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1. Summary
BACKGROUND.

The effect of p53 mutations on the biology of astrocytic tumors is controversial.
p53 is thought to be inactivated in the carly stage of gliomagenesis, however. the
role of its inactivation in the malignancy of gliomas remains unknown. To
understand the significance of pS53 inactivation. we identified the locus of p53 gene
mutations in samples from gliomas at different stages of progression, and studied the

correlation between the mutation and clinical behavior.

METHODS.
Samples from newly diagnosed gliomas, including pure and mixed astrocytomas.
were analyzed for p53 mutations, using a yeast functional assay. To determine the

locus of the gene mutations. DNA sequencing was performed.

RESULTS.

The incidence of p53 mutations was higher in anaplastic astrocytomas (AA,
48%) than glioblastomas (GBM, 31%). There was no significant difference in the
average age of GBM patients with and without p53 mutations (54.9 £ 2.3 and 53.2 +
4.6. respectively). In GBM patients. the mutation did not affect progression-free
survival (PFS) or overall survival (OS). AA and GBM differed in the distribution

of p53 mutation locus.

CONCLUSIONS.
The p53 gene mutation does not markedly affect the survival of GBM patients.
The difference in the location of p53 mutations between AA and GBM suggests that

in gliomas. it may contribute not only to tumorigenesis (as an early event) but also



to progression to malignancy (as a late event).
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4. Abbreviations and Acronyms
AA = Anaplastic Astrocytoma
GBM = Glioblastoma Multiforme
PFS = Progression Free Survival
OS = Overall Survival
CNS = Central Nervous System
PA = Pilocytic Astrocytoma
DA = Diffuse Astrocytoma
KPS = Karnofsky Performance Status
MDM2 = Murine Double Minute
NLS = Nuclear Localization Signal
ARF = Alternative Reading Frame
CDKN2A/2B = Cyclin Dependent Kinase Inhibitor 2A/B
INK4 = Inhibitor of Cyclin Dependent Kinase Inhibitor 4
RB = Retinoblastoma
LOH = Loss of Heterozygosity
PTEN = Phosphatase and Tensin Homolog deleted from chromosome 10
DMBT! = Deleted in Malignant Brain Tumours |
MMACI = mutated in multiple advanced cancers
TEP-1 = TGFB-regulated and epithelial cell-enriched phosphatase
FAK = Focal Adhesion Kinase
PI3-K = Phosphoinositide 3-kinase
PKB = Protein Kinase B
Ser/Thr = Serine/Threonine

EGFR = Epidermal Growth Factor Receptor



TGF-a = Transforming Factor alpha

EGFRv lll= EGFR variant three

JNK = C-Jun N-terminal Kinase

WHO = World Health Organization

BS = Brain Stem

GGB = Giant Cell Glioblastoma

OA = Oligoastrocytoma

AOA = Anaplastic Oligoastrocytoma

MRI = Magnetic Resonance Imaging

RT-PCR = Reverse Transcription Polymerase Chain Reaction

SSCP = Single Strand Conformational Polymorphism



5. Background and purpose

5.1. Brain tumors

Brain tumors comprised of various histologic types and categorized as astrocytic
tumors. oligodendroglial tumors and mixed gliomas. ependymal tumors, choroid plexus
tumors, neuroepithelial tumors of uncertain origin, neuronal and mixed neuronal-glial
tumors. pineal parenchymal tumors, embryonal tumors, peripheral neuroblastic tumors.
tumors of cranial nerves. meningeal tumors, tumors of the haemopoietic system, germ
cell tumors. familial tumor syndromes. tumors of the sellar region. and metastatic
tumors. A term “glioma” is used for all tumors of glial cell origin (astrocytes,

oligodendrocytes. and ependymal cells).

5.2. Astrocytic tumors

Astrocytic tumors are primary neoplasms that differ in their location within the
central nervous system (CNS), age and gender distribution, growth potential, extent of
invasiveness, morphological features. tendency for progression and clinical course.
There is increasing evidence that these differences reflect the type and sequence of
genetic alterations acquired during the process of transformation. The following
clinicopathological entities can be distinguished: diffusely infiltrating astrocytomas,
pilocytic astrocytomas (PA), pleomorphic xanthoastrocytomas (PXA), desmoplastic

cerebral astrocytomas of infancy. subependymal giant cell astrocytoma'.

5.2.1. Diffusely infiltrating astrocytomas
Diffusely infiltrating astrocytomas are the most common astrocytic tumors and
account for more than 60% of all primary brain tumors. They have been classified into

3 clinico-pathologic groups. i.e. diffuse astrocytoma (DA), anaplastic astrocytoma (AA).
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and glioblastoma multiforme (GBM) including its variants. giant cell glioblastoma
(GGB) and gliosarcoma. They commonly have an inherent tendency for malignant
progression. with the GBM as the most malignant phenotypic endpoint. GBM is
subclassified into two categories according to its clinical course. i.e. primary and
secondary GBMs 2. While the primary GBMs arise de nove without clinical or
histologic evidence of a less malignant precursor lesion, the secondary GBMs develop
more slowly by malignant progression from DAs or AAs. Both GBM subclasses are
regarded as histologically indistinguishable but they occur in different age groups. PA

is thought to be a different entity from diffusely infiltrating astrocytomas with respect to

the progression palhwayB'g.

5.2.2. Grading for astrocytomas

While neurological symptoms resulting from astrocytic tumor development
depend primarily on the site of the tumors within the CNS, the length of the patient’s
survival time and the chance for a long progression-free survival are more closely
associated with the intrinsic biology of the neoplasm itself. Significant indicators of
anaplasia in astrocytomas include nuclear atypia (coarse nuclear chromatin, nuclear
pleomorphism. multinucleation), mitotic activity. cellularity, vascular proliferation. and
necrosis. As a general rule. grading is based on areas exhibiting the highest degree of
anaplasia. The malignancy scale of the WHO classification is widely accepted: PA is

classified as grade 1, DA as grade 2, AA as grade 3. and GBM as grade 4' 2.

5.2.3. Patient survival
Patient survival also depends on a variety of clinical parameters including the
patient’s age and condition, as reflected in the Karnofsky performance status (KPS)

score, and the tumor location and treatment, e.g. extent of surgical resection.
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" Despite these variables, typical ranges of

radiotherapy. and chemotherapy'®
survival are more than 5 years for DA (grade 2). 2-5 years for AA (grade 3), and around
I year for the majority of patients with GBM (grade 4). Despite the introduction of

multimodal treatment regimens. the prognosis of patients with GBM has been improved

little over the last two decades.

5.2.4. Molecular genetics

The formation of human tumors is a complex process that involves the
accumulation of various genetic alterations. Two types of such genes have been
identified, i.e. oncogenes and tumor suppressor genes. Dominantly acting oncogenes
whose protein products serve to accelerate cell growth are typically altered by increased
gene dosage (amplification) or by activating mutations. On the other hand, tumor
suppressor genes whose protein products serve as brakes on cell growth are typically
altered by physical elimination or by inactivating mutations.

The molecular genetic alterations associated with the development and
progression of human astrocytomas have been intensively studied'??%. Among the
many genetic alterations detected in astrocytomas. loss of loci on 9p. 10. 17p. and 19q
and epidermal growth factor receptor (EGFR) oncogene are the most common. Within
regions that show loss of heterozygosity (LOH), the suppressor genes CDKN2A (p16),
PTEN. and p53 map to 9p2l. 10q23. and 17pl3. respectively. They are deleted or
mutated in a varying percentage of astrocytomas.

Recent molecular genetic analyses have revealed that diverse genetic alterations
are involved in gliomagenesis and progression of each clinical subclass of GBM,

: 29-33
primary and secondary GBMs?>*3*,

5.3. Oligodendroglial tumors
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Oligodendroglial tumors are well-characterized clinico-pathological entities.
Their origin from differentiated oligodendrocytes or progenitor cells committed to
oligodendroglial differentiation is difficult to prove because there are currently no
reliable immunohistochemical markers. Genetic alterations in oligodendrogliomas
differ significantly from those commonly found in diffuse astrocytomas %,  The

following types of tumors are distinguished.

5.3.1. Oligodendrogliomas (WHO grade 2)
These slowly growing neoplasms often manifest after several years of
preoperative epileptic seizures and have a favorable prognosis with respect to time until

recurrence.

5.3.2. Anaplastic oligodendrogliomas (WHO grade 3 or 4)

These neoplasms often respond favorably to chemotherapy but the criteria for
the grading of oligodendrogliomas are less well defined than are those indicating the
stage of progression of astrocytomas. Some of these tumors may develop histological

features commonly found in GBMs.

5.4. Mixed gliomas
The diagnosis of mixed gliomas requires the identification of at least two
unequivocally neoplastic components resembling different macroglial lineages. i.e.

astrocytic, oligodendroglial. and/or ependymal differentiation.

5.4.1. Oligoastrocytomas (OA, WHO grade 2)
This is by far the most common type of mixed glioma. While recent studics

have suggested at least two distinct genetic pathways, there is currently no indication of
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a polyclonal origin.

5.4.2. Anaplastic oligoastrocytomas (AOA, WHO grade 3 or 4)
This malignant variant manifests histological features of anaplasia and mitotic
activity. The prognosis is generally poor although some of these tumors respond well

to chemotherapy.

5.5. p53/MDM2/p14 pathway
5.5.1. p53

The p53 gene, located on chromosome 17pl13.1, encodes a 53kDa protein that
plays a role in several cellular processes including the cell cycle, response of cells to
DNA damage. cell death, cell proliferation. and neovascularization. The gene product
has several regions that mediate these processes and perhaps those in the central portion.
which are responsible for DNA binding. are the most important. This capacity allows
the pS3 protein to function as a positive or negative regulator of the transcription of
other genes. The regions of the p53 gene encoding these protein motifs are most often
the targets for mutation. These mutations diminish the ability of the mutant protein to
carry out its activities and in some cases can bestow new dominant-negative or
gain-of-function properties.

Evidence for causal involvement of p53 in glial tumorigenesis (gliomagenesis)
comes from the finding that expression of exogenous wild-type p53 activity in

glioblastoma cell lines suppresses their growth*>-°,

Moreover, cortical astrocytes from
mice without functional p53 appear to be immortalized when grown in vitro and rapidly
acquire a transformed phenotype.

Loss or mutation of the p53 tumor suppressor gene has been detected in many

34, 36, S51-58

types of glioma and represents an early genetic event in a subset of
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astrocytomas. Allelic loss of chromosome 17p and p53 mutations are observed in
approximately one third of all three grades of adult astrocytomas. suggesting that
inactivation of p53 is important in the formation of the grade 2 astrocytoma. Moreover,
high-grade astrocytomas with homologous p53 mutations can evolve clonally from
subpopulations of similarly mutated cells present in tumors that are initially of low

59-62
grade‘9 62,

An important consequence of the loss of wild-type p53 activity is increased
genomic instability which appears to accelerate neoplastic progression. Thus, p53
appears to play a role both in the formation of low-grade disease and in progression
towards secondary GBM. In contrast, p53 mutations are rare in primary GBMs. This
is corroborated by the observation that younger astrocytoma patients not only had higher
incidences of p53 mutation, but also survived longer than did those without mutations.

Therefore, GBMs may develop by either one of at least two distinct pathways: one that

requires p53 inactivation and one that does not™,

5.5.2. mdm?2

The mdm?2 gene lies in the 12q14.3-q15 chromosomal region. It encodes a
protein with a predicted molecular weight of 54kDa. This protein has a nuclear
localization signal (NLS). putative metal-chelating domains and an acidic region, all
hallmarks of a transcription factor. The mdm2 gene appears to code for at least 5
proteins by using a combination of different promoter start sites. Only 2 of the 5 forms
can interact with p53. The mdm?2 protein binds to mutant and wild-type p53 proteins,
thereby inhibiting the ability of wild-type pS53 to activate transcription from minimal
promoter sequences. Conversely, the transcription of the mdm2 gene is induced by
wild-type P53. In normal cells. this autoregulatory feedback loop regulates both the
activity of the p53 protein and the expression of mdm?2. " In addition, mdm2 promotes

-67
363-67

the degradation of p5 Therefore, amplification or overexpression of mdm?2 is an
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alternative mechanism for escaping p53-regulated control of cell growth®’ °% 6870

Amplification is observed in about 10% of glioblastomas without p53 mutations, i.e.
primary glioblastoma. Overexpression of mdm2 was observed immunohistochemically
in more than 50% of primary glioblastomas, but the fraction of immunoreactive cells

. . .71
varied conmderably(’8 "

5.5.3. pl4 ARF

pl4 ARF (human homologue of mouse pl9ARF) protein is encoded by the
CDKN2A/INK4 locus but is distinct from the pl6INK4A protein. P14 ARF is encoded
by the unique exon I and exon 2 and 3 of p16 INK4, using an alternative reading frame.
Exon IP is located between exon 1o of CDKN2A and exon 2 of CDKN2B on 9p21. It
has been shown that in pl4ARF protein binds to the p53/mdm2 complex and inhibits
mdm2-mediated degradation of pS3, indicating that p14ARF is an upstream regulator of
p53 via mdm2’%.  There is also evidence suggesting that p53 down-regulates expression
of pl4ARF; this would establish an autoregulatory feedback loop between p53. mdm?2,

and pl4ARF.

5.6. Rb pathway

The transition from low grade to anaplastic astrocytoma is accompanied by
allelic losses on chromosome 9p. 13q and, less frequently, by 12q amplification. As
discussed in several reviews. these abnormalities now appear to converge on one critical
cell cycle regulatory complex.

The genes encoding p16 and p15 - CDKN2A and CDKN2B, respectively — map
to chromosome 9p2l, a site that is significantly associated with interstitial and
homozygous deletions in high-grade astrocytomas and in two thirds of glioma cell lines.

The protein products of these genes act as inhibitors of cyclin dependent kinases (CDK,

16



especially CDK4 and CDK®6) and of their ability to phosphorylate the Rb protein in
conjunction with cyclin D. This activity is essential for the G1/S phase transition of
the cell cycle and removal of p16 and pl5 activities can allow uncontrolled proliferation.
There is now direct experimental evidence that CDKN2A and/or CDKN2B represent the
tumor suppressorgenes targeted by these structural abnormalities. For example,
transfection and expression of the CDKN2A in glioblastoma cell lines that lack the gene
results in growth suppression, while there is no effect in similar non-mutated
glioblastoma cells. While genetic analyses of primary tumor tissues have shown high

27, 73- i
1277381 “there are several mechanisms other

frequencies of homozygous deletion®® ?
than mutation/deletion by which pl5/p16 function can be overcome. A proportion of
malignant gliomas with intact CDKN2A genes do not express the protein, and it has
been shown that hypermethylation of the CpG island in the 5" region of the gene results
in structural changes of the chromatin, thereby silencing gene transcription®®*'.  This

alternative mechanism for inactivation has also been shown for the CDKN2B gene in

gliomas.

5.6.1. CDK4 and CDK6

The gene encoding the 33kDa CDK4 and 38kDa CDK6 protein maps to
chromosome 12q13-14 and 7q21-22, respectively. Both are proteins with catalytic
kinase activities, can form complexes with members of the cyclin D family. and are
inhibited by pl16 and pl5. Thus overexpression of either CDK can be expected to
mimic mutation of the pl6/p15 inhibitors and to override their function.

The CDK4 gene is amplified in nearly 15% of high grade gliomas. particularly
in those without CDKN2A/CDKN2B alterations’> "% 8283 Additionally. a few tumors

without CDKN2A/CDKN2B mutations or CDK4 amplification have been shown to
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manidest CDK6 amplification®?. suggesting that the two proteins can functionally

compensate for each other.

5.6.2. Rb

The ultimate target of the kinase activities of the CDK4/CDK6-cyclin D
complexes is the 107kDa retinoblastoma (Rb) protein. Phosphorylation of Rb allows
the release of the E2F transcription factor it complexes with and this in turn activates
genes necessary for cell proliferation. The Rbl gene maps to chromosome 13ql4, a
site which is altered in about one third of high-grade astrocytic tumors.
Mutations in the Rb1l gene can have the same functional consequences as CDK4/CDK6
amplification of CDKN2A/CDKN2B mutation, and in astrocytic tumors these events are
almost exclusive of one another. Therefore, it appears that a considerable proportion
of AA and nearly all GBMs have alterations in one or another component of the

pathway’" %,

5.7. LOH 10

Loss of one copy of chromosome 10 is a frequent event in glioblastoma and is
rare in lower grades of astrocytic tumors® ** %8 While PTEN appears to be a bona
fide tumor suppressor involved in glioma progression. there is a discrepancy between
LOH for the chromosomal region containing PTEN (75-95%) and the mutation

90-99

frequency of the gene (30-44%) It remains to be determined whether other genes

on chromosome 10q such as DMBTI1 are also involved in gliomagenesis.
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5.8. PTEN

The PTEN gene also known as MMACI or TEP-1 was identified as a candidate
tumor suppressor gene located at chromosome 10¢23.3. It is mutated in 30-44% of
high grade gliomas, particularly primary GBM and a variety of extraneural neoplasms,
including prostate. endometrial. renal and small cell carcinoma, and melanoma. The
protein product of the PTEN gene has been demonstrated to possess protein phosphatase
activities and 3’phosphoinositol phosphatase activities. The former are important in
regulating cell migration and invasion by direct dephosphorylation of focal adhesion
kinase (FAK). The latter are directed against the product of phosphoinositide 3-kinase
(PI3-K). PtdIns-3.4,5-P3, a lipid second messenger required for activation of the
AKT/PKB Ser/Thr kinase. which in turn modulates the activity of a variety of
downstream proteins that play important roles in cell proliferation and survival. Loss
of PTEN function in tumor cells and in cells derived from PTEN deficient mice
correlates with an increase in cellular levels of PtdIns-3.4,5-P3 and led to enhanced
activation of AKT/PKB. Introduction of wild type PTEN into glioma cells containing
endogenous wild type mutant alleles induced in vitro and in vivo growth suppression.
but had no effect in cells containing endogenous wild type PTEN®?. In GBM cells. this
growth suppression is mediated by a G1 cell cycle block, however. sensitivity to anoikis
and detachment-induced apoptosis. can also be detected. Furthermore, although some
mutants of PTEN that lack growth-suppressive activity are invariably defective in 3°
phosphoinositol phosphatase activity, some retain activity against protein substrates,
indicating that the lipid phosphatase activity of PTEN is essential for the control of

glioma growth.
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5.9. EGFR

The majority of gene amplification events in high-grade astrocytomas involves
the gene for the receptor tyrocine kinase, epidermal growth factor receptor (EGFR).
EGFR is a transmembrane receptor responsible for sensing its extracellular ligands.
EGF and transforming growth factor alpha (TGF-a) , and for transducing this signal to
the cell. EGFR has been associated with cancer for 3 main reasons: (1) it is the cellular
homologue of the v-erbB oncogene found in the acutely transforming avian
erythroblastosis virus, (2) when expressed ectopically in cells, it can set up a
transforming autocrine loop so that cellular transformation is ligand-dependent. and (3)
it has been shown to be amplified in several tumor types, with an increased copy number
that is directly correlated with an increase in the number of receptors on the cell surface.
While the gene encoding EGFR maps to chromosome 7, the amplified genes are
typically present as double-minute extra-chromosomal elements. The wild-type EGFR
protein is 70kDa. and is composed of 4 major domains: the ligand binding extracellular
domain. the transmembrane anchoring domain, the catalytic tyrosine kinase domain, and
the carboxyl terminus, which contains 5 tyrosines that are target substrates for the
kinase. and the motifs responsible for ligand-activated endocytosis. The EGFR gene is
the most frequently amplified oncogene in astrocytic tumors; it is amplified in about one
third of GBMs and in a few AAs’"%'%' " Moreover, there is evidence that gliomas
express the EGFR ligands, EGF and TGF-«, suggesting the possibility that these tumor
cells have autocrine growth stimulatory loop'®*.

In about half of GBMs with receptor amplification, the event is coupled with
gene rearrangement. The most common rearrangement results in a variant form called
EGFRv ll, delta EGFR. or de2-7EGFR. This mutant lacks a portion of the extracellular
ligand-bindin domain as the result of genomic deletions that precisely eliminate exons

2-7 in the EGFR mRNA. These mutant receptors are expressed on the cell surface and
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are constitutively autophosphorylated. but at a significantly lower level than is wild type
EGFR activated by ligand exposure. Unlike wild-type EGFR. the constitutively active
mutants are not downregulated. suggesting that their altered conformation does not
result in exposure of the receptor sequence motifs required for endocytosis, lysosomal
degradation, and signal attenuation. Consequently, mutant receptors are only
internalized at the same low rate as unoccupied wild-type EGFR.

Amplification and overexpression of the EGFR gene occurs in approximately
one third of GBMs. Recent studies have shown that this constitutes a hallmark of
primary glioblastomas, more than 60% of which show upregulated EGFR expression.
This is in contrast to TP53 mutations. which are common in secondary GBMs that
evolved through progression from DAs or AAs; thus TP53 inactivation and EGFR
amplification are mutually exclusive events?®. All GBMs with EGFR amplification
show simultaneous loss of chromosome 10. However, EGFR amplification occurs at
similar frequencies among glioblastomas with of without homozygous deletions or
mutations of the PTEN gene which is located on chromosome 10q23, although about
20% of primary GBMs show both EGFR amplification and PTEN mutations.

Numerous genetic alterations have been revealed to contribute to gliomagenesis
and/or its progression. In this study. clinical materials were analysed with special
focus on the p53 gene mutation in efforts to elucidate the role of p53 mutation in

gliomagenesis.

21



6. Methods

6.1. Patients and Tissue Specimens

The samples analyzed in this study were obtained from the Department of
Neurosurgery at Kumamoto University Hospital (Kumamoto, Japan) and its affiliated
hospitals. They were from newly diagnosed. consecutive patients treated between
1995 and 2000. There were 73 males and 50 females ranging in age from O to 78 years
(mean 45 years). The patients and/or their legal guardians had given written informed
consent for use of their specimens. Tumor specimens were obtained by surgical
resection (including biopsy). quickly frozen. and kept at -80 °C until use.
Formalin-fixed, paraffin-embedded specimens were subjected to histopathological
examinations. Each specimen was classified according to established World Health
Organization (WHO) criteria. The presence or absence of high cellularity. nuclear
atypia, mitoses, microvascular proliferation. and necrosis were recorded. The presence
of necrosis and/or microvascular proliferation was used as major criteria to distinguish
between GBMs and AAs. There were 11 PAs. 15 DAs. 31 AAs, 73 supratentorial
GBMs. 4 brain stem (BS) GBMs. 2 giant cell glioblastomas (GGB). | oligoastrocytoma
(OA) and 14 anaplastic oligoastrocytomas (AOA). All patients underwent surgical
resection (including biopsy) with or without postoperative radiotherapy and/or
nitrosourea-based chemotherapy. Most GBM patients younger than 70 years received
both radio- and chemotherapy: older patients usually underwent only radiotherapy. To
determine the extent of surgical resection we performed postoperative Magnelic
Resonance Imaging (MRI) study. Total resection was recorded when there were no
residual lesions; subtotal resection when less than 10% of the preoperative mass
remained, and partial resection when more than 10% of the mass was left. For analysis,

subtotal and partial resections were subsumed into the “subtotal” resection group. All

o
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patients were re-evaluated after receiving initial adjuvant therapy; at periodical
follow-up visit, MRI was performed. Clinical details. including the Karnofsky
Performance Status (KPS) at the time of diagnosis, the extent of surgery, date of

recurrence (or regrowth) on MRI, and date of death were recorded.

6.2. Yeast Functional Assay
To investigate the p53 gene status in various glioma subtypes, we performed yeast

functional assay as previously described'®*'% (Fig.1. 2).

6.2.1. mRNA Extraction and RT-PCR

The mRNA was extracted from the frozen tissue samples using the Quick Prep
Micro mRNA Purification Kit (Amersham Pharmacia Biotech, Piscataway. NJ), and
random hexamer-primed single-strand cDNA was synthesized using the SUPERSCRIPT
Preamplification System (Life Technologies, Rockville, MD) according to the
manufacturer’s instructions. To amplify the pS3 cDNA, PCR was performed in 25 ul of
reaction mixture containing 2.5 pl of 10 X Pfu buffer (Stratagene, La jolla, CA), 1.25
units of Pfu polymerase (Stratagene), 100 ng of each primer, 50 uM of dNTPs. and 10%
(vol/vol) dimethyl sulfoxide (DMSO) using a Thermal Cycler (Perkin-Elmer. Norwalk,
CT) for 5 minutes at 94 °C; 35 cycles of 40 seconds at 94 "C, 70 seconds at 65 "C, 90
seconds at 78 "C; then for 8 minutes at 78 °C. The p53 specific primers for a lkb
fragment encompassing codons 53-364 (exons 4-10) were P3 (5'-ATT TGA TGC TGT
CCC CGG ACG ATA TTG AAsC-3’. where s represents a phosphorothioate linkage) and

P4 (5’-ACCCTT TTT GGA CTT CAG GTG GCT GGA GTsG-3").



6.2.2. Yeast Transfection

The p53 PCR product and linearized p53-expression vector pSS16 were
co-transfected into the reporter yeast strain yIG397. using the lithium acetate procedure.
The transformed yeast cells were plated, incubated at 30 "C for two days to generate
colonies, and stored at 4 "C overnight to develop color. At least 200 colonies were
examined for each plate. When more than 15% of the colonies were red. we judged the

sample positive for p53 functional loss and proceeded (o sequencing analysis.

6.2.3. DNA sequencing

To examine possible effects of p53 mutations in gliomas, we performed DNA
sequencing on samples judged positive for the mutation. Eight red colonies from each
positive plate were randomly picked and p53 fragments were amplified by direct PCR
with P3 and P4 primers, using rTth polymerase (PE Applied Biosystems. Foster City,
CA). The PCR products were separated on 0.8% agarose, then the DNA bands were
excised and purified using a QlAquick Gel Extraction Kit (QIAGEN, Hilden, Germany)
according to the manufacturer’s instructions. Sequencing reactions were performed
with P3 and P4 primers using a Big Dye Terminator Cycle Sequencing Kit (PE Applied
Biosystems). The sequencing instrument was an ABI377 automated sequencer (PE

Applied Biosystems).

6.3. Statistical Analysis

Few patients with GBM. the most malignant glioma subtype, are treated
successfully. To clarify whether P53 gene mutations contribute to the malignancy of
GBM. we analyzed the association between the p53 status and clinical parameters in

adult patients with cerebral GBM. Progression-free survival (PFS) and overall
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survival (OS) were calculated from the day of surgery to the day of recurrence or death.
We used student's t-test to evaluate the relationship between the p53 status and age and
the chi-square test to determine the relationship between the p5S3 status and gender.
The effect of different parameters. i.e. age (54 vs. 55). gender. preoperative KPS (60 vs.
70). extent of surgical resection (total vs. subtotal/biopsy)., and p53 mutation status
(intact vs. mutated). on the Kaplan-Meier survival curve of PFS or OS was analyzed
using the log rank (Mantel-Cox) test. The independent effect of each parameter on PFS
and OS was analyzed using the multivariate Cox proportional hazards regression model.
Also. to make clear the overall effect of p53 status on clinical behavior regardless of
tumor grade. we performed the same survival analyses on the entire patient population,
including DA, AA, and GBM. All calculations were performed using Statview
statistical software (Version 5.0: Abacus Concepts, Inc., Berkeley, CA). P-values

lower than 0.05 were considered significant.



7. Results

7.1. p53 mutations and Statistical Analyses on GBM Patients

Clinical data and the results of mutation analysis are summarized in Table I to 5.
p53 mutations were present in 48 % of AAs and 31 % of supratentorial GBMs; they were
less frequent, or absent. in the other subtypes. The age of GBM patients with and
without p53 mutations was 53.2 + 4.6 and 54.9 + 2.3 years. respectively: there was no
significant difference in age or gender between these 2 groups. The median survival of
GBM patients carrying the mutation was 16.0 + 3.5 months: it was 16.3 + 0.9 months for
GBM patients with normal p53 and the difference was not statistically significant (Table
6). p53 mutations had no influence on PES or OS not only in GBM (Figure 3 and
Table6. 7). OS was longer in younger patients (< 54) and those with a higher KPS (70

<) (p = 0.02 and p = 0.01. respectively: Figure 4. 5).

7.2. Sequencing Analysis

Mutation positive cases with DA, AA. and GBM are extracted in Table 8 and 9.
Of an overall 43 mutations, 36 (83.7%) were missense mutations. There was only one
nonsense mutation (patient no. 28 ., Table 9). Of these point mutations. 23 (62.1%)
were located on hot spots. Of the 37 point mutations. 27 (72.9%) were transition
mutations. Of the 43 mutations, 6 (13.9%) were base deletions; one was a base
insertion mutation. With respect to mutation location, 10 of 15 (66%) p53 mutations in
AA and 7 of 24 (29.1%) in GBM were located on exon 8 (Tables 8, 9); the difference
between AA and GBM was significant at p = 0.02: other characteristics of the mutation

had no differences between these tumors (Table 10).



8. Discussion

Mutation of tumor suppressor gene p53 is a genelic alteration often seen in
astrocytic tumors, especially malignant gliomas including AA and GBM. The mutation
has been documented by single-strand conformational polymorphism (SSCP)- and
immunohistochemical study and by yeast functional assays.

The aim of the current study was to categorize gliomas genetically to promote the
development of evidence-based cancer therapies. If such genetics-based treatment
becomes available, a patient’s p53 status must be known. While the yeast functional
assay employed here can detect only loss-of-function mutations. it is simple and its
results are reproducible. and it is as sensitive as other assays for the detection of
mutations in the p53 gene. In fact. the incidence of the mutation in the current series is
equivalent to that reported by others (Table I1). Therefore, the yeast functional assay
was judged to be best suited for the current studies.

The influence of pS3 mutations in gliomas has been discussed'" 23.27. 36, 36, 57. 106-114
Tumor cells carrying p53 mutations are resistant to apoptosis induced by DNA damage,
and an overexpression of wild-type p53 enhances the radiosensitivity of glioma cells.
However, the effect of p53 mutations on the radio- and chemosensitivity of human
gliomas, especially GBMs, remains controversial. Some have reported that the p53
status of GBM patients did not affect their survival or sensitivity to radiotherapy'®” '%,
while others have shown that the presence of p53 gene mutations in GBM was

3, 106

. . - . . 2 .o
associated with longer survival and a better radiation response” I[shii et al. have

presented evidence showing that in low-grade gliomas, the p53 mutation was correlated
with a worse prognosis''’.
Our data show that the time to tumor progression after surgery in patients

receiving radiochemotherapy was not affected by the presence of p53 mutation.

Therefore. the p53 gene mutation alone does not account for the radiochemoresistance



of GBM. In fact. there is some evidence that p21 overexpression due to wild-type p53

1§5-117

overexpression results in the radio- and chemoresistance of glioma and that

drug-resistance gene expressions renders glioma cells chemoresistant' "2,

Diverse gene alterations are involved in glioblastoma progression. The MDM2
oncogene, whose product degrades and inactivates p53 protein, is amplified and
overexpressed in approximately 10% of GBMs. particularly primary GBMs with intact
p53. Amplification of MDM2 leads to inhibition of the tumor-suppressive effects of
p53. In gliomas. transcription of a short alternative splice variant of MDM2 is

frequently observed'?* '**

and the variant lacks the ability to bind p53 protein for its
degradation. This may be one explanation for the observation that in 30% of primary
GBMs there is accumulation of wild-type pS53 protein. It is accepted that the p53
mutation occurs early in the progression from low-grade diffuse astrocytoma to
glioblastoma. We posit that in secondary GBMs that manifest the mutation, it may be
carried over from earlier stages in tumor progression. We found that in 73% of AAs
and 24% of GBMs, the p53 mutation was localized to exon 8 (Tables 8, 9). This
suggests that AAs containing the p53 mutation on exon 8 have a lower tendency for
malignant progression. If this were not the case, GBMs could be expected to have
acquired new p53 mutations on exons other than exon 8 as a later event in progression to
GBM. On the other hand. if the propensity for malignant progression is indeed lower
in AAs with the mutation on exon 8. one could expect a lower incidence of p53
mutations in GBMs. In fact, this was not the case in our study where no less than 31%
of GBMs manifested the p53 mutation. Besides. the result that the rate of exon 8
mutation in DA was lower than in AA is inconsistent with the first hypothesis.
Therefore, we concluded that some of mutations in GBM were acquired de novo.

We also found that mixed gliomas (OA and AOA) contained much fewer p53

mutations (Table 5). This suggests that in these tumors. the pathway for tumorigenesis

28



or progression is different from that in pure astrocytomas. To classify gliomas
genetically and to elucidate factors involved in their tumorigenesis and progression to
malignancy, large-scale studies must be performed that also address the status of other
genes, for example, MDM2, pl6. pl4, EGFR, and PTEN.

Mechanisms upstream and downstream from the p53 tumor suppressive pathway
are being revealed. TP53 transactivates many target genes that are involved in various

. . . 25.
biological functions'**1%°,

Each gene has its own pS53-binding sequence in its
promoter region. and is under the control of p53 in a promoter-specific manner. As we
screened for the functional loss of p5S3 by RGC, one of the binding sequences, we were
unable to detect all possible mutations and may have overlooked some mutations that
result in the loss of important unknown promoter activities. Studies are underway to
determine whether such mechanisms are impaired in gliomas.

Although we found that in AA the p53 mutation tended to be located on exon 8.
this tendency was observed in past literatures (Table 12). Our finding may reflect
promoter-selective transactivation. In breast cancer, p53 mutations on exon 4 were
associated with a particularly poor prognosis. while mutations on exons 6 and 7. and on
hot spot regions were not, suggesting that different p53 domains may affect patient

survival differently'®'.  Further investigations may yield information on whether this is

also the case in patients with glioma.



9. Conclusions
The current study confirmed that the p5S3 mutation is not a significant prognostic
factor in patients with GBM and points to the existence of still unknown pathways for

gliomagenesis and progression.
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Figure 1 Schema of Yeast Functional Assay
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Figure 3
Correlation of P53 mutation and patients’ survival
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Figure 4

Survival Curves in Patients with Glioblastoma
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Figure 5
Survival Curves in Patients with Glioblastoma
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Table 1

Genetic Status and Clinical Features of Patients with Pilocytic Astrocytoma

P53 Mutation

No. Age Gender WHO  WHO Mut. Exon Codon Base Change AA Change KPS Resect.
Class  Grade

1 2 M PA 1 N 90 total

2 9 F PA 1 N 60 total

3 20 M PA | N 80 subtotal
4 8 M PA 1 N 40  rtotal

5 6 M PA 1 N 70 subtotal
6 9 F PA 1 N 80  subtotal
7 6 M PA | N 40  subtotal
8 6 M PA 1 N 100 subtotal
9 10 M PA 1 N 80  total

10 7 F PA 1 N 70  subtotal

AA change: amino acid change: KPS: Karnofsky Performance Status; Resect.: extent of resection: M: male; F:

female; PA: pilocytic astrocytoma; N: negative; P: positive; del.: deletion: ins.: insertion; stop: stop codon
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Table 2

Genetic Status and Clinical Features of Patients with Diffuse Astrocytoma

P53 Mutation
No. Age Gender WHO  WHO Mut. Exon Codon Base Change AA Change KPS Resect.

Class  Grade

11 43 F DA 2 N 90  rotal
12 48 M DA 2 N 100 subtotal
13 62 M DA 2 N 100 subrotal
14 4 M DA 2 N 90  total
15 43 F DA 2 N 100  subtotal
16 50 M DA 2 N 80  subtotal
17 78 M DA 2 N 80  biopsy
18 70 M DA 2 N 90  biopsy
19 35 M DA 2 N 80  subtotal
20 23 M DA 2 N 80  biopsy
210 F DA 2 N 90  total
22 60 I3 DA 2 p 6 220 tat to tgt YtoC 100 total
23 62 M DA 2 P 8 273 cgtto tgt RtoC 100 subtotal
24 39 M DA 2 P 8 273 cgtto tgt RtoC 100 total
25 41 F DA 2 P 8 273 cgtto tgt RtoC 100  subtotal

AA change: amino acid change; KPS: Karnofsky Performance Status; Resect.: extent of resection; M: male; F:

female; DA: diffuse astrocytoma: N: negative; P: positive; del.: deletion; ins.: insertion; stop: stop codon;
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Table 3

Genetic Status and Clinical Features of Patients with Anaplastic Astrocytoma

P53 Mutation

No. Age Gender WHO  WHO Mut. Exon Codon Base Change AA Change KPS Resect.
Class  Grade

26 38 F AA 3 N 100 subtotal
27 62 M AA 3 N 70 biopsy
28 26 M AA 3 N 70  subtotal
29 43 M AA 3 N 100 biopsy
30 43 M AA 3 N 100  biopsy
31 72 M AA 3 N 100 subtotal
32 50 F AA 3 N 70 subtotal
33 68 F AA 3 N 90  rotul
35 60 F AA 3 N 70  biopsy
36 43 F AA 3 N 100 total
37 68 M AA 3 N 100 total
38 50 F AA 3 N 80 subtoral
39 65 M AA 3 N 70 otal
40 49 M AA 3 N 100  biopsy
41 65 F AA 3 p 5 152-153 geee del. 80  rotal
42 54 F AA 3 P 6 213 cga to caa RtoE 70 subtotal
43 71 M AA 3 P 7 241 tce to ttc StoF 60  biopsy
44 41 M AA 3 P 7 248 cgg to cag RtoQ 100 total
45 43 F AA 3 p 7 261 agttoagg StoR+ins. 100 subtoral
46 40 M AA 3 P 8 264 cta del. L del. 100  subtotal
47 18 F AA 3 P 8 273 cgt to cat RtoH 70 total
48 31 M AA 3 p 8 273 cgt to tgt RtoC 100  subtotal
49 42 F AA 3 P 8 273 cgtto tgt RtoC 90  biopsy
50 29 M AA 3 P 8 273 cgt to cat RtoH 100 subtotal
51 56 F AA 3 p 8 273 cgt to tgt Rt C 100 toral
52 37 F AA 3 P 8 280 agato gga Rto G 20  subtotal
53 48 M AA 3 P 8 280 agato aaa RtoK 100  subtotal
54 35 M AA 3 P 8 273 cgt to cat RtoH 100 subtotal
55 26 M AA 3 P 8 273 cgt to tgt RtwoC 90  biopsy

AA change: amino acid change; KPS: Karnofsky Perforiance Status; Resect.: extent of resection; M: male; F:

female; AA: anaplastic astrocytoma; N: negative; P: positive: del.: deletion: ins.: insertion: stop: stop codon
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Table 4

Genetic Status and Clinical Features of Patients with Glioblastoma

P53 Mutation

No. Age Gender WHO  WHO Mut. Exon Codon Base Change AA Change KPS Resect.

Class Grade

56 54 M GBM 4 N 70 total
57 5i F GBM 4 N 90  subtotal
58 64 M GBM 4 N 90 subtotal
59 45 M GBM 4 N 100 total
60 69 F GBM 4 N 80 subtotal
61 38 F GBM 4 N 10 subtotal
62 74 F GBM 4 N 60 total
63 6l F GBM 4 N 90  biopsy
64 56 M GBM 4 N 90 total
65 47 M GBM 4 N 90 total
66 53 M GBM 4 N 60 subtotal
67 71 M GBM 4 N 70  biopsy
68 54 M GBM 4 N 70 subtotal
69 29 F GBM 4 N 70  biopsy
70 53 F GBM 4 N 70  subtotal
71 64 M GBM 4 N 90 subtotal
72 54 F GBM 4 N S0 subtotal
73 75 F GBM 4 ‘N 60 total
74 71 F GBM 4 N 70 subtotal
75 72 M GBM 4 N 90 subtotal
76 66 F GBM 4 N 100 subtotal
77 45 M GBM 4 N 70 total
78 53 M GBM 4 N 90  biopsy
79 63 F GBM 4 N 70 total
80 59 M GBM 4 N 100 subtotal
81 5li F GBM 4 N 50 subtotal
82 38 F GBM 4 N 70 subtotal
83 72 M GBM 4 N 100  subtotal
84 20 F GBM 4 N 60 total
85 52 F GBM 4 N 70  subtotal

AA change: amino acid change; KPS: Karnofsky Performance Status; Resect.: extent of resection; M: male; F:
female; GBM: glioblastoma multiforme; BS: brain stem; GGB: giant cell glioblastoma; N: negative: P:

positive: del.: deletion: ins.: insertion; stop: stop codon; NR: not recorded
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Table 4 Continued

Genetic Status and Clinical Features of Patients with Glioblastoma

P53 Mutation

No. Age Gender WHO  WHO Mut. Exon Codon Base Change AA Change KPS Resect.
Class  Grade
86 k GBM 4 N NR NR
87 40 M GBM 4 N 80 total
88 68 M GBM 4 N 60  subtotal
89 60 F GBM 4 N 100  subtotal
90 73 F GBM 4 N 50 total
91 68 F GBM 4 N 70  subtotal
92 7I F GBM 4 N 100  subtotal
93 2i M GBM 4 N 80  biopsy
94 4§ M GBM 4 N i00  total
95 25 M GBM 4 N 60  subtotal
9 64 F GBM 4 N 70 total
97 59 M GBM 4 N 90  biopsy
98 65 M GBM 4 N 90 subtotal
99 70 M GBM 4 N NR NR
100 54 M GBM 4 N 70 subtotal
101 21 M GBM 4 N 100 biopsy
102 70 F GBM 4 N NR NR
103 63 F GBM 4 N 100 subtotal
104 54 M GBM 4 N 70 total
105 59 M GBM 4 P 6 205 Tat to cat YtoH 70 NR
106 54 M GBM 4 P 6 190 Cct to ctt PtoL 60 total
107 6l M GBM 4 P 7 248 cgg to cag RtwoQ 70 total
108 45 M GBM 4 P 6 196 cgato tga Rtostop 100 total
109 74 M GBM 4 P 7 248 cgg to tgg RtoW 80 subtotal
110 32 F GBM 4 P 9 307 geca to gat AtoD 70  subtotal
11169 F GBM 4 P 8 282 cgg to tgg RioW 80 subtotal
11266 M GBM 4 P 8 273 cgt to cat RioH 90  subtotal
113 73 F GBM 4 P 10 333 Cgtgto gtg  frameshift 100 subtotal
114 60 M GBM 4 P 5 131 aac to del N to del 70  subtotal
115 47 M GBM 4 P 7 245 gge to age GtoS 60  subtotal

AA change: amino acid change; KPS: Karnofsky Performance Status; Resect.: extent of resection: M: male: F:

female; GBM: glioblastoma multiforme; BS: brain stem; GGB: giant cell glioblastoma; N: negative; P:

positive: del.: deletion; ins.: insertion; stop: stop codon; NR: not recorded
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Table 4 Continued

Genetic Status and Clinical Features of Patients with Glioblastoma

P53 Mutation

No. Age Gender WHO  WHO Mut. Exon Codon Base Change AA Change KPS Rescct.
Class  Grade

116 33 M GBM 4 P 5 158 cge to cte RtoL 70 total

17 71 M GBM 4 P 5 175 cge to cac RtoH 60 subtotal

118 64 M GBM 4 P 8 273 cgt to ggt Rto G 70 total

119 67 F GBM 4 P 7 251 atc to ttc ItoF 90 total

120 77 F GBM 4 P 7 246 atg to gtg Mto V 70 subtotal

121 55 M GBM 4 P 8 273 cgt to tgt Rto C 60  biopsy

122 23 F GBM 4 P 6 195 atc to acc [toT 100  subtotal

123 23 M GBM 4 P 5 179 cat to ctt HiwoL 50  biopsy

124 56 F GBM 4 p 8 267 cggto tgg Rto W 80 subtotal

125 71 M GBM 4 P 5 179 cat to tat HtoY 50 subtotal

126 17 F GBM 4 P 4  90—105 del 100 subtotal

127 49 M GBM 4 p 8 273 cgt to tgt Rt C 70 total

128 44 F GBM 4 P 8 273 cgtto tgt RioC 100 subtotal

129 71 M GBM.BS 4 N

130 53 M GBM,BS 4 N

131 4 F GBM, BS 4 N

132 3 M GBM, BS 4 P 8 2717 tgt to ttt CtoF

133 22 F GGB 4 N

134 32 F GGB 4 P 5 148 cgg to cag RtoQ

AA change: amino acid change; KPS: Karnofsky Performance Status; Resect.: extent of resection: M: male; F:

female; GBM: glioblastoma multiforme; BS: brain stem; GGB: giant cell glioblastoma; N: negative; P:

positive; del.: deletion; ins.: insertion; stop: stop codon; NR: not recorded
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Table 5

Genetic Status and Clinical Features of Patients with Mixed Glioma

P53 Mutation

No. Age Gender WHO  WHO Mut. Exon Codon Base Change AA Change KPS Resect.
Class  Grade
135 1 M 0OA 2 N NR total
136 49 F AOA 3 N 90 subtotal
137 44 F AOA 3 N 100 total
138 67 M AOA 3 N 80 subtotal
139 52 F AOA 3 N 100 total
140 63 F AOA 3 N 90 total
141 52 M AOA 3 N 100 total
142 19 M AOA 3 N 100 total
143 52 M AOA 3 N 100 total
144 53 M AOA 3 N 90 total
145 39 M AOA 3 N 100 total
146 68 F AOA 3 N 50 biopsy
147 70 F AOA 3 N 70 subtotal
148 54 M AOA 3 N 100 subtotal
149 42 F AOA 3 N 100 subtotal
150 62 M AOA 3 N 100 subtotal
Is1 51 M AOA 3 N 70 total
152 47 M AOA 3 N 100 total
153 45 M AOA 3 N 60 total
154 55 M AOA 3 P 4 101 aaa to gaa KtoE NR NR
155 36 M AOA 3 P 5 167-172 del del 100 subtotal
156 55 F AOA 3 P 7 248 cgg to cag Rt Q 100 subtotal
157 53 M AOA 3 P 8 273 cgtio gt Rto C 100 subtotal
158 37 M AOA 4 N NR NR
159 58 M AOA 4 N 100 total
160 65 F AOA 4 N 80 total

AA change: amino acid change: KPS: Karnofsky Performance Status; Resect.: extent of resection; M: male; F: female;

AOA: anaplastic oligoastrocytoma; OA: oligoastrocytoma; N: negative: P: positive; del.: deletion; ins.: insertion; stop: stop

codon; NR: not recorded

62



Table 6

Univariate Analysis for Prognosis Factors in GBM

PES oS
Factor No. of Median + S.E. (inonth) p-Values  Median + S.E. (month) p-Values
cases
Age 54> 32 3308 0.26 194 £2.1 0.02
55< 41 45+1.4 106 +39
Gender male 40 32=1.1 0.56 156 +2.4 0.62
female 33 54+14 16.3 0.1
KPS 60> 16 22+04 0.03 11.5+2.5 0.01
70< 54 48+04 16.3+28
not recorded 3
Extent of subtotal 49 32202 0.19 14.1 £3.8 0.57
resection total 20 6.8+24 16.3+0.3
not recorded 4
P53 status intact 48 32+08 0.14 16.3+0.9 0.65
mutated 25 59+1.6 16.0+3.5

p-value lower than 0.05 were considered significant

PFS: progression-frec survival; OS: overall survival: S.E.: standard error




Table 7

Multivariate Analysis for Prognosis Factors in GBM

PFS 0S
Factor Hazard ratio 95% Confidence p-Values Hazard ratio  95% Confidence p-Values
intervals intervals
Age 1.38 0.71 ~2.67 0.32 0.41 0.22~0.76 0.005
(542)
Gender 0.79 040~ 1.55 0.49 0.75 041 ~1.38 0.36
( female )
KPS 0.49 0.22 ~ 1.06 0.07 0.36 0.18~0.70 0.003
(70<)
Extent of resection 0.52 0.24 ~1.09 0.08 0.83 0.44 ~ 1.56 0.57
( total )
P53 status 0.48 0.24 ~0.96 0.03 1.03 0.55~1.94 0.90
( mutated )

p-value lower than 0.05 were considered significant

PFS: progression-free survival: OS: overall survival

64



Table 8
Mutations in DAs and AAs

No. Age (yrs)/ WHO Mutation
gender classification
Exon Codon Base change AA change

1 60 /F DA 6 220 TAT — TGT Y- C

2 39/ M DA 8 273" CGT - TGT R—C

3 62 /M DA 8 273* CGT — TGT R—C

4 41/F DA 8 273* CGT —» TGT R—C

5 65/F AA 5 152-153 GCCC — del. frame shift
6 54 /F AA 6 213* CGA — CAA R—E

7 71/M AA 7 241 TCC — TTC S—F

8 41/M AA 7 248* CGG — CAG R—Q

9 43 /F AA 7 261 AGT — AGG S — R+lns.
10 40 /M AA 8 264 CTA — del. L — del.
11 56 /F AA 8 273% CGT — TGT R—-C
12 29 /M AA 8 273* CGT — CAT R—H
13 42 /F AA 8 273* CGT — TGT R—-C
14 31/M AA 8 273* CGT — TGT R—-C
15 18 /F AA 8 273* CGT — CAT R—H
16 35/M AA 8 273* CGT — CAT R — H
17 26/M AA 8 23" CGT — TGT R—-C
18 48 'M AA 8 280 AGA — AAA R—- K
19 37/F AA 8 280 AGA — GGA R— G
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Table 9

Mutations in GBMs

No. Age (yrs) / WHO Mutation
gender classification

Exon Codon Base change AA change
20 17 /F GBM 4 90105 del In-frame
21 60 /M GBM 5 131 CAA—del. N — del.
22 33/ M GBM 5 158 CGC — CTC R—L
23 71 /M GBM 5 175% CGC — CAC R—H
24 71/M GBM 5 179 CAT — TAT H—-Y
25 23 /M GBM 5 179 CAT — CTT H—L
26 54 /'M GBM 6 190 CCT - CTT P—L
27 23 /F GBM 6 195 ATC — ACC I—-T
28 45 /M GBM 6 196* CGA - TGA R — stop
29 59/M GBM 6 205 TAT — CAT Y—-H
30 47 'M GBM 7 245* GGC — AGC G—S
31 77 IF GBM 7 246 ATG — GTG M—-Y
32 61/M GBM 7 248* CGG — CAG R—Q
33 74 'IM GBM 7 248* CGG — TGG R—W
34 67 /F GBM 7 251 ATC - TTC I—-F
35 56 /F GBM 8 267 CGG — TGG R—W
36 66/M GBM 8 273* CGT — CAT R—H
37 64 /M GBM 8 273* CGT — GGT R—G
38 55 /M GBM 8 273* CGT - TGT R—C
39 49/M GBM 8 273" CGT — TGT R—C
40 44/F GBM 8 273> CGT — TGT R—-C
41 69 /F GBM 8 282* CGG — TGG R—W
42 32/F GBM 9 307-331 del. frame shift
43 73/F GBM 10 333 CGTG — GTG frame shift
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Table 10
Comparison in Characteristics of p53 Mutations between AA and GBM

WHO class  Mutation Missense Hot spot C:Gto T:A Exon 8
(%)  p-value (%) p-value Transition p-value (%) p-value
(%)
AA 15  13(86) 9 (60) 11 (73) 10 (66)
0.55 0.38 0.23 0.02

GBM 24 19 (79) 11 (45) 13 (54) 7 (29)
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Table 11
Incidence of P53 Mutations in Astrocytic Tumors in Literatures

Author Assay DA AA GBM

1) Fults, 1992 SSCP 0/6(0%) 5714 (36%) 71725 (28%)
2)  von Deimling, 1992 SSCP 4/8(50%) 4/14 (28%)

3) Frankel, 1992 SSCP 10/23 (43%)
4) Louis, 1993 SSCP 4/8(50%) 4/12 (33%) 4/14 (28%)
5) Rasheed, 1994 SSCP 3/8(37%) 5/9 (55%) 9 /46 (20%)
6) Lang, 1994 SSCP 2/8(25%) 3/16 (18%)

7) Lang, 1994 SSCP 5/8 (63%) 10/16 (63%)  23/34 (68%)
8) Rainov, 1997 direct 7/22(31.8%)  25/69 (36%)
9) Leenstra, 1998 DGGE 8/12 (66%) 15763 (23%)
10) Newcomb, 1998 SSCp 37778 (47%)
11) Tada, 1998 yeast 18/ 42 (43%)
12) Kato, 2000 yeast 9/14 (64%) 7127 (26%)
13) Ichimura, 2000 SSCP 10/ 15 (67%) 26/39 (67%) 49 /136 (36%)
14) Fulci, 2000 yeast 6 /20 (30%)
15) Kraus, 2001 SSCP 20 /77 (26%)

16)

Present data

yeast

28/61 (46%)

3/15(20%)  11/23 (48%)

81/168 (48%)

230/ 654 (35%)

17755 (31%)
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Table 12
Mutation Locations (% of exon 8) in Literatures

Author AA GBM

(1) von Deimling, 1992 1/4 (25%)

) Rasheed, 1994 1/5 (20%) 1/9 (11%)
3) Leenstra, 1998 4/8 (50%) 2/16 (12.5%)
4) Fulci, 2000 1/6 (16%)
(5) Ichimura, 2000 3/5 (60%) 10/38 (26%)
(6) Pollack, 2001 5/9 (55%) 6/17 (35%)
7 Rasheed, 2002 7/15 (46%) 5/19 (26%)
(8) TARC Data Base 55/175 (31%)

PAVEL N CRY/Y) 71/280 (25%)

9) Present data 8/11(66%) 4117 (29%)
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