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Abstract
p63, p73 and p53 are transcription factors members of the p53 gene family involved in
development, differentiation and cell response to stress. p53 gene is mutated in 50% of human
cancer. Moreover, when p53 gene is not mutated then its tumour suppressor pathway is lost
through interaction with abnormally expressed cellular protein or viral protein .Therefore p53
pathway inactivation is a common denominator to cancer. However, it is still difficult to associate
in the clinic p53 status to cancer prognosis and diagnosis. Recent publications may have a
profound impact on our understanding of p53 tumour suppressor activity. p63, p73 and p53 genes
have a dual gene structure conserved in drosophila, zebrafish and man. They encode for multiple
p63, p73 or p53 proteins containing different protein domains (isoforms) due to multiple splicing,
alternative promoter and alternative initiation of translation. The interplay between p53, p63 and
p73 isoforms are likely to be fundamental to our understanding of tumour formation.

Keywords
Splice; promoter; tumour; transcription; apoptosis; mutation; cell cycle

Introduction
The response to cellular damage is complex involving recognition and repair of the lesions
in DNA to minimize the risk of genetic instability. Therefore, mutations or alterations of
protein expression involved in this process predispose to genome instability, cancer and
other pathologies [1]. A central player in protecting the integrity of the genome is p53. The
importance of its role is exemplified by the facts that p53 activity is ubiquitously lost in
human cancer either by p53 protein inactivation or by p53 gene mutation [2].

p53 protein is expressed at low levels under unperturbed conditions. However, the p53
pathway is activated by any cellular stresses that alter the normal cell cycle progression or
can induce mutations of the genome leading to the transformation of a cell into a cancerous
cell. Activated p53 protein stops the cell cycle or in many case switches ‘on’ the
programmed cell death pathways (apoptosis) forcing the damaged cells to commit suicide.
The p53 protein prevents therefore the multiplication of stressed cells that are more likely
than undamaged cells to contain mutations and exhibit abnormal cellular growth. Hence,
p53 protein is the guardian of the genome preventing cancer formation [3].

The mechanisms, by which p53 accomplishes its tumour suppressor activity are still not
completely understood. The best described mechanism is the ability of p53 to modulate gene
expression. p53 is a transcription factor that binds directly and specifically as a tetramer to
sequences of DNA [4-6]. The ability of p53 to modulate gene expression is required for its
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tumour suppressor activity. Identification of the cyclin-dependent kinase inhibitor Waf as a
p53-responsive gene helps to explain how p53 can induce cell cycle arrest [7, 8]. Recently,
several p53-inducible genes that encode for proteins with apoptotic potential have been
identified. However, the tumor suppressor p53 can trigger cell death independently of its
transcriptional activity through subcellular translocation and activation of proapoptotic Bcl-2
family members. The regulation of such activity of endogenous p53 in response to stress
remains largely unknown.

Two p53-related genes, p63 and p73, were identified in 1997 [9] [10]. The high level of
sequence similarity in the DNA binding domain between p53 protein family members
allows p63 and p73 to transactivate p53-responsive genes causing cell cycle arrest and
apoptosis. However, p53, p63 and p73 proteins are not functionally entirely redundant as
each p53-family transgenetic knockout mice develop distinct phenotypes, illustrating that
p53, p63 and p73 have their own unique functions.

We recently published that the p53 gene family has a dual gene structure conserved in
drosophila, zebrafish and man [11] [12]. Like most of the genes in the human genome [13],
p53 gene family members express multiple mRNA variants due to multiple splicing and
alternative promoters. Hence p53 gene family members express different forms of p53
protein containing different domain of the protein (isoforms).

p63 isoforms
The human and mouse p63 genes express at least 3 alternatively spliced C-terminal isoforms
(α, β, γ) and can be transcribed from an alternative promoter located in the intron 3
(figure1a). The transactivating isoforms (TAp63) are generated by the activity of the
promoter upstream of exon-1 while the alternative promoter in intron-3 leads to the
expression of amino-terminal truncated p63 isoforms (ΔNp63) containing a different N-
terminal domain. Although ΔNp63 isoforms lack the transactivation domain present in
TAp63 isoform, they can transactivate through a different transactivation domain present in
their distinct N-terminal end [14]. Altogether, the p63 gene expresses at least 6 mRNA
variants which encode for 6 different p63 protein isoforms (TAp63α, TAp63β, TAp63γ,
ΔNp63α, ΔNp63β, and ΔNp63γ) Fig. (1).

p73 isoforms
Like p63, the p73 gene can be transcribed from an alternative promoter located in the intron
3. The p73 gene expresses at least 7 alternatively spliced C-terminal isoforms (α, β, γ, δ, ε,
ζ, η) and at least 4 alternatively spliced N-terminal isoforms, which contain different parts
of the transactivation domain. Altogether, the p73 gene expresses at least 35 mRNA variants
which can encode theoretically 29 different p73 protein isoforms Fig. (2). p73 isoforms
encoded by alternatively spliced exon2 and/or exon-3 mRNA variants are initiated at
different ATG and contain therefore different part of the N-terminal domain, suggesting that
they can have distinct protein interactions and specific activities.

p53 isoforms
Until recently, our understanding of the p53 gene structure was simple. Only one promoter
and three mRNA splice variants were described for p53, which would encode respectively
full-length p53 (FLp53), p53i9 [15] [16] and Δ40p53 [17, 18]. However, this human p53
gene structure is not consistent with our current understanding of the evolution of the p53
gene family. Mammalian genomes contain three members of the p53 family while only one
member has been identified in invertebrates, suggesting that the mammalian p53 family
members are derived from the triplication of one ancestral gene. As p53 gene was
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discovered several years before PCR and modern molecular biology technologies, we
revisited p53 gene expression in normal human tissue using the novel method of Generacer
PCR [12]. We established then that human p53 gene has indeed a dual gene structure similar
to p73 and p63 genes Fig. (3). We identified that p53 gene transcription can be initiated in
normal human tissue from 2 distinct sites upstream of exon1 and from an internal promoter
located in intron-4. The alternative promoter leads to the expression of an amino-terminally
truncated p53 protein initiated at codon 133 (Δ133p53). The intron-9 can be alternatively
spliced to produce 3 isoforms p53, p53β (identical to p53i9) and p53γ, where the p53β and
p53γ isoforms lack the oligomerisation domain. Therefore, the human p53 gene can encode
at least 9 different p53 protein isoforms, which we named accordingly to p63/p73
nomenclature p53, p53β, p53γ, Δ133p53, Δ133p53β and Δ133p53γ due to alternative
splicing of the intron 9 and usage of the alternative promoter in intron 4, and also Δ40p53,
Δ40p53β, Δ40p53γ due to alternative splicing of the intron 9 and alternative initiation of
translation or alternative splicing of the intron2 [18] (figure 3). p53 variant mRNA are
expressed in several normal human tissues in a tissue-dependent manner, suggesting that the
internal promoter and the alternative splicing of p53 can be regulated. Interestingly, the dual
gene structure of the p53 gene is conserved in drosophila [12], mouse (bourdon, unpublished
data) and zebrafish [11] while the alternative splicing is species-specific. As the p53 family
gene structure is conserved through evolution, it reveals an unforeseen complex regulation
that may play a major role in controlling p53 activity.

It has recently been reported that alternative splicing of the exon7 of p53 leads to a p53
isoform deleted of the conserved box V in the DNA binding domain (Δp53) [19]. This
splicing is quite remarkable as it is not consistent with any known rules of splicing, which
are strictly conserved through eukaryotes (from yeast to human). Despite all our efforts, we
could not detect by PCR, the variant Δp53 in 21 normal human tissue analysed (Brain,
Heart, Lung, liver, Colon, Bone Marrow, Thymus, Spleen, Testis, Prostate, Uterus, Skeletal
muscle, Stomach, Kidney, Placenta, Fetal brain, Fetal liver, Salivary gland, Adrenal gland,
Thyroid, Breast) nor in numerous tumours of several human tissue origin. Moreover no
specific antibodies have been produced to detect specifically Δp53 isoform proteins.
Therefore, we wonder whether the Δp53 isoform is really expressed.

p53 isoforms biochemical and biological activities
We have shown using commonly available p53 antibodies that endogenous p53 isoforms are
expressed at the protein level. However, such antibodies cannot identify specifically the p53
isoforms. It is only by raising a specific anti-p53β antibody that we demonstrated expression
of the endogenous p53β and Δ133p53β protein isoforms. This implies that p53γ,
Δ133p53γ and Δ133p53 are expressed at the protein level. Specific antibodies to these p53
isoforms will be shortly available.

Importantly, like p63 or p73 isoforms, p53 isoforms can have distinct biochemical activities.
The presence/absence of p53β at p53 responsive promoters is involved in the cellular
response to p53 activation. p53β binds preferentially the p53-responsive promoters p21 and
Bax rather than Mdm2, while p53 binds preferentially to Mdm2 and p21 rather than Bax
promoters. p53β can form a protein complex with p53 and can specifically enhance p53
transcriptional activity at the Bax promoter, while it has no effect on the p21 promoter. Co-
transfection of p53 with p53β increases slightly p53-mediated apoptosis, while co-
transfection of p53 with Δ133p53 strongly inhibits p53-mediated apoptosis in a dose
dependent manner. This indicates that wild type p53 activity may be modulated in the
presence of p53 isoforms, and thus that regulation of p53 function in normal and tumor
tissues in man is likely to be more complex than has been hitherto appreciated. Moreover,
each p53 protein isoform may have specific biological activities independent of full-length
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p53. This may explain how p53 can be involved in the regulation of so many biological
functions (i.e cell-cycle arrest, apoptosis, differentiation, replication, DNA repair, meiosis,
mitosis, etc... ).

p53 isoforms in cancer
Deregulation of p53 isoforms expression may play a role early in tumor formation since
attenuation of the WT p53 response would render the cells more susceptible to further
genetic damage and therefore to neoplastic transformation and tumor progression. Tumors
with abnormal p53 isoform expression would have a predicted phenotype of WT p53 by
sequence but compromised p53 activity. Such hypothesis is consistent with our RT-PCR
analysis of p53 isoforms expression on 30 breast cancer. p53β expression is frequently lost
and Δ133p53 is frequently overexpressed on breast tumours, while only 25% of breast
tumours express mutant p53. Similarly in Acute Myeloid Leukemia (AML) where p53 is
mutated only in 10%, we observed abnormal expression of p53 isoform. This strongly
suggests that the differential expression of p53 isoforms could disrupt the p53 response and
contribute to tumour formation [20]. Moreover, it may provide some explanation to the
difficulties in many clinical studies to link p53 status to the biological properties and drug
sensitivity of human cancers as p53 status is determined either by sequencing and/or
immunohistochemistry.

p53 mutation analysis has to be re-evaluated in cancer and Li-Fraumeni syndrome in light of
p53 isoform expression. p53 isoforms are encoded by exons different from full-length p53,
mutations occuring upstream of codon 133 (exon-5) or downstream of codon 331 (exon-9),
would affect some p53 isoforms but not others. This may lead to the loss of some p53
biological activities, keeping others unaffected.

p53 immunostaining on tumour sections should also be carefully interpreted as commonly
available p53 antibodies can detect some p53 isoforms but do not identify them specifically.
The mouse monoclonal antibody DO-1 but also Bp53-12, DO-7 recognise p53, p53β and
p53γ but not the other p53 isoforms, while polyclonal p53 antibodies raised against
recombinant full-length p53 protein will recognize all p53 isoforms (although Δ133p53β
and Δ133p53γ are weakly recognized by polyclonal antibodies as these isoforms have lost
most immunogenic domains of p53). Only future specific p53 isoforms antibodies will allow
a clear identification of the p53 isoforms. Meanwhile, RT-PCR method is the only
alternative available to determine p53 isoform expression in tumours. Unfortunately, RT-
PCR method can not be performed on paraffin-embedded tumour section as paraffin
treatment destroys low abundant mRNA. For best results, mRNAs have to be extracted
immediately after surgical resection or on tumour samples nitrogen-frozen immediately after
surgical resection as mRNAs are rapidly degraded in absence of blood supply (half-life of
15 min).

Another complexity in p53 pathways is that p53/p63/p73 family members can interact with
each other in many ways involving direct or indirect protein interactions, regulation of same
target gene promoter and regulation of each other’s promoters. The p53 family members and
their isoforms can bind differentially to promoters. The ratio between isoforms can thus be
an important cell fate determinant. Further work on the interplay between the p53/p63/p73
proteins, will be essential in understanding their individual and collective roles. The changes
upon stimuli of the balance and interactions between the isoforms are likely to be
fundamental to our understanding in the transition between normal cell cycling and the onset
of tumour formation.
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Conclusion
Based on our current understanding of the p53 pathway, an integrated analysis of p53/p63/
p73 isoform expressions associated with p53 sequence analysis and p53 target gene
expression (p21, Bax, Scotin, ....) seems to be the best method to establish a link between
p53 family gene and cancer treatment.
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Figure 1. human p63
a) Schema of the human p63 gene structure: Alternative splicing (α, β, γ) and alternative
promoters (P1 and P2) are indicated.
b) p63 protein isoforms: TAp63 proteins encoded from promoter P1 contain the conserved
N-terminal domain (FxxψW) of transactivation (TA). ΔNp63 proteins encoded from
promoter P2 are amino-truncated proteins containing an N-terminal transactivating domain
different from TAp63 proteins. Numbers indicate the exons encoding p63 protein isoforms.
Black boxes indicate conserved domains.
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Figure 2. human p73
a) Schema of the human p73 gene structure: Alternative splicing (α, β, γ, ζ, δ, ε, η) and
alternative promoters (P1 and P2) are indicated.
b) p73 protein isoforms:
TAp73 proteins encoded from promoter P1 contain the conserved N-terminal domain
(FxxψW) of transactivation (TA). Ex2p73 proteins are due to alternative splicing of exon-2.
They have lost the conserved N-terminal domain (FxxψW) of transactivation (TA) but still
contain part of the transactivation domain (Exon-3). Ex2/3p73 proteins are due to alternative
splicing of exons 2 and 3. They have entirely lost the transactivation domain (TA) and are
initiated from exon-4.
ΔN’p73 variant is often overexpressed at the mRNA level in tumours. ΔN’p73 is due to
alternative splicing of exon-3′ contained in intron-3. Theoretically, ΔN’p73 mRNA would
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encode either for a short p73 protein or p73 protein isoforms identical to ΔNp73. ΔN’p73
mRNA contains the normal initiation site of translation in exon 2 (ATG in perfect kozak
sequence) and a stop codon in exon-3′. Therefore it could encode for a short p73 protein
composed only of the transactivation domain (FxxψW). It is possible that translation of
ΔN’p73 mRNA is initiated from the third ATG available present in exon-3′and leading to
p73 protein identical to ΔNp73 protein isoforms.
ΔNp73 proteins encoded from promoter P2 are amino-truncated proteins containing an N-
terminal domain different from TAp73 proteins. Numbers indicate the exons encoding p73
protein isoforms. Black boxes indicate conserved domains.
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Figure 3. human p53
a) Schema of the human p53 gene structure: Alternative splicing (α, β, γ) and alternative
promoters (P1, P1′ and P2) are indicated.
p53 protein isoforms: p53, p53β and p53γ proteins encoded from P1 or P1′ promoters
contain the conserved N-terminal domain (FxxψW) of transactivation (TA). Δ133p53
isoforms encoded from promoter P2 are amino-truncated proteins deleted of the entire
transactivation domain and deleted of part of the DNA binding domain. Translation is
initiated at ATG-133. Δ40p53 protein isoforms encoded from P1 or P1′ promoters are
amino-truncated proteins due to alternative splicing of exon-2 and/or alternative initiation of
translation at ATG-40). Δ40p53 protein isoform have lost the conserved N-terminal domain
of transactivation (FxxψW) but still contain part of the transactivation domain. Black boxes
indicate conserved domains.
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