o f cases, % )
16
(48.5%)
7
(25.9%)
23
(38.3%)

T otal
33
(100.0%)
27
(100.0%)
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
Short term survivors
Long term survivors
TOTAL

Gemistocytic cells in 1^*biopsy
(No. of cases, %)
Presence
Absence
16
17
(48.5%)
(51.5%)
11
16
(40.7%)
(59.3%)
27
33
(45.0%)
(55.0%)

Total
33
(100.0%)
27
(100.0%)
60
(100.0%)

Table 3.47 The presence of gemistocytic cells in first biopsy sample
between the short term and long term survivors.

Group
Short term survivor
Long term survivor

Meau aud median gemistocytic cells
(range)
1®*biopsy
2"“ biopsy
7.4,4.9
6.2, 3.9
(2.1-28.3)
(1.8-14.0)
6.9, 6.2
14.4, 8.5
(1.4-19.9)
(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, MannWhitney 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
Short term survivor
Long term survivor

Mean and median Ki-67 LI
(range)
1** biopsy
2"** biopsy
17.5,16.3
19.4, 18.3
(2.9-42.6)
(3.8-34.9)
9.9, 9.5
19.6,19.0
(0.6-25.6)
(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
Short term survivor
Long term survivor
TOTAL

Ki-67 LI ini'* biopsy
(No. of cases, %)
g 10%
> 10%
9
24
(27.3%)
(72.7%)
16
11
(59.3%)
(40.7%)
25
35
(41.7%)
(58.3%)

Total
33
(100.0%)
27
(100.0%)
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 ro u p
S h o rt te rm survivor
L ong term survivor
TO T A L

E G F R expression in 1*‘ biopsy
(No. o f cases, % )
1+
Negative
2+
3+
4
4
20
5
(60.6%)
(12.1%)
(12.1%)
(15.2%)
2
13
4
7
(7.7%)
(50.0%)
(15.4%)
(26.9%)
6
33
8
12
(55.9%)
(10.2%)
(13.6%)
(20.3%)

T otal
33
(100.0%)
26
(100.0%)
59
(100.0%)

Table 3.51 EGFR expression in the first biopsy sample of short term and
long term survivors.

G ro u p
S h o rt te rm survivor
Long te rm survivor
TO T A L

E G F R expression in 2"*' biopsy
(No. o f cases, % )
2+
Negative
1+
3+
2
5
3
6
(12.5%)
(31.3%)
(37.5%)
(18.8%)
2
4
1
0
(57.1%)
(28.6%)
(14.3%)
5
3
9
6
(39.1%)
(26.1%)
(21.7%)
(13.0%)

T otal
16
(100.0%)
7
(100.0%)
23
(100.0%)

Table 3.52 EGFR expression in the second biopsy sample of the short
term and long term survivors.

165

1.2

1.0

I
E

EGFR

=3

o

□ neg-2+

0.0
120

144

survival time in months

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.
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Group
Short term survivor
Long term survivor
TOTAL

p53 immunohistochemistry
(No. of cases, %)
Negative
Positive
10
23
(69.7%)
(30.3%)
17
10
(37.0%)
(63.0%)
40
20
(66.7%)
(33.3%)

Total
33
(100.0%)
27
(100.0%)
60
(100.0%)

Table 3.53 p53 protein accumulation in the first biopsy sample of short
term and long term survivors.

G ro u p
S h o rt te rm survivor
Long te rm survivor

M ean an d m edian p53 L I
in 1** biopsy
(range)
21.8,22.6
(0 .2 -6 7 .4 )
22.3, 12.6
(2 .1 -7 7 .9 )

M ean an d m edian p53 L I
in 2"** biopsy
(range)
22.8,24.8
(0 .3 -4 2 .8 )
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
Short term survivor
Long term survivor
TOTAL

p53 mutational status
in 1**biopsy
(No. of cases, %)
Mutation
No mutation
5
28
(15.2%)
(84.8%)
22
5
(18.5%)
(81.5%)
50
10
(83.3%)
(16.7%)

Total
33
(100.0%)
27
(100.0%)
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
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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 Ki67 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 Ki67 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 Ki67 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.

176

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 antiPCNA 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 PCRSSCP. The methylcytosine then induced or developed a point mutation
before the second operation. It has been reported that mutant and wildtype 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 sequencespecific 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
186

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 formalinfixed 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 wildtype 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
192

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 wildtype 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.
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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 o f 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.

200

References

201

References
"Cisplatin does not enhance the effect of radiation therapy in malignant
gliomas. EORTC Brain Tumor Group", Eur.J Cancer, 1991, vol. 27,no.
5, pp. 568-571.
Neurological Surgery: a comprehensive reference guide to the diagnosis
and management o f neurosurgical problems, fourth edn., 1996
Russel and Rubinstein's Pathology o f Tumors o f the Nervous System, 6th
edn., 1998
Abdulrauf, S. I., Edvardsen, K., Ho, K. L., Yang, X. Y., Rock, J. P., &
Rosenblum, M. L. 1998, "Vascular endothelial growth factor expression
and vascular density as prognostic markers of survival in patients with
low-grade astrocytoma", JNeurosurg, vol. 88,no. 3, pp. 513-520.
Abe, S., Minamihisamatsu, M., Ishihara, T., & Sasaki, M. 1989,
"Chromosomal in situ hybridization and Southern blot analyses using cabl, c-sis, or bcr probe in chronic myelogenous leukemia cells with
variant Philadelphia translocations". Cancer Genet Cytogenet, vol. 38,no.
1, pp. 61-74.
Affa, D., Osztie, E., Sipos, L., & Vitanovics, D. 1999, "Preoperative
history and postoperative survival of supratentorial low-grade
astrocytomas", Br JNeurosurg, vol. 13,no. 3, pp. 299-305.
Agarwal, M. L., Agarwal, A., Taylor, W. R., & Stark, G. R. 1995, "p53
controls both the G2/M and the G1 cell cycle checkpoints and mediates
reversible growth arrest in human fibroblasts", Proc.Natl Acad.Sci U.S.A,
vol. 92,no. 18, pp. 8493-8497.
Agarwal, M. L., Taylor, W. R., Chernov, M. V., Chernova, O. B., &
Stark, G. R. 1998, "The p53 network", J.Biol.Chem., vol. 273, pp. 1-4.
Ahomadegbe, J. C., Barrois, M., Fogel, S., Le Bihan, M. L., Douc-Rasy,
S., Duvillard, P., Armand, J. P., & Riou, G. 1995, "High incidence of p53
alterations (mutation, deletion, overexpression) in head and neck primary
tumors and métastasés; absence of correlation with clinical outcome.
Frequent protein overexpression in normal epithelium and in early noninvasive lesions". Oncogene, vol. 10, pp. 1217-1227.
Ahuja, H., Bar, E. M., Advani, S. H., Benchimol, S., & Cline, M. J. 1989,
"Alterations in the p53 gene and the clonal evolution of the blast crisis of
chronic myelocytic leukemia", Proc.NatlAcad.ScLU.S.A., vol. 86,no. 17,
pp. 6783-6787.
Ahuja, H. G., Testa, M. P., & Cline, M. J. 1990, "Variation in the protein
coding region of the human p53 gene". Oncogene, vol. 5, pp. 1409-1410.

202

al-Sarraj, S. & Bridges, L. R. 1995, "p53 immunoreactivity in
astrocytomas and its relationship to survival", BrJ.Neurosurg.^ vol. 9,no.
2, pp. 143-149.
Albarosa, R., DiDonato, S., & Finocchiaro, G. 1995, "Redefinition of the
coding sequence of the MXIl gene and identification of a polymorphic
repeat in the 3' non-coding region that allows the detection of loss of
heterozygosity of chromosome 10q25 in glioblastomas", Hum.Genet.,
vol. 95,no. 6, pp. 709-711.
Albert, F. K., Forsting, M., Sartor, K., Adams, H. P., & Kunze, S. 1994,
"Early postoperative magnetic resonance imaging after resection of
malignant glioma: objective evaluation of residual tumor and its
influence on regrowth and prognosis [see comments]". Neurosurgery,
vol. 34,no. 1, pp. 45-60.
Allan, L. A. & Fried, M. 1999, "p53-dependent apoptosis or growth arrest
induced by different forms of radiation in U20S cells: p21^"^^^^^^^^
repression in UV induced apoptosis". Oncogene, vol. 18, pp. 5403-5412.
Ammirati, M., Galicich, J. H., Arbit, E., & Liao, Y. 1987, "Reoperation
in the treatment of recurrent intracranial malignant gliomas".
Neurosurgery, vol. 21,no. 5, pp. 607-614.
Ara, S., Lee, P. S. Y., Hansen, M. F., & Saya, H. 1990, "Codon 72
polymorphism of the TP53 gene". Nucleic Acids Res, vol. 18,no. 16, p.
4961.
Asai, A., Hoshino, T., Edwards, M. S., & Davis, R. L. 1992, "Predicting
the recurrence of ependymomas fi*om the bromodeoxyuridine labeling
index", Childs Nerv.Syst., vol. 8,no. 5, pp. 273-278.
Asari, S., Makabe, T., Katayama, S., Itoh, T., Tsuchida, S., & Ohmoto, T.
1994, "Assessment of the pathological grade of astrocytic gliomas using
an MRI score". Neuroradiology, vol. 36,no. 4, pp. 308-310.
Atadja, P., Wong, H., Garkavtsev, L, Veillette, C., & Riabowol, K. 1995,
"Increased activity o f p53 in senescing fibroblasts",
Proc.Nad.Acad.Sci.U.S.A., vol. 92, pp. 8348-8352.
Attardi, L. D., Lowe, S. W., Brugarolas, J., & Jacks, T. 1996,
"Transcriptional activation by p53, but not induction of the p21 gene, is
essential for oncogene-mediated apoptosis", EMBOJ, vol. 15,no. 14, pp.
3693-3701.
Baker, S. J., Fearon, E. R., Nigro, J. M., Hamilton, S. R., Preisinger, A.
C., Jessup, J. M., vanTuinen, P., Ledbetter, D. H., Barker, D. F.,
Nakamura, Y., White, R., & Vogelstein, B. 1989, "Chromosome 17
deletions and p53 gene mutations in colorectal carcinomas". Science, vol.
244, pp. 217-221.

203

Baker, S. J., Markowitz, S., Fearon, E. R., Willson, J. K., & Vogelstein,
B. 1990, "Suppression of human colorectal carcinoma cell growth by
wild-type p53.". Science, vol. 249,no. 4971, pp. 912-915.
Banks, L., Matlashewski, G., & Crawford, L. 1986, "Isolation of humanp53-specific monoclonal antibodies and their use in the studies of human
p53 expression", EurJ.Biochem., vol. 159, pp. 529-534.
Barak, Y., Juven, T., Haffiier, R., & Oren, M. 1993, "mdm2 expression is
induced by wild type p53 activity", EMBOJ., vol. 12,no. 2, pp. 461-468.
Bargonetti, J., Friedman, P. N., Kern, S. E., Vogelstein, B., & Prives, C.
1991, "Wild-type but not mutant p53 immunopurified proteins bind to
sequences adjacent to the SV40 origin of replication". Cell, vol. 65, pp.
1083-1091.
Bargonetti, J., Reynisdottir, I., Friedman, P. N., & Prives, C. 1992, "Sitespecific binding of wild-type p53 to cellular DNA is inhibited by SV40T
antigen and mutant p53". Genes & Dev, vol. 6,no. 10, pp. 1886-1898.
Barker-FG, I., Chang, S. M., Gutin, P. H., Malec, M. K., McDermott, M.
W., Prados, M. D., & Wilson, C. B. 1998, "Survival and fimctional status
after resection of recurrent glioblastoma multiforme". Neurosurgery, vol.
42,no. 4, pp. 709-723.
Barker, F. G., Prados, M. D., Chang, S. M., Davis, R. L., Gutin, P. H.,
Lambom, K. R., Larson, D. A., McDermott, M. W., Sneed, P. K., &
Wilson, C. B. 1996, "Bromodeoxyuridine labeling index in glioblastoma
multiforme: relation to radiation response, age, and survival", Int J
Radiat.OncolBiolPhys., vol. 34,no. 4, pp. 803-808.
Baron, P. L., Gates, C. E., Reed, C. E., Dikeman, R. L., Drosieko, J. J.,
Bromberg, J. S., & Willingham, M. C. 1997, "p53 overexpression in
squamous cell carcinoma of the esophagus", Ann Surg Oncol, vol. 4, pp.
37-45.
Bartek, J., Bartkova, J., Vojtesek, B., Staskova, Z., Lukas, J., Rejthar, A.,
Kovarik, J., Midgley, C. A., Gannon, J. V., & Lane, D. P. 1991,
"Aberrant expression of the p53 oncoprotein is a common feature of a
wide spectrum of human malignancies". Oncogene, vol. 6,no. 9, pp.
1699-1703.
Bartek, J., Bartkova, J., Lukas, J., Staskova, Z., Vojtesek, B., & Lane, D.
P. 1993, "Immunohistochemical analysis of the p53 oncoprotein on
paraffin sections using a series of novel monoclonal antibodies",
J.Pathol, vol. 169, pp. 27-34.
Bartram, C. R., de Klein, A., Hagemeijer, A., Grosveld, G., Heisterkamp,
N., & Groffen, J. 1984, "Localization of the human c-sis oncogene in
Phi-positive and Phi-negative chronic myelocytic leukemia by in situ
hybridization". Blood, vol. 63,no. 1, pp. 223-225.

204

Bates, S. & Vousden, K. H. 1996, "p53 in signaling checkpoint arrest or
apoptosis", Curr.Opin.Genet.Dev., vol. 6, pp. 12-19.
Bauman, G. S., Caspar, L. E., Fisher, B. J., Halperin, E. C., Macdonald,
D. R., & Caimcross, J. G. 1994, "A prospective study of short-course
radiotherapy in poor prognosis glioblastom a m ultiform e",
IntJ.Radiat.Oncol.Biol.Phys., vol. 29,no. 4, pp. 835-839.
Baxendine, J. J., Campbell, I., & Ellison, D. 1997, "p53 status has no
prognostic significance in glioblastomas treated with radiotherapy", Clin
Neuropathol, vol. 16,no. 6, pp. 332-336.
Bayle, J. H., Elenbaas, B., & Levine, A. J. 1995, "The carboxyl-terminal
domain of the p53 protein regulates sequence-specific DNA binding
through its nonspecific nucleic acid-binding activity",
Proc.Natl.Acad.Sci.U.S.A., vol. 92, pp. 5729-5733.
Beckman, G., Birgander, R., Sjalander, A., Saha, N., Holmberg, P. A.,
Kivela, A., & Beckman, L. 1994, "Is p53 polymorphism maintained by
natural selection?". Hum Hered, vol. 44,no. 5, pp. 266-270.
Beenkeen, S. W., Karsenty, G., Raycroft, L., & Lozano, G. 1991, "An
intron binding protein is required for transformation ability of p53".
Nucleic Acids Res, vol. 19,no. 17, pp. 4747-4752.
Bello, M. J., de Campos, J. M., Kusak, M. E., Vaquero, J., Sarasa, J. L.,
Pestana, A., & Rey, J. A. 1994, "Molecular analysis of genomic
abnormalities in human gliomas". Cancer Genet Cytogenet, vol. 73,no. 2,
pp. 122-129.
Berens, M. E., Rief, M. D., Shapiro, J. R., Haskett, D., Giese, A., Joy, A.,
& Coons, S. W. 1996, "Proliferation and motility responses of primary
and recurrent gliomas related to changes in epidermal growth factor
receptor expression", J.NeurooncoL, vol. 27,no. 1, pp. 11-22.
Berger, M. S., Deliganis, A. V., Dobbins, J., & Keles, G. E. 1994, "The
effect of extent of resection on recurrence in patients with low grade
cerebral hemisphere gliomas [see comments]". Cancer, vol. 74,no. 6, pp.
1784-1791.
Bergh, J., Norberg, T., Sjogren, S., Lindgren, A., & Holmberg, L. 1995,
"Complete sequencing of the p53 gene provides prognostic information
in breast cancer patients, particularly in relation to adjuvant systemic
therapy and radiodierapy", AhAMeaf., vol. 1, pp. 1029-1034.
Berkman, R. A., Clark, W. C., Saxena, A., Robertson, J. T., Oldfield, E.
H., & Ali, I. U. 1992, "Clonal composition of glioblastoma multiforme",
J.Neurosurg., vol. 77,no. 3, pp. 432-437.
Bems, E. M., Klijn, J. G., Smid, M., Vanstaveren, I. L., Look, M. P.,
Vanputten, W. L., & Forkens, J. A. 1996, "Personal communication and
TP53 and MYC gene alterations independently predict poor prognosis in
205

breast cancer patients". Genes Chromosomes. Cancer, vol. 16, pp. 170179.
Bems, E. M., van Staveren, I. L., Look, M. P., Smid, M., Klijn, J. G., &
Foekens, J. A. 1998, "Mutations in residues of TP53 that directly contact
DNA predict poor outcome in human primary breast cancer", Br J
Cancer, vol. 11,no. 1, pp. 1130-1136.
Bertics, P. J. & Gill, G. N. 1985, "Self-phosphorylation enhances the
protein-tyrosine kinase activity of the epidermal growth factor receptor",
J Biol Chem, vol. 260,no. 27, pp. 14642-14647.
Bertics, P. J., Chen, W. S., Hubler, L., Lazar, C. S., Rosenfeld, M. G., &
Gill, G. N. 1988, "Alteration of epidermal growth factor receptor activity
by mutation of its primary carboxyl-terminal site of tyrosine self
phosphorylation", JBiol Chem, vol. 263,no. 8, pp. 3610-3617.
Bhatia, K., Gutierrez, M. I., Huppi, K., & Magrath, I. T. 1992, "PGR
detection of a neutral CGA/CGG dimorphism in exon 6 of the human p53
gene". Nucleic Acids Res, vol. 20,no. 4, p. 928.
Biemat, W., Aguzzi, A., Sure, U., Grant, J. W., Kleihues, P., & Hegi, M.
E. 1995, "Identical mutations of the p53 tumor suppressor gene in the
gliomatous and the sarcomatous components of gliosarcomas suggest a
common origin from glial cells", J Neuropathol Exp Neurol, vol. 54,no.
5, pp. 651-656.
Biemat, W., Tohma, Y., Yonekawa, Y., Kleihues, P., & Ohgaki, H. 1997,
"Alterations of cell cycle regulatory genes in primary (de novo) and
secondary glioblastomas", Acta Neuropathol Berl, vol. 94,no. 4, pp. 303309.
Biemat, W., Kleihues, P., Yonekawa, Y., & Ohgaki, H. 1997,
"Amplification and overexpression of MDM2 in primary (de novo)
glioblastomas", J Neuropathol Exp Neurol, vol. 56,no. 2, pp. 180-185.
Bigner, S. H., Mark, J., Burger, P. C., Mahaley, M. S., Jr., Bullard, D. E.,
Muhlbaier, L. H., & Bigner, D. D. 1988, "Specific chromosomal
abnormalities in malignant human gliomas". Cancer Res, vol. 48, pp.
405-411.
Bigner, S. H., Burger, P. C., Wong, A. J., Wemer, M. H., Hamilton, S.
R., Muhlbaier, L. H., Vogelstein, B., & Bigner, D. D. 1988, "Gene
amplification in malignant human gliomas: clinical and histopathologic
aspects", J Neuropathol Exp Neurol, vol. 47,no. 3, pp. 191-205.
Bleehen, N. M. & Stenning, S. P. 1991, "A Medical Research Council
trial of two radiotherapy doses in the treatment of grades 3 and 4
astrocytoma. The Medical Research Council Brain Tumour Working
Party", Br J Cancer, vol. 64,no. 4, pp. 769-774.

206

Boerman, R. H., Anderl, K., Herath, J., Borell, T., Johnson, N., Schaeffer,
K. J., Kirchhof, A., Raap, A. K., Scheithauer, B. W., & Jenkins, R. B.
1996, "The glial and mesenchymal elements of gliosarcomas share
similar genetic alterations", J Neuropathol Exp Neurol, vol. 55,no. 9, pp.
973-981.
Bogler, O., Huang, H. J., Kleihues, P., & Cavenee, W. K. 1995, "The p53
gene and its role in human brain tumors". Glia, vol. 15,no. 3, pp. 308327.
Bond, J., Haughton, M., Blaydes, J., Gire, V., Wynford-Thomas, D., &
Wyllie, F. 1996, "Evidence that transcriptional activation by p53 plays a
direct role in the induction of cellular senescence". Oncogene, vol. 13, pp.
2097-2104.
Bondy, M., Wiencke, J., Wrensch, M., & Kyritsis, A. P. 1994, "Genetics
of primary brain tumors: a review", yAewroowco/, vol. 18,no. 1, pp. 6981.
Bonthron, D. T., Morton, C. C., Orkin, S. H., & Collins, T. 1988,
"Platelet-derived growth factor A chain: gene structure, chromosomal
location, and basis for alternative mRNA splicing", Proc.Natl Acad.Sci
U.S.A, vol. 85,no. 5, pp. 1492-1496.
Bosch, D. A. 1977, "Short and long term effects of methyl- and
ethylnitrosourea (MNU & ENU) on the developing nervous system of the
rat. I. Long term effects: the induction of (multiple) gliomas", Acta
Neurologica Scandinavica, vol. 55,no. 2, pp. 85-105.
Brat, D. J., James, C. D., Jedlicka, A. E., Connolly, D. C., Chang, E.,
Castellani, R. J., Schmid, M., Schiller, M., Carson, D. A., & Burger, P. C.
1999, "Molecular genetic alterations in radiation-induced astrocytomas".
Am J Pathol, wo\. 154,no. 5, pp. 1431-1438.
Bravo, R. & Macdonald-Bravo, H. 1985, "Changes in the nuclear
distribution of cyclin (PCNA) but not its synthesis depend on DNA
replication.", EMBOJ, vol. 4,no. 3, pp. 655-661.
Brugieres, L., Gardes, M., Moutou, C., Chompret, A., Meresse, V.,
Martin, A., Poisson, N., Flamant, F., Bonaiti-Pelli, C., Lemerle, J., &
Feunteun, J. 1993, "Screening for germ line p53 mutations in children
with malignant tumors and a family history of cancer". Cancer Res, vol.
53, pp. 452-455.
Buatti, J. M., Marcus, R. B., Mendenhall, W. M., Friedman, W. A., &
Bova, F. J. 1996, "Accelerated hyperfractionated radiotherapy for
malignant gXiomdiS", Int.J.Radiat.Oncol.Biol.Phys., vol. 34,no. 4, pp. 785792.

207

Buchman, V. L., Chumakov, P. M., Ninkina, N. N., Samarina, O. P., &
Georgiev, G. P. 1988, "A variation in the structure of the protein-coding
region of the human p53 gene". Gene, vol. 70, pp. 245-252.
Buckbinder, L., Talbott, R., Velasco-Miguel, S., Takenaka, I., Faha, B.,
Seizinger, B. R., & Kley, N. 1995, "Induction of the growth inhibitor
IGF-binding protein 3 by p53". Nature, vol. 311,no. 6550, pp. 646-649.
Burger, P. C., Vogel, F. S., Green, S. B., & Strike, T. A. 1985,
"Glioblastoma and anaplastic astrocytoma: Pathologic criteria and
prognostic implications". Cancer, vol. 56, pp. 1106-1 111.
Burger, P. C., Heinz, E. R., Shibata, T., & Kleihues, P. 1988,
"Topographic anatomy and CT correlations in the untreated glioblastoma
nm\ûîounQ'\ J Neurosurg., vol. 68, pp. 698-704.
Burger PC, Scheithauer BW, Vogel FS. 2002 Surgical Pathology of the
Nervous System and its Coverings. 4* Edition. Churchill Livingston New
York,, pl63.
Bums, K. L., Ueki, K., Jhung, S. L., Koh, J., & Louis, D. N. 1998,
"M olecular genetic correlates o f p i 6, cdk4, and pRb
immunohistochemistry in glioblastomas", J Neuropathol Exp Neurol, vol.
57,no. 2, pp. 122-130.
Burton EC, Lambom KR, Forsyth P, Scott J, O'Campo J, Uyehara-Lock
J, Prados M, Berger M, Passe S, Uhm J, O'Neill BP, Je n l^ s RB, Aldape
KD. 2002, Aberrant p53, mdm2, and proliferation differ in glioblastomas
from long-term compared with typical survivors. Clin Cancer Res.vol 8,
no 1, pp 180-7.
Caelles, C., Helmberg, A., & Karin, M. 1994, "p53-dependent apoptosis
in the absence of transcriptional activation of p53-target genes [see
comments]". Nature, vol. 370,no. 6486, pp. 220-223.
Caimcross, J. G., Pexman, J. H., Rathbone, M. P., & Delmaestro, R. F.
1985, "Post-operative contrast enhancement in patients with brain
tumor", Ann Neurol, vol. 17, pp. 570-572.
Caimcross, J. G. & Laperriere, N. J. 1989, "Low-grade glioma. To treat
or not to treat?", Arch.Neurol, vol. 46, pp. 1238-1239.
Campbell, C., Quinn, A. G., Angus, B., & Rees, J. L. 1993, "The relation
between p53 mutation and p53 immunostaining in non-melanoma skin
cancer", Br.J.Dermatol, vol. 129,no. 3, pp. 235-241.
Canman, C. E., Gilmer, T. M., Courts, S. B., & Kastan, M. B. 1995,
"Growth factor modulation of p53-mediated growth arrest versus
apoptosis". Genes & Dev, vol. 9,no. 5, pp. 600-611.
Carbone, D., Chiba, I., & Mitsudomi, T. 1991, "Polymorphism at codon
213 within the p53 gene". Oncogene, vol. 6, pp. 1691-1692.

208

Carder, P., Wyllie, A. H., Purdie, C. A., Morris, R. G., White, S., Piris, J.,
& Bird, C. C. 1993, "Stabilized p53 facilitates aneuploid clonal
divergence in colorectal cancer". Oncogene, vol. 8, pp. 1397-1401.
Carpenter, G. & Cohen, S. 1979, "Epidermal growth factor", Annu.Rev
Biochem, vol. 48, pp. 193-216.
Cattoretti, G., Becker, M. H., Key, G., Duchrow, M., Schluter, C., Galle,
J., & Gerdes, J. 1992, "Monoclonal antibodies against recombinant parts
of the Ki-67 antigen (MIB 1 and MIB 3) detect proliferating cells in
microwave-processed formalin-fixed paraffin sections", J Pathol, vol.
168,no. 4, pp. 357-363.
Challa, V. R., Goodman, H. O., & Davis-CH, J. 1983, "Familial brain
tumors: studies of two families and review of recent literature".
Neurosurgery, vo\. 12,no. 1, pp. 18-23.
Chandler, K. L., Prados, M. D., Malec, M., & Wilson, C. B. 1993, "Long
term survival in patients with glioblastoma multiforme". Neurosurgery,
vol. 32,no. 5, pp. 716-720.
Chen, C. Y., Hall, I., Lansing, T. J., Gilmer, T. M., Tlsty, T. D., &
Kastan, M. B. 1996, "Separate pathways for p53 induction by ionizing
radiation and N-(phosphonoacetyl)-L-aspartate", Cancer Res, vol. 56,no.
16, pp. 3659-3662.
Chen, W. S., Lazar, C. S., Lund, K. A., Welsh, J. B., Chang, C. P.,
Walton, GM, Der, C. J., Wiley, H. S., Gill, G. N., & Rosenfeld, M. G.
1989, "Functional independence of the epidermal growth factor receptor
from a domain required for ligand-induced internalization and calcium
regulation". Cell, vol. 59,no. 1, pp. 33-43.
Cho, Y., Gorina, S., Jeffrey, P. D., & Pavletich, N. P. 1994, "Crystal
structure of a p53 tumor suppressor-DNA complex: Understanding
tumorigenic mutations". Science, vol. 265, pp. 346-355.
Chow, V., Ben-David, Y., Bernstein, A., Benchimol, S., & Mowat, M.
1987, "Multistage Friend erythroleukemia: independent origin of tumor
clones with normal or rearranged p53 cellular oncogenes", J. Virol, vol.
61,no. 9, pp. 2777-2781.
Chozick, B. S., Pezzullo, J. C., Epstein, M. H., & Finch, P. W. 1994,
"Prognostic implications of p53 overexpression in supratentorial
astrocytic tumors". Neurosurgery, vol. 35,no. 5, pp. 831-837.
Chu, C. T., Everiss, K. D., Wikstrand, C. J., Batra, S. K., Kung, H. J., &
Bigner, D. D. 1997, "Receptor dimerization is not a factor in the
signalling activity of a transforming variant epidermal growth factor
receptor (EGFRvIII).", Biochem J, vol. 324,no. Pt3, pp. 855-861.
Clarke, A. R., Purdie, C. A., Harrison, D. J., Morris, R. G., Bird, C. C.,
Hooper, M. L., & Wyllie, A. H. 1993, "Thymocyte apoptosis induced by
209

p53-dependent and independent pathways", Nature, vol. 362, pp. 849852.
Clem, R. J., Cheng, E. H., Karp, C. L., Kirsch, D. G., Ueno, K.,
Takahashi, A., Kastan, M. B., Griffin, D. B., Bamshaw, W. C., Veliuona,
M. A., & Hardwick, J. M. 1998, "Modulation of cell death by Bcl-XL
through caspase interaction", Proc.Natl.Acad.Sci.U.S.A., vol. 95,no. 2,
pp. 554-559.
Clore, G. M., Omichinski, J. G., Sakaguchi, K., Zambrano, N., Sakamoto,
H., Appella, B., & Gronenbom, A. M. 1994, "High-resolution structure of
the oligomerization domain of p53 by multidimensional NMR [see
comments] [published erratum appears in Science 1995 Mar
10;267(5203):1515]", Science, vol. 265,no. 5170, pp. 386-391.
Cole, G. C., Wilkins, P. R., & West, R. R. 1989, "An epidemiological
survey of primary tumours of the brain and spinal cord in South Bast
Wales", Br.J.Neurosurg., vol. 3, pp. 487-494.
Collins, V. P. 1995, "Gene amplification in human gliomas". Glia, vol.
15,no. 3, pp. 289-296.
Coons, S. W. & Johnson, P. C. 1993, "Regional heterogeneity in the
proliferative activity of human gliomas as measured by the Ki-67 labeling
index", J Neuropathol Exp Neurol, vol. 52,no. 6, pp. 609-618.
Cordon, C. C. 1995, "Mutation of cell cycle regulators; Biological and
clinical implications for human neoplasia". Am J Pathol, vol. 147, pp.
545-560.
Couldwell, W. T., Weiss, M. H., Law, R. B., & Hinton, D. R. 1995,
"Paradoxical elevation of Ki-67 labeling with protein kinase inhibition in
malignant gliomas", J.Neurosurg., vol. 82,no. 3, pp. 461-468.
Cunningham, J., Lust, J. A., Schaid, D. J., Bren, G. D., Carpenter, H. A.,
Rizza, B., Kovach, J. S., & Thibodeau, S. N. 1992, "Expression of p53
and 17p Allelic Loss in Colorectal Carcinoma", Cancer Res, vol. 52, pp.
1974-1980.
Cunningham, J. M., Kimmel, D. W., Scheithauer, B. W., O'Fallon, J. R.,
Novotny, P. J., & Jenkins, R. B. 1997, "Analysis of proliferation markers
and p53 expression in gliomas of astrocytic origin: relationships and
prognostic value [see comments]", J Neurosurg., vol. 86,no. 1, pp. 121130.
Curran-WJ, J., Scott, C. B., Horton, J., Nelson, J. S., Weinstein, A. S.,
Nelson, D. F., Fischbach, A. J., Chang, C. H., Rotman, M., Asbell, S. O.,
& et, a. 1992, "Does extent of surgery influence outcome for astrocytoma
with atypical or anaplastic foci (AAF)? A report from three Radiation
Therapy Oncology Group (RTOG) trials", J.NeurooncoL, vol. 12,no. 3,
pp. 219-227.

210

Dahiya, R., Deng, G., Selph, C., Carroll, P., & Presti, J. 1998, "A novel
p53 mutation hotspot at codon 132 (AAG—>AGG) in human renal
cancer", Biochem Mol Biol Int, vol. 44,no. 2, pp. 407-415.
Dalla, F. R., Gallo, R. C., Giallongo, A., & Croce, C. M. 1982,
"Chromosomal localization of the human homolog (c-sis) of the simian
sarcoma virus one gene". Science, vol. 218,no. 4573, pp. 686-688.
Danks, R. A., Chopra, G., Gonzales, M. F., Orian, J. M., & Kaye, A. H.
1995, "Aberrant p53 expression does not correlate with the prognosis in
anaplastic astrocytoma". Neurosurgery, vol. 37,no. 2, pp. 246-254.
Darling, J. L. 1991, "Ki-67 monoclonal antibody [letter; comment]", B r J
Neurosurg, vol. 5,no. 4, pp. 438-441.
Daumas, D. C., Monsaigneon, V., Blond, S., Munari, C., Musolino, A.,
Chodkiewicz, J. P., & Missir, O. 1987, "Serial stereotactic biopsies and
CT scan in gliomas: correlative study in 100 astrocytomas, oligoastrocytomas and oligodendrocytomas", J Neurooncol, vol. 4,no. 4, pp.
317-328.
Daumas, D. C., Scheithauer, B., O'Fallon, J., & Kelly, P. 1988, "Grading
of astrocytomas". Cancer, vol. 62, pp. 2152-2165.
David, Y. B., Prideaux, V. R., Chow, V., Benchimol, S., & Bernstein, A.
1988, "Inactivation of the p53 oncogene by internal deletion or retroviral
integration in erythroleukemic cell lines induced by Friend leukemia
virus". Oncogene, vol. 3, pp. 179-185.
Davis, F. G., Freels, S., Grutsch, J., Barlas, S., & Brem, S. 1998,
"Survival rates in patients with primary malignant brain tumors stratified
by patient age and tumor histological type: an analysis based on
Surveillance, Epidemiology, and End Results (SEER) data, 1973-1991",
J.Neurosurg., vol. 88,no. 1, pp. 1-10.
Davis, R. L., Onda, K , Shubuya, M., Lambom, K., & Hoshino, T. 1995,
"Proliferation markers in gliomas: a comparison of BUDR, KI-67, and
MIB-1", J Neurooncol, vol. 24,no. 1, pp. 9-12.
DeLeo, A. B., Jay, G., Appella, E., Dubois, G. C., Law, L. W., & Old, L.
J. 1979, "Detection of a transformation-related antigen in chemically
induced sarcomas and other transformed cells o f the mouse",
Proc.Natl.Acad.Sci. USA, vol. 76,no. 5, pp. 2420-2424.
Denissenko, M. F., Chen, J. X., Tang, M. S., Pfeifer, G. P., Li, Y., Bollag,
G., Clark, R., Stevens, J., Conroy, L., Fults, D., Ward, K., Friedman, E.,
Samowitz, W., Robertson, M., & et, a. 1997, "Cytosine méthylation
determines hot spots of DNA damage in the human P53 gene", Proc.Natl
Acad.Sci U.S.A, vol. 94,no. 8, pp. 3893-3898.
Devaux, B. C., O'Fallon, J. R., & Kelly, P. J. 1993, "Resection, biopsy,
and survival in malignant glial neoplasms. A retrospective study of
211

clinical parameters, therapy, and outcome", J Neurosurg, vol. 78,no. 5,
pp. 767-775.
DeVita, V. T. 1983, "The relationship between tumor mass and resistance
to chemotherapy: Implications for surgical adjuvant treatment of cancer".
Cancer, vol. 51, pp. 1209-1220.
Diedrich, U., Lucius, J., Bittermann, H. J., Schlosser, M., Eckert, B.,
Behnke, J., & Pabst, B. 1995, "Loss of alleles in brain tumours:
distribution and correlations with clinical course", J.NeuroL, vol. 242,no.
10, pp. 707-711.
Diez, B., Balmaceda, C., Matsutani, M., & Weiner, H. L. 1999, "Germ
cell tumors of the CNS in children: recent advances in therapy.", Childs
Nerv Syst, vol. 15,no. 10, pp. 578-585.
Diller, L., Kassel, J., Nelson, C. E., Gryka, M. A., Litwak, G., Gebhardt,
M., Bressac, B., Ozturk, M., Baker, S. J., Vogelstein, B., & Friend, S. H.
1990, "p53 functions as a cell cycle control protein in osteosarcoma",
Mol.CellBiol, vol. 10,no. 11, pp. 5772-5781.
Dirven, C. M., Tuerlings, J., Molenaar, W. M., Go, K. G., & Louis, D. N.
1995, "Glioblastoma multiforme in four siblings: a cytogenetic and
molecular genetic study", J.NeurooncoL, vol. 24,no. 3, pp. 251-258.
Downward, J., Yarden, Y., Mayes, E., Scrace, G., Totty, N., Stockwell,
P., Ullrich, A., Schlessinger, J., & Waterfield, M. D. 1984, "Close
similarity of epidermal growth factor receptor and v-erb-B oncogene
protein sequences". Nature, vol. 309, pp. 521-527.
Drach, L. M., Kammermeier, M., Neirich, U., Jacobi, G., Komhuber, B.,
Lorenz, R., & Schlote, W. 1996, "Accumulation of nuclear p53 protein
and prognosis of astrocytomas in childhood and adolescence",
Clin.Neuropathol, vol. 15,no. 2, pp. 67-73.
Dropcho, E. J. & Soong, S. J. 1996, "The prognostic impact of prior low
grade histology in patients with anaplastic gliomas: a case-control study".
Neurology, vol. 47,no. 3, pp. 684-690.
Duerr, E. M., Rollbrocker, B., Hayashi, Y., Peters, N., Meyer-Puttlitz, B.,
Louis, D. N., Schramm, J., Wiestler, O. D., Parsons, R., Eng, C., & vonDeimling, A. 1998, "PTEN mutations in gliomas and glioneuronal
tumors". Oncogene, vol. 16,no. 17, pp. 2259-2264.
Dwyer, K. W., Naul, L. G., & Hise, J. H. 1996, "Gliosarcoma: MR
features", J.ComputAssist.Tomogr., vol. 20,no. 5, pp. 719-723.
Ekstrand, A. J., James, C. D., Cavenee, W. K., Seliger, B., Pettersson, R.
F., & Collins, V. P. 1991, "Genes for epidermal growth factor receptor,
transforming growth factor alpha, and epidermal growth factor and their
expression in human gliomas in vivo". Cancer Res, vol. 51,no. 8, pp.
2164-2172.
212

Ekstrand, A. J., Sugawa, N., James, C. D., & Collins, V. P. 1992,
"Amplified and rearranged epidermal growth factor receptor genes in
human glioblastomas reveal deletions of sequences encoding portions of
the N- and/or C-terminal tails", Proc.Natl Acad.Sci U.S.A, vol. 89,no. 10,
pp. 4309-4313.
El-Azouzi, M., Chung, R. Y., Farmer, G. E., Martuza, R. L., Black, P.
M., Rouleau, G. A., Hettlich, C., Hedley-Whyte, E. T., Zervas, N. T.,
Panagopoulos, K., Nakamura, Y., Gusella, J. F., & Seizinger, B. R. 1989,
"Loss of distinct regions on the short arm of chromosome 17 associated
with tumorigenesis of human astrocytoma", Proc.Natl.Acad.Sci. USA, vol.
86, pp. 7186-7190.
el-Deiry, W. S., Kern, S. E., Pietenpol, J. A., Kinzler, K. W., &
Vogelstein, B. 1992, "Definition of a consensus binding site for p53",
Nat.Genet., vol. 1, pp. 45-49.
el-Deiry, W. S., Tokino, T., Velculescu, V. E., Levy, D. B., Parsons, R.,
Trent, J. M., Lin, D., Mercer, W. E., Kinzler, K. W., & Vogelstein, B.
1993, "WAFl, a potential mediator of p53 tumor suppression". Cell, vol.
75, p p .817-825.
El-Obeid, A., Bongcam, R. E., Sorby, M., Ostman, A., Nister, M., &
Westermark, B. 1997, "Cell scattering and migration induced by
autocrine transforming growth factor alpha in human glioma cells in
vitro". Cancer Res, vol. 57,no. 24, pp. 5598-5604.
Eliyahu, D., Raz, A., Gruss, P., Givol, D., & Oren, M. 1984,
"Participation of p53 cellular tumour antigen in transformation of normal
embryonic cells". Nature, vol. 312, pp. 646-649.
Eliyahu, D., Michalovitz, D., & Oren, M. 1985, "Overproduction of p53
antigen makes established cells highly tumorigenic". Nature, vol. 316,
pp. 158-160.
Eliyahu, D., Goldfinger, N., Pinhasi-Kimhi, O., Shaulsky, G., Skumik,
Y., Arai, N., Rotter, V., & Oren, M. 1988, "Meth A fibrosarcoma cells
express two transforming mutant p53 species". Oncogene, vol. 3, pp.
313-321.
Eliyahu, D., Michalovitz, D., Eliyahu, S., Pinhasi-Kimhi, O., & Oren, M.
1989, "Wild-type p53 can inhibit oncogene-mediated focus formation",
Proc.Natl.Acad.Sci.USA, vol. 86, pp. 8763-8767.
Ellison, D. W., Gatter, K. C., Steart, P. V., Lane, D. P., & Weller, R. O.
1992, "Expression of the p53 protein in a spectrum of astrocytic
tumours", J.Pathol, vol. 168,no. 4, pp. 383-386.
Ellison, D. W., Steart, P. V., Bateman, A. C., Pickering, R. M., Palmer, J.
D., & Weller, R. O. 1995, "Prognostic indicators in a range of astrocytic

213

tumours: an immunohistochemical study with Ki-67 and p53 antibodies",
J Neurol Neurosurg Psychiatry, vol. 59,no. 4, pp. 413-419.
Enestrom, S., Vavruch, L., Franlund, B., & Nordenskjold, B. 1998, "Ki67 antigen expression as a prognostic factor in primary and recurrent
astrocytomas". Neurochirurgie, vol. 44,no. 1, pp. 25-30.
Engebraaten, O., Bjerkvig, R., Pedersen, P. H., & Laerum, O. D. 1993,
"Effects of EGF, bFGF, NGF and PDGF(bb) on cell proliferative,
migratory and invasive capacities of human brain-tumour biopsies in
vitro", Int J Cancer, vol. 53,no. 2, pp. 209-214.
Esrig, D., Spruck, C. H., Nichols, P. W., Chaiwun, B., Steven, K.,
Groshen, S., Chen, S. C., Skinner, D. G., Jones, P. A., & Cote, R. J. 1993,
"p53 nuclear protein accumulation correlates with mutations in the p53
gene, tumor grade, and stage in bladder cancer". Am J Pathol, vol.
143,no. 5, pp. 1389-1397.
Ettinger, A. B. 1994, "Structural causes of epilepsy. Tumors, cysts,
stroke, and vascular malformations.", Neurol Clin, vol. 12,no. 1, pp. 4156.
Eyre, H. J., Crowley, J. J., Townsend, J. J., Eltringham, J. R., Morantz, R.
A., Schulman, S. F., Quagliana, J. M., & al Sarraf, M. 1993, "A
randomized trial of radiotherapy versus radiotherapy plus CCNU for
incompletely resected low-grade gliomas: a Southwest Oncology Group
study", J Neurosurg., vol. 78,no. 6, pp. 909-914.
Fan, K. J. & Pezeshkpour, G. H. 1992, "Ethnic distribution of primary
central nervous system tumors in Washington, DC, 1971 to 1985.", JN atl
Med Assoc, vol. 84,no. 10, pp. 858-863.
Felix, C. A., Brown, D. L., Mitsudomi, T., Ikagaki, N., Wong, A.,
Wasserman, R., Womer, R. B., & Biegel, J. A. 1994, "Polymorphism at
codon 36 of the p53 gene". Oncogene, vol. 9, pp. 327-328.
Felley, B. E., Weston, A., Cawley, H. M., Bennett, W. P., & Harris, C. C.
1993, "Functional studies of a germ-line polymorphism at codon 47
within the p53 gene". Am JHum.Genet, vol. 53,no. 3, pp. 752-759.
Fenstermaker, R. A., Ciesielski, M. J., & Castiglia, G. J. 1998, "Tandem
duplication of the epidermal growth factor receptor tyrosine kinase and
calcium internalization domains in A-172 glioma cells". Oncogene, vol.
16,no. 26, pp. 3435-3443.
Fields, S. & Jang, S. K. 1990, "Presence of a potent transcription
activating sequence in the p53 protein". Science, vol. 249, pp. 1046-1049.
Fine, H. A., Dear, K. B., Loeffler, J. S., Black, P. M., & Canellos, G. P.
1993, "Meta-analysis of radiation therapy with and without adjuvant
chemotherapy for malignant gliomas in adults [see comments]". Cancer,
vol. 71,no. 8, pp. 2585-2597.
214

Finlay, C. A., Hinds, P. W., Tan, T. H., Eliyahu, D., Oren, M., & Levine,
A. J. 1988, "Activating mutations for transformation by p53 produce a
gene product that forms an hsc70-p53 complex with an altered half-life",
Mol.Cell Biol, vol. 8,no. 2, pp. 531-539.
Finlay, C. A., Hinds, P. W., & Levine, A. J. 1989, "The p53 proto
oncogene can act as a suppressor of transformation". Cell, vol. 57, pp.
1083-1093.
Fischbach, A. J., Martz, K. L., Nelson, J. S., Griffin, T. W., Chang, C. H.,
Horton, J., & Nelson, D. F. 1991, "Long-term survival in treated
anaplastic astrocytomas. A report of combined RTOG/ECOG studies".
Am J Clin Oncol, vol. 14,no. 5, pp. 365-370.
Fisher, M. & Recht, L. D. 1989, "Brain tumor presenting as an acute pure
motor hemiparesis". Stroke, vol. 20,no. 2, pp. 288-291.
Fleming, T. P., Saxena, A., Clark, W. C., Robertson, J. T., Oldfield, E.
H., Aaronson, S. A., & Ali, I. U. 1992, "Amplification and/or
overexpression of platelet-derived growth factor receptors and epidermal
growth factor receptor in human glial tumors". Cancer Res, vol. 52,no.
16, pp. 4550-4553.
Fleury, A., Menegoz, F., Grosclaude, P., Daures, J. P., Henry, A. M.,
Raverdy, N., Schaffer, P., Poisson, M., & Delattre, J. Y. 1997,
"Descriptive epidemiology of cerebral gliomas in France", Cancer, vol.
79,no. 6, pp. 1195-1202.
Forrester, K., Lupoid, S. E., Ott, V. L., Chay, C. H., Band, V., Wang, X.
W., & Harris, C. C. 1995, "Effects of p53 mutants on wild-type p53mediated transactivation are cell type dependent". Oncogene, vol. 10,no.
11, pp. 2103-2111.
Franz, J. & Kleinebrecht, J. 1982, "Teratogenic and clastogenic effects of
BUdR in mice". Teratology, vol. 26,no. 2, pp. 195-202.
Friend, S. H., Bernards, R., Rogelj, S., Weinberg, R. A., Rapaport, J. M.,
Albert, D. M., & Dryja, T. P. 1986, "A human DNA segment with
properties of the gene that predisposes to retinoblastoma and
osteosarcoma". Nature, vol. 323, pp. 643-646.
Fujimaki, T., Matsutani, M., Nakamura, O., Asai, A., Funada, N., Koike,
M., Segawa, H., Aritake, K., Fukushima, T., Houjo, S., & et, a. 1991,
"Correlation between bromodeoxyuridine-labeling indices and patient
prognosis in cerebral astrocytic tumors of adults". Cancer, vol. 67,no. 6,
pp. 1629-1634.
Fults, D., Petronio, J., Noblett, B. D., & Pedone, C. A. 1992,
"Chromosome lip 15 deletions in human malignant astrocytomas and
primitive neuroectodermal tumors". Genomics, vol. 14,no. 3, pp. 799801.

215

Fults, D., Brockmeyer, D., Tullous, M. W., Pedone, C. A., & Cawthon,
R. M. 1992, ”p53 mutation and loss of heterozygosity on chromosomes
17 and 10 during human astrocytoma progression". Cancer Res, vol.
52,no. 3, pp. 674-679.
Fults, D., Pedone, C. A., Thompson, G. E., Uchiyama, C. M., Gumpper,
K. L., Iliev, D., Vinson, V. L., Tavtigian, S. V., & Perry, W. L. 1998,
"Microsatellite deletion mapping on chromosome lOq and mutation
analysis of MM AC 1, FAS, and MXIl in human glioblastoma
multiforme", Int.J.Oncol, vol. 12,no. 4, pp. 905-910.
Galand, P. & Degraef, C. 1989, "Cyclin/PCNA immunostaining as an
alternative to tritiated thymidine pulse labeling for marking S phase cells
in paraffin sections fi'om animal and human tissues". Cell Tissue Kinet,
vol. 22, pp. 383-392.
Galanis, E., Buckner, J. C., Dinapoli, R. P., Scheithauer, B. W., Jenkins,
R. B., Wang, C. H., O'Fallon, J. R., & Farr, G. 1998, "Clinical outcome
of gliosarcoma compared with glioblastoma multiforme: North Central
Cancer Treatment Group results", J.Neurosurg., vol. 89,no. 3, pp. 425430.
Gamett, D. C., Tracy, S. E., & Robinson, H. L. 1986, "Differences in
sequences encoding the carboxyl-terminal domain of the epidermal
growth factor receptor correlate with differences in the disease potential
of viral erbB genes". Proceedings o f the National Academy o f Sciences o f
the United States o f America, vol. 83,no. 16, pp. 6053-6057.
Gannon, J. V. & Lane, D. P. 1991, "Protein synthesis required to anchor a
mutant p53 protein which is temperature-sensitive for nuclear transport".
Nature, vol. 349, pp. 802-806.
Gates, C. E., Reed, C. E., Bromberg, J. S., Everett, E. T., & Baron, P. L.
1994, "Prevalence of p53 mutations in patients with squamous cell
carcinoma of the esophagus", J Thorac Cardiovasc Surg, vol. 108, pp.
148-152.
Gee, J. M., Douglas, J. A., Hepburn, P., Sharma, A. K., McClelland, R.
A., Ellis, I. O., & Nicholson, R. I. 1995, "A cautionary note regarding the
application of Ki-67 antibodies to paraffin-embedded breast cancers", J
Pathol, vol. 177,no. 3, pp. 285-293.
Gerdes, J., Schwab, U., Lemke, H., & Stein, H. 1983, "Production of a
mouse monoclonal antibody reactive with a human nuclear antigen
associated with cell proliferation", Int J Cancer, vol. 31, pp. 13-20.
Gerdes, J., Lemke, H., Baish, H., Wacker, H.-H., Schwab, U., & Stein, H.
1984, "Cell cycle analysis of a proliferation-associated human nuclear
antigen defined by the monoclonal antibody Ki-67", J Im m unol, vol.
133,no. 4, pp. 1710-1715.

216

Ginsberg, D., Mechta, F., Yaniv, M., & Oren, M. 1991, "Wild-type p53
can down-m odulate the activity o f various prom oters",
Proc.NatLAcad.ScLU.SA., vol. 88,no. 22, pp. 9979-9983.
Glantz, M. J., Burger, P. C., Herndon, J. E., Friedman, A. H., Caimcross,
J. G., Vick, N. A., & Schold-SC, J. 1991, "Influence of the type of
surgery on the histologic diagnosis in patients with anaplastic gliomas.".
Neurology, vol. 41,no. 11, pp. 1741-1744.
Glebov, O. K., McKenzie, K. E., White, C. A., & Sukumar, S. 1994,
"Frequent p53 gene mutations and novel alleles in familial breast cancer".
Cancer Res, vol. 54,no. 14, pp. 3703-3709.
Gnjatic, S., Bressac-de-Paillerets, B., Guillet, J. G., & Choppin, J. 1995,
"Mapping and ranking of potential cytotoxic T epitopes in the p53
protein: effect of mutations and polymorphism on peptide binding to
purified and refolded HLA molecules", Eur.J.Immunol, vol. 25,no. 6, pp.
1638-1642.
Goh, H. S., Yao, J., & Smith, D. R. 1995, "p53 point mutation and
survival in colorectal cancer patients". Cancer Res, vol. 55, pp. 52175221.
Gostissa, M., Hengstermann, A., Fogal, V., Sandy, P., Schwarz, S. E.,
Scheffher, M., & Del Sal, G. 1999, "Activation of p53 by conjugation to
the ubiquitin-like protein SUMO-1", EMBO J., vol. 18,no. 22, pp. 64626471.
Gottlieb, E. & Oren, M. 1998, "p53 facilitates pRb cleavage in IL-3deprived cells: novel pro-apoptotic activity of p53", EMBO J., vol. 17,no.
13, pp. 3587-3596.
Gratzner, H. G. 1982, "Monoclonal antibody to 5-bromo- and 5iododeoxyuridine: a new reagent for detection of DNA replication".
Science, vol. 218, pp. 474-476.
Greenblatt, M. S., Bennett, W. P., Hollstein, M., & Harris, C. C. 1994,
"Mutations in the p53 tumor suppressor gene: Clues to cancer etiology
and molcular pathogenesis". Cancer Res, vol. 54,no. 18, pp. 4855-4878.
Gruis, N. A., Abeln, E. C. A., Bardoel, A. F. J., Devilee, P., Frants, R. R.,
& Comelisse, C. J. 1993, "PCR-based microsatellite polymorphisms in
the detection of loss of heterozygosity in fresh and archival tumour
tissue", Br J Cancer, vol. 68, pp. 308-313.
Guinee, D. G., Travis, W. D., Trivers, G. E., DeBenedetti, V. M.,
Cawley, H., Welsh, J. A., Bennett, W. P., Jett, J., Colby, T. V., Tazelaar,
H., Abbondanzo, S. L., Pairolero, P., Trastek, V., Caporaso, N. E., Liotta,
L. A., & Harris, C. C. 1995, "Gender comparisons in human lung cancer:
analysis of p53 mutations, anti-p53 serum antibodies and C-erbB-2
expression". Carcinogenesis, vol. 16, pp. 993-1002.

217

Gundersen, S., Lote, K., & Watne, K. 1998, "A retrospective study of the
value of chemotherapy as adjuvant therapy to surgery and radiotherapy in
grade 3 and 4 gliomas", Eur.J Cancer, vol. 34,no. 10, pp. 1565-1569.
Haapasalo, H., Isola, J., Sallinen, P., Kalimo, H., Helin, H., & Rantala, I.
1993, "Aberrant p53 expression in astrocytic neoplasms of the brain:
association with proliferation". Am.J.Pathol, vol. 142,no. 5, pp. 13471351.
Halazonetis, T. D. & Kandil, A. N. 1993, "Conformational shifts
propagate from the oligomerization domain of p53 to its tetrameric DNA
binding domain and restore DNA binding to select p53 mutants", EMBO
y , vol. 12,no. 13, pp. 5057-5064.
Haley, J., Whittle, N., Bennet, P., Kinchington, D., Ullrich, A., &
Waterfield, M. 1987, "The human EGF receptor gene: structure of the
110 kb locus and identification of sequences regulating its transcription".
Oncogene Research, vol. l,no. 4, pp. 375-396.
Haley, J. D. & Waterfield, M. D. 1991, "Contributory effects of de novo
transcription and premature transcript termination in the regulation of
human epidermal growth factor receptor proto-oncogene RNA
synthesis.", JBiol Chem, vol. 266,no. 3, pp. 1746-1753.
Hall, P. A., Levison, D. A., Woods, A. L., Yu, C. C., Kellock, D. B.,
Watkins, J. A., Barnes, D. M., Gillett, C. E., Camplejohn, R., Dover, R.,
& et, a. 1990, "Proliferating cell nuclear antigen (PCNA)
immunolocalization in paraffin sections: an index of cell proliferation
with evidence of deregulated expression in some neoplasms [see
comments]", J Pathol, vol. 162,no. 4, pp. 285-294.
Hara, A., Hirayama, H., Sakai, N., Yamada, H., Tanaka, T., & Mori, H.
1990, "Correlation between nucleolar organizer region staining and Ki-67
immunostaining in human gliomas", Surg.Neurol, vol. 33,no. 5, pp. 320324.
Hardman, P. D., Bell, J., Whittle, I. R., & Gregor, A. 1989, "Familial
glioma: a report of glioblastoma in identical twins and oligo-astrocytoma
in siblings", Br.J.Neurosurg., vol. 3,no. 6, pp. 709-715.
Harper, J. W., Adami, G. R., Wei, N., Keyomarsi, K., & Elledge, S. J.
1993, "The p21 cdk-interacting protein Cipl is a potent inhibitor of G1
cyclin-dependent kinases". Cell, vol. 75,no. 4, pp. 805-816.
Harris, C. C. & Hollstein, M. 1993, "Clinical implications of the p53
tumor-suppressor gene", N.EnglJ.Med., vol. 329,no. 18, pp. 1318-1327.
Harris, N., Brill, E., Shohat, O., Prokocimer, M., Wolf, D., Arai, N, &
Rotter, V. 1986, "Molecular basis for heterogeneity of the human p53
protein". Molecular & Cellular Biology, vol. 6,no. 12, pp. 4650-4656.

218

Harsh, G. R., Levin, V. A., Gutin, P. H., Seager, M., Silver, P., & Wilson,
C. B. 1987, "Réoperation for recurrent glioblastoma and anaplastic
astrocytoma.". Neurosurgery, vol. 21,no. 5, pp. 615-621.
Hart, C. E., Fortstrom, J. W., Kelly, J. D., Seifert, R. A., Smith, R. A.,
Ross, R., Murray, M. J., & Bowen, P. D. M. 1988, "Two classes of PDGF
receptors recognize different isoforms of PDGF", Science, vol. 240, pp.
1529-1531.
Hartmann, A., Blaszyk, H., Cunningham, J. S., McGovern, R. M.,
Schroeder, J. S., Helander, S. D., Pittelkow, M. R., Sommer, S. S., &
Kovach, J. S. 1996, "Overexpression and mutations of p53 in metastatic
malignant melanomas", Int J Cancer, vol. 67, pp. 313-317.
Hartwell, L. H. & Weinert, T. A. 1989, "Checkpoints: Controls that
ensure the order of cell cycle events". Science, vol. 246, pp. 629-634.
Hartwell, L. H. & Kastan, M. B. 1994, "Cell cycle control and cancer".
Science, vol. 266, pp. 1821-1828.
Haupt, Y., Rowan, S., Shaulian, E., Vousden, K. H., & Oren, M. 1995,
"Induction of apoptosis in HeLa cells by trans-activation-deficient p53".
Genes & Dev, vol. 9,no. 17, pp. 2170-2183.
Haupt, Y., Maya, R., Kazaz, A., & Oren, M. 1997, "Mdm2 promotes the
rapid degradation of p53". Nature, vol. 387,no. 6630, pp. 296-299.
Hayashi, Y., Koike, M., Matsutani, M., & Hoshino, T. 1988, "Effects of
fixation time and enzymatic digestion on immunohistochemical
demonstration of bromodeoxyuridine in formalin-fixed, paraffinembedded tissue", JHistochem Cytochem, vol. 36,no. 5, pp. 511-514.
Hayashi Y, Ueki K, Waha A, Wiestler OD, Louis DN, von Deimling A:
1997, Association of EGFR gene amplification and CDKN2 (p 16/MTS 1)
gene deletion in glioblastoma multiforme. Brain Pathol, vol 7, pp 871875.
Hayashi, Y., Yamashita, J., & Yamaguchi, K. 1991, "Timing and role of
p53 gene mutation in the recurrence of glioma", Biochem Biophys Res
Commun, vol. 180,no. 2, pp. 1145-1150.
He, J., Reifenberger, G., Liu, L., Collins, V. P., & James, C. D. 1994,
"Analysis of glioma cell lines for amplification and overexpression of
MDM2", Genes Chromosomes.Cancer, vol. 11,no. 2, pp. 91-96.
He, W., Meyer, J. S., Scrivner, D. L., Koehm, S., & Hughes, J. 1994,
"Assessment of proliferating cell nuclear antigen (PCNA) in breast
cancer using anti-PCNA PC 10 and 19A2: correlation with 5-bromo-2'deoxyuridine or tritiated thymidine labeling and flow cytometric
analysis". Biotech Histochem, vol. 69,no. 4, pp. 203-212.

219

Hedrum, A., Ponten, F., Ren, Z., Lundeberg, J., Ponten, J., & Uhlen, M.
1994, "Sequence-based analysis of the human p53 gene based on
microdissection of tumor biopsy samples". Biotechniques, vol. 17,no. 1,
p p .118-129.
Heldin, C. H., Backstrom, G., Ostman, A., Hammacher, A., Roennstrand,
L., Rubin, K., Nister, M., & Westermark, B. 1989, "Binding of two
different dimeric forms of PDGF to human fibroblasts: evidence for two
separate receptor types", EMBOJ., vol. 7, pp. 1387-1393.
Helin, K., Velu, T., Martin, P., Vass, W. C., Allevato, G., Lowy, D. R., &
Beguinot, L. 1991, "The biological activity of the human epidermal
growth factor receptor is positively regulated by its C-terminal
tyrosines.". Oncogene, vol. 6,no. 5, pp. 825-832.
Helseth, E., Unsgaard, G., Dalen, A., Fure, H., Skandsen, T., Odegaard,
A., & Vik, R. 1988, "Amplification of the epidermal growth factor
receptor gene in biopsy specimens from human intracranial tumours",
British Journal o f Neurosurgery, vol. 2,no. 2, pp. 217-225.
Hendricks, J. B. & Wilkinson, B. J. 1994, "Quality control considerations
for Ki-67 detection and quantitation in paraffin-embedded tissue", J Cell
Biochem Suppl, vol. 19, pp. 105-110.
Hensel, C. H., Xiang, R. H., Sakaguchi, A. Y., & Naylor, S. L. 1991,
"Use of the single strand conformation polymorphism technique and PGR
to detect p53 gene mutations in small cell lung cancer". Oncogene , vol.
6, pp. 1067-1071.
Henson, J. W., Schnitker, B. L., Correa, K. M., von-Deimling, A.,
Fassbender, F., Xu, H. J., Benedict, W. F., Yandell, D. W., & Louis, D.
N. 1994, "The retinoblastoma gene is involved in malignant progression
of astrocytomas", Ann Neurol, vol. 36, pp. 714-721.
Hermanson, M., Funa, K., Hartman, M., Claesson, W. L., Heldin, C. H.,
Westermark, B., & Nister, M. 1992, "Platelet-derived growth factor and
its receptors in human glioma tissue: expression of messenger RNA and
protein suggests the presence of autocrine and paracrine loops". Cancer
Res, vol. 52,no. 11, pp. 3213-3219.
Higashiyama, S., Abraham, J. A., Miller, J., Fiddes, J. C., & Klagsbrun,
M. 1991, "A heparin-binding growth factor secreted by macrophage-like
cells that is related to EGF.", Science, vol. 251,no. 4996, pp. 936-939.
Hildebrand, J., De-Witte, O., & Sahmoud, T. 1998, "Response of
recurrent glioblastoma and anaplastic astrocytoma to dibromodulcitol,
BCNU and procarbazine—a phase-II study", J.NeurooncoL, vol. 37,no. 2,
pp. 155-160.
Hilton, D. A., Love, S., Barber, R., Ellison, D., & Sandeman, D. R. 1998,
"Accumulation of p53 and Ki-67 expression do not predict survival in

220

patients with fibrillary astrocytomas or the response of these tumors to
radiotherapy [see comments]". Neurosurgery, vol. 42,no. 4, pp. 724-729.
Hinds, P., Finlay, C., & Levine, A. J. 1989, "Mutation is required to
activate the p53 gene for cooperation with the ras oncogene and
transformation", J.Virol, vol. 63,no. 2, pp. 739-746.
Hoang, X. K., Merel, P., Vega, F., Hugot, J. P., Cornu, P., Delattre, J. Y.,
Poisson, M., Thomas, G., & Delattre, O. 1995, "Analysis of the NF2
tumor-suppressor gene and of chromosome 22 deletions in gliomas", Int J
Cancer, vol. 60, pp. 478-481.
Hollstein, M., Sidransky, D., Vogelstein, B., & Harris, C. C. 1991, "p53
mutations in human cancers". Science, vol. 253, pp. 49-53.
Hollstein, M., Shomer, B., Greenblatt, M., Soussi, T., Hovig, E.,
Montesano, R., & Harris, C. C. 1996, "Somatic point mutations in the
p53 gene of human tumors and cell lines: updated compilation". Nucleic
Acids Res, vol. 24,no. 1, pp. 141-146.
Hoshino, T., Wilson, B. C., & Ellis, W. G. 1975, "Gemistocytic
astrocytes in gliomas: an autoradiographic study", J Neuropathol Exp
Neurol, vol. 34, pp. 263-281.
Hoshino, T., Nagashima, T., Murovic, J. A., Wilson, C. B., Edwards, M.
S. G., Gutin, P. H., Davis, R. L., & DeArmond, S. J. 1986, "In situ cell
kinetics studies on human neuroectoderm al tumors with
bromodeoxyuridine labeling", J Neurosurg., vol. 64, pp. 453-459.
Hoshino, T., Prados, M., Wilson, C. B., Cho, K. G., Lee, K. S., & Davis,
R. L. 1989, "Prognostic implications of the bromodeoxyuridine labeling
index of human gliomas", J.Neurosurg, vol. 71,no. 3, pp. 335-341.
Hoshino, T., Ahn, D., Prados, M. D., Lambom, K., & Wilson, C. B.
1993, "Prognostic significance of the proliferative potential of
intracranial gliomas measured by bromodeoxyuridine labeling", Int J
Cancer, vol. 53,no. 4, pp. 550-555.
Hosono, S., Chou, M. J., Lee, C. S., & Shih, C. 1993, "Infrequent
mutation of p53 gene in hepatitis B virus positive primary hepatocellular
carcinomas". Oncogene, vol. 8,no. 2, pp. 491-496.
Hoyt, J. W., Gown, A. M., Kim, D. K., & Berger, M. S. 1995, "Analysis
of proliferative grade in glial neoplasms using antibodies to the Ki-67
defined antigen and PCNA in formalin fixed, deparaffinized tissues",
J.NeurooncoL, vol. 24,no. 2, pp. 163-169.
Hsu, D. W., Louis, D. N., Efird, J. T., & Hedley, W. E. 1997, "Use of
MIB-1 (Ki-67) immunoreactivity in differentiating grade II and grade III
gliomas", J Neuropathol Exp Neurol, vol. 56,no. 8, pp. 857-865.

221

Huang, C., Taki, T., Adachi, M., Konishi, T., Higashiyama, M., &
Miyake, M. 1998, "Mutations in exon 7 and 8 of p53 as poor prognostic
factors in patients with non-small cell lung cancer". Oncogene, vol.
16,no. 19, pp. 2469-2477.
Huang, C. L., Kohno, N., Inufusa, H., Kodama, K., Taki, T., & Miyake,
M. 1999, "Overexpression of bax associated with mutations in the loopsheet-helix motif of p53". Am J Pathol, vol. 155,no. 3, pp. 955-965.
Huang, H. S., Nagane, M., Klingbeil, C. K., Lin, H., Nishikawa, R., Ji, X.
D., Huang, C. M., Gill, G. N., Wiley, H. S., & Cavenee, W. K. 1997,
"The enhanced tumorigenic activity of a mutant epidermal growth factor
receptor common in human cancers is mediated by threshold levels of
constitutive tyrosine phosphorylation and unattenuated signaling", J Biol
Chem, vol. 272,no. 5, pp. 2927-2935.
Humphrey, P. A., Wong, A. J., Vogelstein, B., Zalutsky, M. R., Fuller, G.
N., Archer, G. E., Friedman, H. S., Kwatra, M. M., Bigner, S. H., &
Bigner, D. D. 1990, "Anti-synthetic peptide antibody reacting at the
fusion junction of deletion-mutant epidermal growth factor receptors in
human glioblastoma", Proc.Natl Acad.Sci U.S.A, vol. 87,no. 11, pp.
4207-4211.
Hupp, T. R., Meek, D. W., Midgley, C. A., & Lane, D. P. 1992,
"Regulation of the specific DNA binding function of p53". C e ll , vol.
71,no. 5, pp. 875-886.
Hurtt, M. R., Moossy, J., Donovan, P. M., & Locker, J. 1992,
"Amplification of epidermal growth factor receptor gene in gliomas:
histopathology and prognosis", J Neuropathol Exp Neurol, vol. 51,no. 1,
pp. 84-90.
Iggo, R., Gatter, K., Bartek, J., Lane, D., & Harris, A. L. 1990, "Increased
expression of mutant forms of p53 oncogene in primary lung cancer".
Lancet, vol. 335, pp. 675-679.
Imperato, J. P., Paleologos, N. A., & Vick, N. A. 1990, "Effects of
treatment on long-term survivors with malignant astrocytomas [see
comments]", Ann Neurol, vol. 28,no. 6, pp. 818-822.
Ino, Y., Silver, J. S., Blazejewski, L., Nishikawa, R., Matsutani, M., vonDeimling, A., & Louis, D. N. 1999, "Common regions of deletion on
chromosome 22ql2.3-ql3.1 and 22ql3.2 in human astrocytomas appear
related to malignancy grade", J Neuropathol Exp Neurol, vol. 58,no. 8,
pp. 881-885.
Ishii, S., Xu, Y. H., Stratton, R. H., Roe, B. A., Merlino, G. T., Pastan, &
I. 1985, "Characterization and sequence of the promoter region of the
human epidermal growth factor receptor gene". Proceedings o f the
National Academy o f Sciences o f the United States o f America, vol.
82,no. 15, pp. 4920-4924.

222

Isobe, M., Emanuel, B, S., Givol, D., Oren, M., & Croce, C. M. 1986,
"Localization of gene for human p53 tumour antigen to band 17pl3",
Nature, vol. 320, pp. 84-85.
Ito, S., Chandler, K. L., Prados, M. D., Lambom, K., Wynne, J., Malec,
M. K., Wilson, C. B., Davis, R. L., & Hoshino, T. 1994, "Proliferative
potential and prognostic evaluation of low-grade astrocytomas", J
Neurooncol, vo\. 19,no. 1, pp. 1-9.
Jackson, M. W. & Berberich, S. J. 2000, "MdmX protects p53 from
Mdm2-mediated degradation". Mol Cell Biol, vol. 20,no. 3, pp. 10011007.
James, C. D., Carlbom, E., Nordenskjold, M., Collins, V. P., & Cavenee,
W. K. 1989, "Mitotic recombination of chromosome 17 in astrocytomas",
Proc.NatlAcad.Sci.USA, vol. 86, pp. 2858-2862.
Jankowski, S. A., Mitchell, D. S., Smith, S. H., Trent, J. M., & Meltzer,
P. M. 1994, "SAS, a gene amplified in human sarcomas, encodes a new
member of the transmembrane 4 superfamily of proteins". Oncogene, vol.
9, pp. 1205-1211.
Janny, P., Cure, H., Mohr, M., Heldt, N., Kwiatkowski, F., Lemaire, J. J.,
Plagne, R., & Rozan, R. 1994, "Low grade supratentorial astrocytomas.
Management and prognostic factors [see conunents]". Cancer, vol. 73,no.
7, pp. 1937-1945.
Jaros, E., Perry, R. H., Adam, L., Kelly, P. J., Crawford, P. J., Kalbag, R.
M., Mendelow, A. D., Sengupta, R. P., & Pearson, A. D. 1992,
"Prognostic implications of p53 protein, epidermal growth factor
receptor, and Ki-67 labelling in brain tumours", Br J Cancer, vol. 66,no.
2, pp. 373-385.
Jeffries, B. P., Kishore, P. R., Singh, K. S., Ghatak, N. R., & Krempa, J.
1981, "Contrast enhancement in the postoperative brain". Radiology, vol.
139, pp. 409-413.
Jen, J., Harper, J. W., Bigner, S. H., Bigner, D. D., Papadopoulos, N.,
Markowitz, S., Willson, J. K., Kinzler, K. W., & Vogelstein, B. 1994,
"Deletion of pl6 and p i 5 genes in brain tumors". Cancer Res, vol. 54,no.
24, pp. 6353-6358.
Jenkins, J. R., Rudge, K., & Currie, G. A. 1984, "Cellular
immortalization by a cDNA clone encoding the transformation-associated
phosphoprotein p53". Nature, vol. 312, pp. 651-654.
Jeremic, B., Jovanovic, D., Djuric, L. J., Jevremovic, S., & Mijatovic, L.
J. 1992, "Advantage of post-radiotherapy chemotherapy with CCNU,
procarbazine, and vincristine (mPCV) over chemotherapy with VM-26
and CCNU for malignant gliomas", J.Chemother., vol. 4,no. 2, pp. 123126.

223

Jeremic, B., Grujicic, D., Antunovic, V., Djuric, L., Stojanovic, M., &
Shibamoto, Y. 1994, "Influence of extent of surgery and tumor location
on treatment outcome of patients with glioblastoma multiforme treated
with combined modality approach", J Neurooncol, vol. 21,no. 2, pp. 177185.
Jeremic, B., Grujicic, D., Antunovic, V., Djuric, L., & Shibamoto, Y.
1995, "Accelerated hyperfractionated radiation therapy for malignant
glioma. A phase II study", AmJ.Clin.Oncol, vol. 18,no. 5, pp. 449-453.
Jin, X., Wu, X., Roth, J. A., Amos, C. I., King, T. M., Branch, C., Honn,
S. E., & Spitz, M. R. 1995, "Higher lung cancer risk for younger AfricanAmericans with the Pro/Pro p53 genotype.". Carcinogenesis , vol. 16,no.
9, pp. 2205-2208.
Johnson, A. C., Jinno, Y., & Merlino, G. T. 1988, "Modulation of
epidermal growth factor receptor proto-oncogene transcription by a
promoter site sensitive to SI nuclease.", Mol Cell Biol, vol. 8,no. 10, pp.
4174-4184.
Josefsson, A. M., Magnusson, P. K., Ylitalo, N., Quarforth-Tubbin, P.,
Ponten, J., Adami, H. O., & Gyllensten, U. B. 1998, "p53 polymorphism
and risk of cervical cancer.". Nature, vol. 396,no. 6711, p. 531.
Juan, G., Gruenwald, S., & Darzynkiewicz, Z. 1998, "Phosphorylation of
retinoblastoma susceptibility gene protein assayed in individual
lymphocytes during their mitogenic stimulation", Exp Cell Res, vol. 239,
pp. 104-110.
Juven, T., Barak, Y., Zauberman, A., George, D. L., & Oren, M. 1993,
"Wild type p53 can mediate sequence-specific transactivation of an
internal promoter within the mdm2 gene". Oncogene, vol. 8,no. 12, pp.
3411-3416.
Kaetzel, D. M., Reid, J. D., Pedigo, N., Zimmer, S. G., & Boghaert, E. R.
1998, "A dominant-negative mutant of the platelet-derived growth factor
A-chain increases survival of hamsters implanted intracerebrally with the
highly invasive CxT24-neo3 glioblastoma cell", J Neurooncol, vol.
39,no. 1, pp. 33-46.
Kamb, A., Gruis, N. A., Weaver-Feldhaus, J., Liu, Q., Harshman, K.,
Tavtigian, S. V., Stockert, E., Day, R. S., Ill, Johnson, B. E., & Skolnick,
M. H. 1994, "A cell cycle regulator potentially involved in genesis of
many tumor types". Science, vol. 264, pp. 436-440.
Kang, M. S., Lee, H. J., Lee, J. H., Ku, J. L., Lee, K. P., Kelley, M. J.,
Won, Y. J., Kim, S. T., & Park, J. G. 1996, "Mutation of p53 gene in
hepatocellular carcinoma cell lines with HBX DNA", Int J Cancer, vol.
67,no. 6, pp. 898-902.

224

Karameris, A. M., Worthy, E., Gorgoulis, V. G., Quezado, M., &
Anastassiades, O. T. 1995, "p53 gene alterations in special types of breast
carcinoma: a molecular and immunohistochemical study in archival
material", J Pathol, vol. 176,no. 4, pp. 361-372.
Kastan, M. B., Zhan, Q., el-Deiry, W. S., Carrier, F., Jacks, T., Walsh, W.
V., Plunkett, B. S., Vogelstein, B., & Fomace, A. J. J. 1992, "A
mammalian cell cycle checkpoint pathway utilizing p53 and GADD45 is
defective in Ataxia-Telangiectasia", Cell, vol. 71,no. 4, pp. 587-597.
Kastrinakis, W. V., Ramchurren, N., Rieger, K. M., Hess, D. T., Loda,
M., Steele, G., & Summerhayes, I. C. 1995, "Increased incidence of p53
mutations is associated with hepatic metastasis in colorectal neoplastic
progression". Oncogene, vol. 11,no. 4, pp. 647-652.
Kattar, M. M., Kupsky, W. J., Shimoyama, R. K., Vo, T. D., Olson, M.
W., Bargar, G. R., & Sarkar, F. H. 1997, "Clonal analysis of gliomas",
Hum.Pathol, vol. 28,no. 10, pp. 1166-1179.
Kaufmann, W. K., Levedakou, E. N., Grady, H. L., Paules, R. S., &
Stein, G. H. 1995, "Attenuation of G2 checkpoint function precedes
human immortalisation". Cancer Res, vol. 55, pp. 7-11.
Kawajiri, K., Nakachi, K., Imai, K., Watanabe, J., & Hayashi, S. I. 1993,
"Germ line polymorphisms of p53 and CYPlAl genes involved in
human lung cancer". Carcinogenesis, vol. 14,no. 6, pp. 1085-1089.
Kawano, H., Kubota, T., Sato, K., Goya, T., Arikawa, S., & Wakisaka, S.
1995, "Immunohistochemical study of giant cell in glioblastoma",
Clin.Neuropathol, vol. 14,no. 2, pp. 118-123.
Kelly, P. J., Daumas, D. C., Kispert, D. B., Kail, B. A., Scheithauer, B.
W., & Illig, J. J. 1987, "Imaging-based stereotaxic serial biopsies in
untreated intracranial glial neoplasms", J Neurosurg., vol. 66, pp. 865874.
Kelly, P. J., Daumas, D. C., Scheithauer, B. W., Kail, B. A., & Kispert,
D. B. 1987, "Stereotactic histologic correlations of computed
tomography- and magnetic resonance imaging-defined abnormalities in
patients with glial neoplasms", Mayo Clin Proc., vol. 62,no. 6, pp. 450459.
Kern, S. E., Kinzler, K. W., Bruskin, A., Jarosz, D., Friedman, P., Prives,
C., & Vogelstein, B. 1991, "Identification of p53 as a sequence-specific
DNA-binding protein". Science, vol. 252,no. 5013, pp. 1708-1711.
Kemohan, J. W., Mahon, R. F., Svien, H. J., & Adson, A. W. 1949, "A
simplified classification of the gliomas". Staff Meetings o f The Mayo
Clinic
71-77.
Ketonen, L. 1978, "Computerized tomography for diagnosis of
supratentorial tumors", Acta Neurol Scand.Suppl, vol. 67, pp. 153-164.
225

Kim, T. S., Halliday, A. L., Hedley, W. E., & Convery, K. 1991,
"Correlates of survival and the Daumas-Duport grading system for
astrocytomas", J.Neurosurg., vol. 74,no. 1, pp. 27-37.
Kleihues, P., Burger, P. C., & Scheithauer, B. W. 1993, Histological
typing o f tumours o f the central nervous system. Second edn, SpringerVerlag.
Kleihues, P., Soylemezoglu, F., Schauble, B., Scheithauer, B. W., &
Burger, P. C. 1995, "Histopathology, classification, and grading of
gliomas". Glia, vol. 15,no. 3, pp. 211-221.
Kleihues, P., Schauble, B., zur, H. A., Esteve, J., & Ohgaki, H. 1997,
"Tumors associated with p53 germline mutations: a synopsis of 91
families", ^w.y.Pût//îo/., vol. 150,no. l,pp. 1-13.
Kleihues, P. & Cavenee, W. K. 1997, Pathology and Genetics o f
Tumours o f the Nervous System. International Agency fo r Research on
Cancer, Lyon 1997.
Kleihues, P. & Ohgaki, H. 1999, "Primary and secondary glioblastoma:
from concept to clinical diagnosis", Neuro-Oncology, vol. 1, pp. 44-51.
Kleihues P, Louis DN, Scheithauer BW, Rorke LB, Reifenberger G,
Burger PC, Cavenee WK. 2002, The WHO classification of tumors of the
nervous system. J Neuropathol Exp Neurol, vol 61, pp 215-225.
Ko, L. J. & Prives, C. 1996, "p53: puzzle and paradigm". Genes & Dev,
vol. 10, pp. 1054-1072.
Koduru, P. R., Raju, K , Vadmal, V., Menezes, G., Shah, S., Susin, M.,
Kolitz, J., & Broome, J. D. 1997, "Correlation between mutation in P53,
p53 expression, cytogenetics, histologic type, and survival in patients
with B-cell non-Hodgkin's lymphoma". Blood, vol. 90,no. 10, pp. 40784091.
Kon, H., Sonoda, Y., Kumabe, T., Yoshimoto, T., Sekiya, T., &
Murakami, Y. 1998, "Structural and fimctional evidence for the presence
of tumor suppressor genes on the short arm of chromosome 10 in human
gliomas". Oncogene, vol. 16,no. 2, pp. 257-263.
Kondo, S., Kondo, Y., Hara, H., Kaakaji, R., Peterson, J. W., Morimura,
T., Takeuchi, J., & Barnett, G. H. 1996, "mdm2 gene mediates the
expression of mdrl gene and P-glycoprotein in a human glioblastoma cell
line", Br J Cancer, vol. 74,no. 8, pp. 1263-1268.
Kondo, S., Morimura, T., Barnett, G. H., Kondo, Y., Peterson, J. W.,
ïCaakaji, R., Takeuchi, J., Toms, S. A., Liu, J., Werbel, B., & Bama, B. P.
1996, "The transforming activities of MDM2 in cultured neonatal rat
astrocytes". Oncogene, vol. 13,no. 8, pp. 1773-1779.

226

Kordek, R., Biemat, W., Alwasiak, J., Maculewicz, R., Yanagihara, R., &
Liberski, P. P. 1995, "p53 protein and epidermal growth factor receptor
expression in human astrocytomas", J Neurooncol, vol. 26,no. 1, pp. 1116.
Korkolopoulou, P., Christodoulou, P., Lekka, K., I, Kouzelis, K.,
Papanikolaou, A., Panayotides, I., Mariatos, P., Thomas, T. E., &
Crocker, J. 1994, "Prognostic significance of proliferating cell nuclear
antigen (PCNA) expression in gliomas", Histopathology, vol. 25,no. 4,
pp. 349-355.
Korkolopoulou, P., Christodoulou, P., Kouzelis, K., Hadjiyannakis, M.,
Priftis, A., Stamoulis, G., Seretis, A., & Thomas, T. E. 1997, "MDM2
and p53 expression in gliomas: a multivariate survival analysis including
proliferation markers and epidermal growth factor receptor", Br J
Cancer, vol. 75,no. 9, pp. 1269-1278.
Korshunov, A., Golanov, A., Sycheva, R., & Pronin, I. 1999, "Prognostic
value of tumour associated antigen immunoreactivity and apoptosis in
cerebral glioblastomas: an analysis of 168 cases", J Clin Pathol, vol. 52,
pp. 574-580.
Kosel S, Scheithauer BW, Graeber MB. 2001 Genotype-phenotype
correlation in gemistocytic astrocytomas. Neurosurgery, vol 48, pp 187193.
Kreth, F. W., Faist, M., Wamke, P. C., Rossner, R., Volk, B., & Ostertag,
C. B. 1995, "Interstitial radiosurgery of low-grade gliomas",
J.Neurosurg, vol. 82,no. 3, pp. 418-429.
Kristiansen, K., Hagen, S., Kollevold, T., Torvik, A., Holme, I.,
Nesbakken, R., Hatlevoll, R., Lindgren, M., Brun, A., Lindgren, S.,
Notter, G., Andersen, A. P., & Elgen, K. 1981, "Combined modality
therapy of operated astrocytomas grade III and IV. Confirmation of the
value of postoperative irradiation and lack of potentiation of bleomycin
on survival time: a prospective multicenter trial of the Scandinavian
Glioblastoma Study Group.", Cancer, vol. 47, pp. 649-652.
Kroemer, G. 1997, "The proto-oncogene Bcl-2 and its role in regulating
apoptosis", Nat.Med., vol. 3,no. 6, pp. 614-620.
Krouwer, H. G., Davis, R. L., Silver, P., & Prados, M. 1991,
"Gemistocytic astrocytomas: a reappraisal", J.Neurosurg, vol. 74,no. 3,
pp. 399-406.
Kubbutat, M. H. G., Jones, S. N., & Vousden, K. H. 1997, "Regulation of
p53 stability by Mdm2", Nature, vol. 387, pp. 299-303.
Kuerbitz, S. J., Plunkett, B. S., Walsh, W. V., & Kastan, M. B. 1992,
"Wild-type p53 is a cell cycle checkpoint determinant following
irradiation", Proc.NatlAcad.Sci.USA, vol. 89, pp. 7491-7495.

227

Kuijten, R. R,, Bunin, G. R., Nass, C. C., & Meadows, A. T. 1990,
"Gestational and familial risk factors for childhood astrocytoma: Results
of a case-control study". Cancer Res, vol. 50,no. 9, pp. 2608-2612.
Kulju, K. S. & Lehman, J. M. 1995, "Increased p53 protein associated
with aging in human diploid fibroblasts", Exp.Cell Res. , vol. 217,no. 2,
pp. 336-345.
Kuratsu, J. & Ushio, Y. 1996, "Epidemiological study of primary
intracranial tumors: a regional survey in Kumamoto Prefecture in the
southern part of Japan", J.Neurosurg., vol. 84,no. 6, pp. 946-950.
Kussie, P. H., Gorina, S., Maréchal, V., Blenbaas, B., Moreau, J., Levine,
A. J., & Pavletich, N. P. 1996, "Crystal structure of the MDM2
oncoprotein bound to the transactivation domain of the p53 tumor
suppressor". Science, vol. 274, pp. 948-953.
Kyritsis, A. P., Bondy, M. L., Xiao, M., Berman, E. L., Cunningham, J.
E., Lee, P. S., Levin, V. A., & Saya, H. 1994, "Germline p53 gene
mutations in subsets of glioma patients [see comments]", J.Natl.Cancer
Inst, vol. 86,no. 5, pp. 344-349.
Laing, R. W., Warrington, A. P., Graham, J., Britton, J., Hines, P., &
Brada, M. 1993, "Efficacy and toxicity of fractionated stereotactic
radiotherapy in the treatment of recurrent gliomas (phase I/II study)",
Radiother.Oncol, vol. 27,no. 1, pp. 22-29.
Lam, K. Y., Tsao, S. W., Zhang, D. K., Law, S., He, D., Ma, L., & Wong,
J. 1997, "Prevalence and predictive value of p53 mutation in patients with
oesophageal squamous cell carcinomas: A prospective clinicopathological study and survival analysis of 70 patients", Int J Cancer, vol.
74, pp. 212-219.
Lamb, P. & Crawford, L. 1986, "Characterization of the human p53
gene", M olCellBiol, vol. 6,no. 5, pp. 1379-1385.
Landolph, J. R. & Jones, P. A. 1982, "Mutagenicity of 5-azacytidine and
related nucleosides in C3H/10T 1/2 clone 8 and V79 cells". Cancer Res,
vol. 42,no. 3, pp. 817-823.
Lane, D. P. & Crawford, L. V. 1979, "T antigen is bound to a host protein
in SV40-transformed cells". Nature, vol. 278, pp. 261-263.
Lang, F. F., Miller, D. C., Koslow, M., & Newcomb, E. W. 1994,
"Pathways leading to glioblastoma multiforme: a molecular analysis of
genetic alterations in 65 astrocytic tumors", J Neurosurg, vol. 81,no. 3,
pp. 427-436.
Lantos, P. L., Vandenberg, S. R., & Kleihues, P. 1997, Tumours o f the
nervous system, 6^^ edn.

228

Laperriere, N. J., Leung, P. M., McKenzie, S., Milosevic, M., Wong, S.,
Glen, J., Pintilie, M., & Bernstein, M. 1998, "Randomized study of
brachytherapy in the initial management of patients with malignant
astrocytoma", IntJ.Radiat.OncolBiolPhys., vol. 41,no. 5, pp. 10051011.
Laws-ER, J., Taylor, W. F., Clifton, M. B., & Okazaki, H. 1984,
"Neurosurgical management of low-grade astrocytoma of the cerebral
hemispheres", J Neurosurg, vol. 61,no. 4, pp. 665-673.
Lax, L, Johnson, A., Howk, R., Sap, J., Bellot, F., Winkler, M., Ullrich,
A., Vennstrom, B., Schlessinger, J., & Givol, D. 1988, "Chicken
epidermal growth factor (EGF) receptor: cDNA cloning, expression in
mouse cells, and differential binding of EGF and transforming growth
factor alpha.", Molecular & Cellular Biology, vol. 8,no. 5, pp. 1970-1978.
Lax, L, Bellot, F., Howk, R., Ullrich, A., Givol, D., & Schlessinger, J.
1989, "Functional analysis of the ligand binding site of EGF-receptor
utilizing chimeric chicken/human receptor molecules", EMBO Journal,
vol. 8,no. 2, pp. 421-427.
Lax, I., Bellot, F., Honegger, A. M., Schmidt, A., Ullrich, A., Givol, D.,
& Schlessinger, J. 1990, "Domain deletion in the extracellular portion of
the EGF-receptor reduces ligand binding and impairs cell surface
expression". Cell Regulation, vol. l,no. 2, pp. 173-188.
Lazar, V., Hazard, F., Bertin, F., Janin, N., Bellet, D., & Bressac, B.
1993, "Simple sequence repeat polymorphism within the p53 gene".
Oncogene, vol. 8, pp. 1703-1705.
Le Roux, P. D., Berger, M. S., Wang, K., Mack, L. A., & Ojemann, G. A.
1992, "Low grade gliomas: comparison of intraoperative ultrasound
characteristics with preoperative imaging studies", J Neurooncol, vol.
13,no. 2, pp. 189-198.
Lee, S., Elenbaas, B., Levine, A., & Griffith, J. 1995, "p53 and its 14 kDa
C-terminal domain recognize primary DNA damage in the form of
insertion/deletion mismatches". Cell, vol. 81, pp. 1013-1020.
Legros, Y., Lafon, C., & Soussi, T. 1994, "Linear antigenic sites defined
by the B-cell response to human p53 are localized predominantly in the
amino and carboxy-termini of the protein". Oncogene, vol. 9, pp. 20712076.
Legros, Y., Meyer, A., Ory, K., & Soussi, T. 1994, "Mutations in p53
produce a common conformational effect that can be detected with a
panel of monoclonal antibodies directed toward the central part of the
p53 protein". Oncogene, vol. 9, pp. 3689-3694.
Leibel, S. A. & Sheline, G. E. 1987, "Radiation therapy for neoplasms of
the brain", J Neurosurg, vol. 66,no. 1, pp. 1-22.

229

Leighton, C., Fisher, B., Bauman, G., Depiero, S., Stitt, L., MacDonald,
D., & Caimcross, G. 1997, "Supratentorial low-grade glioma in adults: an
analysis of prognostic factors and timing of radiation [see comments]",
J.Clin.OncoL, vol. 15,no. 4, pp. 1294-1301.
Lemmon, M. A., Bu, Z., Ladbury, J. E., Zhou, M., Pinchasi, D., Lax, L,
Engelman, D. M., & Schlessinger, J. 1997, "Two EGF molecules
contribute additively to stabilization of the EGFR dimer", EMBO J., vol.
16,no. 2, pp. 281-294.
Lens, D., Dyer, M. J., GarciaMarco, J. M., DeSchouwer, P., Hamoudi, R.
A., Jones, D., Farahat, N., Matutes, E., & Catovsky, D. 1997, "p53
abnormalities in CLL are associated with excess of prolymphocytes and
poor prognosis", Br J Haematol, vol. 99, pp. 848-857.
Leon, S. P., Folkerth, R. D., & Black, P. M. 1996, "Microvessel density is
a prognostic indicator for patients with astroglial brain tumors". Cancer,
vol. 11,no. 2, pp. 362-372.
Levin, V. A., Silver, P., Hannigan, J., Wara, W. M., Gutin, P. H., Davis,
R. L., & Wilson, C. B. 1990, "Superiority of post-radiotherapy adjuvant
chemotherapy with CCNU, procarbazine, and vincristine (PCV) over
BCNU for anaplastic gliomas: NCOG 6G61 final report",
Int.J.Radiat.Oncol.Biol.Phys., vol. 18,no. 2, pp. 321-324.
Levine, A. J., Momand, J., & Finlay, C. A. 1991, "The p53 tumour
suppressor gene". Nature, vol. 351, pp. 453-456.
Levine, A. J. 1997, "p53, the cellular gatekeeper for growth and
division". Cell, vol. 88, pp. 323-331.
Lewin, B. 1997, Genes VI Oxford University Press, New York.
Li, F. P., Fraumeni, J. F., Jr., Mulvihill, J. J., Blattner, W. A., Dreyfus, M.
G., Tucker, M. A., & Miller, R. W. 1988, "A cancer family syndrome in
twenty-four kindreds". Cancer Res, vol. 48, pp. 5358-5362.
Li, J., Yen, C., Liaw, D., Podsypanina, K., Bose, S., Wang, S. L, Puc, J.,
Miliaresis, C., Rodgers, L., McCombie, R., Bigner, S. H., Giovanella, B.
C., Ittmann, M., Tycko, B., Hibshoosh, H., Wigler, M. H., & Parsons, R.
1997, "PTEN, a putative protein tyrosine phosphatase gene mutated in
human brain, breast, and prostate cancer [see comments]". Science, vol.
275,no. 5308, pp. 1943-1947.
Li, P. F., Dietz, R., & von Harsdorf, R. 1999, "p53 regulates
mitochondrial membrane potential through reactive oxygen species and
induces cytochrome c-independent apoptosis blocked by Bcl-2", EMBO
J., vol. 18,no. 21, pp. 6027-6036.
Libermann, T. A., Nusbaum, H. R., Razon, N., Kris, R., Lax, I., Soreq,
H., Whittle, N., Waterfield, M. D., Ullrich, A., & Schlessinger, J. 1985,
"Amplification, enhanced expression and possible rearrangement of EGF
230

receptor gene in primary human brain tumours of glial origin", Nature ,
vol. 313,no. 5998, pp. 144-147.
Ligon, A. H., Pershouse, M. A., Jasser, S. A., Yung, W. K., & Steck, P.
A. 1997, "Identification of a novel gene product, RIG, that is downregulated in human glioblastoma". Oncogene, vol. 14,no. 9, pp. 10751081.
Linzer, D. I. H. & Levine, A. J. 1979, "Characterization of a 54K dalton
cellular SV40 tumor antigen present in SV40-transformed cells and
uninfected embryonal carcinoma cells". Cell, vol. 17, pp. 43-52.
Liu, X., Miller, C. W., Koeffler, P. H., & Berk, A. J. 1993, "The p53
activation domain binds the TATA box-binding polypeptide in HoloTFIID, and a neighboring p53 domain inhibits transcription", Mol.Cell
Biol, vol. 13,no. 6, pp. 3291-3300.
Lote, K., Egeland, T., Hager, B., Stenwig, B., Skullerud, K., Berg, J. J.,
Storm, M., I, & Hirschberg, H. 1997, "Survival, prognostic factors, and
therapeutic efficacy in low-grade glioma: a retrospective study in 379
patients", J C/m Oncol, vol. 15,no. 9, pp. 3129-3140.
Lote, K., Egeland, T., Hager, B., Skullerud, K., & Hirschberg, H. 1998,
"Prognostic significance of CT contrast enhancement within histological
subgroups of intracranial glioma", J Neurooncol, vol. 40, pp. 161-170.
Louis, D. N., Edgerton, S., Thor, A. D., & Hedley-Whyte, E. T. 1991,
"Proliferating cell nuclear antigen and Ki-67 immunohistochemistry in
brain tumors: a comparative study", Acta Neuropathol Berl, vol. 81,no. 6,
pp. 675-679.
Louis, D. N., von-Deimling, A., Chung, R. Y., Rubio, M. P., Whaley, J.
M., Eibl, R. H., Ohgaki, H., Wiestler, O. D., Thor, A. D., & Seizinger, B.
R. 1993, "Comparative study of p53 gene and protein alterations in
human astrocytic tumors", J Neuropathol Exp Neurol, vol. 52,no. 1, pp.
31-38.
Louis, D. N. 1994, "The p53 gene and protein in human brain tumors", J
Neuropathol Exp Neurol, vol. 53,no. 1, pp. 11-21.
Louis, D. N. 1997, "A molecular genetic model of astrocytoma
histopathology". Brain Pathol, vol. 7,no. 2, pp. 755-764.
Lowe, S. W., Ruley, H. E., Jacks, T., & Housman, D. E. 1993, "p53dependent apoptosis modulates the cytotoxicity of anticancer agents".
Cell, vol. 74, pp. 957-967.
Lowry, J. K., Snyder, J. J., & Lowry, P. W. 1998, "Brain tumors in the
elderly: recent trends in a Minnesota cohort study [see comments]",
Arch.Neurol, vol. 55,no. 7, pp. 922-928.

231

Lu, W., Pochampally, R., Chen, L., Traidej, M., Wang, Y., & Chen, J.
2000, "Nuclear exclusion of p53 in a subset of tumors requires MDM2
function". Oncogene, vol. 19,no. 2, pp. 232-240.
Lu, X. & Lane, D. P. 1993, "Differential induction of transcriptionally
active p53 following UV or ionizing radiation: Defects in chromosome
instability syndromes?". Cell, vol. 75, pp. 765-778.
Lubbe, J., von Ammon, K., Watanabe, K., Hegi, M. E., & Kleihues, P.
1995, "Familial brain tumour syndrome associated with a p53 germline
deletion of codon 236", Brain Pathol, vol. 5,no. 1, pp. 15-23.
Lund, J. M., Bjerkvig, R., Humphrey, P. A., Bigner, S. H., Bigner, D. D.,
& Laerum, O. D. 1990, "Effect of epidermal growth factor on glioma cell
growth, migration, and invasion in vitro". Cancer Res, vol. 50, pp. 60396044.
Malkin, D., Li, F. P., Strong, L. C., Fraumeni, J. F., Jr., Nelson, C. E.,
Kim, D. H., Kassei, J., Gryka, M. A., Bischoff, F. Z., Tainsky, M. A., &
Friend, S. H. 1990, "Germ line p53 mutations in a familial syndrome of
breast cancer, sarcomas, and other neoplasms". Science, vol. 250, pp.
1233-1238.
Malkin, D., Jolly, K. W., Barbier, N., Look, A. T., Friend, S. H.,
Gebhardt, M. C., Andersen, T. I., Borresen, A. L., Li, F. P., Garber, J., &
Strong, L. C. 1992, "Germline mutations of the p53 tumor-suppressor
gene in children and young adults with second malignant neoplasms [see
comments]", N.EnglJMed, vol. 326,no. 20, pp. 1309-1315.
Malkin, D. 1993, "p53 and the Li-Fraumeni syndrome". Cancer Genet
Cytogenet, vol. 66,no. 2, pp. 83-92.
Malkin, D. & Friend, S. H. 1993, "Correction: a Li-Fraumeni syndrome
p53 mutation [letter; comment]". Science, vol. 259,no. 5097, p. 878.
Maltzman, W. & Czyzyk, L. 1984, "UV irradiation stimulates levels of
p53 cellular tumor antigen in nontransformed mouse cells", Mol.Cell
Biol, vol. 4,no. 9, pp. 1689-1694.
Martincic, D. & Whitlock, J. A. 1996, "Improved detection of p53 point
mutations by dideoxyfmgerprinting (ddF)", Oncogene, vol. 13,no. 9, pp.
2039-2044.
Masuda, H., Miller, C., Koeffler, H. P., Battifora, H., & Cline, M. J.
1987, "Rearrangement of the p53 gene in human osteogenic sarcomas",
Proc.Natl.Acad.ScLUSA, vol. 84, pp. 7716-7719.
Mathews, M. B., Bernstein, R. M., Franza, B. R. J., & Garrels, J. I. 1984,
"Identity of the proliferating cell nuclear antigen and cyclin.". Nature,
vol. 309,no. 5966, pp. 374-376.

232

Matlashewski, G., Lamb, P., Pim, D., Peacock, J., Crawford, L., &
Benchimol, S. 1984, "Isolation and characterization of a human p53
cDNA clone: expression of the human p53 gene", EMBO J., vol. 3,no.
13, pp. 3257-3262.
Matlashewski, G. J., Tuck, S. P., Pim, D., Lamb, P., Schneider, J., &
Crawford, L. V. 1987, "Primary structure polymorphism at amino acid
residue 72 of human p53", Mol.Cell Biol, vol. 7,no. 2, pp. 961-963.
Matsui, T., Heideran, M., Miki, T., Popescu, N., LaRochelle, W., Kraus,
M., Pierce, J., & Aaronson, S. 1989, "Isolation of a novel receptor cDNA
establishes the existence of two PDGF receptor genes". Science, vol. 243,
pp. 800-804.
Matsumoto, R., Tada, M., Nozaki, M., Zhang, C. L., Sawamura, Y., &
Abe, H. 1998, "Short alternative splice transcripts of the mdm2 oncogene
correlate to malignancy in human astrocytic neoplasms". Cancer Res, vol.
58,no. 4, pp. 609-613.
Matsumura, Y., Nishigori, C., Yagi, T., Imamura, S., & Takebe, H. 1996,
"Characterization of p53 gene mutations in basal-cell carcinomas:
comparison between sun-exposed and less-exposed skin areas", Int J
Cancer, vol. 65, pp. 778-780.
Matsuyama, H., Pan, Y., Mahdy, E. A., Malmstrom, P. U., Hedrum, A.,
Uhlen, M., Busch, C., Hirano, T., Auer, G., Tribukait, B., Naito, K.,
Lichter, P., Ekman, P., & Bergerheim, U. S. R. 1994, "p53 deletion as a
genetic marker in urothelial tumor by fluorescence in situ hybridization".
Cancer Res, vol. 54,no. 23, pp. 6057-6060.
Mazars, G. R., Jeanteur, P., Lynch, H. T., Lenoir, G., & Theillet, C. 1992,
"Nucleotide sequence polymorphism in a hotspot mutation region of the
p53 gene". Oncogene, vol. 7, pp. 781-782.
McBride, O. W., Merry, D., & Givol, D. 1986, "The gene for human p53
cellular tumor antigen is located on chromosome 17 short arm (17pl3)",
Proc.NatlAcad.ScLU.S.A., vol. 83, pp. 130-134.
McCormack, B. M., Miller, D. C., Budzilovich, G. N., Voorhees, G. J., &
Ransohoff, J. 1992, "Treatment and survival of low-grade astrocytoma in
adults—1977-1988", Neurosurgery, vol. 31,no. 4, pp. 636-642.
McKeever, P. E., Strawderman, M. S., Yamini, B., Mikhail, A. A., &
Blaivas, M. 1998, "MIB-1 proliferation index predicts survival among
patients with grade II astrocytoma", J Neuropathol Exp Neurol, vol.
57,no. 10, pp. 931-936.
M ellett, L. B. 1977, "Physicochemical considerations and
pharmacokinetic behavior in delivery of drugs to the central nervous
system.". Cancer Treat Rep, vol. 61,no. 4, pp. 527-531.

233

Meltzer, S. J., Yin, J., Huang, Y., McDaniel, T. K., Newkirk, C., Iseri, O.,
Vogelstein, B., & Resau, J. H. 1991, "Reduction to homozygosity
involving p53 in esophageal cancers demonstrated by the polymerase
chain reaction", Proc.NatlAcad.Sci.USA, vol. 88,no. 11, pp. 4976-4980.
Menon, A. G., Anderson, K. M., Riccardi, V. M., Chung, R. Y., Whaley,
J. M., Yandell, D. W., Farmer, G. E., Freiman, R. N., Lee, J. K., Li, F. P.,
Barker, D. F., Ledbetter, D. H., Kleider, A., Martuza, R. L., Gusella, J. F.,
& Seizinger, B. R. 1990, "Chromosome 17p deletions and p53 gene
mutations associated with the formation of malignant neurofibrosarcomas
in von Recklinghausen neurofibromatosis", Proc.NatlAcad.Sci. USA, vol.
87, pp. 5435-5439.
Mercer, W. B., Nelson, D., DeLeo, A. B., Old, L. J., & Baserga, R. 1982,
"Microinjection of monoclonal antibody to protein p53 inhibits seruminduced DNA synthesis in 3T3 cells", Proc.NatlAcad.Sci.USA, vol. 79,
pp. 6309-6312.
Mercer, W. B., Avignolo, C., & Baserga, R. 1984, "Role of the p53
protein in cell proliferation as studied by microinjection of monoclonal
antibodies", MolCell Biol, vol. 4,no. 2, pp. 276-281.
Mercer, W. B., Shields, M. T., Amin, M., Sauve, G. J., Appella, B.,
Romano, J. W., & Ullrich, S. J. 1990, "Negative growth regulation in a
glioblastoma tumor cell line that conditionally expresses human wildtype p53", Proc.NatlAcad.ScLU.S.A., vol. 87,no. 16, pp. 6166-6170.
Merlino, G. T., Xu, Y. H., Richert, N., Clark, A. J., Ishii, S., BanksSchlegel, S., & Pastan, I. 1985, "Elevated epidermal growth factor
receptor gene copy number and expression in a squamous carcinoma cell
line". Journal o f Clinical Investigation, vol. 75,no. 3, pp. 1077-1079.
Meyer, P. B., Hayashi, Y., Waha, A., Rollbrocker, B., Bostrom, J.,
Wiestler, O. D., Louis, D. N., Reifenberger, G., & von-Deimling, A.
1997, "Molecular genetic analysis of giant cell glioblastomas",
Am.J.Pathol, vol. 151,no. 3, pp. 853-857.
Midgley, C. A., Fisher, C. J., Bartek, J., Vojtesek, B., Lane, D., &
Bames, D. M. 1992, "Analysis of p53 expression in human tumours: an
antibody raised against human p53 expressed in Escherichia coli", J Cell
Sci, vol. 101,no. Pt 1, pp. 183-189.
Miller, C. W., Aslo, A., Tsay, C., Slamon, D., Ishizaki, K., Toguchida, J.,
Yamamuro, T., Lampkin, B., & Koeffler, H. P. 1990, "Frequency and
structure of p53 rearrangements in human osteosarcoma". Cancer Res,
vol. 50, pp. 7950-7954.
Milner, J., Cook, A., & Sheldon, M. 1987, "A new anti-p53 monoclonal
antibody, previously reported to be directed against the large T antigen of
simian virus 40", Oncogene, vol. 1, pp. 453-455.

234

Milner, J. & Medcalf, E. A. 1990, "Temperature-dependent switching
between "wild-type" and "mutant" forms of p53-Vall35", J Mol Biol, vol.
216,no. 3, pp. 481-484.
Mirchandani, D., Zheng, J. P., Miller, G. J., Ghosh, A. K., Shibata, D. K.,
Cote, R. J., & Roy-Burman, P. 1995, "Heterogeneity in intratumor
distribution of p53 mutations in human prostate cancer.". Am J Pathol,
vol. 147, pp. 92-101.
Miyachi, K., Fritzler, M. J., & Tan, E. M. 1978, "Auto-antibody to a
nuclear antigen in proliferating cells", J Immunol, vol. 121, pp. 22282234.
Miyashita, T., Harigai, M., Hanada, M., & Reed, J. C. 1994,
"Identification of a p53-dependent negative response element in the bel- 2
gene". Cancer Res, vol. 54,no. 12, pp. 3131-3135.
Miyashita, T. & Reed, J. C. 1995, "Tumor suppressor p53 is a direct
transcriptional activator of the human bax gene". Cell, vol. 80, pp. 293299.
Modan, B., Baidatz, D., Mart, H., Steinitz, R., & Levin, S. G. 1974,
"Radiation induced head and neck tumors". Lancet, vol. l,no. 7852, pp.
277-279.
Mollenhauer, J., Wiemann, S., Scheurlen, W., Korn, B., Hayashi, Y.,
Wilgenbus, K. K., von-Deimling, A., & Poustka, A. 1997, "DMBTl, a
new member of the SRCR superfamily, on chromosome 10q25.3-26.1 is
deleted in malignant brain tumours", Nat.Genet., vol. 17,no. 1, pp. 32-39.
Momand, J., Zambetti, G. P., Olson, D. C., George, D., & Levine, A. J.
1992, "The mdm-2 oncogene product forms a complex with the p53
protein and inhibits p53-mediated transactivation". Cell, vol. 69, pp.
1237-1245.
Montenarh, M. 1992, "Biochemical properties of the growth suppressor /
oncoprotein p53". Oncogene, vol. 7, pp. 1673-1680.
Montgomery, R. B., Moscatello, D. K., Wong, A. J., Cooper, J. A., &
Stahl, W. L. 1995, "Differential modulation of mitogen-activated protein
(MAP) kinase/extracellular signal-related kinase kinase and MAP kinase
activities by a mutant epidermal growth factor receptor.", J Biol Chem,
vol. 270,no. 51, pp. 30562-30566.
Montine, T. J., Vandersteenhoven, J. J., Aguzzi, A., Boyko, O. B.,
Dodge, R. K., Kerns, B. J., & Burger, P. C. 1994, "Prognostic
significance of Ki-67 proliferation index in supratentorial fibrillary
astrocytic neoplasms". Neurosurgery, vol. 34,no. 4, pp. 674-678.
Morimura, T., Kitz, K., Stein, H., & Budka, H. 1991, "Determination of
proliferative activities in human brain tumor specimens; a comparison of
three methods", J Neurooncol, vol. 10,no. 1, pp. 1-11.
235

Morris, G. F. & Mathews, M. B. 1989, "Regulation of proliferating cell
nuclear antigen during the cell cycle.",
Chem, vol. 264,no. 23, pp.
13856-13864.
Moscatello, D. K., Holgado-Madruga, M., Godwin, A. K., Ramirez, G.,
Gunn, G., Zoltick, P. W., Biegel, J. A., Hayes, R. L., & Wong, A. J.
1995, "Frequent expression of a mutant epidermal growth factor receptor
in multiple human tumors". Cancer Res, vol. 55, pp. 5536-5539.
Muhammad, A. K., Yoshimine, T., Maruno, M., Tokiyoshi, K.,
Takemoto, O., & Hayakawa, T. 1997, "Chromosome 22q allelic losses at
microsatellite loci in human astrocytic tumors", Neurol.Med.Chir.Tokyo.,
vol. 37,no. 8, pp. 606-610.
Muleris, M., Almeida, A., Dutrillaux, A. M., Pruchon, E., Vega, F.,
Delattre, J. Y., Poisson, M., Malfoy, B., & Dutrillaux, B. 1994,
"Oncogene amplification in human gliomas: a molecular cytogenetic
analysis". Oncogene, vol. 9,no. 9, pp. 2717-2722.
Muller-Tiemann, B. F., Halazonetis, T. D., & Elting, J. J. 1998,
"Identification of an additional negative regulatory region for p53
sequence-specific DNA binding", Proc.NatlAcad.ScLU.S.A., vol. 95, pp.
6079-6084.
Muller, H., Brock, M., & Ernst, H. 1985, "Long-term survival and
recurrence-fi’ee interval in combined surgical, radio- and chemotherapy of
malignant brain gliomas", Clin Neurol Neurosurg, vol. 87,no. 3, pp. 167171.
Mulligan, L. M., Matlashewski, G. J., Scrable, H. J., & Cavenee, W. K.
1990, "M echanisms o f p53 loss in human sarcom as",
Proc.NatlAcad.Sci.USA, vol. 87, pp. 5863-5867.
Murray, K. J., Nelson, D. F., Scott, C., Fischbach, A. J., Porter, A.,
Faman, N., & Curran-WJ, J. 1995, "Quality-adjusted survival analysis of
malignant glioma. Patients treated with twice-daily radiation (RT) and
carmustine: a report of Radiation Therapy Oncology Group (RTOG) 8302", Int JRadiat. Oncol BiolPhys., vol. 31,no. 3, pp. 453-459.
Nakanishi, H., Tomita, Y., Myoui, A., Yoshikawa, H., Sakai, K., Kato,
Y., & Aozasa, K. 1998, "Mutation of the p53 gene in postradiation
sarcoma", Lab-Invest., vol. 78, pp. 727-733.
Nakasu, S., Nakajima, M., Nioka, H., Matsumura, K., & Handa, J. 1994,
"Proliferating cell nuclear antigen expression in rat glioma model:
com parison w ith brom odeoxyuridine lab elin g
index",
Neurol.Med.Chir.Tokyo., vol. 34,no. 5, pp. 269-273.
Nazzaro, J. M. & Neuwelt, E. A. 1990, "The role of surgery in the
management of supratentorial intermediate and high-grade astrocytomas
in adults", J Neurosurg., vol. 73, pp. 331-344.

236

Neglia, J. P., Meadows, A. T., Robinson, L. L., Kim, T. H., Newton, W.
A., Ruymann, F. B., gather, H. N., & Hammond, G. D. 1991, "Second
neoplasms after acute lymphoblastic leukemia in childhood",
N.EnglJ.Med., vol. 325,no. 19, pp. 1330-1336.
Newcomb, E. W., Cohen, H., Lee, S. R., Bhalla, S. K., Bloom, J., Hayes,
R. L., & Miller, D. C. 1998, "Survival of patients with glioblastoma
multiforme is not influenced by altered expression of p i 6, p53, EGFR,
MDM2, or Bcl-2 genes". Brain Pathol, vol. 8, pp. 655-667.
Nicolato, A., Gerosa, M. A., Fina, P., luzzolino. P., Giorgiutti, F., &
Bricolo, A. 1995, "Prognostic factors in low-grade supratentorial
astrocytomas: a uni-multivariate statistical analysis in 76 surgically
treated adult patients", Surg.Neurol, vol. 44,no. 3, pp. 208-221.
Nishikawa, R., Ji, X. D., Harmon, R. C., Lazar, C. S., Gill, G. N.,
Cavenee, W. K., & Huang, H. J. 1994, "A mutant epidermal growth
factor receptor common in human glioma confers enhanced
tumorigenicity". Free.Natl Acad.Sci U.S.A, vol. 91,no. 16, pp. 77277731.
Nishizaki, T., Orita, T., Saiki, M., Furutani, Y., & Aoki, H. 1988, "Cell
kinetics studies of human brain tumors by in vitro labeling using antiBUdR monoclonal antibody", J Neurosurg, vol. 69,no. 3, pp. 371-374.
Nobori, T., Miura, K., Wu, D. J., Lois, A., Takabayashi, K., & Carson, D.
A. 1994, "Deletions of the cyclin-dependent kinase-4 inhibitor gene in
multiple human cancers". Nature, vol. 368, pp. 753-756.
Nowell, P. C. 1976, "The clonal evolution of tumor cell populations",
Science, vol. 194, pp. 23-28.
Nozaki, M., Tada, M., Matsumoto, R., Sawamura, Y., Abe, H., & Iggo,
R. D. 1998, "Rare occurrence of inactivating p53 gene mutations in
primary non-astrocytic tumors of the central nervous system: reappraisal
by yeast functional assay", Acta Neuropathol, vol. 95, pp. 291-296.
Ohgaki, H., Schauble, B., zur, H. A., von Ammon, K., & Kleihues, P.
1995, "Genetic alterations associated with the evolution and progression
of astrocytic brain tumours", Virchows Arch., vol. 427,no. 2, pp. 113-118.
Oliner, J. D., Kinzler, K. W., Meltzer, P. S., George, D. L., & Vogelstein,
B. 1992, "Amplification of a gene encoding a p53-associated protein in
human sarcomas". Nature, vol. 358, pp. 80-83.
Olschwang, S., Laurent-Puig, P., Vassal, A., Salmon, R. J., & Thomas, G.
1991, "Characterization of a frequent polymorphism in the coding
sequence of the Tp53 gene in colonic cancer patients and a control
population", Hum.Genet, vol. 86,no. 4, pp. 369-370.

237

Olson, J. J., Barnett, D., Yang, J., Assietti, R., Cotsonis, G., & James, C.
D. 1998, "Gene amplification as a prognostic factor in primary brain
tumors", Clin Cancer Res, vol. 4,no. 1, pp. 215-222.
Onda, K., Davis, R. L., Shibuya, M., Wilson, C. B., & Hoshino, T. 1994,
"Correlation between the bromodeoxyuridine labeling index and the
MIB-1 and Ki-67 proliferating cell indices in cerebral gliomas". Cancer,
vol. 74,no. 7, pp. 1921-1926.
Onda, K., Davis, R. L., & Edwards, M. S. 1996, "Comparison of
bromodeoxyuridine uptake and MIB 1 immunoreactivity in
m edulloblastom as determ ined w ith single and double
immunohistochemical staining methods", J Neurooncol, vol. 29,no. 2, pp.
129-136.
Ono, Y., Tamiya, T., Ichikawa, T., Kunishio, K., Matsumoto, K., Furuta,
T., Ohmoto, T., Ueki, K., & Louis, D. N. 1996, "Malignant astrocytomas
with homozygous CDKN2/pl6 gene deletions have higher Ki-67
proliferation indices", J Neuropathol Exp Neurol, vol. 55,no. 10, pp.
1026-1031.
Ono, Y., Tamiya, T., Ichikawa, T., Matsumoto, K., Furuta, T., Ohmoto,
T., Akiyama, K., Seki, S., Ueki, K., & Louis, D. N. 1997, "Accumulation
of wild-type p53 in astrocytomas is associated with increased p21
expression", Acta Neuropathol Berl, vol. 94,no. 1, pp. 21-27.
Oren, M., Maltzman, W., & Levine, A. J. 1981, "Post-translational
regulation of the 54K cellular tumor antigen in normal and transformed
cells", Mol.Cell Biol, vol. l,no. 2, pp. 101-110.
Orita, M., Iwahana, H., Kanazawa, H., Hayashi, K., & Sekiya, T. 1989,
"Detection of polymorphisms of human DNA by gel electrophoresis as
single-strand conformation polymorphisms", Proc.NatlAcad.Sci.USA,
vol. 86, pp. 2766-2770.
Oskam, N. T., Bijleveld, E. H., & Hulsebos, T. J. 2000, "A region of
common deletion in 22ql3.3 in human glioma associated with
astrocytoma progression", Int J Cancer, vol. 85,no. 3, pp. 336-339.
Otvos, L., Hoffmann, R., Xiang, Z. Q., Deng, H., Wysocka, M., Pease, A.
M., Rogers, M. E., Blaszczyk, T. M., & Ertl, H. C. 1998, "A monoclonal
antibody to a multiphosphorylated, conformational epitope at the
carboxy-terminus of p53", Biochim Biophys Acta, vol. 1404,no. 3, pp.
457-474.
Owen-Schub, L., Zhang, W. W., Cusack, J., Angelo, L., Santee, S.,
Fujiwara, T., Roth, J., Deisseroth, A., Zhang, W., Kruzel, E., &
Radinsky, R. 1995, "Wild-type human p53 and a temperature-sensitive
mutant induce Fas/APO-1 expression", Mol.Cell Biol, vol. 15, pp. 30323040.

238

Pace, A., Bove, L., Innocenti, P., Pietrangeli, A., Carapella, C. M.,
Oppido, P., Raus, L., Occhipinti, E., & Jandolo, B. 1998, "Epilepsy and
gliomas: incidence and treatment in 119 patients", J Exp Clin Cancer
Res, vol. 17,no. 4, pp. 479-482.
Palma, L., Celli, P., Maleci, A., Di Lorenzo, N., & Cantore, G. 1989,
"Malignant monstrocellular brain tumours: a study of 42 surgically
treated", Acta Neurochir, vol. 97, pp. 17-25.
Papadakis, E. N., Dokianakis, D. N., & Spandidos, D. A. 2000, "p53
codon 72 polymorphism as a risk factor in the development of breast
cancer.". Mol cell Biol Res Commun, vol. 3,no. 6, pp. 389-392.
Parada, L. F., Land, H., Weinberg, R. A., Wolf, D., & Rotter, V. 1984,
"Cooperation between gene encoding p53 tumour antigen and vas in
cellular transformation". Nature, vol. 312, pp. 649-651.
Partanen, A. M. 1990, "EGF receptors in the development of
epitheliomesenchym al organs.". M olecular Reproduction &
Development, vol. 27,no. 1, pp. 60-65.
Pavletich, N. P. & Pabo, C. O. 1993, "Crystal structure of a five-finger
GLI-DNA complex: new perspectives on zinc fingers". Science, vol.
261,no. 5129,pp. 1701-1707.
Pellegata, N. S., Antoniono, R. J., Redpath, J. L., & Stanbridge, E. J.
1996, "DNA damage and p53-mediated cell cycle arrest: a réévaluation".
Proceedings o f the National Academy o f Sciences o f the United States o f
America, vol. 93,no. 26, pp. 15209-15214.
Peller, S., Kopilova, Y., Slutzki, S., Halevy, A., Kvitko, K., & Rotter, V.
1995, "A novel polymorphism in intron 6 of the human p53 gene: a
possible association with cancer predisposition and susceptibility", DNA
Cell Biol, vol. 14,no. 12, pp. 983-990.
Peraud, A., Watanabe, K., Plate, K. H., Yonekawa, Y., Kleihues, P., &
Ohgaki, H. 1997, "p53 mutations versus EGF receptor expression in giant
cell glioblastomas", J Neuropathol Exp Neurol, vol. 56,no. 11, pp. 12361241.
Peraud, A., Ansari, H., Bise, K., & Reulen, H. J. 1998, "Clinical outcome
of supratentorial astrocytoma WHO grade II", Acta Neurochir Wien., vol.
140,no. 12, pp. 1213-1222.
Peraud A, Watanabe K, Schwechheimer K, Yonekawa Y, Kleihues P,
Ohgaki H 1999,: Genetic profile of the giant cell glioblastoma. Lab
Invest vol 79, pp 123-129.
Peraud A, Kreth FW, Wiestler OD, Kleihues P, Reulen HJ. 2002,
Prognostic impact of TP53 mutations and P53 protein overexpression in
supratentorial WHO grade II astrocytomas and oligoastrocytomas.
Clin Cancer Res. Vol 8, no5, pp 1117-24.
239

Phuphanich, S., Ferrall, S., & Greenberg, H. 1993, "Long-term survival
in malignant glioma. Prognostic factors", J.FlaMed.Assoc., vol. 80,no. 3,
pp. 181-184.
Piepmeier, J. M. 1987, "Observations on the current treatment of lowgrade astrocytic tumors of the cerebral hemispheres",
vol.
67, pp. 177-181.
Pigott, T. J., Lowe, J. S., & Palmer, J. 1991, "Statistical modelling in
analysis of prognosis in glioblastoma multiforme: a study of clinical
variables and Ki-67 index [see comments]", Br.J.Neurosurg., vol. 5,no. 1,
pp. 61-66.
Plate, K. H., Breier, G., Farrell, C. L., & Risau, W. 1992, "Plateletderived growth factor receptor-beta is induced during tumor development
and upregulated during tumor progression in endothelial cells in human
gliomas.", Lab-Invest., vol. 67,no. 4, pp. 529-534.
Polyak, K., Xia, Y., Zweier, J. L., Kinzler, K. W., & Vogelstein, B. 1997,
"A model for p53-induced apoptosis". Nature, vol. 389, pp. 300-305.
Prados, M. D., Scott, C. B., Rotman, M., Rubin, P., Murray, K., Sause,
W., Asbell, S., Comis, R., Curran, W., Nelson, J., Davis, R. L., Levin, V.
A., Lamborn, K., & Phillips, T. L. 1998, "Influence of
bromodeoxyuridine radiosensitization on malignant glioma patient
survival: a retrospective comparison of survival data from the Northern
California Oncology Group fNCOG) and Radiation Therapy Oncology
Group trials (RTOG) for glioblastoma multiforme and anaplastic
astrocytoma", Int J Radiat. Oncol BiolPhys., vol. 40,no. 3, pp. 653-659.
Prelich, G., Tan, C. K., Kostura, M., Mathews, M. B., So, A. G.,
Downey, K. M., & Stillman, B. 1987, "Functional identity of
proliferating cell nuclear antigen and a DNA polymerase-d auxiliary
protein". Nature, vol. 326, pp. 517-520.
Preston-Martin, S., Yu, M. C., Benton, B., & Henderson, B. E. 1982, "NNitroso compounds and childhood brain tumors: a case-control study".
Cancer Res., vol. 42,no. 12, pp. 5240-5245.
Preston-Martin, S. 1989, "Descriptive epidemiology of primary tumors of
the brain, cranial nerves and cranial meninges in Los Angeles County.",
Neuroepidemiology., vol. 8,no. 6, pp. 283-295.
Prives, C. & Manfredi, J. J. 1993, "The p53 tumor suppressor protein:
meeting review". Genes & Dev, vol. 7, pp. 529-534.
Prokocimer, M., Shaklai, M., Bassat, H. B., Wolf, D., Goldfinger, N., &
Rotter, V. 1986, "Expression of p53 in human leukemia and lymphoma".
Blood, vol. 68,no. 1, pp. 113-118.

240

Radhakrishnan, K., Mokri, B., Parisi, J, E., O'Fallon, W. M., Sunku, J., &
Kurland, L. T. 1995, "The trends in incidence of primary brain tumors in
the population of Rochester, Minnesota", Ann Neurol, vol. 37, pp. 67-73.
Radig, K., Schneider-Stock, R., Oda, Y., Neumann, W., Mittler, U., &
Roessner, A. 1996, "Mutation spectrum of p53 gene in highly malignant
human osteosarcomas", Gen Diagn Pathol, vol. 142, pp. 25-32.
Rainov, N. G., Dobberstein, K. U., Bahn, H., Holzhausen, H. J.,
Lautenschlager, C., Heidecke, V., & Burkert, W. 1997, "Prognostic
factors in malignant glioma: influence of the overexpression of oncogene
and tumor-suppressor gene products on survival", J.NeurooncoL, vol.
35,no. 1, pp. 13-28.
Raycroft, L., Wu, H., & Lozano, G. 1990, "Transcriptional activation by
wild-type but not transforming mutants of the p53 anti-oncogene".
Science, vol. 249, pp. 1049-1051.
Recht, L. D., Lew, R., & Smith, T. W. 1992, "Suspected low-grade
glioma: Is deferring treatment safe?", Ann Neurol, vol. 31, pp. 431-436.
Reich, N. C., Oren, M., & Levine, A. J. 1983, "Two distinct mechanisms
regulate the levels of a cellular tumor antigen, p53", Mol.Cell B iol, vol.
3,no. 12, pp. 2143-2150.
Reich, N. C. & Levine, A. J. 1984, "Growth regulation of a cellular
tumour antigen, p53, in nontransformed cells". Nature, vol. 308,no. 5955,
pp. 199-201.
Reifenberger, G., Liu, L., Ichimura, K., Schmidt, B. E., & Collins, V. P.
1993, "Amplification and overexpression of the MDM2 gene in a subset
of human malignant gliomas without p53 mutations". Cancer Res , vol.
53,no. 12, pp. 2736-2739.
Reifenberger, G., Reifenberger, J., Ichimura, K., Meltzer, P. S., &
Collins, V. P. 1994, "Amplification of multiple genes from chromosomal
region 12ql3-14 in human malignant gliomas: preliminary mapping of
the amplicons shows preferential involvement of CDK4, SAS, and
MDM2", Cancer Res, vol. 54,no. 16, pp. 4299-4303.
Reifenberger, G., Ichimura, K., Reifenberger, J., Elkahloun, A. G.,
Meltzer, P. S., & Collins, V. P. 1996, "Refined mapping of 12ql3-ql5
amplicons in human malignant gliomas suggests CDK4/SAS and MDM2
as independent amplification targets". Cancer Res, vol. 56,no. 22, pp.
5141-5145.
Reifenberger, J., Ring, G. U., Gies, U., Cobbers, L., Oberstrass, J., An, H.
X., Niederacher, D., Wechsler, W., & Reifenberger, G. 1996, "Analysis
of p53 mutation and epidermal growth factor receptor amplification in
recurrent gliomas with malignant progression", J Neuropathol Exp
Neurol, vol. 55,no. 7, pp. 822-831.

241

Reincke, M., Karl, M., Travis, W. H., Mastorakos, G., Allolio, B.,
Linehan, H. M., & Chrousos, G. P. 1994, "P53 mutations in human
adrenocortical neoplasms - immunohistochemical and molecular studies",
J Clin Endocrinol Metab, vol. 78, pp. 790-794.
Reisman, D., Greenberg, M., & Rotter, V. 1988, "Human p53 oncogene
contains one promoter upstream of exon 1 and a second, stronger
promoter within intron 1", Proc.NatlAcad.Sci.USA, vol. 85, pp. 51465150.
Revesz, T., Scaravilli, P., Coutinho, L., Cockbum, H., Sacares, P., &
Thomas, D. G. T. 1993, "Reliability of histological diagnosis including
grading in gliomas biopsied by image-guided stereotactic technique".
Brain, vol. 116, pp. 781-793.
Revesz, T., Alsanjari, N., Darling, J. L., Scaravilli, P., Lane, D. P., &
Thomas, D. G. 1993, "Proliferating cell nuclear antigen (PCNA):
expression in samples of human astrocytic gliomas", Neuropathol Appl
Neurobiol,vo\. 19, pp. 152-158.
Ritter, A. M., Sawaya, R., Hess, K. R., Levin, V. A., & Bruner, J. M.
1994, "Prognostic significance of bromodeoxyuridine labeling in primary
and recurrent glioblastoma multiforme". Neurosurgery, vol. 35,no. 2, pp.
192-198.
Rodin, S. N. & Rodin, A. S. 1998, "Strand asymmetry of CpG transitions
as indicator of G1 phase-dependent origin of multiple tumorigenic p53
mutations in stem cells", Proc.Natl Acad.Sci U.S.A, vol. 95,no. 20, pp.
11927-11932.
Rodvall, Y., Pershagen, G., Hrubec, Z., Ahlbom, A., Pedersen, N. L., &
Boice, J. D. 1990, "Prenatal x-ray exposure and childhood cancer in
Swedish twins", Int J Cancer, vol. 46,no. 3, pp. 362-365.
Rogel, A., Popliker, M., Webb, C. G., & Oren, M. 1985, "p53 cellular
tumor antigen: analysis of mRNA levels in normal adult tissues, embryos,
and tumors", Mol.Cell Biol, vol. 5,no. 10, pp. 2851-2855.
Roth, J., Dobbelstein, M., Preedman, D. A., Shenk, T., & Levine, A. J.
1998, "Nucleo-cytoplasmic shuttling of the hdm2 oncoprotein regulates
the levels of the p53 protein via a pathway used by the human
immunodeficiency virus rev protein", EMBO J, vol. 17, pp. 554-564.
Ruaro, E. M., Collavin, L., Del-Sal, G., Haffiier, R., Oren, M., Levine, A.
J., & Schneider, C. 1997, "A proline-rich motif in p53 is required for
transactivation-independent growth arrest as induced by G asl",
Proc.NatlAcad.ScLU.S.A., vol. 94,no. 9, pp. 4675-4680.
Rubio, M. P., von-Deimling, A., Yandell, D. W., Wiestler, O. D.,
Gusella, J. P., & Louis, D. N. 1993, "Accumulation of wild type p53

242

protein in human astrocytomas", Cancer Res, vol. 53,no. 15, pp. 34653467.
Ruggeri, B., Zhang, S. Y., Caamano, J., DiRado, M., Flynn, S. D., &
Klein-Szanto, A. J. 1992, "Human pancreatic carcinomas and cell lines
reveal frequent and multiple alterations in the p53 and Rb-1 tumorsuppressor genes". Oncogene, vol. 7,no. 8, pp. 1503-1511.
Sakamoto, H., Lewis, M. S., Kodama, H., Appella, E., & Sakaguchi, K.
1994, "Specific sequences from the carboxyl terminus of human p53 gene
product form anti-parallel tetramers in solution", Proc.Natl Acad.Sci
U.S.A, vol. 91,no. 19, pp. 8974-8978.
Salcman, M. 1980, "Survival in glioblastoma: historical perspective".
Neurosurgery, vol. 7,no. 5, pp. 435-439.
Salcman, M., Scholtz, H., Kaplan, R. S., & Kulik, S. 1994, "Long-term
survival in patients with malignant astrocytoma". Neurosurgery, vol.
34,no. 2, pp. 213-219.
Sallinen, P. K., Haapasalo, H. K., Visakorpi, T., Helen, P. T., Rantala, I.
S., Isola, J. J., & Helin, H. J. 1994, "Prognostication of astrocytoma
patient survival by Ki-67 (MIB-1), PCNA, and S-phase fraction using
archival paraffin-embedded samples", J Pathol, vol. 174,no. 4, pp. 275282.
Salvati, M., Artico, M., Caruso, R., Rocchi, G., Orlando, E. R., & Nucci,
F. 1991, "A report on radiation-induced gliomas.". Cancer, vol. 67,no. 2,
pp. 392-397.
Sano, T., Lin, H., Chen, X., Langford, L. A., Koul, D., Bondy, M. L.,
Hess, K. R., Myers, J. N., Hong, Y. K., Yung, W. K. A., & Steck, P. A.
1999, "Differential expression of MMAC/PTEN in glioblastoma
multiforme: relationship to localization and prognosis". Cancer Res, vol.
59, pp. 1820-1824.
Santibanez-Koref, M. F., Birch, J. M., Hartley, A. L., Morris Jones, P. H.,
Craft, A. W., Eden, T., Crowther, D., Kelsey, A. M., & Harris, M. 1991,
"p53 germline mutations in Li-Fraumeni syndrome". L a n c e t, vol. 338,
pp. 1490-1491.
Sarkar, G., Yoon, H. S., & Sommer, S. S. 1992, "Screening for mutations
by RNA single-strand conformation polymorphism (rSSCP): comparison
with DNA-SSCP", Nucleic Acids Res, vol. 20,no. 4, pp. 871-878.
Samow, P., Ho, Y. S., Williams, J., & Levine, A. J. 1982, "Adenovirus
Elb-58kd tumor antigen and SV40 large tumor antigen are physically
associated with the same 54kd cellular protein in transformed cells". Cell,
vol. 28, pp. 387-394.

243

Sasa, M., Kondo, K., Komaki, K., Uyama, T., Morimoto, T., & Monden,
Y. 1993, "Frequency of spontaneous p53 mutations (CPG site) in breast
cancer in japan". Breast Cancer Res Treat, vol. 27, pp. 247-252.
Sasaki, A., Naganuma, H., Kimura, R., Isoe, S., Nakano, S., Nukui, H.,
Suzuki, K., & Kawaoi, A. 1992, "Proliferating cell nuclear antigen
(PCNA) immunostaining as an alternative to bromodeoxyuridine (BrdU)
immunostaining for brain tumours in paraffin embedded sections", Acta
Neurochir Wien., vol. 117,no. 3-4, pp. 178-181.
Savitz, D. A., Wachtel, H., Bames, F. A., John, E. M., & Tvrdik, J. G.
1988, "Case-control study of childhood cancer and exposure to 60-Hz
magnetic fields". Am J Epidemiol, vol. 128,no. 1, pp. 21-38.
Scerrati, M., Roselli, R., lacoangeli, M., Pompucci, A., & Rossi, G. F.
1996, "Prognostic factors in low grade (WHO grade II) gliomas of the
cerebral hemispheres: the role of surgery", J Neurol Neurosurg
Psychiatry, vol. 61,no. 3, pp. 291-296.
Scherer, H. J. 1938, "Structural development in gliomas". Am J Cancer,
vol. 34, pp. 333-351.
Scherer, H. J. 1940, "Cerebral astrocytomas and their derivatives". Am J
Cancer, vol. 40, pp. 159-198.
Schiffer, D., Chio, A., Giordana, M. T., Pezzulo, T., & Vigliani, M. C.
1993, "Proliferating cell nuclear antigen expression in brain tumors, and
its prognostic role in ependymomas: an immunohistochemical study",
Acta Neuropathol Berl, vol. 85, pp. 495-502.
Schmidek, H. H., Nielsen, S. L., Schiller, A. L., & Messer, J. 1971,
"Morphological studies of rat brain tumors induced by Nnitrosomethylurea". Journal o f Neurosurgery, vol. 34,no. 3, pp. 335-340.
Schmidt, B. E., Ichimura, K., Goike, H. M., Moshref, A., Liu, L., &
Collins, V. P. 1999, "Mutational profile of the PTEN gene in primary
human astrocytic tumors and cultivated xenografts", J Neuropathol Exp
Neurol, vol. 58,no. 11, pp. 1170-1183.
Schroeder, M. & Mass, M. J. 1997, "CpG méthylation inactivates the
transcriptional activity of the promoter of the human p53 tumor
suppressor gene", Biochem Biophys Res Commun, vol. 235,no. 2, pp.
403-406.
Schuman, L. M., Choi, N. W., & Gullen, W. H. 1967, "Relationship of
central nervous system neoplasms to Toxoplasma gondii infection". Am J
Pub Health Nat Health, vol. 57,no. 5, pp. 848-856.
Schuurman, P. R., Troost, D., Verbeeten, B., & Bosch, D. A. 1997, "5year survival and clinical prognostic factors in progressive supratentorial
diffuse "low-grade" astrocytoma: a retrospective analysis of 46 cases",
Acta Neurochir. Wien., vol. 139,no. 1, pp. 2-7.
244

Scott, C. B., Scarantino, C., Urtasun, R., Movsas, B., Jones, C. U.,
Simpson, J. R., Fischbach, A. J., & Curran-WJ, J. 1998, "Validation and
predictive power of Radiation Therapy Oncology Group (RTOG)
recursive partitioning analysis classes for malignant glioma patients: a
report using RTOG 90-06", Int J Radiat. Oncol Biol Phys., vol. 40,no. 1,
pp. 51-55.
Scott, J. N., Rewcastle, N. B., Brasher, P. M., Fulton, D., MacKinnon, J.
A., Hamilton, M., Caimcross, J. G., & Forsyth, P. 1999, "Which
glioblastoma multiforme patient will become a long-term survivor? A
population-based study", Ann Neurol^ vol. 46, pp. 183-188.
Serra, A., Gaidano, G. L., Revello, D., Guerrasio, A., Ballerini, P., Dalla
Favera, R., & Saglio, G. 1992, "A new TaqI polymorphism in the p53
gene". Nucleic Acids Res, vol. 20,no. 4, p. 928.
Serrano, M., Hannon, G. J., & Beach, D. 1993, "A new regulatory motif
in cell-cycle control causing specific inhibition of cyclin D/CDK4 [see
comments]". Nature, vol. 366,no. 6456, pp. 704-707.
Shapiro, W. R., Green, S. B., Burger, P. C., Mahaley-MS, J., Selker, R.
G., VanGilder, J. C., Robertson, J. T., Ransohoff, J., Mealey, J., Strike, T.
A., & et, a. 1989, "Randomized trial of three chemotherapy regimens and
two radiotherapy regimens and two radiotherapy regimens in
postoperative treatment of malignant glioma. Brain Tumor Cooperative
Group Trial 8001", J.Neurosurg., vol. 71,no. 1, pp. 1-9.
Shaulsky, G., Goldfinger, N., Tosky, M. S., Levine, A. J., & Rotter, V.
1991, "Nuclear localization is essential for the activity of p53 protein".
Oncogene, vol. 6,no. 11, pp. 2055-2065.
Shaw, E. G., Daumas, D. C., Scheithauer, B. W., Gilbertson, D. T.,
O’Fallon, J. R., Earle, J. D., Laws-ER, J., & Okazaki, H. 1989, "Radiation
therapy in the management of low-grade supratentorial astrocytomas", J
Neurosurg., vol. 70,no. 6, pp. 853-861.
Shaw, P., Bovey, R., Tardy, S., Sahli, R., Sordat, B., & Costa, J. 1992,
"Induction of apoptosis by wild-type p53 in a human colon tumor derived
cell line", Proc.NatlAcad.Sci.USA, vol. 89, pp. 4495-4499.
Shi, S. R., Key, M. E., & Kalra, K. L. 1991, "Antigen retrieval in
formalin-fixed, paraffin-embedded tissues: an enhancement method for
immnohistochemical staining based on microwave oven heating of tissue
sections", JHistochem Cytochem, vol. 39,no. 6, pp. 741-748.
Shibamoto, Y., Kitakabu, Y., Takahashi, M., Yamashita, J., Oda, Y.,
Kikuchi, H., & Abe, M. 1993, "Supratentorial low-grade astrocytoma.
Correlation of computed tomography findings with effect of radiation
therapy and prognostic variables". Cancer, vol. 72,no. 1, pp. 190-195.

245

Shieh, S. Y., Ikeda, M., Taya, Y., & Prives, C. 1997, "DNA damageinduced phosphorylation of p53 alleviates inhibition by MDM2", Ce//,
vol. 91, pp. 325-334.
Shiio, Y., Yamamoto, T., & Yamaguchi, N. 1992, "Negative regulation
of Rb expression by the p53 gene product", Proc.NatlAcad.Sci.USA, vol.
89, pp. 5206-5210.
Shin, H. J., Shin, D. M., Grant, G., Hong, W. K., & Pathak, S. 1991,
"Simultaneous amplification of epidermal growth factor-receptor and
multidrug-resistance genes in a newly. Established human lung cancer
cell \mQ.", Anticancer Res, vol. 11,no. 1, pp. 241-248.
Shiota, G., Kishimoto, Y., Suyama, A., Okubo, M., Katayama, S.,
Harada, K., Ishida, M., Hori, K., Suou, T., & Kawasaki, H. 1997,
"Prognostic significance of serum anti-p53 antibody in patients with
hepatocellular carcinoma",/.//epato/., vol. 27,no. 4, pp. 661-668.
Shiraishi S, Tada K, Nakamura H, Makino K, Kochi M, Saya H, Kuratsu
J, Ushio Y, 2002. Influence of p53 mutations on prognosis of patients
with glioblastoma. Cancer, vol 15 no 95, pp 249-57.
Sidransky, D., Mikkelsen, T., Schwechheimer, K., Rosenblum, M. L.,
Cavanee, W., & Vogelstein, B. 1992, "Clonal expansion of p53 mutant
cells is associated with brain tumour progression". Nature, vol. 355,no.
6363, pp. 846-847.
Simms, L. A., Radford, S. G., Biden, K. G., Buttenshaw, R., Cummings,
M., Jass, J. R., Young, J., Meltzer, S. J., & Leggett, B. A. 1998,
"Reciprocal relationship between the tumor suppressors p53 and BAX in
primary colorectal cancers". Oncogene, vol. 17, pp. 2003-2008.
Simpson, J. R., Horton, J., Scott, C., Curran, W. J., Rubin, P., Fischbach,
J., Isaacson, S., Rotman, M., Asbell, S. O., Nelson, J. S., & et, a. 1993,
"Influence of location and extent of surgical resection on survival of
patients with glioblastoma multiforme: results of three consecutive
Radiation Therapy Oncology Group (RTOG) clinical trials",
Int.J.Radiat.OncolBiolPhys., vol. 26,no. 2, pp. 239-244.
Sjalander, A., Birgander, R., Hallmans, G., Cajander, S., Lenner, P.,
Athlin, L., Beckman, G., & Beckman, L. 1996, "p53 polymorphisms and
haplotypes in breast cancer.". Carcinogenesis, vol. 17,no. 6, pp. 13131316.
Smith, D. P., Hutton, J. L., Sandemann, D., Foy, P. M., Shaw, M. D.,
Williams, I. R., & Chadwick, D. W. 1991, "The prognosis of primary
intracerebral tumours presenting with epilepsy: the outcome of medical
and surgical management [see comments]", J Neurol Neurosurg
Psychiatry, vol. 54,no. 10, pp. 915-920.

246

Smith, J. S., Alderete, B., Minn, Y., Borell, T. J., Perry, A., Mohapatra,
G., Hosek, S. M., Kimmel, D., O'Fallon, J., Yates, A., Feuerstein, B. G.,
Burger, P. C., Scheithauer, B. W., & Jenkins, R. B. 1999, "Localization
of common deletion regions on Ip and 19q in human gliomas and their
association with histological subtype". Oncogene, vol. 18,no. 28, pp.
4144-4152.
Smith IS, Tachibana I, Passe SM, Huntley BK, Borell TJ, Iturria N,
O'Fallon JR, Schaefer PL, Scheithauer BW, James CD, Buckner JC,
Jenkins RB, 2001, PTEN mutation, EGFR amplification, and outcome in
patients with anaplastic astrocytoma and glioblastoma multiforme.
J Natl Cancer Inst, vol 93, no 16, pp 1246-56.
Soini, Y., Niemela, A., Kamel, D., Herva, R., Bloigu, R., Paakko, P., &
Vahakangas, K. 1994, "p53 immunohistochemical positivity as a
prognostic marker in intracranial tumours", APMIS, vol. 102,no. 10, pp.
786-792.
Sorkin, A., Helin, K., Waters, C. M., Carpenter, G., & Beguinot, L. 1992,
"Multiple autophosphorylation sites of the epidermal growth factor
receptor are essential for receptor kinase activity and internalization.
Contrasting significance of tyrosine 992 in the native and truncated
receptors", JBiol Chem, vol. 267,no. 12, pp. 89672-8678.
Soussi, T., de Fromentel, C. C., Mechali, M., May, P., & Kress, M. 1987,
"Cloning and characterization of a cDNA from Xenopus laevis coding for
a protein homologous to human and murine p53". Oncogene, vol. 1, pp.
71-78.
Soussi, T., Caron, d. F., & May, P. 1990, "Structural aspects of the p53
protein in relation to gene evolution". Oncogene, vol. 5,no. 7, pp. 945952.
Soussi, T., Dehouche, K., & Beroud, C. 2000, "p53 website and analysis
of p53 gene mutations in human cancer: forging a link between
epidemiology and c a r c i n o g e n e s i s " , v o l . 15, pp. 105-113.
Spruck, C. H., Rideout, W. M., Olumi, A. F., Ohneseit, P. F., Yang, A.
S., Tsai, Y. C., Nichols, P. W., Horn, T., Hermann, G. G., Steven, K., &
et, a. 1993, "Distinct pattern of p53 mutations in bladder cancer:
relationship to tobacco usage [published erratum appears in Cancer Res
1993 May 15;53(10 Suppl):2427]", Cancer Res, vol. 53,no. 5, pp. 11621166.
Srivastava, S., Zou, Z., Pirollo, K., Blattner, W., & Chang, E. H. 1990,
"Germ-line transmission of a mutated p53 gene in a cancer-prone family
with Li-Fraumeni syndrome". Nature, vol. 348, pp. 747-749.
Starzynska, T., Bromley, M., Ghosh, A., & Stem, P. L. 1992, "Prognostic
significance of p53 overexpression in gastric and colorectal carcinoma",
Br J Cancer, vol. 66,no. 3, pp. 558-562.

247

Steck, P. A,, Pershouse, M. A., Jasser, S. A., Yung, W. K., Lin, H.,
Ligon, A. H., Langford, L. A., Baumgard, M. L., Hattier, T., Davis, T.,
Frye, C., Hu, R., Swedlund, B., Teng, D. H., & Tavtigian, S. V. 1997,
"Identification of a candidate tumour suppressor gene, MMACl, at
chromosome 10q23.3 that is mutated in multiple advanced cancers",
Nat.Genet., vol. 15,no. 4, pp. 356-362.
Steltzer, K. J., Sauve, K. I., Spence, A. M., Griffin, T. W., & Berger, M.
S. 1997, "Corpus callosum involvement as a prognostic factor for patients
with high-grade astrocytoma.", IntJ.Radiat.Oncol.Biol.Phys., vol. 38,no.
1, pp. 27-30.
Stenman, G., Rorsman, P., Huebner, K., & Betsholtz, C. 1992, "The
human platelet-derived growth factor alpha chain (PDGFA) gene maps to
chromosome 7p22", Cytogenet Cell Genet, vol. 60,no. 3-4, pp. 206-207.
Stenman, G., Sahlin, P., Dumanski, J. P., Hagiwara, K., Ishikawa, F.,
Miyazono, K., Collins, V. P., & Heldin, C. H. 1992, "Regional
localization of the human platelet-derived endothelial cell growth factor
(ECGFl) gene to chromosome 22ql3", Cytogenet Cell Genet, vol. 59,no.
1, pp. 22-23.
Stephen, C. W. & Lane, D. P. 1992, "Mutant conformation of p53 precise epitope mapping using a filamentous phage epitope library",
J.Mol.Biol, vol. 225, pp. 577-583.
Stephen, C. W., Helminen, P., & Lane, D. P. 1995, "Characterisation of
epitopes on human p53 using phage-displayed peptide librarieslinsights
into antibody-peptide interactions", J.Mol.Biol, vol. 248, pp. 58-78.
Stewart, N., Hicks, G. G., Paraskevas, F., & Mowat, M. 1995, "Evidence
for a second cell cycle block at G2/M by p53". Oncogene, vol. 10, pp.
109-115.
Stommel, J. M., Marchenko, N. D., Jimenez, G. S., Moll, U. M., Hope, T.
J., & Wahl, G. M. 1999, "A leucine-rich nuclear export signal in the p53
tetramerization domain: regulation of subcellular localization and p53
activity by NES masking", EMBO J, vol. 18,no. 6, pp. 1660-1672.
Storey, A., Thomas, M., Kalita, A., Harwood, C., Gardiol, D., Mantovani,
F., Breuer, J., Leigh, I. M., Matlashewski, G., & Banks, L. 1998, "Role of
a p53 polymorphism in the development of human papilloma-virusassociated cancer". Nature, vol. 393, pp. 229-234.
Stromblad, L. G., Anderson, H., Malmstrom, P., & Salford, L. G. 1993,
"Reoperation for malignant astrocytomas: Personal experience and a
review of the literature", Br J Neurosurg, vol. 7, pp. 623-633.
Sugawa, N., Ekstrand, A. J., James, C. D., & Collins, V. P. 1990,
"Identical splicing of aberrant epidermal growth factor receptor

248

transcripts from amplified rearranged genes in human glioblastomas",
Proc.Natl.Acad.Sci.U.SA., vol. 87, pp. 8602-8606.
Sugrue, M. M., Shin, D. Y., Lee, S. W., & Aaronson, S. A. 1997, "Wildtype p53 triggers a rapid senescence program in human tumor cells
lacking functional p53", Proc.Natl.Acad.Sci.U.S.A., vol. 94, pp. 96489653.
Sun, Y., Keshava, C., Sharp, D. S., Weston, A., & McCanlies, E. C.
1999, "DNA sequence variants of p53: cancer and aging.". Am J Hum
Genet, vol. 65,no. 6, pp. 1779-1782.
Suwiwat, S., Oda, H,, Shimizu, Y., & Ishikawa, T. 1997, "Prevalence of
p53 mutations and protein expression in esophageal cancers in southern
Thailand", Int J Cancer, vol. 72, pp. 23-26.
Suzuki, T., Shidara, K., Hara, F., & Nakajima, T. 1994, "High frequency
of p53 abnormality in laryngeal cancers of heavy smokers and its relation
to human papillomavirus infection", Jpn.J Cancer Res, vol. 85,no. 11, pp.
1087-1093.
Tada, M., Matsumoto, R., Iggo, R. D., Onimaru, R., Shirato, H.,
Sawamura, Y., & Shinohe, Y. 1998, "Selective sensitivity to radiation of
cerebral glioblastomas harboring p53 mutations". Cancer Res, vol. 58,no.
9, pp. 1793-1797.
Tenan, M., Benedetti, S., & Finocchiaro, G. 1995, "Deletion and
transfection analysis of the pl5/MTS2 gene in malignant gliomas",
Biochem Biophys Res Commun, vol. 217,no. 1, pp. 195-202.
Teneriello, M. G., Ebina, M., Linnoila, R. I., Henry, M., Nash, J. D.,
Park, R. C., & Birrer, M. J. 1993, "p53 and Ki-ras gene mutations in
epithelial ovarian neoplasms". Cancer Res, vol. 53,no. 13, pp. 3103-3108.
Thiel, G., Losanowa, T., Kinzel, D., Nisch, G., Martin, H., Vorpahl, K.,
& Witkowski, R. 1992, "Karyotypes in 90 human gliomas". Cancer
Genet Cytogenet, vol. 58, pp. 109-120.
Thomas, M., Kalita, A., Labrecque, S., Pim, D., Banks, L., &
Matlashewski, G. 1999, "Two polymorphic variants of wild-type p53
differ biochemically and biologically", Mol.Cell Biol, vol. 19,no. 2, pp.
1092-1100.
Thomas, S., Brennan, J., Martel, G., Frazer, I., Montesano, R., Sidransky,
D., & Hollstein, M. 1994, "Mutations in the conserved regions of p53 are
infrequent in betel-associated oral cancers from papua new guinea".
Cancer Res, vol. 54, pp. 3588-3593.
Tohma, Y., Gratas, C., Van-Meir, E. G., Desbaillets, I., Tenan, M.,
Tachibana, O., Kleihues, P., & Ohgaki, H. 1998, "Necrogenesis and
Fas/APO-1 (CD95) expression in primary (de novo) and secondary
glioblastomas", J Neuropathol Exp Neurol, vol. 57,no. 3, pp. 239-245.
249

Torp, S. H., Helseth, E., Dalen, A., & Unsgaard, G. 1992, "Relationships
between Ki-67 labelling index, amplification of the epidermal growth
factor receptor gene, and prognosis in human glioblastomas", Acta
Neurochir. Wien., wo\. 117,no. 3-4, pp. 182-186.
Trojanowski, T., Peszynski, J., Turowski, K., Kaminski, S., Goscinski, I.,
Reinfus, M., Krzyszkowski, T., Pyrich, M., Bielawski, A., Leszczyk, C.,
Bendarzewska, B., Staszczak, A., & Kozniewska, H. 1988,
"Postoperative radiotherapy and radiotherapy combined with CCNU
chemotherapy for treatment of brain gliomas [see comments]", J
Neurooncol., vol. 6,no. 3, pp. 285-291.
Ueki, K., Ono, Y., Henson, J. W., Efird, J. T., von Deimling, A., & Louis,
D. N. 1996, "CDKN2/pl6 or RB alterations occur in the majority of
glioblastomas and are inversely correlated". Cancer Res, vol. 56,no. 1,
pp. 150-153.
Ullrich, A., Coussens, L., Hayflick, J. S., Dull, T. J., Gray, A., Tam, A.
W., Lee, J., Yarden, Y., Libermann, T. A., Schlessinger, J., Downward,
J., Mayes, E. L. V., Whittle, N., Waterfield, M. D., & Seeburg, P. H.
1984, "Human epidermal growth factor receptor cDNA sequence and
aberrant expression of the amplified gene in A431 epidermoid carcinoma
cells". Nature, vol. 309, pp. 418-425.
Unger, T., Mietz, J. A., Scheffiier, M., Yee, C. L., & Howley, P. M. 1993,
"Functional domains of wild-type and mutant p53 proteins involved in
transcriptional regulation, transdominant inhibition, and transformation
suppression". Mol Cell Biol, vol. 13,no. 9, pp. 5186-5194.
van-Meyel, D. J., Ramsay, D. A., Casson, A. G., Keeney, M., Chambers,
A. F., & Caimcross, J. G. 1994, "p53 mutation, expression, and DNA
ploidy in evolving gliomas: evidence for two pathways of progression",
J.Natl.Cancer Inst., vol. 86,no. 13, pp. 1011-1017.
van Diest, P. J., van Dam, P., Henzen-Logmans, S. C., Bems, E., van der
Burg, M. E. L., Green, J., & Vergote, I. 1997, "A scoring system for
immunohistochemical staining: consensus report of the task force for
basic research of the EORTC-GCCG", J Clin Pathol, vol. 50, pp. 801804.
Van Tomout, J. M., Spruck, C. H., Ill, Shibata, A., Schmutte, C.,
Gonzalez, Z. M., Nichols, P. W., Chandrasoma, P. T., Yu, M. C., &
Jones, P. A. 1997, "Presence of p53 mutations in primary nasopharyngeal
carcinoma (NPC) in non-Asians of Los Angeles, California, a low-risk
population for NPC", Cancer Epidemiol Biomarkers Prev., vol. 6,no. 7,
pp. 493-497.
van Veelen, M. L., Avezaat, C. J., Kros, J. M., van Putten, W., & Vecht,
C. 1998, "Supratentorial low grade astrocytoma: prognostic factors,
dedifferentiation, and the issue of early versus late surgery", J Neurol
Neurosurg Psychiatry, vol. 64,no. 5, pp. 581-587.

250

Vandenberg, S. R. 1992, "Current diagnostic concepts of astrocytic
tumors", JNeuropathol Exp Neurol, vol. 51,no. 6, pp. 644-657.
Vanderlaan, M., Watkins, B., Thomas, C., Dolbeare, F., & Stanker, L.
1986, "Im proved high-affinity m onoclonal antibody to
iododeoxyuridine.". Cytometry, vol. 7,no. 6, pp. 499-507.
Varley, J. M., McGown, G., Thomcroft, M., Santibanez-Koref, M. F.,
Kelsey, A. M., Tricker, K. J., Evans, D. G., & Birch, J. M. 1997, "Germline mutations of TP53 in Li-Fraumeni families: an extended study of 39
families". Cancer Res, vol. 57,no. 15, pp. 3245-3252.
Velu, T. J., Vass, W. C., Lowy, D. R., & Beguinot, L. 1989, "Functional
heterogeneity of proto-oncogene tyrosine kinases: the C terminus of the
human epidermal growth factor receptor facilitates cell proliferation.".
Mol Cell Biol, vol. 9,no. 4, pp. 1772-1778.
Vigliani, M. C., Ohio, A., Pezzulo, T., Soffietti, R., Giordana, M. T., &
Schiffer, D. 1994, "Proliferating cell nuclear antigen (PCNA) in lowgrade astrocytomas: its prognostic significance", Tumori, vol. 80,no. 4,
pp. 295-300.
Vojtesek, B., Bartek, J., Midgley, C. A., & Lane, D. P. 1992, "An
immunochemical analysis of the human nuclear phosphoprotein p53.
New monoclonal antibodies and epitope mapping using recombinant
p53", J Immunol Methods, vol. 151,no. 1-2, pp. 237-244.
von-Deimling, A., Louis, D. N., von-Ammon, K., Petersen, L, Wiestler,
O. D., & Seizinger, B. R. 1992, "Evidence for a tumor suppressor gene on
chrom osom e 19q associated with human astrocytom as,
oligodendrogliomas, and mixed gliomas". Cancer Res, vol. 52,no. 15, pp.
4277-4279.
von-Deimling, A., Louis, D. N., von-Ammon, K., Petersen, I., Hoell, T.,
Chung, R. Y., Martuza, R. L., Schoenfeld, D. A., Yasargil, M. G.,
Wiestler, O. D., & et, a. 1992, "Association of epidermal growth factor
receptor gene amplification with loss of chromosome 10 in human
glioblastoma multiforme", J.Neurosurg., vol. 77,no. 2, pp. 295-301.
von-Deimling, A., Eibl, R. H., Ohgaki, H., Louis, D. N., von-Ammon, K.,
Petersen, I., Kleihues, P., Chung, R. Y., Wiestler, O. D., & Seizinger, B.
R. 1992, "p53 mutations are associated with 17p allelic loss in grade II
and grade III astrocytoma". Cancer Res, vol. 52,no. 10, pp. 2987-2990.
von-Deimling, A., von-Ammon, K., Schoenfeld, D., Wiestler, O. D.,
Seizinger, B. R., & Louis, D. N. 1993, "Subsets of glioblastoma
multiforme defined by molecular genetic analysis". Brain Pathol, vol.
3,no. 1, pp. 19-26.
von-Deimling, A., Bender, B., Jahnke, R., Waha, A., Kraus, J., Albrecht,
S., Wellenreuther, R., Fassbender, F., Nagel, J., Menon, A. G., & et, a.

251

1994, "Loci associated with malignant progression in astrocytomas: a
candidate on chromosome 19q", Cancer Res, vol. 54,no. 6, pp. 13971401.
von-Deimling, A., Louis, D. N., & Wiestler, O. D. 1995, "Molecular
pathways in the formation of gliomas". Glia, vol. 15,no. 3, pp. 328-338.
Wade, E. A. & Jenkins, J. R. 1985, "Precise epitope mapping of the
murine transformation-associated protein, p53", EMBO J., vol. 4,no. 3,
pp. 699-706.
Waha, A., Baumann, A., Wolf, H. K., Fimmers, R., Neumann, J.,
Kindermann, D., Astrahantseff, K., Blumcke, L, von Deimling, A., &
Schlegel, U. 1996, "Lack of prognostic relevance of alterations in the
epidermal growth factor receptor-transforming growth factor-alpha
pathway in human astrocytic gliomas", J Neurosurg, vol. 85,no. 4, pp.
634-641.
Walker, A. E., Robins, M., & Weinfeld, F. D. 1985, "Epidemiology of
brain tumors: The national survey of intracranial neoplasms". Neurology,
vol. 35,no. 2, pp. 219-226.
Walker, D. G., Duan, W., Popovic, E. A., Kaye, A. H., Tomlinson, F. H.,
& Lavin, M. 1995, "Homozygous deletions of the multiple tumor
suppressor gene 1 in the progression of human astrocytomas". Cancer
Res, vol. 55, pp. 20-23.
Walker, K. K. & Levine, A. J. 1996, "Identification of a novel p53
functional domain that is necessary for efficient growth suppression",
Proc.NatlAcad.Sci.U.S.A., vol. 93, pp. 15335-15340.
Walker, M. D., Alexander, E., Hunt, W. E., MacCarty, C. S., MahaleyMS, J., Mealey, J., Norrell, H. A., Owens, G., Ransohoff, J., Wilson, C.
B., Gehan, E. A., & Strike, T. A. 1978, "Evaluation of BCNU and/or
radiotherapy in the treatment of anaplastic gliomas. A cooperative
clinical trial", J Neurosurg, vol. 49,no. 3, pp. 333-343.
Walker, M. D., Strike, T. A., & Sheline, G. E. 1979, "An analysis of
dose-effect relationship in the radiotherapy of malignant gliomas", Int J
Radiat.Oncol Biol Phys.,vo\. 5,no. 10, pp. 1725-1731.
Walker, M. D., Green, S. B., Byar, D. P., Alexander, E., Batzdorf, U.,
Brooks, W. H., Hunt, W. E., MacCarty, C. S., Mahaley-MS, J., Mealey,
J., Owens, G., Ransohoff, J., Robertson, J. T., Shapiro, W. R., Smith-KR,
J., Wilson, C. B., & Strike, T. A. 1980, "Randomized comparisons of
radiotherapy and nitrosoureas for the treatment of malignant glioma after
surgery", NEnglJM ed, vol. 303,no. 23, pp. 1323-1329.
Walton, G. M., Chen, W. S., Rosenfeld, M. G., & Gill, G. N. 1990,
"Analysis of deletions of the carboxyl terminus of the epidermal growth
factor receptor reveals self-phosphorylation at tyrosine 992 and enhanced

252

in vivo tyrosine phosphorylation of cell substrates.", J Biol Chem, vol.
265,no. 3, pp. 1750-1754.
Wang, S. I., Puc, J., Li, J., Bruce, J. N., Cairns, P., Sidransky, D., &
Parsons, R. 1997, "Somatic mutations of PTEN in glioblastoma
multiforme". Cancer Res, vol. 57,no. 19, pp. 4183-4186.
Wang, Y., Schwedes, J. P., Parks, D., Mann, K., & Tegtmeyer, P. 1995,
"Interaction of p53 with its consensus DNA-binding site", MolCell Biol,
vol. 15,no. 4, pp. 2157-2165.
Ward, C. W., Hoyne, P. A., & Flegg, R. H. 1995, "Insulin and epidermal
growth factor receptors contain the cysteine repeat motif found in the
tumor necrosis factor receptor.". Proteins, vol. 22,no. 2, pp. 141-153.
Waseem, N. H. & Lane, D. P. 1990, "Monoclonal antibody analysis of
the proliferating cell nuclear antigen (PCNA). Structural conservation
and the detection of a nucleolar form.", J Cell Soi, vol. 96,no. Ptl, pp.
121-129.
Watanabe, K., Tachibana, O., Sata, K., Yonekawa, Y., Kleihues, P., &
Ohgaki, H. 1996, "Overexpression of the EOF receptor and p53
mutations are mutually exclusive in the evolution of primary and
secondary glioblastomas". Brain Pathol, vol. 6,no. 3, pp. 217-223.
Watanabe, K., Tachibana, O., Yonekawa, Y., Kleihues, P., & Ohgaki, H.
1997, "Role of gemistocytes in astrocytoma progression". Lab invest, vol.
76,no. 2, pp. 277-284.
Watanabe, K., Sato, K., Biemat, W., Tachibana, O., von Ammon, K.,
Ogata, N., Yonekawa, Y., Kleihues, P., & Ohgaki, H. 1997, "Incidence
and timing of p53 mutations during astrocytoma progression in patients
with multiple biopsies", Clin Cancer Res, vol. 3,no. 4, pp. 523-530.
Watanabe, K., Peraud, A., Gratas, C., Wakai, S., Kleihues, P., & Ohgaki,
H. 1998, "p53 and PTEN gene mutations in gemistocytic astrocytomas",
Acta Neuropathologica, vol. 95,no. 6, pp. 559-564.
Weber, W., Bertics, P. J., & Gill, G. N. 1984, "Immunoaffmity
purification of the epidermal growth factor receptor. Stoichiometry of
binding and kinetics of self-phosphorylation",
Chem, vol. 259,no.
23, pp. 14631-14636.
Webley, K. M., Shorthouse, A. J., & Royds, J. A. 2000, "Effect of
mutation and conformation on the function of p53 in colorectal cancer.",
J Pathol, vol. 191,no. 4, pp. 361-367.
Weintraub, H., Hauschka, S., & Tapscott, S. J. 1991, "The MCK
enhancer contains a p53 responsive element", Proc.Natl Acad.Sci U.S.A,
vol. 88,no. 11, pp. 4570-4571.

253

Weisenberger, D. J. & Romano, L. J. 1999, "Cytosine méthylation in a
CpG sequence leads to enhanced reactivity with Benzo[a]pyrene diol
epoxide that correlates with a conformational change", J Biol Chem, vol.
274,no. 34, pp. 23948-23955.
Weiss, H. D., Gutin, P. H., & Walker, M. D. 1975, "Unresolved problems
of treatment of gliomas", JAMA, vol. 229, pp. 1284-1285.
Wells, A., Welsh, J. B., Lazar, C. S., Wiley, H. S., Gill, G. N., &
Rosenfeld, M. G. 1990, "Ligand-induced transformation by a
nonintemalizing epidermal growth factor receptor.". Science, vol. 247,no.
4945, pp. 962-964.
Wen, W. H., Reles, A., Runnebaum, I. B., Sullivan-Halley, J., Bernstein,
L., Jones, L. A., Felix, J. C., Kreienberg, R., El-Naggar, A., & Press, M.
F. 1999, "p53 mutations and expression in ovarian cancers; correlation
with overall survival", Int J Gynecol Pathol, vol. 18, pp. 29-41.
Westergaard, L., Gjerris, F., & Klinken, L. 1993, "Prognostic parameters
in benign astrocytomas", Acta Neurochir. Wien., vol. 123,no. 1-2, pp. 1-7.
Westermark, B. & Nister, M. 1995, "Molecular genetics of human
glioma", Curr Opin Oncol, vol. 7,no. 3, pp. 220-225.
Weston, A., Perrin, L. S., Forrester, K., Hoover, R. N., Trump, B. F.,
Harris, C. C., & Caporaso, N. E. 1992, "Allelic frequency of a p53
polymorphism in human lung cancer.". Cancer Epidemiol Biomarkers
Prev, vol. l,no. 6, pp. 481-483.
Westphal, M., Hansel, M., Hamel, W., Kunzmann, R., & Holzel, F. 1994,
"Karyotype analyses of 20 human glioma cell lines", A c t a
Neurochir. Wien., \o\. 126,no. 1, pp. 17-26.
Whittle, I. R., Denholm, S. W., & Gregor, A. 1991, "Management of
patients aged over 60 years with supratentorial glioma: lessons from an
audit", Surg.Neurol, vol. 36,no. 2, pp. 106-111.
Williams, C., Ponten, F., Moberg, C., Soderkvist, P., Uhlen, M., Ponten,
J., Sitbon, G., & Lundeberg, J. 1999, "A high frequency of sequence
alterations is due to formalin fixation of archival specimens". Am J
Pathol, \o\. 155,no. 5, pp. 1467-1471.
Winger, M. J., Macdonald, D. R., & Cairncross, J. G. 1989,
"Supratentorial anaplastic gliomas in adults", J Neurosurg., vol. 71, pp.
487-493.
Wong, A. J., Bigner, S. H., Bigner, D. D., Kinzler, K. W., Hamilton, S.
R., & Vogelstein, B. 1987, "Increased expression of the epidermal growth
factor receptor gene in malignant gliomas is invariably associated with
gene amplification", Proc.Natl Acad.Sci U.S.A, vol. 84,no. 19, pp. 68996903.

254

Wong, A. J., Ruppert, J. M., Bigner, S. H., Grzeschik, C. H., Humphrey,
P. A., Bigner, D. S., & Vogelstein, B. 1992, "Structural alterations of the
epidermal growth factor receptor gene in human gliomas", Proc.Natl
Acad.Sci U.S.A, vol. 89,no. 7, pp. 2965-2969.
Wu, D. G., Wang, L. H., Chi, Y., Sato, G. H., & Sato, J. D. 1990,
"Human epidermal growth factor receptor residue covalently cross-linked
to epidermal growth factor.", Proc.Natl Acad.Sci U.S.A, vol. 87,no. 8, pp.
3151-3155.
Xiao, Z. X., Chen, J., Levine, A. J., Modjtahedi, N., Xing, J., Sellers, W.
R., & Livingston, D. M. 1995, "Interaction between the retinoblastoma
protein and the oncoprotein MDM2", Nature, vol. 375,no. 6533, pp. 694698.
Yahanda, A. M., Bruner, J. M., Donehower, L. A., & Morrison, R. S.
1995, "Astrocytes derived from p53-deficient mice provide a multistep in
vitro model for development of malignant gliomas". Mol. Cell B iol, vol.
15,no. 8, pp. 4249-4259.
Yasunaga, Y., Nakanishi, H., Naka, N., Miki, T., Tsujimura, T., Itatani,
H., Okuyama, A., & Aozasa, K. 1997, "Alterations of the p53 gene in
occupational bladder cancer in workers exposed to aromatic amines",
Lab-Invest., vol. 77, pp. 677-684.
Yewdell, J. W., Gannon, J. V., & Lane, D. P. 1986, "Monoclonal
antibody analysis of p53 expression in normal and transformed cells",
J. Virol, vol. 59,no. 2, pp. 444-452.
Yin, Y., Tainsky, M. A., Bischoff, F. Z., Strong, L. C., & Wahl, G. M.
1992, "Wild-type p53 restores cell cycle control and inhibits gene
amplification in cell with mutant p53 alleles". Cell, vol. 70, pp. 937-948.
Yong, W. H., Chou, D., Ueki, K., Harsh, G. R., von-Deimling, A.,
Gusella, J. F., Mohrenweiser, H. W., & Louis, D. N. 1995, "Chromosome
19q deletions in human gliomas overlap telomeric to D19S219 and may
target a 425 kb region centromeric to D19S112", J Neuropathol Exp
Neurol, vol. 54,no. 5, pp. 622-626.
Yonish, R. E., Deguin, V., Zaitchouk, T., Breugnot, C., Mishal, Z.,
Jenkins, J. R., & May, E. 1995, "Transcriptional activation plays a role in
the induction of apoptosis by transiently transfected wild-type p53".
Oncogene, vol. 11,no. 11, pp. 2197-2205.
Young, B., Oldfield, E. H., Markesbery, W. R., Haack, D., Tibbs, P. A.,
McCombs, P., Chin, H. W., Maruyama, Y., & Meacham, W. F. 1981,
"Reoperation for glioblastoma", J Neurosurg, vol. 55,no. 6, pp. 917-921.
Zakut-Houri, R., Bienz-Tadmor, B., Givol, D., & Oren, M. 1985,
"Human p53 cellular tumor antigen: cDNA sequence and expression in
COS cells", EMBOJ., vol. 4,no. 5, pp. 1251-1255.

255

Zhan, Q., Bae, L, Kastan, M. B., & Fomace, A. J. J. 1994, "The p53dependent g-ray response of GADD45", Cancer Res, vol. 54,no. 10, pp.
2755-2760.
Zhang, R., Takahashi, S., Orita, S., Yoshida, A., Maruyama, H., Shirai,
T., & Ohta, N. 1998, "p53 gene mutations in rectal cancer associated with
schistosomiasis japonica in Chinese patients". Cancer Lett., vol. 131,no.
2, pp. 215-221.
Zhang, X., Silva, E., Gershenson, D., & Hung, M. C. 1989,
"Amplification and rearrangement of c-erb B proto-oncogenes in cancer
of human female genital tract.". Oncogene, vol. 4,no. 8, pp. 985-989.
Zhu, A., Shaeffer, J., Leslie, S., Kolm, P., & El Mahdi, A. M. 1996,
"Epidermal growth factor receptor: an independent predictor of survival
in astrocytic tumors given definitive irradiation", Int JRadiat.Oncol Biol
Phys., vol. 34,no. 4, pp. 809-815.
Zulch, K. J. 1980, "Principles of the new World Health Organization
(WHO) classification of brain tumors.". Neuroradiology, vol. 19,no. 2,
pp. 59-66.

256

Appendices

257

Appendices

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 m g 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
m g 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 m g x 5 courses
19. PCB 50 mg, CCNU 200 mg, VCR 2 mg x 3 courses
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Appendix B
A strocytom a
grad e 2
Grade
Grade

A strocytom a
grade 3
Grade
Grade

A strocytom a grade
4
Grade
Single
44 4
biopsy

24 3

24 4

34 3

34 4

29

16

7

20

23

37

36
(22-49)

36
(26-52)

36
(30-40)

34
(19-60)

38
(27-68)

52
(20-71)

Sex (M : F)
17: 12
(58.6%)
(% o f M)
Site (%) (No. o f cases)
44.8%
F ro n ta l
(13)
27.6%
T em poral
(8)
6.9%
P arietal
(2)
3.4%
O ccipital
(1)
17.2%
No inform ation

10:6
(62.5%)

4 :3
(57.1%)

13 : 7
(65.0%)

15:8
(65.2%)

20: 17
(54.1%)

43.8%
(7)
43.8%

60.0%
(12)
25.0%

6.3%
(1)

14.3%
(1)
28.6%
(2)
28.6%
(2)

15.0%

47.8%
(11)
26.1%
(6)
13.0%

45.9%
(17)
21.6%
(8)
13.5%

(3)

(3)

(5)

0

0

0

0

0

6.3%
(1)

28.6%
(2)

0

13.0%

18.9%

(5)

(3)

(7)

8:16

8:7

2:3

13:6

6:14

17:12

20
(83.3%)
4
(16.7%)

14
(87.5%)
2
(12.5%)

3
(60.0%)
2
(40.0%)

16
(80.0%)
4
(20.0%)

6
(31.6%)
13
(68.4%)

8
(25.8%)
23
(74.2%)

15
(62.5%)
6
(25.0%)
3
(12.5%)

7
(46.7%)
8
(53.3%)

1
(20.0%)
4
(80.0%)

12
(60.0%)
8
(40.0%)

15
(51.7%)
14
(48.3%)

0

0

6
(30.0%)
11
(55.0%)
3
(15.0%)

0

0

9
(37.5%)

7
(46.7%)

4
(80.0%)

8
(40.0%)

7
(33.3%)

12
(35.3%)

1
(4.2%)

1
(6.7%)

0

0

0

0

4
(16.7%)

2
(13.3%)

0

6
(30.0%)

11
(52.4%)

20
(58.8%)

10
(41.7%)

5
(33.3%)

1
(20.0%)

6
(30.0%)

3
(14.3%)

2
(5.9%)

No. of cases
Median age
in years (range)

Side(R:L)

(7)

(5)

Preoperative epilepsy
Yes
No

Type of operation
T otal rem oval
Sub to tal resection
Biopsy

Post operative treatment
R adio th erap y
alone
C hem otherapy
alone
Both
chem otherapy
and rad io th erap y
None

Table A. Summary clinical information in each group
Grade 2 4
3 = grade
2 tumour which progressed to grade 3
Grade
Grade
Grade
Grade

2♦
4 = grade
2 tumour which progressed to grade 4
34
3 = grade
3 tumour which stayed in the same grade at recurrence
34
4 = grade
3 tumour which progressed to grade 4
4 4 4 = glioblastomas which had two biopsies
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Astrocytoma grade 2
G rade 2 ♦ 3

G rade 2 * 4

No. of cases
29
16
Time
2nd
1"
1“ 2nd
biopsy
p53 immunohistochemistry
Positive
Negative
Mean and
median
Ki-67 LI

Astrocytoma
grade 4

Astrocytoma grade 3
Grade 3 9 3

Grade 3 9 4

7

G rade4 9 4

20

1“

2nd

23

Single
biopsv

37

1“

2nd

1“

2“*

17

23

11

12

6

6

17

18

16

18

24

12

6

5

4

1

1

3

2

7

5

13

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

7

EGFR express] on
3+

2

2+
1+

6

9

1

6

1

8

6

6

3

3

Negative

13

11

9

7

3

2

1

5

3

6

5

3

5

5

5

5

4

6

2

3

5

9

11

9

22

4

Gemistocytic cell component
Positive
Negative

10

18

8

10

5

6

15

13

15

12

12

19

11

8

6

2

1

5

7

8

11

25

Mutational status of p53 gene
Mutation
No mutation

8
21

1
1

13

5

6

2

1

7

9

5

6

5

16

11

10

5

6

13

10

18

17

32

T able B. Sum m ary p53 im m unohistochem istry, Ki-67 LI, EG FR expression,
gemistocytic cell population, and proportion o f p53 gene mutations.
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