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Abstract

The primary human brain tumors account for less than 2% of all
human cancers but yet cause a disproportionate burden of cancer
related morbidity and mortality. These are the second most
common form of tumors in the pediatric population, next only to
leukemia and hence the second leading cause of death due to
cancer in children. Among the adults they rank 6" and 8" in
frequency of all neoplasms and form 2" and 5" leading cause of
death in men and women respectively who belong to the age
group of 20 to 39 years. The survival rates for brain tumor
patients have not changed over the past several decades. The
P53 gene is one of the most important and intensively studied
human tumor suppressor genes. It has been shown to play a
major role in cell proliferation as well as cell death. Because of
its varied functions the p53 gene and its pathways have become
important therapeutic target. Mutations in the p53 gene and the
oncogenic function of its protein product have been well
documented. However, numerous evidences indicate that based
on its conformation and post translational modification the
function of the wild type p53 protein can be modulated to be
similar to that of the mutant form. In this paper we have reviewed
the functional modulation of p53 gene in human brain tumor
development.

Keywords: Brain tumors, Cell-cycle, Conformation, p53
protein, Ser-392 phosphorylation, Tumor suppressor gene

Introduction

Human brain tumors arise from various cells of the central nervous
system and the nomenclature is based on the origin of cell type
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(Figure 1). The tumors that arise from the glial cells are called
gliomas. However, most gliomas are a heterogeneous group of
tumors that arise from various cell types (1). Tumors that arise
from the cells resembling the primitive neuroepithelium, that is,
the precursors of the nervous system are called embryonal or
primitive neuroectodermal tumors (PNETs). Medulloblastomas
are the most common among the PNETs (1,2). The most
prevalent primary brain tumors among the pediatric population
are astrocytomas, ependymomas and medulloblastomas. Some
of the common adult brain tumors include diffuse astrocytic
tumors such as astrocytomas, anaplastic astrocytomas and
glioblastoma multiforme (GBM). The oligodendrogliomas and
meningiomas are also some of the commonly found brain tumors
in adults (3).
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Types of Human Brain Tumors

Gliomas

Gliomas are the most common form of brain tumors accounting
for more than 50% of all primary brain tumors and more than
90% of all primary malignant central nervous system (CNS) tumors
(4,5). Astrocytomas account for approximately 80% of all
malignant brain tumors and are the most prevalent among the
glial tumors. Approximately 25% of gliomas are
oligodendrogliomas or mixed oligoastrocytomas. Gliomas are
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prevalent in both pediatric as well as in adult population (1, 2).
In general gliomas affect males 40% more frequently than females.
Male predominance is evident in adolescent population and this
observed male predominance does not exist if the tumor frequency
is compared between the older males and the females who have
crossed the menopause. This data is suggestive of a protective
role for female hormones against this tumor type (6).

Meningiomas

Meningiomas are the second most common form of human brain
tumors. These are also the most common non-glial primary
intracranial tumors constituting approximately 20% of all
intracranial neoplasms. Most meningiomas occur in adults of
middle and old ages. These tumors are uncommon in pediatric
population. Meningiomas in a benign form show a female
preponderance, with a female to male ratio of approximately
2:1. However, among the malignant meningiomas the female to
male ratio is 1:1 (1,2).

Other Brain Tumors

The medulloblastomas are the second most common pediatric
brain tumors and also the most common malignant brain tumors
found in children. The age of peak incidence is between 5 and 9
years and a second peak occurs in adults from 20 to 24 years

(1,2).

Hemangioblastomas are tumors of uncertain cell origin comprising
approximately 2% of primary central nervous system tumors and
25% of these tumors occur in association with the von Hippel-
Landau (VHL) syndrome. These are adult tumors that primarily
occur between the ages of 30 and 60 years (7). Gangliogliomas
are benign tumors composed of a mixture of neoplastic astrocytes
and nerve cells and they predominantly affect infants or young
children of both sexes equally. Craniopharyngiomas arise from
the embryologic precursors of the anterior pituitary gland and
occur from infancy to old age, with the predominant peak in
childhood at 5 to 14 years and in adults at 65 to 74 years (1,2).

Symptoms

Most brain tumors present in one of the following ways: seizures,
focal signs and signs of increased intracranial pressure (ICP).
ICP is commonly presented in any of the following forms such as
headache, typically frontal or generalised and worse on waking,
nausea and vomiting and reduced conscious level. The factors
that determine the signs and symptoms of brain tumors generally
include the location, growth rate, histology and size of the tumor
(7). Presence of papilledema and optic atrophy is suggestive of
raised intracranial pressure. Early symptoms are often non-specific
such as forgetfulness, word-finding difficulties, headaches and in
many cases a history going back several months is obtained in
retrospect. By the time of presentation, however, clinical signs
are usually obvious and even basic examination of the motor or
sensory systems, speech function and visual fields will reveal
significant abnormalities (4).
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Etiology

Certain inherited genes or exposure to certain physical or chemical
agents are considered to be potent risk factors which could play
a causal role for brain tumor development (2). Some of the genetic
polymorphisms that are specific for detoxification or metabolic
enzymes are implicated in the pathogenesis of certain brain tumor
types. Data from some studies have suggested mutagen sensitivity
to gamma radiation and exposure to therapeutics, diagnostic or
industrial ionizing radiation to be significantly associated with
risk of brain tumor development (8). A personal medical history
of serious head trauma and also seizures have been implicated
as potential risk factors Various factors like diet containing cured
food items, alcohol, tobacco, residential chemicals like N-nitroso
compounds, industrial and occupational exposure to various
carcinogenic and neurotoxic substances are also suspected to
act as causal agents for brain tumor development (1,2).

Classification and Grading

In 1979, the World Health Organization (WHQO) published a
classification system that encompassed all the central nervous
system tumors and they were classified based on the cell or tissue
of origin and their patterns of differentiation. It was subsequently
revised in 1993, which included tumor data from
immunohistochemistry (9). The WHO classification system
includes 7 major categories and more than 120 sub categories of
brain tumors (3,10,11). They include tumors of the neuroepithelial
tissue, meninges, peripheral nerves, lymphomas and hemopoeitic
neoplasms, germ cell tumors, sellar region and the metastatic
tumors, to mention a few.

Histopathology

The histopathology of brain tumors varies widely between and
within the tumor types (Figure 2). The pilocytic astrocytomas
have diverse morphological spectrum which makes the
histopathological diagnosis extremely difficult (2,3,9,11). The
grade Il astrocytomas show increased cellularity and microcystic

Figure 2 a :
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Figure 2b : H & E stained section of pituitary adenoma. Magnifica-
tion-100X

formation. The grade Ill anaplastic astrocytomas exhibit
increasing degree of anaplasia exhibiting complex nuclear
morphology with increasing cellularity. The histopathology of the
GBMs is highly variable. They show a high degree of cellular and
nuclear pleomorphism and numerous multinucleated giant cells
(9). The classic oligodendroglial tumor is moderately cellular
composed of cells with round nuclei and perinuclear halos (9,11).
The typical histologic features of grade I benign meningiomas
include a whirling pattern, concentric calcifications known as
psammoma bodies, and nuclear pseudo-inclusions (9).

Genetic Alterations in Brain Tumors

A variety of chromosomal alterations have been reported for the
various human brain tumor types(12). Allelic loss on the q and
p arms of chromosome 17 including the p53 and NF1 gene loci
have been shown in pilocytic astrocytomas grade I (13). Gain
of chromosome 7 and 8 have also been reported in these tumors
(14). Loss of heterozygosity (LOH) on chromosomes 6q, 13q
and 22q has been reported in some astrocytomas. More than
60% of grade Il astrocytomas have loss of alleles on 17p, including
the p53 gene locus, and in these cases the remaining p53 allele
was found to be mutated (15). LOH of the intron I regions of
RB1 and p53 genes have been reported in brain and nervous
system tumors (16-22). Amplification and over expression of
PDGEF and its receptor have been reported in all grades of gliomas
and is considered to be an early event in glioma development
(12,23). In glioblastomas mutations of the p53 tumor suppressor
gene and EGF-R amplification/over expression are mutually
exclusive events (24). A tumor suppressor gene frequently
inactivated in astrocytic tumors is the CDKNZ2, which encodes
the protein p16 (25). p16 protein binds to and inhibits the function
of cyclin dependent kinase 4 (CDK4). CDK4 forms complex with
cyclin D and inhibits pRb, the protein product of the tumor
suppressor gene retinoblastoma (RB1) and results in loss of RB1-
mediated growth suppression. Inactivation of either p16 or RB1
is observed in most GBMs and rarely both are inactivated in the
same tumor (26). RB1 mutations have been reported in 25% of
high-grade astrocytomas (27). LOH at the intron [ region of the
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RB1 gene have been reported in brain tumors (19,20,21). Deletion
or loss of an entire copy of the chromosome 10 is also a common
finding in high-grade astrocytic tumors. Mutation as well as LOH
of PTEN, a tumor suppressor gene located on chromosome 10q
has been reported both in anaplastic astrocytoma and GBMs.
Cytogenetic analysis has revealed abnormalities in the
chromosomal copy number in chromosomes 1, 6, 7,9, 10, 13,
17, 19 and 22 in many human brain tumor types (3). The most
common chromosomal abnormalities associated with the
meningiomas are at chromosome 22q locus . Chromosomal gains,
most commonly on 20q, 12q, 15q, 1q, 9q and 17q, have been
noted in high-grade meningiomas. In addition, alteration at the
p53 tumor suppressor gene has been considered as a reliable
marker for malignant transformation of meningiomas (2,3,21).

Diagnosis and Management

Computerized tomography (CT) and magnetic resonance imaging
(MRI) are the key diagnostic modalities for identification of human
brain tumors. Positron emission tomography (PET) scanning and
single photon emission tomography (SPECT) have supplementary
roles in the imaging of brain tumors (28). A CT head scan with
contrast will usually make the diagnosis of a brain tumor with
some degree of certainty. Standard T1- and T2-weighted MRIs
detect brain tumors with high sensitivity (7). There is some
evidence that advanced MR techniques such as spectroscopy, to
look at the chemical constituents of the tumor tissue, are used to
improve accuracy in noninvasive diagnosis of tumor type and
grade (29). For the present, however, the key to further
management of almost all patients with brain tumors remains
the establishment of an exact histological diagnosis. While an
operative procedure is being arranged, majority of the patients
are commenced on dexamethasone either orally or intravenous
for management of tumor-related ICP. Dexamethasone can very
significantly reduce focal neurological deficit (30). The primary
modality of treatment for most primary brain tumors is surgery.
The key aim of surgery with many brain tumors is the achievement
of a histological diagnosis (28). Radiation is used when the entire
primary tumor cannot be surgically removed. Local radiation
therapy techniques, including external focal, brachytherapy, and
stereotactic radiosurgery, may be administered to patients (7).
Highly focused radiotherapy has a role in the treatment of certain
well-localised tumors; for example, stereotactic radiosurgery (with
a Cobalt-60 “gamma knife”) is very effective with small targets
(tumor size of below 3 cm diameter) and is also used in the
management of tumor metastases (31). An alternative approach
to very focal radiotherapy is interstitial brachytherapy with 125-
iodine (2,4,7). Patients with certain tumor types show good
response to drugs like Procarbazine, CCNU and Vincristine,
Temozolamide and Liposomal Daunorubicin etc (2,4,7).
Alternative approaches to delivering the drug to the tumor include
intra-arterial chemotherapy and the implantation of wafers
impregnated with Carmustine (BCNU), one of the first and still
one of the most effective anti-glioma agents, directly into the
resection cavity at the time of surgery (2,4,7).

Therapeutic attempts using the wild type p53 gene or restoration
of its tumor suppressor function are underway (32). Various anti-
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angiogenic drugs are under development; analogues of
thalidomide inhibit the angiogenic action of bFGF and these may
be seen in clinical trials over the next decade (33). The potentially
interesting technique of Boron Neutron Capture Therapy is
undergoing evaluation for treatment of malignant gliomas in a
number of centres at present. Research in this area has lead to
the use of nanotechnology (34,35). Targeted multifunctional
polymer nano particles that specifically destroy brain tumors in
laboratory animals have already been developed and their potential
as a therapeutic in human needs to be evaluated (36).

The p53 gene

The p53 gene product was originally considered as an oncogenic
protein. One of the evidences to disprove p53 as an oncogene
came from the Friend virus induced mouse erythroeukaemias
where p53 gene was found to be a frequent target for viral
integration, which resulted in its inactivation (37). However, the
most important finding came from the examination of the p53
clones used in the earlier transfection studies which revealed that
the p53 gene used in these studies was actually a mutant form
(38,39). Subsequent studies showed that p53 was indeed a tumor
suppressor gene. By the year 1990, p53 was widely accepted as
a tumor suppressor gene and was recognized as one of the
frequently inactivated gene in more than 50% of all human
cancers (40,41) (Figure 3).
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Structure of the p53 Gene and mRNA

The human p53 gene is located on chromosome 17p13.1 (42).
Southern blot analysis revealed presence of a single p53 gene in
the human genome (43). The gene spans 20 kilobases (kb) of
genomic DNA, and the structure is conserved in all the species
studied. It comprises 11 exons, first exon is a non-coding exon,
followed by a large first intron 10 kb in length (45) (Figure 3).
There are five highly conserved domains within the exons 5, 7
and 8. The p53 mRNA transcript is approximately 2.8 kb in
length (46) (Figure 3) and can be detected in most human cells,
with the exception of cells in GO phase (47).

RFLP analysis of Genomic DNAs from several human tumor
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tissues with Bgl II restriction enzyme digestion followed by
hybridization with p53 polymorphic probe showed the presence
of a 12 kb fragment in majority of the tumor tissues. However,
some of the tissues showed an additional 9 kb fragment along
with the 12 kb fragment. Both the fragments represent allelic
variants of the p53 gene and the additional Bgl Il enzyme site
was mapped in the intron 1 (48). The wild type p53 gene
expression and function was not affected due to the presence of
this additional Bgl II site and the p53 protein also had no
differences except for the substitution of arginine for proline at
the 72" position in the proline rich region (45,48) (Figure 3,4,5).

Structure of the p53 Protein

The p53 gene encodes for a protein of 393 amino acids with a
molecular weight of 53 kDa (49). Based on its structure and
function the p53 protein has been divided into three distinct
domains, (a) the transcriptional activation domain at the amino
terminal or N-terminus, (b) the central sequence-specific DNA
binding domain and (c) the multifunctional basic carboxy terminal
or C-terminal domain (Figure 3)

Isoforms of p53

The human p53 gene contains alternative promoters and
transcribes multiple splice variants or isoforms and these are
expressed in normal human tissue in a tissue-dependent manner
and they are also found in some tumor tissues (21,50). Instead
of the normal pattern of splicing between exons 9 and 10 that
occurs to generate full-length p53, the 8 and y isoforms are devoid
of amino acids encoded by exon 10, and instead are equipped
with 10 and 15 novel amino acids, respectively, due to cryptic
splice sites located within intron 9 that are promptly followed by
premature stop codons. Thus, the 3 isoform terminates with the
amino acids ‘DQTSFQKENC’ and the y isoform ends with the
amino acids ‘MLLDLRWCYFLINSS’ (50). These isoforms are
speculated to have altered functions (21,50).

The p53 Family

Two members of the p53 family, p63 and p73 have been
identified. The structures of the p63 and p73 genes are more
similar to one another than to p53. Similar to p53, both p63 and
p73 can form homo-oligomers, bind DNA, activate transcription
from p53-responsive genes, and induce apoptosis (51-53)
(Figure 4).

Posttranslational Modifications,
Stabilization and Degradation of p53
Protein

Phosphorylation of p53 protein has been shown to increase its
sequence-specific DNA binding (54). Approximately 17
phosphorylation sites have been identified in human cells following
DNA damage induced by ionizing radiation or ultraviolet (UV) -
light radiation. In humans these residues include serines 6, 9, 15,
20, 33, 37, 46 and threonines 18, 81 in the N-terminal region;
Ser 315 and Ser 392 in the C-terminal domain; and Thr 150,
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Thr 155, Ser 149 in the central core (55,56). In addition, Thr 55,
Ser 376 and Ser 378 are reported to be constitutively
phosphorylated in unstressed cells. Phosphorylation at Ser 33,
46 and Thr 81 has been shown to increase the half-life of the
p53 protein and hence stabilize the same. Acetylation of p53 is
suggested to be important for p53 stability and transcriptional
activation (55,56). Under normal conditions the p53 protein is a
latent short-lived protein with a half-life of 6 to 20 minutes (57).
Having a short half-life the p53 protein is normally maintained
at low levels in unstressed cells by continuous ubiquitylation and
subsequent degradation via MDM2 and the 26S proteasome
(45,55,57) (Figure 5).
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Cellular Functions of p53

The p53 pathway is composed of hundreds of genes and their
products that respond to a wide variety of intrinsic and extrinsic
stress signals such as DNA damage, oncogene activation, hypoxia,
cellular ribonucleotide depletion, mitotic spindle damage and nitric
oxide (NO) production (58). These stress signals all impact upon
the cellular homeostatic mechanisms that monitor and control
the fidelity of DNA replication, chromosome segregation and cell
division (59). Among the stresses that activate the p53 protein is
damage to the integrity of DNA in a cell (45,57) (Figure 6).
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Role of p53 in Cell Cycle Arrest

p53 functions as a cell cycle checkpoint protein and plays an
important role in the induction of cell cycle arrest in response to
DNA damage (Figure 5). p53 has been implicated in both the
G1-S phase and the G2-M phase checkpoints of the cell cycle
(60,61). The Rb protein regulates the restriction point or start-
signal for cell cycle progression. In response to DNA damage p53
is activated which in turn transactivates one of its downstream
genes p21 (WAF1, Cip-1) (62). p21 binds to a number of cyclin
and CDK complexes and inhibits the kinase activity thus preventing
the phosphorylation of Rb resulting in cell cycle arrest. Thus,
through the inhibition of CDKs, p21 acting downstream of p53
arrests the cells at the G1-S transition (45,63) (Figure 6).

p53 and Apoptosis

p53 is known to promote apoptosis through transcription-
dependent and independent mechanisms that act in concert to
ensure that the cell death program proceeds efficiently (45,64).
Two major pathways trigger the apoptosis program: the death
receptor induced extrinsic pathway and the mitochondria
apoptosome mediated intrinsic pathway. The link between p53-
mediated transactivation and apoptosis comes from its ability to
control the transcription of the pro-apoptotic members of the
Bcl-2 family, Bax, as well as the BH3-only members Puma,
Noxa, and Bid. This increases the ratio of pro-apoptotic to anti-
apoptotic Bcl-2 proteins, thereby favoring the release of
cytochrome ¢ from mitochondria into the cytoplasm leading to
caspase activation and apoptosis. Many studies have indicated
that p53-mediated apoptosis proceeds primarily through the
intrinsic pathway. The extrinsic pathway is also regulated by p53
but the overall contribution of this regulation to p53-mediated
cell death is poorly understood (45,64) (Figure 6).

Transcription-independent activities of p53
in apoptosis

Transcription independent pro-apoptotic functions of p53 have
been proposed many years ago and recently have been shown to
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facilitate cell death by genotoxic agents. It has been suggested
that the transcription-independent pro-apoptotic activities of p53
is due to its ability to modulate the functions of the proteins
involved in the apoptotic machinery (45,65).

Antiapoptotic effects of p53

P53 has been observed to possess antiapoptotic capabilities under
a variety of conditions. The cells lacking p53 are sometimes more
sensitive to apoptosis than their p53-proficient counterparts.
Studies have implicated the wild type p53 protein in protection
against cell death. It has been suggested that this mechanism
involves the ability of p53 to bring about more effective DNA
repair. The ability of p53 to turn on several antiapoptotic genes
in addition to many proapoptotic targets suggests a possibility
that the decision of life or death of a cell is determined by p53
(45,65).

p53 in Senescence and Aging

p53 is a critical regulator of the senescence response to a variety
of signals including short telomeres, DNA damage, oncogenes
and overexpressed tumor suppressor genes. Early indications of
the importance of p53 in cellular senescence came from studies
using the SV-40 large-T antigen, which binds and inactivates
p53. The T-antigen extended the replicative life span of cultured
human fibroblasts and also stimulated postmitotic senescent cells
to initiate DNA replication. Human cells that over express
oncogenic ras or E2F1 or the p14ARF or PML tumor suppressors
fail to undergo a senescence-arrest if p53 function is defective.
These studies clearly indicate a role for wild type p53 in senescence

(66).

Another important function with which p53 has been associated
in the recent times is organismal aging (67). Using mice model
association between increased wild type p53 activity and
premature organismal aging was demonstrated. In contrast to
these studies it has also been illustrated that under specific
circumstances excess levels of wild type p53 can protect mice
against cancer and aging. A hint that reduced level of p53 could
potentially increase longevity has also been observed in p53
heterozygous mice that could evade tumor formation. These mice
were observed to live longer as compared to their wild type
counterparts (67).

p53 in the Maintenance of Genetic Stability

Consistent with the role for p53 in protecting genomic integrity,
fibroblasts from p53 deficient mice have demonstrated
chromosomal abnormalities that appear at early passage in
homozygous null fibroblast and at later passage in heterozygous
fibroblasts. Aneuploidy and chromosome instability have also
been demonstrated in p53 null mice. The cellular DNA replication
is shown to be error-prone and the DNA repair genes correct
these errors. When these DNA repair genes are inactivated the
cells accumulate errors in genes leading to genetic instability and
predispose the cells to tumorigenesis. Two specific genes involved
in global genomic repair DDB2 and XPC are shown to contain
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p53 binding consensus sequences. Products of these genes p48
and XPC respectively have been shown to increase in the presence
of wild type p53 in response to UV irradiation. Under these
conditions the global genomic repair of these cells were shown to
be enhanced. Deficiency in base excision repair mechanism has
also been observed in cells lacking wild type p53 indicating a
possible role for p53 in this mechanism of DNA repair (45,59)
(Figure 6).

p53 in Differentiation and Embryonic
Development

p53 deficient mice are reported to exhibit developmental
abnormalities of the nervous system at a high frequency. p53
deficient mice embryos have been shown to be defective in neural
tube closure resulting in an overgrowth of neural tissue in the
region of the mid-brain resulting in a condition known as
exencephaly. High-frequency of developmental abnormalities
including neural tube defects, ocular abnormalities and defects
in upper incisor tooth formation have been reported in p53-
deficient mice and these abnormalities were found predominantly
in females. Studies have suggested the presence of a p53-
dependent "guardian" in the embryonic or fetal tissues which plays
an “embryo-protective” role by aborting cells bearing teratogenic
DNA damage and hence prevent off-springs with developmental
abnormalities. p53 is also suggested to play a key role in protecting
embryos against diverse environmental stresses (68).

Recent studies have also implicated p53 in adult neurogenesis.
Neuronal-turnover is a two-step process wherein an excess of
neuronal progenitors are generated, only few of the progenitors
differentiate into fully functional neurons while the excessive
progenitor cells are eliminated. Alteration in the p53 activity has
been shown to upset this fine balance by affecting the rate of cell
proliferation but not the rate of cell death in the neurogenic regions
of adult brain. Genetically engineered mice with increased p53
activity have shown premature loss of neurogenic capacity. A
link between the premature loss of neurogenic capacity and
accelerated organismal aging has been demonstrated (69).

Role of p53 in Carcinogenesis

Identification of germ-line p53 mutations in the familial Li-
Fraumeni syndrome associated with an early onset of various
cancers strongly suggested a role for the p53 gene in tumorigenesis.
The fact that p53 null mice were highly prone to tumors further
emphasized that the loss of p53 function plays an important role
in tumorigenesis. p53 is the most commonly mutated gene in
human malignancies, with mutations reported in more than 50%
of all cancers (40,45) (Figure 6). In the latest released version of
the IARC p53 mutation database there are 19,809 somatic
mutations of p53 reported.

The wild type p53 protein functions optimally when it binds to
DNA as a wild type p53 tetramer. One mutant p53 protein can
disturb a functional tetramer and is therefore able to override the
function of the wild type p53 protein. This is known as the
‘dominant negative’ means of inactivation (71). In this
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mechanism mutation in only one allele of the p53 gene is sufficient
for the functional inactivation of both the alleles, although loss
of the second, wild type allele may further contribute to
oncogenesis (72).

p53 loses its tumor suppressor function as a consequence of
mutation as most p53 mutants have impaired function with respect
to sequence-specific transactivation of genes. Certain types of
P53 mutations exert functions that the wild type p53 does not
and hence are called as the “gain-of-function” mutants (73).
Mutant p53 alleles expressed in cell lines lacking p53 resulted in
enhanced tumorigenic potential, metastatic capacities and a
shorter survival in mice (74). Gain-of-function mutants of p53
are known to exert oncogenic effects through the induction of
increased expression of a diverse group of genes either directly or
indirectly (73).

Mutant p53 proteins are shown to be intensely phosphorylated
and acetylated at sites that are well known to be involved in the
stabilisation of wild type p53. Such altered p53 proteins have
been shown to facilitate accumulation of dysfunctional, mutant
p53 in the nucleus, where it can exert oncogenic functions (56).
Intense acetylation of the mutant p53 proteins at the lysine
residues 320, 373, 382 and significant phosphorylation at Ser
392, Ser 15, Thr 81 has been reported in tumor-derived cell lines
(75). Phosphorylation at these residues is suggested to stabilise
the mutant p53 protein by inhibiting its degradation and facilitating
its accumulation in the nucleus. Greater level of phosphorylation
at Ser 6, 15, 37 and Thr 81 of wild type p53 in human tumors
has also been reported but the significance of these observations
is not yet clear (75). Studies on the UV-light-induced mouse
tumors have shown that mutant p53 protein in these tumors is
constitutively phosphorylated at Ser 15, localized in the nucleus
and is resistant to MDM2-mediated degradation (76). These
data indicate that phosphorylation of mutant p53 at Ser 15
contributes to its increased stability and to its oncogenic activities
(Bode and Dong, 2004). Phosphorylation of p53 at Ser 392 has
been reported to stabilize the tetramer formation (77). In human
transitional cell carcinomas 60% of the tumors with accumulated
mutant p53, but none with wild type p53, showed phosphorylation
of Ser 392 (78). Loss of phosphorylation at the Ser 392 is reported
to increase the tumorigenic potential of mutant p53 and also
inhibit p53-induced apoptosis suggesting its importance for the
oncogenic function of mutant p53 (79). Ser 392 phosphorylation
has been suggested to be an early event in the pathogenesis of
squamous cell carcinoma (80). Higher levels of Ser 392
phosphorylated p53 have been associated with higher proliferation,
tumor progression and poor prognosis of human esophageal
squamous cell carcinoma (80). Increased Ser 392 phosphorylation
of mutant p53 has been frequently reported in transitional cell
carcinoma (TCC). It has been suggested to promote the dominant
negative effects of the mutant p53 through hetero-oligomerization,
thereby contributing to the proliferation and aggressive behavior
of these tumors (78). Increased percentage of Ser 392
phosphorylated form of p53 protein was found in human high
grade gliomas as compared to the lower grade astrocytomas (21).
In addition, Ser 392 phosphorylation of the p53 protein was
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reported to occur in human vestibular schwannomas (VS) in an
age dependent manner (16,17).

Alterations of the p53 Gene in Human Brain
Tumors

Alteration of the p53 gene has been reported in all grades of
gliomas and studies have suggested that p53 plays a role both in
the formation of low-grade disease and in the progression towards
tumors of higher histological grade (9-11,21). Mutations in the
p53 gene have been reported in more than 50% of gliomas (81).
The fact that patients with Li-Fraumeni syndrome, who inherit
germline mutations in the p53 gene are predisposed to the
development of brain tumors early in life and that gliomas are
part of the tumor spectrum suggested a causal role for p53
inactivation in gliomagenesis (82). Addition of wild type p53 to
the glioblastoma multiforme cell lines lead to reversal of their
malignant phenotype confirming a role for p53 in the astrocytic
tumor development (83). p53 mutations in astrocytomas were
first described in late eighties and were followed by a more extensive
analysis of the gene mutations and p53 protein alterations in
adult astrocytomas. Accumulation of wild type p53 protein has
been reported in astrocytomoas (84). The loss of p53 gene and
LOH at this locus have also been implicated in the progression
of gliomas (21,85). In the anaplastic astrocytomas grade III
more than 60% cases have been reported to harbor p53 gene
mutations (86). p53 has been suggested to play a role in the
progression of secondary glioblastomas. The p53 protein is
detected in approximately 15 to 40% of low grade astrocytomas,
35 to 60% of anaplastic astrocytomas, and 45 to 70% of
glioblastomas (87). Malignant progression of astrocytic neoplasms
has been associated with increasing expression of p53 protein

(21,87).

p53 as a Therapeutic Target

Mutations at p53 gene locus are present in every second human
tumor and during malignant transformation p53 or p53-pathway
related molecules are known to be frequently disabled. Therefore,
inactivation of p53 is critical for tumorigenesis. Since the normal
function of p53 is critical to the regulation of cell cycle arrest and
apoptosis, restoration of the p53 pathway has been the logical
strategy for the treatment of cancer (88). Molecular therapeutic
strategies to normalize p53 signaling in cells with mutant p53
include pharmacologic rescue of mutant protein, gene therapy,
small-molecule agonists of downstream inhibitory genes, antisense
and use of oncolytic viruses. Other strategies include activation
of normal p53 pathway, inhibition of mdm2-mediated degradation
of p53 and blockade of p53 nuclear export (89). p53 is one of
the important molecular targets in radiation oncology. It is an
important molecule that determines tissue-specific radiosensitivity.
As a consequence the p53 pathway can be exploited to enhance
cancer therapies especially when the tumors are caused by DNA
damaging agents (90). Ad-p53 has been suggested to be most
effective against gliomas when combined with radiation therapy
and chemotherapy. Despite these encouraging findings, use of
p53 gene therapy in patients has its constraints in the efficiency
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of gene delivery and therefore development of novel methods
ensuring the gene distribution throughout the tumor is required.
A recent study on the child hood tumor retinoblastoma has
revealed deregulation of the p53 pathway due to over expression
of MDMX, a negative regulator of p53. MDMX has therefore
been identified as a specific chemotherapeutic target for treatment
of these tumors (91).

Current Status

Human brain tumors arise as a consequence of accumulation of
multiple genetic alterations in brain cells, these cells become
tumorigenic and further progression of these tumors lead to
malignant phenotype. Brain tumors are heterogeneous because
of the various cell types from which they initiate and are classified
accordingly (2,92) (Figure 7). Wide range of genetic alterations is
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acquired during human brain tumor development and also during
their further progression to higher histological grades. The various
genetic alterations that characterize low-grade and high-grade
tumors are as shown in Figure 8 (2,10,16, 17,21,87,93).

The wild type p53 protein is known to function as a cell cycle
checkpoint protein at G1 to S and G2 to M transition phases of
the cell cycle. Under normal conditions p53 gene is known to be
expressed at lower levels in all tissues. In response to various
cellular stresses that could cause DNA damage the level of p53
protein is reported to increase in these cells. As a response to
DNA damage, p53 is known to induce cell cycle arrest which
could allow repair of the damaged DNA. If the damage is
irreparable then the p53 protein is known to induce apoptosis
and thereby eliminate cells that contain damaged DNA (45).
The increased p53 protein during such a process is then rapidly
degraded by binding to MDM2, a primary negative regulator of
p53 protein, which maintains a controlled p53 protein level in
normal cells (45,94) (Figure 9a). Mutations at the p53 gene locus
result in an altered or mutant p53 protein, which is resistant to
MDMZ2-mediated degradation and hence results in the
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accumulation of the same in the cells carrying these mutations
(45,95,96). Wild type p53 is a tumor suppressor and it is also a
well-known DNA binding protein, which is known to bind to DNA
as a tetramer. Presence of one mutant p53 allele and one wild
type allele results in a hetero-tetramer complex containing both
mutant and wild type p53 protein. The mutant p53 protein in
such a complex is known to inactivate the wild type p53 protein
in a ‘dominant negative’ fashion resulting in the loss of wild type
p53 functions including the tumor suppressor function, cell cycle
arrest and apoptosis. Presence of such a p53 tetramer in the cell
with altered function could eventually lead to tumor development
(45,95,96) (Figure 9b). If both the alleles of the p53 gene are
altered it would result in a mutant tetramer which could lead to
tumorigenesis (96) (Figure 9c).

LOH at the p53 gene locus, increased level of p53 mRNA and
protein in all the human brain tumor types and tumors of all
grades have been reported (21). The increased levels of p53 mRNA
and protein observed in all the human brain tumor types could
be due to deregulation of p53 pathways (97). Therefore, results
from these studies are suggestive of a role for the p53 gene in the
overall development of human brain tumors (21) (Figure 8, 9).

The observed increase in the levels of p53 protein in all the human
brain tumor samples analysed could be due to a defective MDM2-
mediated p53 degradation pathway in these tumors (98). Recent
studies have reported increased apoptosis in neuronal cells with
increased levels of wild type p53 protein (97). Therefore, it is
conceivable that the increased level of p53 protein could lead to
increased apoptosis in slow growing tumors such as meningiomas.
Meningiomas are reported to be mostly benign and slow growing
tumors (81). The slow growing behavior of meningiomas could
possibly be due to a higher rate of apoptosis induced by the
increased p53 protein levels, which in turn could be a limiting
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factor in determining the growth rate of these tumors (Figure 10).

Increased percentage of Ser 392 phosphorylated form of p53
protein was found only in the high-grade gliomas of grade Il and
IV (GBMs). To the contrary, lower percentage of Ser 392
phosphorylated form of p53 was present in all the low-grade
gliomas and meningiomas of all histological grades as well as in
the other brain tumor types (21) (Figure 11). Presence of increased
percentage of Ser 392 phosphorylated form of p53 protein has
been reported in human vestibular schwannomas (VS) of young
patients only (16,17). The VS tumors in the young patients have
been reported to be highly proliferative compared to that of the
older patients (99). Therefore, the observed increase in the
percentage of Ser 392 phosphorylated form of p53 protein only
in the high-grade gliomas could be indicative of high proliferative
potential of these tumors (21). Phosphorylation at the Ser 392
residue of the p53 protein has been reported to stabilize the p53
tetramers (77). It appears that the increased percentage of Ser
392 phosphorylated form of p53 protein could lead to the
formation of highly stable tetramers, which could be resistant to
MDM2-mediated degradation (Figure 11). This could result in
accumulation of higher levels of Ser 392 phosphorylated form of
p53 protein in these high-grade gliomas (Figure 11). The wild
type p53 protein has been reported to adopt a mutant-like
conformation when it binds to DNA (100) (Figure 10). It is
conceivable that the presence of higher percentage of Ser 392
phosphorylated form of p53 protein in the high-grade gliomas
could have acquired an altered conformation. The function of
wild type p53 is suggested to be regulated via its ability to adopt
distinct conformation (100) and therefore an altered conformation
could result in an altered function, which in turn could aid in
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tumor development (Figure 11). Increased Ser 392
phosphorylation of mutant p53 protein has been suggested to
promote its dominant negative effects through hetero-
oligomerization, thereby contributing to the proliferation and the
aggressive behavior of transitional cell carcinomas (TCC) (78).
Wild type p53 protein is also reported to undergo phosphorylation
at the Ser 392 residue (55). The high-grade gliomas, particularly
the GBMs are known to be biologically one of the most aggressive
tumors with a survival period of less than 1 year for the patients
from the time of diagnosis (82). Therefore, presence of higher
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percentage of Ser 392 phosphorylated form of p53 protein only
in the high-grade gliomas could be associated with the aggressive
behavior of these tumors (21) (Figure 11). Emphasizing this
conclusion further is the presence of lower percentage of Ser 392
phosphorylated form of p53 protein in all the low-grade gliomas
as well as meningiomas of all grades and the other human brain
tumor types. Meningiomas are reported to be mostly benign,
slow growing and biologically less-aggressive tumors (2) (Figure
10, 11). Presence of higher percentage of Ser 392 phosphorylated
form of p53 protein in the high-grade tumors could be suggestive
of highly aggressive and fast growing tumors with high proliferative
potential, decreased apoptosis and enhanced metastatic potential
(21) (Figure 10, 11). Moreover, presence of lower percentage of
Ser 392 phosphorylated form of p53 in slow growing tumors like
meningiomas is suggestive of its role in less-aggressive tumors
with low proliferative potential. It is conceivable that these slow
growing tumors could have increased rate of apoptosis, probably
p53-mediated apoptosis. Thus, presence of increased level of
P53 protein could have a role in p53-mediated apoptotic pathway
in these slow-growing tumors (21) (Figure 11).

Conclusion

Human brain tumors are one of the most difficult to manage
and treat. Research in the past four decades resulted in no
improvement in the survival of these patients. Therefore,
development of novel approaches is essential to manage and
treat these tumors. The p53 gene is one of the most important
human tumor suppressor gene which affects both cell growth
and cell death. Experimental evidence suggests that the function
of p53 could be modulated at various levels — gene structure,
expression, level of mMRNA and protein, protein conformation
and post-translational modification. Apart from point mutations,
alteration at any of these levels could also affect the function of
the protein and hence could lead to tumor development. In
addition, presence of p53 isoforms along with the wild type p53
could also affect the tumor suppressor functions of the latter and
could lead to tumor progression. Thus, in addition to other genetic
parameters it is important to evaluate the p53 gene structure and
expression and the protein status, posttranslational modification
in particular, and presence of isoforms, if any, in individual tumor
as this information could help in the development of custom-
made protocols to manage and treat various human brain tumor

types.
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