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The p53 Tumour Suppressor Gene and
Human Cancer

When cancer cells are fused with normal fibroblasts, the resultant hybrid cells
are not tumourigenic.! This suggests that tumours might be suppressed and that
there are some genes whose products keep those which cause cancer in
abeyance. A loss of function of these tumour suppressor genes could thus lead
to the potentiation of (unknown) activated oncogenes. There are two important
examples of tumour suppressor genes. The first is the Rb gene of human
retinoblastoma, the loss or inactivation of which predisposes to the occurrence
of this cancer. 2 Forty per cent of retinoblastomas are inherited and carry a
germ-line mutation of the Rb gene in one of the alleles, and the inactivation of
the Rb gene on the other allele is the cause of tumour development. The
remaining are not inherited and are caused by somatic mutations which must
occur in both the alleles.? The second important tumour suppressor gene is the
one that codes for the p53 protein.

p53 was first reported as a protein associated with the large T (transforming)
antigen of the DNA tumour virus SV40 that is expressed in cultured cells
infected by it. 3 Once the gene for p53 was cloned and localized to the short arm
of chromosome 17, its use as a probe revealed that one allele of the p53 gene
was frequently mutated or lost in human tumours, suggesting that it might be a
tumour suppressor gene.t> Tissue culture experiments confirmed that the
wild-type (normal) p53 gene can indeed suppress the malignant phenotype of
transformed cells.6

Two types of p53 gene abnormalities, namely allelic loss and mutations, have
been detected. Analysis of tumour DNA with polymorphic probes from the
chromosome 17p13.3 region has revealed that during tumour development the
wild-type p53 allele is lost whereas the mutant allele is retained.Y suggesting
that complete inactivation of wild-type p53 occurs during tumourigenesis.
Numerous sites of p53 mutations are known but most are clustered between
exons 5 and 8.8 Eighty per cent of these mutations are missense mutations causing
one amino acid to be substituted for another, resulting in altered protein con-
formation. This reduces or eliminates the DNA binding ability of p53, thereby
down-regulating the transcription of the target genes." Functional inactivation
of the p53 protein can also occur in the absence of p53 gene mutation by its
binding to proteins such as the E6 protein of the HPV16 virus'? or the cellular
protein MD M2. 11

Inactivating mutations of p53 have been associated with human tumours of
the breast, lung, colon, liver, bladder, brain, bone, soft tissues and the
haematopoietic system. This makes sporadic mutations of p53 the single most
common genetic alteration seen in human cancer. 5 The strongest genetic
penetration of p53, however, occurs in a rare dominantly inherited syndrome-
the Li-Fraumeni syndrome (LFS).12 This syndrome is characterized by a
number of childhood and adult tumours, with the risk of developing cancer
approaching 50% by the age of 30.13The diverse types of cancer found in LFS
are similar to those associated with sporadic mutations of p53 and include
breast carcinoma, soft tissue sarcoma, brain tumour, osteosarcoma, leukaemia
and adrenocortical carcinoma.> Other tumours that might be associated with
LFS are melanoma, germ cell tumours of the testes and ovary and carcinomas
of the lung, pancreas and prostate.

p53 seems to playa role in the intermediate or late stages of carcinogenesis.
Mutations of this gene are seen at the transitory stages of colonic adenomas to
carcinomas- or during blast crises in chronic myeloid leukaemia.v' The
frequency of p53 mutation is usually higher in large invasive tumours or those
with a high tumour grade, indicating that it may be a prognostic indicator of
reduced survivaL15.16
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The involvement of p53 in so many common cancers makes this gene a key
factor in the pathogenesis of human cancer. Multiple potential sites for
mutation of p53 contrast with those for other oncogenes, such as ras, in which
mutations necessary to bring about malignant transformation must occur at few
highly specific sites. The strong susceptibility to genetic mutation makes p53 an
easy target for environmental carcinogens and, therefore, a potential model to
identify and study various environmental carcinogenic agents.

The wild-type p53 has a short half-life of 20 to 30 minutes, but the protein
product of the mutated p53 gene appears to be much more stable. 17An indirect
indication of mutation of p53 can be obtained by immunohistochemistry,
where the nuclei of cells carrying a mutated p53 gene stain darkly with p53
antibodies. IS This phenomenon is related to the intriguing biochemistry of the
p53 protein. The normal p53 protein molecules within the cell combine with
themselves to form tetramers or higher order oligomers, but it has been shown
in vitro that the combination of wild-type and mutated p53 proteins (from a
normal and a mutated allele respectively) can lead to the inactivation of these
oligomers. The tumour suppressor properties of p53 may thus be abrogated. 19

The normal function of p53 is not fully clear but it appears to playa central
role in the control of cellular proliferation.P p53 has been implicated in nega-
tively controlling the transition of the G 1 to the S-phase of the cell cycle.21The
cell cycle-related functions may be mediated by binding of the p53 protein to
DNA in a sequence-specific manner either to stimulate or to inhibit transcrip-
tion of specific genes-' or to directly inhibit initiation of DNA replication. 23The
p53 gene has been shown to be mutated in virtually all cells in tissue culture,
suggesting a permissive role of the altered gene in cellular immortalization.
p53, however, appears to have little role to play in normal development, and
mice containing homozygous p53 deletions develop norrnally-" as do humans
with germ-line mutations of this gene.

Recent reports suggest that p53 is implicated in the phenomenon of apoptosis
or programmed cell death.25,26p53 also apparently facilitates the programmed
death of cells following DNA damage induced by radiation, thus reducing the
chances of survival of mutated cells. However, a more clear picture of how p53
controls cell cycle progression has emerged from the work of Elledge and
Vogelstein.27,28 They report that wild-type p53 acts as a trans activating protein
for the synthesis of a 21 kD protein, which in turn binds to the cyclin-dependent
kinases (CDK) and blocks them. The complex does not allow the cells to
undergo further division. However, in the absence of normal p53 protein the
21 kD-CDK-cyclin complex is not formed, resulting in uncontrolled growth. 29

The medical importance of p53 lies in developing molecular diagnostic tests
to identify germ-line mutations in close relatives or members of families with a
high incidence of cancer or those with multiple cancers. Screening for the p53
mutation may, therefore, offer opportunities for genetic counselling or early
diagnosis and prophylactic treatment. However, such screening tests also raise
many ethical issues, which need to be carefully considered. 30Nevertheless, the
story of p53 reminds us how fundamental research done in the laboratory, often
on apparently unrelated and esoteric model systems, can open doors not only
to our understanding of the pathogenesis of human cancer but also to possible
avenues for its prevention.
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