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Abstract
Recognition of TP53’s prominent role in protection from cancer has boosted a huge amount of scientific 

reports (around 40000) describing the function of TP53 as a tumour suppressor. Quite an unusual feature 
of a tumour suppressor was noted – TP53 is point mutated rather than inactivated in cancers and is 
highly expressed in tumours. Mutation of TP53 gene confers novel oncogenic properties on TP53 protein.
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History of discovery

TP53 was�identi𿿿ed�in�1979�as�a�protein�in�complex�
with large T-antigen oncoprotein of the SV40 DNA 
tumour virus (Linzer et al., 1979). Another study 
reported high levels of TP53 in transformed, but 
not normal cells, with no history of viral infection, 
suggesting it was coded by cellular genes (DeLeo et 
al., 1979). TP53 gene was cloned (Oren et al., 1983; 
Zakut-Houri et al., 1985) and originally described 
as an oncogene, due to its ability to transform 
cells in cooperation with other H-Ras oncogene 
(Eliyahu et al., 1984; Parada et al., 1984). In support 
of this notion, expression of TP53 then was shown 
to immortalize the cells (Jenkins et al., 1984) and 
enhance tumorigenic potential of cells injected in 
mice (Wolf et al., 1984). Later it was realized that 
the originally studied TP53 protein was the product 
of a mutated TP53 gene, which indeed promoted 
tumour genesis. However, after the wild type 
TP53 gene was cloned it became evident that wild 
type TP53 protein blocked the ability of oncogenes 
to transform cells (Eliyahu et al., 1989; Finlay et 
al., 1988; Hinds et al., 1989). Wild type TP53 was 
then�reclassi𿿿ed�as�a�tumour�suppressor�gene�and�
numerous studies since then have demonstrated its 

key role in protecting cells from cancer (Vogelstein 
et al., 2000). It was also declared as the molecule 
of the year. The fact that TP53 is mutated in at 
least half of all human cancers indicates a strong 
selection for its loss during tumour progression 
(Hollstein et al., 1991). Additional support for its 
crucial role in tumour genesis came from the study 
of Li-Fraumeni patients, who inherit one allele of 
mutant TP53 gene and are extremely pre-disposed 
to cancer (Malkin et al., 1990). 

Structure of TP53

The TP53 gene contains eleven exons with two 
alternative translation start sites in exon 2 and 
4 (Gen Bank Accession Number: NC_000077) 
(Murray-Zmijewski et al., 2006). The TP53 
protein contains three major functional domains: 
N-terminal transcriptional activation domain (TA), 
the�central�sequence-speci𿿿c�DNA-binding�domain�
(DBD) and the oligomerization domain (OD) in the 
C-terminus. There is also an N-terminal proline 
rich domain involved in protein interactions and 
regulatory domain in the C-terminus (Figure�1).

TP53 is active as a tetramer, with four identical 
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chains of 393 residues. The N-terminal region 
consists of an intrinsically disordered trans-
activation domain (TAD) and a proline-rich region. 
It is followed by the central, folded DNA-binding 
core�domain�that�is�responsible�for�sequence-speci𿿿c�
DNA� binding.� Via� a� Áexible� linker,� this� domain�
is connected to a short tetramerization domain 
that regulates the oligomerization state of TP53 
(Figure�2). At its C terminus, TP53 contains the so-
called regulatory domain. This natively unfolded 
region is rich in basic amino acids (mainly lysine) 
and�binds�DNA�non-speci𿿿cally.

TP53 Isoforms

The human TP53 gene is composed of 19, 200 bp, 
spanning over 11 exons on chromosome 17p13.1 
(NC_000017). Until recently only 3 mRNA splice 
variants of TP53 have been known, which encode 
full-length TP53, TP53i9 and TP53Δ40�(Ghosh�et al., 
2004). TP53i9 results from alternative splicing at 
exon 9 and encodes a protein truncated of the last 
60 amino acids, which is defective in transcriptional 
activity. TP53Δ40� (other�names�p47�and�ΔNTP53) 
protein� is� truncated� of� the� 𿿿rst� 40� amino� acids�
and can be generated by two mechanisms: either 

by an alternative splicing of the intron 2 (Ghosh et 
al., 2004) or by alternative initiation of translation 
(Yin et al., 2002). TP53Δ40 contains the second 
transactivation domain and is capable of activating 
some of the TP53 target genes. Interestingly, it 
can also inhibit transcriptional activity of the full-
length TP53 in a dominant-negative way (Ghosh et 
al., 2004). A recent study reports that the structure 
of the TP53 gene is much more complex than 
previously thought and many more TP53 isoforms 
exist (Bourdon et al., 2005). The structure of TP53 
gene and the currently known TP53 isoforms 
are summarized in Figure 2. The TP53 gene is 
transcribed from two distinct sites upstream of exon 
1 and from an internal promoter located in intron 4. 
The alternative promoter leads to the expression of 
an N-terminally truncated TP53�(Δ133TP53), which 
lacks the entire TA domain and part of the DNA 
binding domain. Usage of alternative promoter 
in� intron� 4� gives� rise� to�Δ40TP53 with truncation 
of N-terminal transactivation domain. In addition 
alternative splicing at intron 9 gives rise to α, b and 
g isoforms. Therefore at least 9 different isoforms of 
TP53 can be generated.

Function of TP53
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Fig. 1: Structure of TP53 protein.

The main domains of TP53, nuclear export (NES), nuclear localization (NLS) signals and the location of the conserved 
boxes I, II, III, IV and V are shown. TA – transactivationdomain, PD - proline-rich domain, DBD - DNA binding  
domain,�OD�-�oligomerization�domain,�RD�–�regulatory�domain.

Fig. 2: Human TP53 gene.
The structure of TP53 gene and the alternatively spliced TP53 isoforms are depicted.
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TP53 is activated in response to oncogene 
activation, DNA damage and spindle damage, 
which can potentially increase the mutation 
occurrence in cells and increase the risk of becoming 
cancerous. TP53 is also induced in response to 
other types of cellular stresses such as hypoxia, 
dNTP depletion and nutrient deprivation which 
can predispose cells to malignant transformation. 
Activated TP53 can induce cell-cycle arrest, 
allowing DNA repair, or cause senescence, or 
promote apoptosis, eliminating the damaged cells 
(Vogelstein et al., 2000). Numerous studies have 
demonstrated that TP53�can�inÁuence�many�other�
biological processes, such as invasion and motility, 
angiogenesis, differentiation, cell survival and 
more recently discovered glycolysis (Bensaad et al., 
2006) and autophagy (Crighton et al., 2006) (Fig. 3).

TP53 is a Transcription Factor

The TP53 gene encodes a transcription factor 
and mediates much of its biological activities by 

regulating the expression of numerous TP53 target 
genes. TP53�binds�to�the�speci𿿿c�sequences–�TP53 
responsive elements - in the regulatory region of 
its target genes and more than hundred different 
TP53 target genes have been described with 
various biological functions and the list is likely 
to grow (Murray-Zmijewski et al., 2008). TP53 
activates transcription of most of its targets by 
recruiting general transcription factors (TATA-
binding protein-associated factors) and histone 
acetyltransferases (HAT) CBP, p300 and PCAF to the 
promoter (Gu et al.,�1997).�One�of�the�𿿿rst�discovered�
TP53 target genes was the cyclin-dependent kinase 
inhibitor (CDK) p21, which induces a cell cycle 
arrest (el-Deiry et al., 1994). TP53 induces apoptosis 
by activating genes mediating extrinsic and intrinsic 
apoptotic pathways (Chipuk et al., 2006). Such 
targets include genes encoding death receptors, 
Fas/CD95/Apo-1, Killer/R5, mitochondrial 
proteins Bax,Noxaand PUMA (Nakano et al., 2001). 
Activation of autophagy via induction of novel 
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Fig. 3: Scheme of TP53 response.
TP53 is activated by a number of cellular stresses (blue boxes) and regulates different biological processes (red boxes) via 
transcriptional activation of its target genes (marked in black).
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gene DRAM by TP53 also contributes to cell death 
(Crighton et al.,�2007).�Recent�studies�have�identi𿿿ed�
microRNA miR-34 as a TP53 target gene, adding 
a new twist on regulation of TP53 gene network 
(Chang et al., 2007). MiRNAs are a class of small 
regulatory RNAs that mediate post-transcriptional 
silencing� of� speci𿿿c� target� mRNAs� (Bartel� et al., 
2004). The miR-34 family is directly induced by 
TP53 in response to DNA damage and oncogenic 
stress, which can lead to induction of growth arrest 
and apoptosis through inhibiting gene expression 
of proliferative and anti-apoptotic genes (Chang 
et al., 2007). TP53 can contribute to cell survival by 
allowing DNA repair by activating genes such as 
Gadd45, TP53R2 (Tanaka et al., 2000). TP53 has also 
been suggested to play a direct role in mediating 
DNA repair by interacting with components of the 
repair machinery (Gatz et al., 2006). In addition, 
TP53 plays a survival role by protecting the genome 
from damage by reactive oxygen species (ROS). This 
activity of TP53 is mediated by activation of TIGAR, 
sestrins, aldehyde dehydrogenase-4 and Sco2 
(Matoba et al., 2006), which can decrease the levels 
of intracellular ROS. The current model suggests 
that at low levels of stress TP53 plays a survival role 
and helps the cell to cope with stress, by decreasing 
ROS and allowing DNA repair. When stress is 
severe and/or DNA damage is irrepairable, TP53 
triggers irreversible growth arrest or apoptosis, to 
eliminate the damaged cells from the healthy pool 
(Vousden et al., 2007). In light of the current data, 
the role of TP53 therefore emerges as a master 
regulator of cells well-being, which prevents 
cancer development. Several TP53 target genes 
inhibit TP53 activity in a negative feedback loop. 
TP53 transcriptionally activates its major negative 
regulator Mdm2 (mouse double minute) (Wu et al., 
1993), a ubiquitin ligase, which inactivates TP53 
mainly by targeting it for proteasomal degradation 
and promoting its nuclear export. Similarly, to 
Mdm2, TP53 target genes Cop1 and Pirh2 encode 
ubiquitin ligases which can degrade TP53 (Leng 
et al., 2003). In addition, TP53 can directly interact 
with the transcription factors, such as Sp1 and AP1 
and others, preventing their binding to the target 
genes. By this mechanism TP53 leads to repression 
of genes such as cyclin B1and TERT (Kanaya et 
al., 2000). TP53 also recruits histone deacetylases 
(HDACs) to the promoters which is mediated by the 
interaction with SIN3A (Murphy et al., 1999). By this 
mechanism, TP53 represses transcription of genes 
such as MAP4 and stathmin (Murphy et al., 1999).
One of the novel target genes CD44 is inhibited by 
TP53 under conditions of basal stress. TP53 plays a 
key role in mediating tumour progression in cells 
lacking TP53. CD44 encodes a cell-surface molecule 
and can block TP53-dependent stress-induced 

apoptotic signals. The repertoire of TP53 target 
genes is extremely broad and in addition to genes 
mentioned above also includes secreted proteins 
regulating migration and angiogenesis (Teodoro et 
al., 2006). Though some of these biological responses 
have sometimes opposing roles, they all seem to 
contribute to the tumour suppressive function of 
TP53.The choice of TP53 response depends on the 
type of the particular stress and cellular context and 
is the active area of research (Murray-Zmijewski 
et al., 2008), which has mostly focused on the 
choice between the fundamental TP53 responses 
– cell cycle arrest and apoptosis. Posttranslational 
modi𿿿cations�are�involved�in�dictating�the�choice�of�
transcriptional target genes by TP53. Upon UV and 
DNA damage HIPK2 and DYRK2 phosphorylate 
TP53 on S46 (Taira et al., 2007). This promotes 
induction of apoptosis by TP53 via activation of 
pro-apoptotic TP53AIP1 gene (Oda et al., 2000). 
Acetylation of TP53 on lysine 120 by MOF and 
TIP60 also promotes TP53-dependent apoptosis in 
response to DNA damage, via recruitment of TP53 
to pro-apoptotic target genes, PUMA and Bax (Tang 
et al., 2006). Ubiquitination of TP53 on Lys320 by E3 
ligase E4F1 promotes cell cycle arrest function of 
TP53 via activation of p21, Gadd45 and cyclin G1, 
while not affecting the pro-apoptotic target genes 
(Le Cam et al., 2006). TP53 family members p63 
and p73 can also selectively enhance the apoptotic 
activity of TP53 in some cell types, by promoting 
transactivation of PERP and BAX but not p21 
(Flores et al., 2002). TP53 interacting partners play 
an important role in the outcome of TP53 response. 
The members of the ASPP (ankyrin-repeat-SH3-
domain- and proline-rich-region-containing) 
family play an important role in regulating the 
apoptotic function of TP53. ASPPs act by selectively 
enhancing the TP53 binding and trans-activating 
promoters of pro-apoptotic target genes such as 
Bax, PIG3 (TP53-induced gene 3) and PUMA, while 
not affecting the promoters of the CDKN1A and 
mdm2 genes.

Mutations of TP53 in Cancer

Fraumeni�syndrome

Li-Fraumeni syndrome (LFS) is a rare inherited 
cancer pre-disposition syndrome, affecting 
individuals before the age of 45 years. Unlike other 
inherited cancer syndromes, LFS is characterized 
by a variety of different cancers, predominantly 
sarcomas, breast cancers, brain tumours and 
adrenocortical carcinomas, though other cancers 
have also been reported. LFS is dominantly-
inherited and is associated with high mortality. 
Analysis of the LFS families has shown that around 
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70% of these families have a germline mutation in 
the TP53 gene. Li-Fraumeni-like syndrome (LFL) 
describes a similar syndrome, which does not have 
all features of the classical LFS and similarly has been 
found to have germ-line mutations in TP53 gene 
(Olivier et al., 2003). From the database information 
it is revealed that most of the TP53 mutations are 
missense mutations (72%) and some are deletions 
(10%). About 46% of the mutations were located at 
the codons 175, 213, 245, 248, 273 and 282 in the DBD 
of TP53, which correspond to hotspot mutations in 
sporadic cancers (Soussi et al., 2007).

TP53 in sporadic cancers

As already mentioned, TP53 gene is found 
mutated in nearly half of all human cancers 
analyzed. In many other types of cancers 
TP53pathway is inactivated by other ways, such as 
inactivation of ARF or over expression of Mdm2. 
Unlike most of the tumour suppressor genes, more 
than 80% of the TP53 alterations are missense 
mutations which lead to generation of full-length 
TP53 with single amino acid substitution (Petitjean 
et al., 2007). The initial observations, which showed 
that TP53 mutations are a frequent event in many 
tumour types, were made some twenty years ago 
(Takahashi et al., 1989). Those studies demonstrated 
that most of the mutations are localized in the exons 
5–8, which lead to a single amino acid substitution 
of the DNA binding domain. Therefore, most of 
the later studies (40% of all) have focused on the 
characterization of these mutations, which mostly 
affect the DNA binding domain. The database of 

TP53 mutations has been updated and includes the 
analysis of some of the recent studies have found 
that mutations also occur outside exons 5–8 (about 
10%) (Figure 4) (Bastien et al., 2008). The current 
version of the TP53 mutation database reports 
about 24000 different mutations most of which 
occur as single amino acid substitutions in the DNA 
binding domain of TP53. Most of the mutations 
locate within the highly evolutionary conserved 
regions of the DBD of TP53.

Properties of Mutant TP53

Loss-of-function

Biochemical studies have shown that TP53 
mutants exhibit certain heterogeneity in terms of 
structural alterations and loss of DNA-binding 
activity. The DNA-binding site recognized by TP53 
is�highly�degenerated�and�the�af𿿿nity�of�TP53 for 
target sites varies (Resnick et al., 2003). Though 
many TP53 mutants exhibit total loss-of-function, 
some TP53 mutants retain partial transactivation 
ability. Tumour-derived point mutants TP53 175Pro 
and TP53 181Lys retain the ability to activate p21 
and induce cell cycle arrest, however fail to induce 
other target genes, which impairs their ability to 
induce apoptosis (Ludwig et al., 1996). In addition 
to loss-of-function, TP53 mutants acquire cancer 
promoting properties (Finlay et al., 1988), which 
have been attributed to the ability of mutant TP53 
to inhibit wild type TP53 in a dominant-negative 
manner and by gain-of-function effect.
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Fig. 4: Mutational frequency of TP53.

The frequency of the point mutations of each codon of TP53 found in tumors  
(IARC�database,�R12�release,�2006,�www-TP53.iarc.fr).
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Dominant-negative effect

Over expression studies in cells have shown 
that mutant TP53 inhibits the function of wild 
type TP53 acting in a dominant-negative manner 
(Willis et al., 2004). This results in interference with 
several TP53-mediated biological processes, such 
as: apoptosis (Gottlieb et al., 1994), growth arrest, 
differentiation, genetic stability and transformation 
suppression (Unger et al., 1993). One of the 
explanations was that mutant TP53 can induce a 
conformational change in wild type TP53 (Milner et 
al., 1991). However, structural studies suggest that 
contact mutants do not have a gross change to their 
structure, though are capable of inhibiting wild 
type TP53 when over expressed (Chene et al., 1998). 
The current mechanism of the dominant-negative 
effect suggests the formation of mixed tetramers of 
mutant and wild type TP53 proteins, which reduces 
the level of fully active homotetramers of wild type 
TP53 (Willis et al., 2004). One report suggests that 
at least three mutant molecules are required per 
tetramer to inactivate the transactivation ability 
of TP53 (Chan et al., 2004). This suggests that 
dominant-negative effects of mutant TP53 can be 
biologically relevant only when the levels of mutant 
TP53 are high. It is possible that in tumour cells, 
where mutant TP53 accumulates to high levels; it 
might lead to inhibition of the wild type TP53. In 
the course of tumour progression the wild type 
allele is often lost (Olive et al., 2004). This might 
imply that wild type TP53 retains its function to 
some extent in the presence of mutant TP53, as 
there is a selective pressure to lose it.

Gain of function

Experimental systems on a TP53-null background 
have demonstrated novel tumour promoting 
properties of mutant TP53, which is known as 
“gain-of-function” effect. One of the early studies 
showed that mutant TP53 expression in cells 
lacking TP53 enhanced their tumourigenic potential 
(Wolf et al., 1984). Mutant TP53 can enhance the 
transformation potential of TP53-null cells as 
assessed by colony formation assay and leads to 
enhanced growth of the cells. Several studies have 
shown that exogenously expressed mutant TP53 
confers tumourigenic potential in several TP53-null 
cell� types:� murine� 𿿿broblasts,� murine� L-12� pre-B�
cells and human osteosarcoma cell line (Wolf et al., 
1984; Lanyi et al., 1998). Another gain-of-function 
property of mutant TP53 is the ability to interfere 
with the induction of apoptosis in response to 
various stress signals, such as DNA damage and 
growth factor deprivation when over expressed in 
cells (Zalcenstein et al., 2006). However, the most 
convincing evidence for the gain-of-function effect 
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is provided by the study of knock-in mice with 
“hot-spot” mutations in TP53. TP53 mutant mice 
with mutation at either Arg172His (equivalent to 
175 in humans) or Arg270His (equivalent to 273 in 
humans), belonging to structural and contact class of 
hot-spot mutants respectively, have been generated 
(Olive et al., 2004). Both mutantsTP53 knock-in and 
TP53-null mice develop tumours, however, mutant 
TP53 knock-in mice exhibit different spectra of 
tumour spectrum, with predisposition to carcinomas 
and endothelial tumours. Tumours in mutant TP53 
knock-in mice display more aggressive phenotypes 
and metastasize with higher frequency. These 
𿿿ndings�provide� the�most�physiologically� relevant�
evidence for the gain-of-function effect of certain 
TP53 mutants (Olive et al., 2004). The mechanism of 
the gain-of-function effect of TP53 mutants has been 
proposed to be mediated via their interaction with 
p63/p73. However, the exact mechanism of gain-
of-function of mutant TP53 is still unknown. Recent 
study has addressed the gain-of-function effects of 
TP53 hot spot mutations (R248W and R273H) by 
introducing them into the HUPKI allele (Song et al., 
2007). Another mechanism of the gain-of-function of 
mutant TP53 involves regulation of the expression of 
a�speci𿿿c�set�of�genes.�One�of�the�𿿿rst�genes�shown�
to be up regulated by mutant TP53 was MDR-1, 
which was suggested as a mechanism underlying 
chemo resistance promoted by mutant TP53 (Chin 
et al., 1992). Mutation of L22 and W23, required 
for transcriptional activity of TP53, abrogated the 
ability of mutant TP53 to transactivate MDR-1 and 
enhancement of tumourigenic potential of the cells 
by mutant TP53 (Lin et al., 1995). This study has 
provided the evidence for transcriptional regulation 
mechanism of the gain-of-function of mutant TP53. 

TP53 Polymorphisms

As is true of the human genome as a whole (in 
which over 3.1 million sequence variations have 
been mapped, which represent 25–35% of the total 
estimated SNPs (Frazer et al., 2007), numerous 
SNPs and other sequence variations are present at 
the TP53locus. Most of these variations are intronic 
and can be presumed to have no cancer-related 
biological consequences. Few of the many TP53 
polymorphisms have been assessed for altered 
biochemical and/or biological function, or for their 
effects on cancer risk in population studies.

Polymorphisms in non-coding sequences

More than 90% of the polymorphisms in 
TP53occur in the noncoding sequences. The well-
characterized intronicTP53 polymorphism is a 16 
base pair insertion in intron 3 (Lazar et al., 1993). 
This is the only intronic polymorphism that has 
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been associated with an increase in the risk of 
several types of cancer (Costa et al., 2008).

Synonymous polymorphisms in TP53 coding 
sequences

Of the 19 exonic polymorphisms that have 
been reported in TP53, eight are synonymous. 
Although these polymorphisms do not change the 
amino acid sequence or structure of the protein, 
in theory, changes in base sequence and codon 
use could modify protein expression, folding and 
function, or provoke new splicing events (Candeias 
et al., 2008).A silent mutation at codon 36 (CCG 
to CCT) was shown to reduce the ability of TP53 
to� activate� apoptosis� by� lowering� the� af𿿿nity�
of the TP53mRNA for MDM2; consequently, 
reducing TP53 levels (Candeias et al., 2008). Three 
synonymous polymorphisms—D21D (GAC to 
GAT), Pro34Pro (CCC to CCA) and Pro36Pro (CCG 
to CCA) — are located in the region that is crucial 
for TP53 mRNA binding to MDM2 and their roles 
await functional analysis.

Non-synonymous polymorphisms in TP53 coding 
sequences

The remaining 11 polymorphisms in TP53 
are non-synonymous, resulting in an amino 
acid change in the protein. Only four of these 
polymorphisms have been validated by multiple 
submissions of the polymorphism to TP53 
databases, reports on the frequency of the 
polymorphism, or inclusion of the polymorphism 
in the Hap Map database. In addition, they have 
not been reported as somatic mutations in tumours. 
Changes in the amino acid sequence can alter 
the ability of TP53 to bind to response elements 
of target genes (as shown by tumour-associated 
TP53 mutations alter recognition motifs for  
post-translational�modi𿿿cations,�or�alter�the�protein�
stability and interactions with other proteins (Li 
et al., 2007). For two of the polymorphisms, there 
is� suf𿿿cient� molecular� evidence� to� suggest� that�
the polymorphisms cause a functional change 
in the TP53 pathway (Pro47Ser and Arg72Pro). 
The remaining two validated non-synonymous 
polymorphisms have not been associated with 
an altered cancer risk to date (Val217Met and 
Gly360Ala).

Codon 47 (Pro47Ser)

Pro47Ser, a rare polymorphism in the N-terminal 
transactivation domain of TP53, results from a 
C→T� base� substitution� at� position� 1� of� codon�
47. It has only been reported in populations of 

African origin, in which it is found at an allele 
frequency of approximately 5% (Felley-Bosco 
et al., 1993). Phosphorylation of the N-terminal 
domain of TP53 has been shown to regulate its 
transactivation properties (Kruse et al., 2008). P38 
and homeodomain-interacting protein kinase 2 
(HIPK2) phosphorylate Ser46, which enhances 
the transcription of apoptosis-related genes and 
hence promotes TP53-mediated apoptosis (Kruse 
et al., 2008). These two kinases are directed to 
phosphorylation sites by a proline residue adjacent 
to Ser46. Thus, replacement of Pro47, as occurs with 
the Per47Ser polymorphism, would be expected 
to decrease phosphorylation at Ser46, decrease 
transactivation of pro-apoptotic target genes and 
thus potentially increase cancer risk (Kurihara et 
al., 2007).

Codons�217�and�360�(Val217Met�and�Gly360Ala)
Val217Met (resulting from a G>A transition) is 

the only validated coding polymorphism that is 
located in the DBD of TP53; thus, in principle, it could 
dramatically affect the activity of TP53.Functional 
studies have been limited to transactivation assays 
in yeast (Kato et al., 2003), which indicate that this 
polymorphism results in little loss of activity The 
genes that show the most variation in activation 
are CDKN1A, BAX and PMAIP1 (also known 
as NoXA), but the TP53-Met217 variant leads to 
greater expression of these genes than the more 
common TP53-Val217 variant; extrapolating from 
this result, one can speculate that the Val217Met 
polymorphism might be protective against cancer.

Gly360Ala is located in the linker region adjacent 
to the tetramerization domain of TP53. Again, the 
functional data for this polymorphic variant have 
been provided by transactivation studies in yeast 
(Kato et al., 2003), which showed a slight decrease 
in the transactivation of BAX, MDM2 and TP53AIP, 
and�a�more�marked�decrease�in�strati𿿿n�(SFN,�also�
known as 14-3-3 sigma) and GADD45 (growth 
arrest and DNA damage-inducible (Gemignani, 
et al., 2004). Codon 72 (Arg72Pro) polymorphism  
in TP53

The�codon�72�polymorphism
This common SNP results in a non-conservative 

changeof an arginine (R72) to a proline (P72) at 
amino acid72 that results in a structural change 
of the proteingiving rise to variants of distinct 
electrophoretic mobility (Matlashewski et al., 1987). 
This polymorphism occurs in a proline-richregion 
of TP53, which is known to be important forthe 
growth suppression and apoptotic functions ofthis 
protein (Sakamuro et al., 1997). Beckman and co-
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workers�were�the�𿿿rst�todemonstrate�a�signi𿿿cant�
difference in the allelic distribution of the R72 
and� P72� variants.� They� 𿿿rst� noted� a� signi𿿿cant�
difference in the P72 allele frequency between a 
Nigerian population (African Black) and a Swedish 
population (Western Europe), which were17 and 
63%, respectively; in contrast, they did notnote 
any differences between populations living on 
the same geographical latitude (Beckman et al., 
1994). The authors went on to demonstrate that 
the frequencyof the P72 allele differs with latitude, 
increasing ina linear manner as populations near the 
equator (Sjalander et al., 1995). These observations 
led the authors to suggest that the codon 72 variants 
differed inbiological activity, and further that these 
differences inactivity might be subject to selection 
in areas of high ultraviolet light exposure.

Banks and co-workers subsequently 
demonstrated the existence of biochemical and 
biological differences between the R72 and 
P72 isoforms of TP53. Noted are the conserved 
functional domains of TP53, with amino-acid 
residues for each functional domain listed below. 
Thelocations of the two coding region polymorphic 
variants (codon 47 and codon 72) are denoted with 
an asterisk. Figure 2 Amino-acid sequences of the 
TP53 polymorphism atresidue 47. The two p38 
MAPK sites of phosporylation (serines 33 and 46), 
adjacent to proline residues at amino acids 34 and 
47, aredenoted. Figure 3 Amino-acid sequences of 
the TP53 polymorphism atresidue 72. This region 
contains several SH3-binding motifs (PXXP), which 
are postulated to be important for the ability of 
TP53 to induce apoptosis. In a subsequent study, 
the authors went on to demonstrate that the P72 
form of TP53 had enhanced ability to function as a 
sequence�speci𿿿c�trans-activator,�owing,�in�part,�to�
its strongerinteraction with two TFIID-associated 
factors, TAFII32 and TAFII70 (Thomas et al., 1999). 
In contrast, the authors found that the R72 variant 
of TP53 was amarkedly better suppressor of cellular 
transformation, an activity commonly associated 
with TP53’s apoptotic function. Differences in the 
biological activity of R72 and P72 proteins have also 
been described for certain tumor-derived mutant 
forms of TP53.� Speci𿿿cally,� the� TP53-homolog 
p73 has been reported to physically interactwith 
certain tumor-derived mutant forms of TP53 
(butnot wild-type TP53). More to the point, the 
authors demonstrated that these mutant forms of 
TP53 interacted with p73 preferentially when they 
occurred in cis with the R72 TP53 polymorphism 
(Marin et al., 2000). This study went on to show that, 
in tumours from individuals heterozygous for the 
codon 72 polymorphism (R72/P72), the R72 allele 
was most commonly subject tomutation, while 

the other allele (P72) was morefrequently lost by 
deletion (Marin et al., 2000). Thesedata suggested 
that the R72 variant of TP53, when in ciswith certain 
tumor-derived mutations, might haveenhanced 
tumor suppressive function owing to increased 
ability to inactivate p73. Subsequent studies 
suggest thatthe ability of R72 to target and inhibit 
p73 may be celltype dependent (Vikhanskaya et al., 
2005).�Speci𿿿cally,�these�authors�demonstrated�that�
some of the TP53 tumorderived mutants that are 
unable to bind and inhibit p73 are still able to confer 
resistance to drug treatment, suggesting that R72-
containing mutants may possess other mechanisms 
to disrupt chemotherapy-induced apoptosis. Two 
groups found that, for non-mutated forms of 
TP53,�the�R72�variant�has�a�signi𿿿cantly�increased�
abilityto induce programmed cell death, in cells 
containinginducible versions of TP53, as well as 
in cells homozygousfor R72 and P72 (Dumont et 
al.,� 2003).� The� absence� of� differences� in� speci𿿿c�
DNAbinding or transcriptional ability of these two 
polymorphic variants led our group to discover 
that theenhanced apoptotic potential of the R72 
variant� wasowing� to� increased� traf𿿿cking� to� the�
mitochondria, resulting from enhanced interaction 
with, and ubiquitylation by, the MDM2 ubiquitin 
ligase (Dumont et al., 2003). Such mitochondrial 
localization of TP53, leading to cytochrome c 
release,�was�𿿿rst�described�by�Moll�andco-workers,�
and� later� con𿿿rmed� by� our� group� (Dumont�
et al., 2003). Our group inassociation with the 
group� of� George� has� identi𿿿ed� thepro-apoptotic�
protein BAK, an important member fromthe 
Bcl-2 family involved in cytochrome c release 
frommitochondria, as a mitochondrial TP53-
interacting protein (Leu et al., 2004). Interestingly, 
we found that thetwo TP53 isoforms R72 and P72 
demonstrate�the�same�af𿿿nity�for�BAK,�suggesting�
that the enhanced ubiquitylation and nuclear export 
of the R72 under liesits enhanced mitochondrial 
function in cell death. Insum, the combined data 
from� several� groups� hascon𿿿rmed� the� altered�
apoptotic potential of the codon72 polymorphic 
variants, with the R72 variant demonstrating 
enhanced apoptotic ability, and the P72 variant 
demonstrating enhanced growth arrest (Pim and 
Banks,� 2004).� Based� on� these� 𿿿ndings,� a� number�
of studies have tried to establish a correlation 
between the TP53codon 72 polymorphism and the 
risk to develop certain types of cancer. In general, 
these studies have notyielded consistent results; 
this may be accounted for by the fact that the R72 
variant, when found in mutantforms of TP53, 
might be predicted to enhance tumor development 
(increased inactivation of p73), but whenfound in 
the context of wild-type TP53, might be predicted 
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to better inhibit tumor development (increased 
apoptotic ability)
One� of� the� 𿿿rst� studies� to� demonstrate� a�

correlation between the codon 72 polymorphism of 
TP53 and the riskto develop cancer was by Banks 
and co-workers, who reported that women with the 
R72 variant of TP53 (better targeted for degradation 
by HPV E6 protein) had aseven-fold increased risk 
to develop cervical cancer (Storey et al., 1998). To 
date,�dozens�of�studies�have�failed�to�con𿿿rm�these�
results, possibly because of differences in subtypes 
of HPV, so an association between cervical cancer 
and the codon 72 polymorphism of TP53 is not 
currently accepted.Several groups have reported 
an association betweenthe R72 TP53 variant (binds 
and inactivates p73 better)and increased risk for 
epithelial cancer, including gastric cancer (Shen et 
al., 2004) and cancer of the breast, ovary oesophagus, 
skin (DeOliveira et al., 2004), lung, bladder, 
prostate and larynx (Sourvinos et al., 2001). In other 
studies, however, authors have found the opposite 
correlation,instead demonstrating an association 
between the P72 (lesser apoptotic) variant and 
increased risk forother cancer types, including 
cancer of the thyroid, nasopharynx, prostate, skin, 
urogenital region and lung (Zhang et al., 2003). 
Still other groups have failed to demonstrate any 
association between codon 72variants of TP53 and 
cancer risk. Again, these discrepancies may be 
inÁuenced�by�a�failure�to�determine�the�mutational�
status of TP53 in these tumours. Other researchers 
suggest that these discrepancies may beaccounted 
for by a failure to conduct meta-analyses, orowing 
to poorly controlled ‘normal’ populations that 
donot take into account the latitudinal differences 
in allele TP53 polymorphisms. Oncogene frequency 
(Koushik et al., 2004). While correlations between 
cancer risk and the codon 72 polymorphism have 
been in consistent, more consistent have been the 
correlations between these polymorphic variants 
and cancer progression, survival, andage of on set 
of cancer. In particular, several groups havefound 
that patients homozygous for P72 (lesser apoptotic 
allele) were diagnosed at an earlier median ageof 
onset for their cancer. The median age varied 
from 6 years earlier for squamous cell carcinoma 
of thehead and neck, to 13 years earlier for non-
polyposiscolorectal cancer, and between 10 and 
11 years earlier for oral cancer (Jones et al., 2004). 
These data are consistent with the hypothesis 
that the R72 allele, which has greater apoptotic 
ability, consequently possesses enhanced tumor 
suppression function. Also consistent with 
thishypothesis� are� 𿿿ndings� that� individuals� with�

the R72 genotype have higher response rates and 
better survival after receiving chemo- and radiation 
therapy foradvanced head and neck cancer and 
for cancers of the breast and lung (Xu et al., 2005). 
Therefore, while correlations between cancer risk 
and TP53 polymorphic variants havenot been 
clear, more consistent correlations exist for cancer 
progression, survival, age of onset, and response to 
therapy.

In human populations, codon 72 of TP53 has 
either the sequence CCC, which encodes proline, 
or CGC, which encodes arginine. The variants 
are hereafter abbreviated TP53-Pro72 and TP53-
Arg 72. Comparative sequence analyses in non-
human primates suggest that TP53-Pro72 is the 
ancestral form, although TP53-Arg 72 occurs at 
a high frequency (>50%) in some populations. 
A latitude gradient in variant frequency (an 
increasing frequency of the TP53–72 variant 
towards the equator (Sjalander et al., 1996) invited 
early speculation that TP53-Pro72 might protect 
against adverse consequences of sunlight or other 
environmental cancer risk factors. 

The NIH genetic association database, which is 
not comprehensive, has records on over 230 studies 
evaluating the effect of the codon 72 polymorphism 
on susceptibility to a wide variety of cancers. 
Many of these studies have reported ‘statistically 
signi𿿿cant’� associations.� Several� formal� meta-
analyses combining data from multiple studies 
have been published on breast, gastric and lung 
cancer, and these do not support a role for this 
polymorphism in the risk of developing these 
cancers (Matakidou et al., 2003).
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