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Abstract

Human vestibular schwannomas (VS) arise from the schwann
cells of the vestibular branch of vestibulo-cochlear nerve or the
eighth cranial nerve. Although p53 gene mutations, both germ
line and somatic, have been reported in many brain tumors, a
scant contribution of p53 gene is speculated for human vestibular
schwannomas. However, altered structure and expression of
p53 gene and age dependent phosphorylation of p53 protein
specifically at the Ser 392 position only in younger patients have
lieen reported in human VS tumors and these results show an
important role for p53 in human vestibular schwannomas. A
functional NF2 gene and its protein, merlin, are known to be
absent in human VS tumors. In the absence of merlin the human
VS tumor cells should lack NF2-mediated p53 stabilization. But
the p53 protein is shown to be accumulated in both sporadic
and familial human VS tumors. A number of pathways have
been described that lead to increase in the level of the p53 protein
in the VS tumor cells. In this article we have reviewed the structure
and function of p53 gene , its possible role in causation of VS
tumor and various pathways that leads to increase in the level of
p53 protein in the VS tumor cells.
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Introduction

Human vestibular schwannomas (VS) arise from the schwann
cells of the vestibular branch of vestibulo-cochlear nerve or the
eighth cranial nerve. The annual incidence of these tumors is
approximately 1 in 30,000 to 40,000 (1). The p53 gene is one of
the most widely studied tumor suppressor {TS) gene. Because of
the numerous functions performed by p53 in maintaining the
genomic stability and regulating important cellular processes such
as the cell-cycle, this gene is described as, "Guardian of the
Genome". The p53 gene has been assigned many cellular
functions which can be traced to its transactivation potential
that are involved in cell-cycle regulation, apoptosis, development,
differentiation, gene amplification, DNA recombination,
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chromosomal segregation, cellular senescence, nucleotide excision
repair and recently in aging (2). In this review we have looked at
the pb3 gene and its possible functions in human vestibular
schwannomas.

Human Vestibular Schwannoma

Vestibular schwannomas (VS) occur in both sporadic and familial
forms. The unilateral, sporadic forms account for approximately
90% of the cases and the presence of such a lesion does not
generally predispose the patient to develop other neoplasms nor
there is any known genetic transmission to the offspring (Figure
1). The familial form of vestibular schwannoma is characterized
by occurrence of bilateral VS tumors associated with
neurofibromatosis type 2 (NF2).

Neurofibromatosis type 2

Robert Smith is credited with first describing a patient with what
he called "multiple skin neurogenic tumors". However, it was
Friedrich von Recklinghausen's description in 1882, which made
the disease a recognized entity. Von Recklinghausen's disease was
initially thought to present in three patterns (3). (a) A
predominantly peripheral type (NF1); (b) A predominantly central
type in which the occurrence of bilateral vestibular schwannoma
was a characteristic feature; and (c) A mixture of peripheral and
central types.

Improved understanding led to the formulation of new
classification, based primarily on genetic, and somatic differences,
at the National Institute for Health Consensus Development
Conference in 1987. The proceedings classified the condition as
Neurofibromatosis 1 (NF1), previously known as peripheral von
Recklinghausen's disease and Neurofibromatosis 2 (NF2),
previously known as central von Recklinghausen's disease or
bilateral vestibular neurofibromatosis (4).

NF2 occurs in 1 in 30,000 to 40,000 individuals. The hallmark
of NF2 is the development of bilateral vestibular schwannomas;
however other cranial and spinal tumors may also develop. The
mean age at onset of the symptoms is early in the second decade
and in most cases it is diagnosed in the late twenties. Males seem
to have a milder form of disease than females and the age of
onset of symptoms is significantly earlier in maternally affected
cases than paternally (1).

Growth rate of vestibular schwannomas

Generally, VS are known to be slow growing tumors. Flow
cytometric studies have confirmed a variable mitotic rate in
vestibular schwannomas, and that it correlates clinically with the
rate of tumor growth (5). DNA cytofluorometric analysis has
been used to establish the proportion of cells in S phase of the
cell- cycle, but this is not linked to the tumor size or duration of
symptoms at the time of presentation. These data confirm non-
existence of any correlation between the tumor size at the time of
presentation and the rate of subsequent growth. Hormone
receptors like the estrogen and progesterone receptors have been
identified in these tumors; however neither of these is fully
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established to govern the growth behavior of VS. The growth of
bilateral vestibular schwannomas associated with NF2 is also
variable, but is on average considerably faster when compared
to the unilateral VS. NF2s inherited maternally have been known
to grow significantly faster compared to paternal inheritance (6).

Age and sex distribution of vestibular schwannoma

Vestibular schwannomas are known to occur predominantly in
the middle-ages, however the VS tumors associated with NF2
tend to present earlier with a peak incidence at the third decade
(7). It is very rare for vestibular schwannomas to develop in
children except for those with NF2 (8).

In adult groups there is a considerable preponderance in women
to develop vestibular schwannomas than in men; in children the
distribution of these tumors were found to be equal between the
sexes. Men seem to have earlier peak prevalence between 36 to
42 years compared to women where peak prevalence is reported
to be between 42 to 56 years (7)

Symptoms of VS tumors

Unilateral sensorineural hearing loss, tinnitus and dis-equilibrium
are the most common symptoms; other symptoms include
mastoid pain or otalgia, headache, facial numbness and diplopia

(1,7).

Tumor diagnosis

Magnetic resonance imaging (MRI) is currently the choice for
both diagnosis and follow-up of vestibular schwannomas.
Intravenous contrast enhancement with gadolinium-DTPA
improves the detection rate of small schwannoma which may
otherwise have signal intensity similar to brain parenchyma. As
only 5% of the patients have normal hearing with good speech
discrimination pure tone audiometry forms an important part of
evaluation for NF2 (9).

Management of VS

Management of VS is complex and multifaceted because of the
high morbidity. In unilateral VS the 7th cranial nerve lies on the
periphery of the tumor and can be preserved, whereas in bilateral
vestibular schwannomas the 7th and 8th cranial nerves are
surrounded by multi lobulated tumor masses between the multiple
lobules (10). Very small tumors with usefu! facial and audio logical
function are also closely followed using computed tomography
(CT) without surgical intervention. This permits the patient to
enjoy a period of hearing as some of these lesions are slow growing
and takes many years before surgical intervention becomes
essential. Treatment is based on patient's age, occupation, tumor
size, current neurological status and growth rate of the tumors.

Non-surgical management of VS

Use of stereotactic cobalt 60 gamma radiotherapy in patients
with bilateral vestibular schwannomas has been reported (9).
Stereotactic surgery using the "gamma knife" has been advocated
by many as a safe and effective alternative to microsurgical
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removal of these lesions {11). Chemotherapy using doxorubicin
hydrochloride, cyclophosphamide and dacarbazine has been
described (9, 10). Other areas of treatment include rehabilitation,
genetic counseling, alternative methods of communication,
vocational counseling, screening of first degree relatives, as well
as psychiatric guidance.

NF2 gene

The NF2 gene was cloned and mapped to chromosome 22 and
it bears sequence similarity to a family of proteins that link the
actin cytoskeleton to cell surface glycoproteins, collectively termed
as protein 4.1 (12, 13). Among the protein 4.1 molecules the
NF2 gene product, merlin or schwanomin is most closely related
to Ezrin, Radixin and Moesin (ERM proteins) {14). ERM proteins
have been shown to be involved in cellular remodeling. Lack of
merlin produces defective early embryonic developmental pathway
resulting in failure to initiate gastrulation in mice (15).

Inactivation of NF2 gene and loss of its protein product, merlin,
has been reported for all unilateral and bilateral NF2 and related
tumors. Merlin is known to function as a negative growth regulator
and is shown to bind to bll spectrin and regulate cell morphology
and attachment (16).

Recent studies have implicated merlin phosphorylation in
regulating merlin sub-cellular localization and growth suppression.
P21-activated kinase (PAK) directly phosphorylates merlin at
Serine 518. Cyclic AMP- dependent protein kinase is also known
to phosphorylate merlin at serine 518 and promotes Merlin-Ezrin
hetero-dimerization. This hetero-dimerization is essential in the
functioning of merlin, because hypophosphorylation of the merlin
protein is known to be crucial for its association with the cell
surface trans-membrane proteins such as the CD44. This
association is believed to mediate at least one set of signals that
are essential in matrix and cell density -dependent growth inhibition
(16, 17). Recent studies show merlin as a positive regulator of
p53 in terms of stabilization of p53 protein by inhibiting Mdm2
(18).

p53 GENE

p53 protein was first identified during the late 1970s as a cellular
protein that formed a tight complex with the SV40 large T antigen
and accumulated in the nucleus of cancer cells. The protein was
named p53 because it has a molecular weight of 53 kilo Dalton
(kDa) (19, 20). Subsequent studies established that the p53
protein formed complexes with other viral proteins such as
polyoma virus large T antigens and the adenovirus E1B
oncoprotein (21, 22). Transfection and expression of p53 gene
constructs into cultured normal cells immortalized the cells and
transfected p53 gene appeared to cooperate with other oncogenes
like H-Ras to immortalize primary embryo fibroblasts. From these
studies initially p53 was assumed to be an oncogene and thought
to function in a positive fashion to participate in tumorigenesis

(23).

One of the evidences to disprove p53 as an oncogene came from
the Friend virus-induced mouse erythroleukaemias where p53 gene
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was found to be a frequent target site for viral integration and
many of the integration led to p53 inactivation (22, 24). Other
evidences include rearrangements and deletions that inactivated
p53 completely in HL60 human promyelocytic leukemia line and
in several human osteosarcomas (25, 26). However, the important
finding that disproved p53 to be an oncogene came from further
examination of the p53 clones used earlier in the transfection
studies. These examinations revealed that the cloned murine p53
used in transfection studies were not of wild type but they carried
mis-sense mutation in the coding regions (27).Inactivation of p53
gene in human cancers was demonstrated by the frequent loss of
heterozygosity (LOH) of chromosome 17p in a number of tumors
particularly colorectal cancers (28). The p53 gene is mutated or
lost in approximately 50% of the human tumors studied (29,
30). Germ line mutations occur in individuals with the cancer
prone Li-Fraumeni syndrome (31). Recently p53 and its down
stream effecter p21 are shown to play key role in the maintenance
of genetic stability by regulating error prone DNA repair to yield
lower mutation load (32).

Figure 1 : CTuscan image of unilateral vestibular
schwannoma

Computerized Tomography (CT) scan showing unilateral VS
tumor, the arrow indicates the tumor on the right side. Image
courtesy Department of Neuroimaging & Interventional Radiology,
NIMHANS.

R-right; L-left; A-anterior; P-posterior
Dayalan et al, 2006 (Ref. No. 96); Thomas et al, 2005 (Ref. No.
98)
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Structure of p53 gene

The human p53 gene was mapped to chromosome 17p and
Southern blot analysis with a variety of probes indicated presence
of single copy in the human genome (33). It has 11 exons
distributed over 20 kb of DNA and the organization of human
p53 gene is similar to the mice p53 gene. The first and second
exons are separated by an intron of 10 kb. Restriction enzyme
analysis revealed two variant forms of p53 gene having differences
in the Bglll restriction sites; one containing a 12 kb fragment
and the other containing a 12 kb plus a 9 kb fragment and these
allelic variants were mapped to intron I region.

p53 gene product

The p53 gene codes for a 3 kb mRNA with an open reading
frame of 393 amino acids (33, 34). The p53 protein can be
divided into three distinct domains: (i) The amino terminal domain
is responsible for strong transactivation function; (ii) The central
core region is a DNA binding domain; (iii) The carboxy terminal
domain is responsible for tetramerisation of p53 homodimers.
The acidic transactivation domain lies within amino acid residues
1-43 (35). The amino terminal domain cooperates with other
general transcription factors such as the TATA box binding protein
and component of the general transcription factor TFIID during
transactivation of target genes (36). The central core of p53 lies
within the amino acid residues 100-300 which is responsible for
the sequence-specific DNA binding function of the p53 (37, 38).
p53 protein binds to a consensus-binding site with striking internal
symmetry, consisting of 2 copies of a 10 base pair motif separated
by 0-13 base pairs and the consensus sequence was identified as
5-PuPuPu C(A/T)(A/T)G PyPyPy - 3' (39). The carboxyl terminus
of the p53 lies within amino acid residues 300-393 that can be
further divided into three regions: (a) a flexible linker between
residues 300-320 which connects the DNA binding domain to
tetramerization domain; (b) tetramerization domain and (c) the
extreme carboxyl terminus, which is a stretch of 30 amino acids,
mostly basic. Through X-ray crystallography studies the structure
of p53 is shown to be unique consisting of a large beta sandwich
that acts as a scaffold for 3 loop-based elements. The sandwich
is composed of 2 anti-parallel beta sheets containing 4 and 5
beta strands respectively. The first loop binds to DNA within the
major groove, the second loop binds to DNA within the minor
groove and the third loop packs against the second loop to stabilize
it (40). The most notable feature of the structure is its correlation
of data on mutations. The most frequently mutated residues in
cancers are all at or near the protein-DNA interface, and over
two-thirds of point mutations are in 1 of the 3 DNA loops (41)
(Figure 2).

The p53 protein binds DNA as a tetramer and transactivates the
expression of down stream genes (42). The tetramerization occurs
by interactions between the p53 monomers through the carboxy
terminal domain comprising the amino acid residues 325-356
(38). However, when both the mutant and wild type p53 are co-
translated, there is a change in the conformation of the wild-type
due to the mutant form binding to the wild-type. This change in
conformation inactivates the function of wild-type p53 in a
dominant negative fashion (43, 44).
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Figure 2: p53 protein structure.

The 53 kDa nuclear phospho-protein p53 of 393 amino acids comprises of several domains, including an acidic N-terminal region
(trans-activation domain), a core region (sequence-specific DNA-binding domain) and a C-terminal domain (with multiple functions).

Adapted from Benchimol et al, 1985 (Ref. No. 33).

Degradation of p53

Under normal conditions the p53 protein is a latent, short-lived
protein with a half-life of 15-30 minutes (45). The p53 protein
levels and its activity are kept low through various regulatory
mechanisms and MDM2 protein is a vital p53 regulatory protein
amongst them. MDM2, a 90 kd protein was initially discovered
as a gene over-expressed in tumorigenic 3T3 mouse cell line that
stably maintains double-minute chromosomes. The amino-
terminus of MDM2 binds to the transactivation domain of p53.
Although MDM2 association of p53 inhibits the p53-mediated
transactivation of target genes (46), the major function of MDM2
is to target p53 for nuclear export (47). The MDM2 functions as
an E3 ubiquitin ligase, targeting p53 for degradation through
ubiquitin-proteosome degradation pathway (48,49). MDMZ2 gene
itself is a transcriptional target of p53 and is activated in response
to UV, suggesting an auto feed-back loop to maintain the pS3
concentration within the cell (50).

Activation of the p53 network

The p53 network is normally inactive and is activated only when
cells are stressed or damaged. The p53 protein arrests cell division
of stressed cells through cell-cycle arrest. In many cases it causes
apoptosis of cells in a desperate attempt to contain the damage
in order to protect the organism. Early work in this area identified
DNA damage as on-switch for p53 activation and recently
existence of at least three independent pathways are confirmed
through which the p53 network is activated.

(a) The first pathway is triggered by DNA damage due to ionizing
radiation. The activation is through two protein kinases ATM
and Chk2. ATM is stimulated by double stranded breaks and
Chk2 is stimulated by ATM (51).

80

(b) The second pathway is triggered by aberrant growth signals
such as over expression of oncogenes, ras or myc. The p53
network is activated through the p14 ARF (52).

(c) The third pathway is induced by many factors such as (i)
wide range of chemotherapeutic agents (ii) ultraviolet light and
(iii) protein kinase inhibitors. ATR and protein kinase Il are involved
in this pathway (53).

All the three pathways inhibit degradation of p53 protein through
various post-translational modifications and stabilize the p53
protein thereby maintaining a high concentration of p53. The
stabilised protein undergoes a conformational change, which helps
in executing its transactivation function on target genes.

Post-translational modifications and stabilisation of p53
protein

Human p53 protein has been reported to undergo post-
translational modifications in at least 18 sites. Seven serines and
two threonines in the N-terminal domain of p53, specifically at
Ser 6, 9, 15, 20, 33, 37, 46 and threonines 18 and 81 are
phosphorylated in response to exposing cells to ionizing radiation
or UV light (54). Although post-translational modifications at
various sites occur in response to stress, clear differences in
responses at individual sites to different agents have been
observed. For instance in response to ionizing and UV radiation
serine 6, 9 and 15 are phosphorylated increasingly as early as 30
minutes after exposure to stress (55). The ATM kinase is the
prime kinase for phosphorylating p53 at serine 15 in response to
ionizing radiation (56). In response to UV radiation ATR kinase
phosphorylates serine 15 and 37 (57). Other kinases that play a
role in the phosphorylation at the amino terminus include DNA-
PK, which plays an essential role in double strand break repair,
phosphorylates p53 at serine 15 (58) and check point kinases
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Chkl and Chk2 which act down stream of ATM and ATR
phosphorylates p53 at serine 20 (59). While ATM and Chk2 act
in response to ionizing radiation ATR and Chk1 are activated in
response to UV irradiation (60). Various chemotherapeutic agents
such as actinomycin D also induce serine 15 phosphorylation in
a similar manner and stabilize p53 (61). These post-translational
modifications stabilise the p53 protein through disrupting the
binding of MDM2 and thereby inhibiting the MDM2 induced
nuclear export and ubiquitin-mediated proteosomal degradation.

Initial studies focused on amino terminus of p53 and later studies
showed importance of other modifications that play a role in
p53 stabilization. JNKK kinase, which is expressed in response to
UV irradiation, is shown to prolong the half-life of p53 through
phosphorylation of p53 at threonine 81 (62). Serine residues in

the C terminal regulatory domain are also phosphorylated in
response to UV irradiation and these modifications coincide with
elevated p53 dependent transcription of target genes. The cyclin
B dependent kinase p34 (Cdc2) is involved in phosphorylation of
serine 315 in the C terminus of p53 in response to DNA damage
by ionizing radiation and chemotherapeutic agents (63, 64).

Another important serine residue at position 392 is phosphorylated
by PKR in response to interferons released on viral infections
(65). p53 is also phosphorylated at Ser 392 by double stranded
RNA activated protein kinase and UV light (66). Phosphorylation
of p53 at this site coincides with elevated level of p53-dependent
transcription (63). Other post-translational modifications such
as acetylation at the C terminus are shown to be important for
p53 stabilization (67) (Figure 3).
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Figure 3: p53 post translational modification

Schematic diagram of the p53 and MDM2 proteins (drawn not to scale). The trans-activation region, proline-rich region, DNA
binding domain and the C-terminal regulatory domains of p53 protein are highlighted. Phosphorylation and acetylation sites are
indicated by ellipses containing, the letters P and Ac respectively. Detailed description of the various domains are given in the text.

Adapted from Meek et al. 1999 (Ref. No. 53)

Functions of p53 protein

It is well documented that induction of p53 leads to cell growth
arrest or cell death. Both provide mechanisms by which p53
functions to control DNA damage, protecting cells from
accumulating excessive mutations. Once p53 is stabilized and
activated, it induces expression of target genes which helps p53
to carry out its functions. Several genes are controlled directly
by p53 and they execute a variety of responses through a network
of down stream effectors to bail out the cells from stress.

Role of p53 in cell-cycle inhibition.

The cell-cycle requires coordination of a variety of macromolecular
assemblies and movements. Coordination of these complex
processes is achieved by cyclin dependent kinases (CDKs). The
CDKs form complex with at least two kinds of proteins, the
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kinase and the cyclin, that drive cells from one stage to the next
during cell-cycle which is tightly regulated. p53 plays a major
role in cell-cycle arrest in response to DNA damage. Atleast two
check points detect DNA damage: (i) at the G, to S transition
and (i) at G, to M transition. Earlier studies showed p53 to
predominantly arrest cells at G1 to S transition. In response to
DNA damage p53 is activated which in turn trans-activates one
of its downstream genes p21, which binds to a number of cyclin
and CDK complexes. Binding of p21 to CDKs inhibits kinase
activity of the later. The CDKs without the kinase activity lose
their ability to phosphorylate the retinoblastoma protein, pRb,
which is a major target for the CDKs. Phosphorylation of pRb
leads to activation of E2Fs, which transactivates expression of
other genes required for initiation and progression of S phase.
Thus, by inhibition of CDKs, p21 acting downstream of p53 could
arrest cells at the G1 to S transition through a p21-dependent
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pathway. p53 is also involved in a p21-independent pathway of
G1 arrest through transactivation of GADD45 which bind PCNA
independent of p21 and thereby inhibiting DNA replication (68).

p53 and apoptosis.

Apoptosis is a biologically important process regulated by a set
of genes. The apoptotic cell is characterized by loss of volume,
plasma membrane blebbing, nuclear condensation, chromatin
aggregation and endonucleolytic degradation of DNA into
nucleosomal fragments. These changes are triggered by two major
pathways: (i) the death receptor-inducad extrinsic pathway and
the (ii) mitochondria-apoptosome-mediated intrinsic pathway.

Although the ability of p53 to function as a transcriptional
activator is necessary for its role in mediating G1 arrest some
studies have shown that p53 can induce apoptosis in cells through
both transcription-dependent and independent pathways. p53-
dependent cell death was shown to occur in presence of either
transcriptional or translational inhibitor. In addition, mutant
p53 that lacked the transactivational ability also induced apoptosis
in cells (69). These data indicate that p53 induces apoptosis in
cells independent of its transactivation ability. But other studies
where temperature-sensitive mutants of p53 were expressed along
with adenovirus E1A protein required the transactivation potential
of p53 to induce apoptosis in these cells (70). Thus, it appears
that p53 might have two separate pathways to induce apoptosis,
one transcription-dependent and the other transcription-
independent (71, 72).

Maintenance of genetic stability by p53.

The cellular DNA replication is shown to be error-prone and the
genes involved in the repair pathway are known to correct these
errors in DNA. When these genes are inactivated the cells
accumulate errors in genes leading to genetic instability and
predispose cells to tumorigenesis. The p53 protein is important in
maintaining genetic stability through transactivation of genes that
reqgulate DNA repair, chromosomal recombination and
chromosome segregation and absence of wild type p53 leads to
accumulation of DNA errors leading to genomic instability (32,
73, 74).

Nucleotide excision repair (NER) pathway is an evolutionarily
conserved DNA repair pathway with the ability to remove a wide
range of DNA adducts induced both by environmental and
endogenous sources (75). The NER process is subdivided into
two distinct pathways: (i) repair of lesions over the bulk of the
genome, referred to as global genomic repair (GGR) and (ii)
rapid removal of transcription blocking lesions present in the
transcribed DNA strands, known as transcription coupled repair
(TCR) (76). Studies using fibroblasts derived from Li-Fraumeni
syndrome (LFS), which are homozygous for p53 mutation showed
deficiency in GGR following UV irradiation indicating a possible
role for p53 in nucleotide excision repair. p53 is shown to regulate
nucleotide excision repair by transactivation of NER genes and
through direct binding to NER factors. In response to formation
of cyclobutane-pyrimidine dimers caused by UV irradiation p53
is shown to bind to NER factors, XPB and XPD, inhibited their
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helicase activity and thereby regulating nucleotide excision repair
(76).

Other studies show the requirement for transactivation function
of p53 to regulate nucleotide excision repair. Two specific genes
involved in global genomic repair DDB2 and XPC are shown to
contain p53 binding consensus sequences (77) and their gene
products p48 and XPC respectively were shown to increase in
presence of wild type p53 in response to UV irradiation and the
global genomic repair of these cells were shown to te enhanced
(78).,

Although the requirement for p53 in global genomic repair is well
established, involvement of p53 in transcription-coupled repair is
not well understood. However, one study clearly established the
enhancement of transcription-coupled repair in presence of wild
type pb3, that is, cells with cyclobutane-pyrimidine dimmers
induced by UV irradiation (79). Deficiency in base-excision-repair
mechanism is also noticed in cells lacking wild type p53 (80)
indicating a possible role for p53 in such mechanism of DNA
repair as well.

p53 and senescence

Normal mouse or human cells obtained from host undergo limited
number of cell divisions in culture followed by senescence. ltis
shown that p53-deficient murine cells escape senescence and
produce immortalized cell lines with aneuploidy. This is most
likely to happen due to loss of p53-mediated controi over centro
some duplication and the G2-M check point preventing re-
initiation of S-phase prior to mitosis or the next G1 phase {81).
In addition, it has become clear that p53 responds to signals
provided by normal cells undergoing progressive passages in
culture. p53 activity increases in late-passage cells, the level of
p21 also increases in these cells, slowing or stopping the rate of
division of these cultures. Introduction of a transdominant-acting
p53 mutant to such cells provides a significant enhancement in
the life span of these cells. This clearly indicates a role for wild
type p53 in senescence (82).

Inhibition of angiogenesis by p53

To reach enormous sizes tumors induce growth of new blood
vessels in their vicinity to bring nutrients required for their aggressive
growth. Normal p53 protein stimulates expression of genes that
inhibits this process. Therefore, cells with inactivated p53 are
more likely to recruit more new blood vessels, providing a critical
growth advantage to the tumor cells at a later point during tumor
development (82).

p53 in growth and development of the organism

The ability to generate mice lacking p53 implied that p53 is
dispensable for growth, differentiation and embryonic
development. However, subsequent studies revealed that
approximately 16% of 13.5-day p53 -/- embryos displayed marked
encephaly, with an overgrowth of brain tissue (83). Thus, in
contrast to early reports, deficiency of p53 does have a
developmental phenotype. Another important finding involves
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the respective roles of MDM2 and p53 in development. A
homozygous deletion of MDM2 results in early embryonic Jethality
and it is rescued in the absence of p53. These results suggest
that the primary role of MDM2 during development is to negatively
regulate p53, with p53 and MDM2 acting in concert to regulate
cell-cycle during early development (83).

p53 and differentiation

p53 has also been suggested to play a role in differentiation of
several cell lineages based on the correlation between over
expression of p53 and induction of differentiation markers. p53
is shown to play an important role in the B-cell differentiation
and development involving the double strand DNA breaks and
rearrangement. The immunoglobulin chains m and k are induced
in early pre-B and pre-B cell lines upon expression of p53 and
furthermore introduction of mutant p53 was found to block k
chain expression in the same cells. Hemoglobin expression is
also stimulated in erythroleukemic cells and chronic myelogenous
leukemic cells in response to p53 (84). A role in spermatogenesis
has also been suggested for p53 based on the highly defined
spatial and cyclical expression of the p53 gene in tetraploid
pachytene primary spermatocytes.

p53 and tumorigenesis

By the early 1990s p53 was widely recognized as a tumor
suppressor gene, as the function of p53 protein was deregulated
in most human cancers. In approximately 50% of human tumors
p53 gene was found to be inactivated and there are three modes
by which mutation of p53 might affect its function: (i) loss of
wild type function, (ii) trans-dominant effect of mutant over
wild-type p53 function (dominant negative effect) and (iii) gain
of oncogenic potential.

The fact that p53 null mice are highly tumor-prone argues strongly
that the loss of its function is sufficient to contribute to
tumorigenesis. Various factors contribute to loss of wild type
function of p53. One possibility is the deletion of one or both
p53 alleles, which reduces the expression of tetramers, resulting
in decreased expression of the growth inhibitory genes. This
mechanism is found in tumors of several types. Another possibility
being the non-sense or splice site mutations that result in truncation
of the protein that do not allow oligomerization, thus resulting in
a similar reduction of p53 tetramers. Mutations of this type are
fairly common in cancers of lung, esophagus, and other human
cancers. A third mechanism involves mis-sense mutations resulting
in dominant-negative effects with an even greater reduction of
functionally active tetramers. Such mis-sense mutations are
common in cancers of colon, brain, lung, breast, skin, bladder,
and other cancers. The dominant-negative effect of mutant p53
proteins through oligomerization with wild type p53 results in an
inhibition of the ability of wild type to bind DNA and activate
transcription.  This is evident from mice carrying dominant-
negative trans-gene, which shows increased tumor incidence and
decreased survival compared to mice carrying wild-type p53 (85).
Thus, presence of mutant p53 proteins in tumors might result
from selection for dominant negative mutants that cause loss of
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wild-type function. A fourth mechanism by which p53 loses its
wild-type activity is commonly found in cervical cancers where
expression of the E6 gene of human papillomavirus (HPV) results
in functional inactivation of p53 through binding and degradation
(42).

In addition to inactivation of p53 by mutations in the p53 gene
locus some tumors have inactivated p53 by other mechanisms.
Increased levels of p53 mRINA and protein have been reported
in colorectal carcinomas and many normal and colon cancer
cell lines. The p53 over-expression did not depend on the
mutational status of the p53 gene (86, 87). In addition,
transcriptional modulation of both wild-type and mutant p53
gene has been reported in many normal and tumor tissues in
response to DNA damaging agents (88,89). Occasionally tumors
with p53 mutants, which predominantly localizes to the cytoplasm
have been identified; they lose their ability to act as transcription
factors. This novel mechanism of p53 inactivation is identified
in breast cancer cells and in a large number of undifferentiated
neuroblastomas (90). In approximately one third of all sarcomas
the MDM2 gene is amplified, which inactivates the p53 by
increasingly marking it for nuclear export and ubiquitin-mediated
degradation.

Additionally, some p53 mutants are capable of conferring
increased tumorigenicity, metastatic potential and tissue
invasiveness. The gain-of-function properties of these mutant
p53 proteins may be related to the ability of mutant p53 proteins
to preferentially stimulate transcription of several cellular and
viral promoters. The mutant p53 proteins may also associate
with other cellular proteins like p38, p42 or synergize with PKC in
the induction of angiogenic VEGF gene (91).

p53 gene mutations in brain tumors

Patients harboring p53 germ line mutations predominantly develop
soft tissue sarcomas and breast cancers, however approximately
13% of them develop brain tumors typically astrocytic glioma.
Loss of p53 is well documented in sporadic gliomas glioblastoma
multiforme, anaplastic astrocytoma and meningiomas (92).

Germ line mutations are frequently found in patients with
multifocal glioma and other malignancies however sporadic p53
mutations are largely documented in astrocytic tumors. There is
at least one germline mutation strongly correlated with an unusual
accumulation of CNS tumors. The deletion of the codon 236 is
associated with a familial brain tumor syndrome (93). This deletion
results in a mutant conformation which lack specific DNA binding
and transactivation activity which leads to the loss of its tumor
suppressor activity.

Despite the presence of many germ line mutations, majority of
the mutations of p53 in brain tumors are somatic. The highest
number of p53 mutations occurs in regions coding for the DNA
binding domain. In majority of human brain tumors the p53
gene is known to undergo a single base pair transition from G:C

to A:T (92)
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p53 GENE AND HUMAN VS TUMORS

Cancer cells differ from normal cell in many important
characteristics, including loss of growth control, differentiation,
increased invasiveness and decreased drug sensitivity. These
differences arise through a complex process of cellular evolution
and it has been suggested that cancer cells have mutations leading
to genetic instability and thereby accelerating cellular evolution
and studies have identified genes that belong to this category.
These genes encode components of cell-cycle checkpoints and
ensure an integration of DNA repair and cell-cycle (94). p53
belongs to this category of genes and as described previously it is
shown to be mutated in approximately 50% of all human cancers
analyzed so far.

Although p53 gene mutations both germ line and somatic, have
been reported in many brain tumors, a scant contribution of p53
gene is speculated for human vestibular schwannomas (95).
However, altered structure and expression of p53 gene and age
dependent phosphorylation of p53 protein specifically at the Ser
392 position only in younger patients have been reported in
human VS tumors and these results show an important role for
p53 in human vestibular schwannomas (96).

Wild type p53 has a short half-life of approximately 15 minutes
and it has auto-regulatory function. However, the p53 protein is
stabilized through various post-translational modifications due
to DNA damage and stress. The stabilized protein transactivates
a set of genes responsible for cell-cycle arrest, DNA repair and
apoptosis. Such p53 transactivation leads to elimination of cells
carrying damaged DINA through apoptosis pathway. Alternatively,
the transactivation helps to correct the DNA damage before
committing cells to cell-cycle in order to avoid accumulation of
cells with DNA damage.

Mdm2 regulates the level of p53 protein in a cell as it binds p53,
ubiquitinates and induces cytosolic-tranlocation where the pS3 is
degraded through proteosomal pathway. However, NF2 gene
product merlin is shown to be a positive regulator of p53 by
inhibiting the p53-Mdm2 binding. Thus, in normal cells under
stress p53 is stabilized by NF2 in addition to other post-
translational modifications (Figure 4a).

However, in many tumor cells p53 protein is known to be
accumulated and it could be due to the following mechanism:

(i) Presence of an altered p53 protein in tumors that is unable to
bind Mdm2 (Figure 4). Mutant p53 protein acquires altered
conformation and it has the ability to form tetramer with wild-
type p53 protein, inactivating the later in a dominant negative
fashion. Moreover, serine residue at the 392 position could be
vital as this is located in the carboxyl terminus among a stretch
of 30 basic amino acids. The Ser 392 is known to be
phosphorylated under stress due to UV radiation (63) and this
could induce a change in the net charge at the C-teminus leading
to attaining a possible altered conformation of the p53 protein.
Because the p53 monomers tetramerize through the C-terminus,
such an altered conformation due to Ser 392 phosphorylation
could result in a p53 protein which has altered binding ability to
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Mdm2, resulting in decreased degradation leading to accumulation
of higher levels of p53 protein in tumors.

(ii) Recent reports suggest the existence of wild type p53 and
Mdm2 in some lung cancer cell lines, resulting in normal binding
between p53 and Mdm2 followed by ubiquitination. But the
ubiquitinated p53 does not undergo proteosomal degradation
and therefore, p53 protein gets accumulated. It is hypothesized
that a possible intermediate required for the degradation of the
ubiquitinated-p53 is absent in these cells resulting in the p53
protein accumulation (97) (Figure 4b).

(iii) In addition, previous report have shown a deregulated pRb
pathway in human VS tumors tissues (98). Absence of
functional merlin in VS tumors leads to elevated level of CDKs
(99) and it results in increased level of hyperphosphorylated pRb
(98). The hyperphosphorylated pRb releases free E2Fs in these
VS cells, which in turn leads to increased p14ARFE The p14ARF
stabilizes the p53 protein by affecting its post-translational
modification (phosphorylation) which could lead to decreased
degradation resulting in the accumulation of the p53 protein in
these human VS tissues. Therefore, a deregulated p53 (96) and
pRb (98) pathway could have an important role in the human
VS tumor development (Figure 5).

(iv) Moreover, results indicate that the percentage of the Ser 392
phosphorylated p53 protein in the VS tumors of the young patients
is increased, while the percentage in older patients decreased.
Depending on the Ser 392 phosphorylation, the p53 protein
could induce alternate pathways in these patients (96) (Figure 6).

A functional NF2 gene and its protein, merlin, are known to be
absent in human VS tumors. In the absence of merlin the human
VS tumor cells should lack NF2-mediated p53 stabilization. But
the p53 protein is shown to be accumulated in both sporadic
and familial human VS tumors (96). Therefore, it could be
hypothesized that the increase in the level of the p53 protein in
the human VS tumor cells could be due to any of these pathways.

Conclusion

VS tumors are one of the most painful human tumors, one of
the most difficult to manage and they cause high morbidity.
Extensive studies have been carried out on the possible role of
the NF2 gene and its protein, merlin, in these tumors. However,
results from recent studies imply that the tumor suppressor genes
RB1 and p53 could also play important role in the development
of these tumors. Further studies are necessary to elucidate the
detailed pathways affected by the deregulation of these TS genes.
Results from such studies could help us develop novel diagnostic,
management and possible treatment procedures for these tumors.
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