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The complexity of p73 isoforms in human neoplasia
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Summary
p73, the homologue of p53, is a nuclear protein whose ectopic expression, in p53+/+ and p53 -/- cells, recapitulates
the most well-characterized p53 effects, such as growth arrest, apoptosis and differentiation. Altered expression of
the p73 gene has been reported in neuroblastoma, lung cancer, prostate cancer and renal cell carcinoma as well as
in breast cancer, ovarian tumor, melanoma and hematopoietic neoplasia. p73 has a complex genomic organization
that largely results from an alternative internal promoter in intron 3 generating NH2-terminally deleted dominantnegative proteins (∆N-p73) and differential splicing of the COOH-terminal exons (α, β, γ, δ, ε, ζ, Ë, Ë 1 isoforms), of
which the two major forms are p73α and p73β. These different splicing variants at the COOH-terminus were
shown to have variable homo- and heterotypic interactions between themselves and with p53 whereas the ∆N-p73,
that lacks the transactivation domain, exerts a dominant negative function towards p53 and p73 activity. Therefore,
it is likely that the various products of this gene participate, in different ways, in a complex network that regulates
cell growth, death, and differentiation giving rise to a family of proteins that adds a new level of complexity to the
understanding p73 signalling in cancer cells. Indeed, several studies demonstrated that expression of p73 is
markedly enhanced during differentiation of myeloid leukemic cells. We and others have shown that leukemic
blasts from acute myeloid leukemia (AML) patients exhibit an increased expression of shorter p73 isoforms (γ, δ, ε).
In addition, we described a distinct expression pattern of the ∆N-p73 isoform in the peculiar subset acute
promyelocytic leukemia (APL) as compared to other AMLs. Here, we provide an overview of the potential role of
p73 isoforms in acute myeloid leukemias (AMLs). We speculate that a complex p73 isoform profile with alterate
expression pattern of a particular p73 variant (∆N-p73 in APL) might represent non-mutational mechanisms of
leukemogenesis whose study can shed light on the pathogenesis of AMLs.
human cancer, being mutated or lost in 50% of most
tumors (D’Amico et al, 1992). One exception is the acute
myeloid leukemia (AML) where p53 mutations are found
in only 5% in de novo cases (Fenaux et al, 1991; Stirewalt
et al, 1999). This finding leads to the possibility that other
oncosuppressor genes may be involved in the pathogenesis
of this type of leukemia. The identification of a p53
superfamily of transcription factors, potentially redundant
in their ability to trigger similar cellular responses (i.e. cell
cycle arrest and apoptosis), has challenged to understand
the basis for their similarities and differences in terms of
physical and genetic interactions with one other, their

I. Introduction
Leukemias can be regarded as diseases in which
differentiation has been blocked at one of the steps along a
specific hematopoietic lineage. The proper differentiation
of hematopoietic cells might also depend from
transcriptional factors whose deregulation can take part to
the development of neoplasia.
p53 is a sequence-specific transcription factor that
regulates the expression of genes involved in cell cycle
arrest and apoptosis in response to genotoxic damage or
cellular stress. P53 is the most frequently mutated gene in
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regulation and their mechanisms of activation and /or
inactivation identifying others attractive candidate to
investigate in AMLs.
p73, one of the two p53 homologues, is a nuclear
protein whose ectopic expression, in p53+/+ and p53-/cells, recapitulates the most well-characterized p53 effects.
Unlike p53, p73 is very rarely mutated in human cancer
(Melino et al, 2002). Therefore, several studies have
explored alternative mechanisms for its inactivation.
Hypermethylation seems to be the predominant
mechanism of p73 inactivation in lymphoid
leukemogenesis (Kawano et al, 1999; Corn et al, 1999)
whereas no evidence for methylation has been obtained for
other hematological malignancies such as AML,
non–Hodgking lymphoma and CLL. The absence of p73
methylation in de novo AML as well as the fact that this
hematological tumor is also characterized by low
frequency of p53 mutations, suggest that p73 may be
altered in different ways depending on the tumor type and
that, p73 may be involved in an unusual manner in the
pathogenesis of AML.
p73 presents a complex genomic organization that
largely results from an alternative internal promoter in
intron 3 generating NH2-terminally deleted dominantnegative proteins (∆N-p73) and differential splicing of the
COOH-terminal exons (α, β, γ, δ, ε, ζ, Ë, Ë1 isoforms),
(De Laurenzi et al, 1998, 1999; Scaruffi et al, 2000). It has
originally been reported that short p73 isoforms are less
efficient than p73α in transactivating gene target
promoters and promoting growth suppression and
apoptosis (De Laurenzi et al, 1998; Ueda et al, 1999; Ueda
et al, 2001). However, the molecular mechanisms
underlying the reduced transcriptional activity of p73γ,
p73δ, and p73ε are still under investigation.
∆N-p73 is a truncated protein that takes origin from a
cryptic promoter located in the third intron of the p73 gene
and lacks the transcriptional activation domain. Recent
studies have shown that ∆N-p73 protein impairs both p53
and p73 transcriptional activity and p53/p73-mediated
apoptosis in response to agents inducing DNA damage.
Furthermore, ∆N-p73 is induced by TAp73 and p53,
generating a dominant-negative feedback loop that
regulates p53 and p73 functions (Grob et al, 2001;
Kartasheva et al, 2002; Zaika et al, 2002). Therefore, it is
likely that the several products of p73 participate, in
different ways in a complex network that regulates cell
growth, death and differentiation.
In myeloid leukemic cells expression of p73 has been
shown to be markedly enhanced during differentiation
(Fontemaggi et al, 2001; Morena et al, 2002) and we and
others showed that leukemic blasts from patients present
an increased expression of the shorter p73 isoforms (γ, δ,
ε,) (Tschan et al, 2000; Rizzo et al, 2004). In contrast, less
information on ∆N-p73 expression in leukaemia is actually
available. We have recently identified the lack of ∆N-p73
as a frequent feature of acute promyelocytic leukemia
(APL). Thus, a complex p73 isoform profile and the
possible aberrant expression pattern of a particular p73
variant (∆N-p73 in APL) might constitute a nonmutational mechanism with a potential role in the
pathogenesis of AMLs. We will focus on recent progress

that has been made in our understanding of the potential
involvement of p73 isoforms in haematological
malignancies.

II.
Genomic
structure of p73

organization

and

The human p73 gene localizes on chromosome 1p36.
The over 60 kb length of p73 is organized in 14 exons
which originate an array of multiple protein isoforms due
to differential mRNA splicing (Kaghad et al, 1997; De
Laurenzi et al, 1998; Ueda et al, 1999; Scaruffi et al, 2000;
Fillippovich et al, 2001) and to alternative promoter P1
and P2 usage (Kaghad et al, 1997; Yang et al, 2000).
Historically, the C-terminal complexity was
described before the N-terminal complexity of the 2 gene
loci. Most of alternative splicing occurs at the 3’ end and
involves more specifically exons 10 to 13, hence yielding
transcripts that encode protein isoforms with various Cterminal structures. The two promoters, P1 in the 5’UTR
upstream of a non-coding exon 1, and the P2 located
within intron 3 and over 30-kb downstream, produce two
diametrically opposed classes of proteins: those containing
the transcriptional activator domain (TAp73) and those
lacking it (∆N-p73).
Recently, two crucial studies have indicated that: 1)
TAp73 directly activates the transcription of endogenous
∆N-p73 by binding to the two p73-specific target elements
located on P2 (Nakagawa et al, 2002); and 2) p53 induces
∆N-p73 both at the mRNA and protein levels, as a result
of a p53 direct activation of the P2 promoter (Kartasheva
et al, 2002; Vossio et al, 2002).
Structurally, p73 exhibits three typical domains of a
transcription factor across various species: namely an
acidic, amino-terminal transactivation domain (TAD); a
central core DNA binding domain (DBD); and a carboxyterminal oligomerization domain (OD) (Kaghad et al.,
1997). Figure 1 depicts the genomic organization of the
p73 gene.

A. Amino- TAD
The TAD is known to interact with various
transcriptional coactivators, thereby allowing the enhanced
expression of some genes. As a consequence of the two
major promoters, p73 protein can be expressed with or
without the aminoterminal TA domain. Additional
variation at the aminotermini occurs as a result of exon
skipping (Stiewe et al, 2002b; Fillipovich et al, 2001;
Ishimoto et al, 2002).

B. DBD
DBD is a core region required for the association
with its cognate DNA element to act as a transcriptional
factor. All the known variants of p73 invariably contain a
central DBD that specifically interacts with an
overlapping, if not identical set of promoter sequences. A
subtle but possibly important difference consists in the
strength of this interaction. p73’s DBD is directly involved
in the physical interaction with human tumor derived p53
mutants (Marin et al, 2000; Strano et al, 2000, 2002;
Gaiddon et al, 2001;). This interaction has been shown to
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play a key role in the gain of function of mutant p53 (Lang
et al, 2004; Olive et al, 2004).

Brock, 1998; Smalla et al, 1999; Stapleton et al, 1999;
Thanos et al, 1999).
However, the SAM domain comprises only a minor
proportion of the residues found at the carboxyterminal
side of the oligomerization domain, and other portions of
this region have been implicated in transcriptional
activation (Ghioni et al, 2002) such an additional
transactivation domain may contribute to promoter
activation by the β isoform of p73 (Takada et al, 1999).
Identification of the cellular proteins that bind to the p73
SAM domains and elucidation of their functions will
likely and significantly improve our knowledge of the
functions of these newer family members. Additional
important sub domains exist within these COOH-terminal
“tails.” In fact, p73 contain several PXXP and PPXY (Y 5
tyrosine) motifs. The SH3 domain of the oncoprotein c-abl
has been shown to bind p73 via a PXXP sequence located
in the proline-rich region between the p73 DNA binding
domain and the predicted oligomerization domain (Agami
et al, 1999; Gong et al, 1999; Yuan et al, 1999). Similar to
SH3 domains, WW domains (small 38–40 aminoacid
sequences characterized by two conserved tryptophan
residues 20 amino acids apart) also bind proline-rich
ligands (Sudol et al, 1995). Recently, Strano et al, (2001)
reported that the WW domain adaptor phosphoprotein
YAP (yes-associated protein) also interacts with the
PPPPY sequence of p73 (residues 482–488) but not p53.
This interaction appears to increase p73 transactivation
function and imparts selectivity to p73-mediated apoptosis
in response to DNA damage (Chi et al, 1999; Strano et al,
2005) (Figure 1).
However, differences in the SAM and proline-rich
domains of the different family members may reflect
significant divergence in signalling and function.

C. OD
The OD is immediately at the carboxyterminal side
of the DNA binding domain and allows the formation of
tetramers (dimers of dimers). Several investigations have
also implied that the C-terminus of p73 affects its
oligomerization capacity and transcriptional activity (De
Laurenzi et al, 1998; Ueda et al, 1999). Therefore, the Cterminal region may have a role as a regulatory moiety for
the function of p73 in response to various cellular stimuli.
The most obvious feature of the carboxyterminal
portions of p73 is the fact that the α isoforms of p73
contain a sterile α motif (SAM). The precise function of
the SAM domain is currently unknown, although in
general, SAM domains can mediate specific interactions
with a variety of cytoplasmic signalling proteins (Chi et al,
1999; Thanos and Bowie, 1999), or with RNA (Kim and
Bowie, 2003) and has been found in multiple signalling
proteins and transcription factors, many of which are
important in developmental regulation. The crystal and
solution structures of the p73 SAM domain both agree
with the five-helix bundle fold characteristic of all SAM
domains (Chi et al, 1999; Wang et al, 2001). The ETS
transcription factor TEL, that is involved in a number of
chromosome translocations in leukemia, possess a pointed
domain (a SAM-like domain) that self-associate (Jousset et
al, 1997), and was found fuse to other signalling and
regulatory proteins in many leukemias, resulting in
constitutive activation of these fusion proteins via
dimerization (Golub et al, 1994; Golub, 1997; Kim et al,
2001). Other SAM-containing proteins are the members of
the polycomb group of homeotic transcription factors and
the ephrin receptors (Peterson et al, 1997; Kyba and

Figure 1. Genomic organization of p73 locus. TAD, transactivation domain; DBD, DNA-binding domain; OD, oligomerization domain;
SAM, sterile α motif-like. Transcriptional start sites are indicated by arrows. The P1 promoter in the 5’ untranslated region (yellow)
upstream of a non-coding exon 1 produces TA proteins that are transcriptionally active. The P2 promoter located within intron 3
produces ∆TA-p73 proteins lacking the transcriptional activator domain. The PXXP region (between aa 54 and aa 131) indicate the
motifs of direct interaction with the Src homology 3 domain of c-abl. Phosforylation (P) of tyrosine (Y) Tyr99 phosphorylation of p73 by
c-abl. 321-344 KKK; 345-346 KK: acetylation domain. PPPP: polyproline rich domains: the C-terminal PP domain, contain Pin-1
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consensus sites at residues 412, 442, and 482. PPPPY and PPSY indicate the canonical motif of the two ligand binding consensus for
YAP: yes-associated protein.

15 kb.
p73∆ex2 and p73∆ex2/3 are p73 isoforms that lack
either exon 2, or exon 2 and 3, and in contrast to ∆N-p73
are generated from the same promoter (P1) as TAp73. The
other TA promoter-derived transcript, ∆N’-p73, is created
by splicing out exon 2 but includes the 3’-portion of the
alternative exon 3’ (Casciano et al, 1999; Yang et al, 2000;
Fillippovich et al, 2001; Ishimoto et al, 2002; Stiewe et al,
2002b) (Figure 2a). Because the translation start of the
full-length transcript is located in exon 2, both
alternatively spliced transcripts encode ∆TA-p73 proteins
starting with amino acids 49 and 72, respectively (Figure
2b). Whereas the third TA promoter-derived transcript,
∆N’-p73, aberrantly includes the 3’-portion (198 bp) of the
alternative exon 3’ and encodes for the same protein as the
∆N-p73 transcript (Figure 2b).

III. NH2 isoforms
The absence of the N-terminal transactivation
domain characterizes a second class of p73 variants. These
truncated isoforms are encoded by transcripts derived from
the alternative promoter P2 in intron 3 (∆N-p73), or by
spliced transcripts, derived from P1 promoter (∆N’-p73,
p73∆ex2 and p73∆ex2/3). The various N-terminally
truncated isoform products (∆N-p73, p73∆ex2,
p73∆ex2/3, ∆N’-p73) are collectively referred to as “∆TAp73” (Figure 2a).
The human variant ∆N-p73, encoded by the first
three exons of TP73, starts with 276 bases of the
additional exon 3’ over 30-Kb downstream, containing
different ATG and unique 13 amino acids (exon 3’). This
region is highly conserved between human and mouse and
is in frame with exon 4. Whereas the length of the p73
intron 3’ (between exon 3’ and exon 4) is approximately

Figure 2. A. ∆TA-p73 isoforms. Trascriptional start sites are indicated by arrows. The ∆N-p73 is generated from a cryptic promoter (P2)
within intron 3. p73∆ex2 and p73∆ex2/3 aberrantly lack either exon 2, or exon 2 and 3 and are generated from the same promoter (P1) as
TAp73. ∆N’-p73 is created by splicing out exon 2 but includes the 3’portion of the alternative exon3’. B. Aminoacid alignment of p73
NH2-terminal isoforms and full-length TA-p73. The underlined 62 aa of TA-p73 are replaced in ∆N-p73 and ∆N’-p73 isoforms, by the
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unique 13 aa (in red) encoded by the alternative exon 3’ located in intron 3. The yellow indicates the translation start with aminoacids 49
and 72 for p73∆ex2 and p73∆ex2/3 respectively.

The ∆TA isoform was initially identified in mouse,
then in human (Pozniak et al, 2000; Yang et al, 2000;
Grob et al, 2001; Ishimoto et al, 2002; Melino et al, 2002;
Stiewe et al, 2002b). Mice functionally deficient for all
p73 isoforms exhibit profound defects, including
hippocampal
dysgenesis,
hydrocephalus,
chronic
infections and inflammation, as well as abnormalities in
pheromone sensory pathways. ∆N-p73 is the predominant
form in the developing mouse brain and might act as
dominant-negative inhibitors of themselves and of other
family members in vivo in the mouse and in transfected
human cells (Pozniak et al, 2000; Yang et al, 2000). In situ
hybridization reveals strong ∆N-p73 expression in E12.5
fetal mouse brain in the preplate layer, bed nucleus of stria
terminalis, choroid plexus, vomeronasal area, and preoptic
area (Yang et al, 2000). Moreover, ∆N-p73 is the only
form of p73 found in mouse brain and the sympathetic
superior cervical ganglia in P10 neonatal mice. Functional
studies and knockout mice showed that ∆N-p73 plays an
essential antiapoptotic role in vivo. ∆N-p73 is required to
counteract p53-mediated neuronal death during the normal
‘‘sculpting’’ of the developing mouse neuronal system
(Pozniak et al, 2000). Withdrawal of nerve growth factor,
an obligate survival factor for mouse sympathetic neurons,
leads to p53 induction and p53-dependent cell death.
Conversely, nerve growth factor withdrawal leads to a
decrease of ∆N-p73. Importantly, sympathetic neurons are
rescued from cell death after nerve growth factor
withdrawal when ∆N-p73 levels are maintained by viral
delivery. Likewise, sympathetic neurons are rescued from
Adp53-mediated neuronal death by coinfected Ad∆N-p73.
In pull-down assays, mixed protein complexes of p53/∆Np73 were demonstrated, suggesting one biochemical basis
for transdominance in addition to possible promoter
competition. Altogether, these data firmly put ∆N-p73 into
nerve growth factor survival pathway and also explains
why p73-/- mice, missing all forms of p73 including
protective ∆N-p73, undergo accelerated neuronal death in
postnatal superior cervical ganglia (Pozniak et al, 2000).
Using classical in vitro and in vivo transformation
assays, Petrenko et al, 2003 showed that ∆N-p73 exerts
oncogenic functions in primary cells facilitating
immortalization of MEFs, by rescue of Ras-induced
senescence, and cooperating with cMyc and E1A in
driving their proliferation. Most importantly, ∆N-p73
cooperates with all the three isoforms of oncogenic Ras in
inducing MEF-derived malignant fibrosarcomas in vivo.
On the other hand, ∆N-p73 has no transforming capacity
of its own, at least in primary fibroblasts and in the NIH
3T3 strains. Together, these data indicate that ∆N-p73 can
be classified as an immortalizing protein that co-operates
with a classical oncogene from the signal transduction
category in completely transforming primary fibroblasts
(Petrenko et al, 2003). ∆N-p73 forms have a very
important regulatory role, as they exert a dominantnegative effect on p53 and TAp73 by blocking their
transactivation activity, and hence their ability to induce
apoptosis (Grob et al, 2001; Ishimoto et al, 2002). At least
two, non-mutually exclusive, mechanisms can be evoked

for the dominant-negative action of the ∆N forms. The
first is the competition of these proteins, which lack an
NH2-terminal transactivation domain, for binding to
canonical p53 DNA-binding sites and thus preventing the
binding of transcriptional activation-competent p53 family
members. The second is the inhibitory function exerted at
the oligomerization level (for TAp73). In fact, while
unbound to DNA, they oligomerize with, and hence
sequester, transcriptional activation-competent p53 family
members.
Current data suggest that both of these mechanisms
can occur in vivo for ∆N-p73, and play an important role
in p73- and p53-mediated cell death in both malignant
cells and developing neurons (Ishimoto et al, 2002; Stiewe
et al, 2002a; Zaika et al, 2002).
p53 and TAp73 can induce expression of the ∆N-p73
isoform, which creates a dominant-negative feedback loop
that regulates the function of both p53 and TAp73, and can
fine-tune the function of p53 in a manner that is similar to
the MDM2 loop (Grob et al, 2001).
The ability of p53 and TAp73 to control the
expression of the ∆N-p73 isoform through this p53responsive element has also been confirmed by numerous
reports (Kartasheva et al, 2002; Melino et al, 2002; Vossio
et al, 2002). The findings of Vossio et al, 2002 also are
consistent with a model in which ∆N-p73 proteins may be
up-regulated at the transcriptional level by stimuli that
activate the p53 pathway and may act to repress p53dependent transcription by competing for its binding site
on different promoters. Both MDM2 and ∆N-p73 are
direct transcriptional targets of p53, and they are able to
inhibit p53 function by inducing its degradation (in the
case of MDM2) or competing for its target DNA-binding
sites (in the case of ∆N-p73). Perturbations of these
regulatory loops in cancer cells (Stiewe et al, 2002a) or in
virally infected cells (Roth et al, 1998; Allart et al, 2002),
result in excess or persistent expression of MDM2 or the
∆N-p73 isoform and might contribute to the inability to
activate p53 or TAp73.
Ishimoto et al, 2002), first described the
identification of human ∆N-p73 by an efficient RACE
method and revealed, by comparison of the ∆N-p73 cDNA
to its genomic sequence, the existence of exon 3’ in intron
3 of p73 gene.
This group underlined, also, the interesting feature of
the two-way usage of this exon 3’: one usage is the exon
3’ transcribed by an alternative promoter. The other usage
is that the exon 3’ is being transcribed along with exon 3
by an alternative splicing event. This latter way was
determined by PCR screening of human cDNA libraries
using various primers. The identified transcript, ∆N’-p73
mRNA, was shown to retain all of the other exons 1
through 14 with 198 base-exon 3’ insertion (Figure 2a).
Of note, the ∆N-p73 and ∆N-’p73 transcripts encode the
same protein due to the use of a second translational start
site because of an upstream premature stop in ∆N’-p73
(Ishimoto et al, 2002). Furthermore, the existence of
different regulations among different species has been
hypothesized. In contrast with predominant expression of
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∆N-p73 in the murine brain, human ∆N-p73 expression
has been detected only in the corpus callosum among eight
subregions of the brain. In addition, neither TA nor ∆N
isoform of human p73 was expressed in hippocampus,
whereas p73-deficient mice were demonstrated to suffer
from hippocampal dysgenesis (Yang et al, 2000).
To clone the human homologues of the mice ∆N-p73
isoforms Grob et al, 2001 performed a BLAST search in
the genebank database using a sequence from mice exon 3'
(y19235). This search allowed them to identify a genomic
clone (AL136528) containing the entire human p73 gene
and highly homologous to the mouse ∆N-p73 isoforms.
Interestingly, the sequence of exon 3' contains two
different in frame ATGs and translation can start with
either one. The existence of two different translation start
sites was confirmed by in vitro translation of a ∆N-p73
construct and by Western blot analysis of over-expressed
and endogenous p73 (Grob et al, 2001). Stiewe et al,
2002b, detected the human alternative transcript ∆N-p73
derived from the cryptic promoter in intron 3, homologous
to murine ∆N-p73 using RT-PCR analysis. This
alternative transcript encodes a NH 2-terminally truncated

p73 protein in which the 62 NH2-terminal amino acids are
replaced by 13 aminoacids encoded by the alternative
exon 3’(Figure 2b). In addition, they detected the three
alternatively spliced transcripts (p73∆ex2, p73∆ex2/3, and
∆N’-p73) derived from the TA promoter.

IV. COOH isoforms
p73 undergoes multiple COOH-terminal splicing of
exons 10 to 14, skipping one or several exons generating
additional complexity. So far, several transcripts were
found for p73: α, β, γ, δ, ε, ζ, η, and η1 (Kaghad et al,
1997; De Laurenzi et al, 1998, 1999; Ueda et al, 1999;
Zaika et al, 1999; Scaruffi et al, 2000; Ishimoto et al,
2002). Splicing of different ‘‘tails’’ further modulates the
p53-like function of TA proteins, although they do not
appear to vary much in their role in tumorigenesis (Ueda
et al, 2001). Importantly, despite the exclusive differences
at their carboxyl-terminal portions, all of these isoforms
have three functional domains. Figure 3 gives an
overview of the genomic organization of p73 C-terminus
isoforms.

Figure 3. Genomic organization of p73 C-terminus isoforms. α: full length, 636 aa (Kaghad et al, 1997); β: exon spliced out 13, 489 aa
(Kaghad et al, 1997); γ: exon spliced out 11, 475 aa (De Laurenzi et al, 1998; Ueda et al, 1999); δ: exon spliced out 11, 12, 13, 403 aa
(De Laurenzi et al, 1998); ε: exon spliced out 11, 13, 555 aa (Ueda et al, 1999; De Laurenzi et al, 1999); ζ: exon spliced out 11, 12,
540aa (De Laurenzi et al, 1999); η exon spliced out 10, 11, 12 and 13, 468 aa (Scaruffi et al, 2000); η1 exon spliced out 10, 11 and 12,
362 aa (Scaruffi et al, 2000); η lacking exon 14 and a long exon 13 (853 bp) with stop codon, 571 aa (Ishimoto et al, 2002). yellow:
untraslated region; blue: translated region.
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The p73 α and β were the first p73 forms identified.
The cDNA encoding p73 was fortuitously discovered by
Kaghad et al, 1997 in a hybridization screen of a COS cell
cDNA library using degenerative oligonucleotide primers
for the IRS-1-binding domains but the coding sequence of
p73 was found to lack any homology to IRS-1 binding
domains. Subsequently, libraries of normal human colon
tissue cDNAs were screened by hybridization to yield
cDNAs encoding p73α and p73β, (Kaghad et al, 1997).
Structurally, the p73α is the larger form of p73 and is
the only one containing at the C-terminus a region, with a
strike structural similarity to the SAM domain (Bork and
Koonin, 1998; Chi et al, 1999). This domain is absent in
the β, γ or δ isoforms and only partially present in ε and ζ
isoforms of p73.
The study of homotypic and heterotypic interactions
between p73 isoforms and p53 were performed by
employing the yeast two-hybrid system. The α and β
forms of p73 interact weakly with p53, whereas the γ, δ,
and ε forms establish only homotypic interactions. The
different forms of p73 interact each other with variable
intensity. p73 γ forms strong heterotypic interactions with
α, β, and δ and with β being the strongest, whereas p73 δ
forms strong interactions with α and γ, but binds to β
much weaker than p73γ (Kaghad et al, 1997; De Laurenzi
et al, 1998). Moreover, p73α has a very low tendency to
form
homotypic
interactions,
whereas
p73β
homodimerizes tightly and binds weakly to p73α. These
results indicate that all homotypic and several heterotypic
interactions are possible between the p73 variants and
suggest that in vivo this interaction might fine-tune the
system.
At the functional level, p73γ is very weak compared
with p53 and p73 β in suppressing colony formation in
SaoS-2 cells and in transactivating the Waf-1 gene
promoter (De Laurenzi et al, 1998). Interestingly, even
though p73 γ by itself activates poorly transcription, it has
no inhibitory effect on coexpressed p73 β that is
consistently the strongest transactivator of p53 targets in
ectopic expression (De Laurenzi et al, 1998; Roth et al,
1998; Zhu et al, 1998). p73δ, like p73α, shows
intermediate strength in transactivation and suppression.
(De Laurenzi et al, 1998). The short isoforms are mainly
located, as p73α and p73β, in the nucleus indicating that
the varied transcriptional activities are not due to
differences in subcellular localization (Jost et al, 1997;
Ueda et al, 2001). Hence, the various isoforms seem to
have very different biological effects from weak to strong
or neutral.
Further work is necessary to understand the complex
regulatory network generated by: (a) multiple p73 COOHterminal isoforms and their idiosyncratic expression
profiles that vary among tissues and individuals; (b)
homo- and heterotypic interactions among themselves; and
(c) the resulting differentials in their activities.
Unfortunately, the studies of these variants at the Cterminus are hampered by the fact that commercially
available antibodies only react with p73-α and p73-β, and
these two isoforms of p73 have been detected in both
normal and cancer cells. The translations of the other

spliced variants have to be verified through the preparation
of isoform-specific antibodies.

A. p73 α 636 aa (Kaghad et al, 1997),
p73β 499 aa (Kaghad et al, 1997)
p73 α is a full-length 636 aa protein that has distinct
developmental roles. TP73 expression is required for
neurogenesis of specific neural structures, for pheromonal
signalling, and for normal dynamics of cerebrospinal fluid
(Yang et al, 2000). The hippocampus that continues to
develop throughout adulthood is central for learning and
memory. p73-null animals exhibit hippocampal dysgenesis
due to the selective loss of large bipolar neurons called
Cajal-Retzius in the marginal zone of the cortex and the
molecular layers of the hippocampus. These Cajal-Retzius
neurons that are responsible for cortex organization
coexpress ∆N-p73 and the secretory glycoprotein reelin. In
addition, p73-null mice have severe malformations of the
limbic telencephalon. They also suffer from hydrocephalus
(∼20%) probably due to hypersecretion of cerebrospinal
fluid by the choroid plexus and from a hyperinflammatory
response (purulent but sterile exudates) of the respiratory
mucosa likely due to mucus hypersecretion. Moreover, the
animals are runted and show abnormal reproductive and
social behaviour due to defects in pheromone detection.
The latter abnormality is due to a dysfunction of the
vomeronasal organ, which normally expresses high levels
of p73.
The 499 aa p73β protein is encoded by transcripts
lacking the 96 nucleotides corresponding to exon 13. This
deletion interrupts the open reading frame, yielding a
polypeptide of 499 amino acids (Figure 4). Both p73α and
β transcripts were detected by PCR in several human
tissues including brain, kidney, placenta, colon, heart,
liver, spleen, and skeletal muscle, indicating a widespread, albeit low level, expression of these proteins.

B. p73 γ 475 aa (Ueda et al, 1999; De
Laurenzi et al, 1998)

The γ isoform was contemporary identified by De
Laurenzi et al, in 1998 and Ueda et al, in 1999.
Ueda et al, 1999) cloned the new splicing variant γ
by reverse transcriptase-polymerase chain reaction (RTPCR) using purified polyA-RNA of MCF-7 cells as a
template. The tissue-specific expression of this variant
were than analysed by RT-PCR of RNA samples extracted
from normal human tissues including the brain, heart,
lung, liver, fetal liver, spleen, pancreas, kidney, small
intestine, skeletal muscle, testis and thymus. In the testis,
p73γ was expressed at much higher levels than in other
tissues. Instead, De Laurenzi et al, 1998 identified p73γ by
amplification of the 3’ end of the p73 mRNA from the SHSy5y neuroblastoma cell line. The expression pattern was
examined using a radioactive PCR, that amplifies exons
10–14 in the p73 mRNA (bp 1198–1735 of the full-length
mRNA), in normal human lymphocytes, primary
keratinocytes, and several tumor cell lines (neuroblastoma,
glioblastoma, melanoma, hepatoma, and leukaemia)
including MCF-7.
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The γ isoform contains a long alternative reading
frame that leads to the formation of a different, 76-residue
C terminus and it is the p73 form that most closely
resemble p53 itself, harbouring just a small COOHterminal extension beyond the last 30 aa stretch (Figure 4)
of p53 but, surprisingly, TAp73γ is rather weak in
transactivation and apoptosis assay (De Laurenzi et al,
1998; Ueda et al, 1999).

frame of the γ isoform; while splicing of exon 13 deletes
an additional 31 aa and reverts the reading frame to the α
variant (Figure 4). Thus, p73ε results composed of parts
of the γ and α reading frames. Moreover, because the ε
isoform lacks the first three and a half helices the SAM
domain it is unlikely be folded and may not be functional.
Of note, Zaika et al, 1999) also reported the
identification of a p73 variant that appeared as novel
amplification products of 273 bp, together with p73 α-δ, in
a single PCR reaction, that was named φ.
This p73 φ splices exon 11 and exon 13 thus
resulting identical to p73 ε described by others authors (De
Laurenzi etal, 1999; Ueda et al, 1999). As already
described for p73 ε this variant is different from all other
isoforms between residues 400 and 445, and is followed
by a novel stretch of 110 aa and a premature stop at
residue 555 (Figures 3 and 4).
So we clarify this issue saying that De Laurenzi ε=
Ueda ε= Zaika φ.
To confirm the existence of p73ε, a panel of normal
and tumour tissues and cell lines (brain, heart, lung, liver,
fetal liver, spleen, pancreas, kidney, small intestine,
skeletal muscle, testis, thymus and human hepatoma line
HepG2) were screened, showing that the expression vary
among the different tissues (Ueda et al, 1999).

C. p73 δ 403aa (De Laurenzi et al, 1998)

The splicing of exon 11, 12, and 13 in p73 δ result in
a shorter truncated form of p73 of 403 aa. As γ also δ p73
variant is expressed in human peripheral blood
lymphocytes, primary keratinocytes, and different tumor
cell lines, including neuroblastoma, glioblastoma,
melanoma, hepatoma, and leukemia.

D. p73 ε 555aa (De Laurenzi et al, 1999;
Ueda et al,1999)
De Laurenzi et al, 1999 identified a new p73 isoform
called p73ε by amplification from normal peripheral blood
leukocyte (PBL). Whereas, Ueda et al, 1999 identified
p73ε by the analysis of different types of cDNA obtained
when full-length p73 cDNA was synthesized by RT-PCR
using purified polyA-RNA of human breast cancer cell
line MCF-7 as a template. Cloning and sequencing p73ε
showed that it lacks exons 11 and 13. In particular loss of
exon 11 deletes 50 aa with a frame shift to the reading

Figure 4 Aminoacid alignment of the C-terminal region of the different p73 splicing variants. The corresponding exons are indicated in
green. Underlined red sequence indicates a reading frame of p73α which are modify in the splicing variant γ, ε.Blue sequence indicates
the reading frame which is different from that of the α isoform (76-residue C-terminus for γ; 46-residue for ε). Green in the η sequence
indicates the translation of 5 aa followed by premature stop codons. The orange of ε, η, and ζ isoforms indicate the reverts of the reading
frame to the α variant. The violette in β and δ isoforms indicate premature stop codon.
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E. p73 ζ 540 aa (De Laurenzi et al, 1999)

2. p73η (Ishimoto et al, 2002)
In contrast with the other isoforms, this η form was
identified by rapid amplification of cDNA ends (3’RACE) and is generated by alternative termination.
p73 η mRNA has a long exon 13 (853 bp) containing
a stop codon, encoding a 571 aa protein (Figure 4). The
p73η transcript was only detected in lymphnode. Although
not as potent, TAp73η showed significant transactivation
potential comparable with that of TAp73α and TAp73γ
against mdm2-P2, BAX, p21waf1, 14-3-3 δ.

p73 ζ is a further splice variant which lacks exons 11
and 12, and results in the loss of 96 aa by internal deletion,
(residues 400-496 of the p73α), the sequence continuing
with the C-terminus of the α form (Figure 4).
The ζ isoform contains most of the SAM domain
sequence but lacks a crucial hydrophobic residue (L493 in
p73α) that contributes to the folding and stability of this
domain. Thus, it is not clear whether this isoform contains
a folded, functional SAM domain (Arrowsmith, 1999).
The ζ isoform was identified in the MCF-7 human breast
cancer cell line and in a human skin biopsy.
As discussed for ε isoform we remark that the
nomenclature of the isoforms ε and ζ is confusing. Indeed,
the so called ε isoform described by Zaika et al, 1999 is
generated by splicing exons 11 and 12, resulting in a
frame-shift starting at residue 400, followed by 141 novel
aa and a premature stop codon at residue 540 as the so
called ζ isoform described by De Laurenzi et al, 1999. As
consequence, De Laurenzi ζ=Zaika ε.

V. p73 in normal and tumor tissues
The chromosomal location of the p73 gene, initially
led to speculation that it was a tumor suppressor gene. p73
is located at chromosome 1p36, a region that is frequently
deleted in a variety of human tumors including
neuroblastoma, melanoma, breast, and colon cancer (Irwin
and Kaelin, 2001). The mouse p73 gene is also located in a
chromosome region frequently involved in murine cancer.
Specifically, mouse p73 maps to the distal part of
chromosome 4, a region lost in γ-radiation-induced murine
T-cell lymphomas (Herranz et al, 1999). Despite these
initial reports suggesting tumor-associated deletion of p73,
several lines of evidence argue against p73 being a
classical tumor suppressor. TP73-deficient mice lack a
spontaneous tumor phenotype (Yang et al, 2000), and
inactivating mutations in human tumors are extremely rare
[more that 900 tumors covering a broad tissue spectrum
have been analyzed to date (Kaghad et al, 1997; Nomoto
et al, 1998; Yokomizo et al, 1999; Yokozaki et al, 1999;
Zaika et al, 1999; Moll et al, 2001; Stiewe and Pulzer,
2001)]. The scenario is even more complicated by the fact
that various tumors express higher levels of p73 than
tissues from which they originated. These tumors included
neuroblastoma (Kovalev et al, 1998), lung cancer (Mai et
al, 1998), colorectal cancer (Sunahara et al, 1998), breast
cancer (Zaika et al, 1999), bladder cancer (Yokomizo et al,
1999), prostate cancer (Takahashi et al, 1998),
hepatocellular carcinoma (Tannapfel et al, 1999a), liver
cholangiocarcinoma (Tannapfel et al, 1999b), and B-cell
chronic lymphocytic leukemia (Novak et al, 2001). These
results were difficult to reconcile with the current
understanding of p73 function and raised the question
about additional activities of p73 in cancer. Therefore,
attempts have been made to correlate p73 status with
disease prognosis: studies of large-sized patient groups
with hepatocellular carcinomas (Tannapfel et al, 1999a),
colorectal carcinoma (Sun, 2002), and breast cancer
(Dominguez et al, 2001) indicated a trend for poor
prognosis in tumors with high p73 expression levels.
Thus far, the TP73 story seems to be more complex
than that of classical tumour-suppressor genes. The
intricacies of p73 regulation are only now beginning to be
understood. One of the more obvious complications in
assessing the role of p73 in tumour development is the fact
that the TP73 locus encodes both a tumour suppressor
(TAp73) and a putative oncogene (∆N-p73) and several
TA variants with unclear roles.
The p73 isoforms that arise from alternative splicings
are found in different proportions, depending on the cell

F. p73η 468aa p73η 571aa and p73η1 362
aa (Scaruffi et al, 2000; Ishimoto et al, 2002)

The η isoform was first described as a 468 aa protein
by Scaruffi et al, 2000) and then as a 571 aa protein by
Ishimoto et al, 2002).

1. p73η and η1 (Scaruffi et al, 2000)

p73η and η1 were identified by Nested RT-PCR
amplification of p73 mRNA from leukemic cells with a
primer set encompassing exons 9 to 14 (Scaruffi et al,
1999; Romani et al, 1999). p73η lacks exons 10, 11, 12
and 13. The splicing of these exons generates an in–frame
deletion of 168 aa followed by a –COOH tail of 110
residues identical to that of p73α (Figures 3 and 4).
In contrast to others C–terminal isoforms, the η
isoform has, so far, only been detected in neoplastic but
not in normal cells. Indeed, p73η was detected in primary
neuroblastoma and breast carcinoma cell line MCF–7 but
not in the B–lymphocytes derived from seven healthy
donors. On the contrary p73η1 is also present in non-tumor
lymphocytes.
p73η1 results from the complete splicing of exons 10,
11 and 12; two nucleotides at the 3’-end of exon 9 are
deleted, whereas the last 18 nucleotides of exon 13 are
retained. The splicing generating p73η1 result in frameshifts leading to the translation of 5 aa followed by
premature stop codons (Figures 3 and 4). The predicted
–COOH terminus of p73η1 is almost identical to that of the
γ isoform.
The result of the splicing of exon 10 in these variants
is the loss of tetramerization domain (the region of
homology with the p53 oligomerization domain) and the
second transactivation domains at the COOH-terminus
which are unique to p73α and β (Takada et al, 1999).
However, these variants have not been cloned.
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negative ∆TAp73 forms, rather than TAp73, are the
physiologically relevant components of tumor-associated
p73 overexpression and are functionally overriding the
frequently concomitant increase in TAp73 calls for
isoform-specific assessment of p73 overexpression, thus
investigators have started to use isoform-specific RT-PCR.
∆N-p73 is the predominant form in the developing
mouse brain and it is the only form in the neonatal brain
and sympathetic ganglia (Pozniak et al, 2000; Yang et al,
2000). Mouse ∆N-p73 plays an essential antiapoptotic role
during developmental associated, p53-driven neuronal
death in vivo by acting as a dominant-negative inhibitor of
p53 (Pozniak, 2000). Given the existence of this powerful
transdominant p53 inhibitor in the mouse, the possibility
arose that this isoform might in part be responsible for the
overexpression seen in human tumors. The human
counterpart of ∆N-p73, was identified and its level
specifically analyzed in a large spectrum of human tumor
to determine its potential role in cancer. It is was found
that a variety of human cancers, including breast, ovary,
endometrium, cervix, vagina, neuroblastoma, liver cancer
and melanoma but not their relative normal tissues,
frequently overexpress ∆N-p73 (Ng et al, 2000;
Filippovich et al, 2001; O’Nions et al, 2001; Casciano et
al, 2002; Douc-Rasy et al, 2002; Stiewe et al, 2002b;
Zaika et al, 2002; Concin et al, 2004; Tuve et al, 2004). In
addition, in some ovarian and vulvar cancers up-regulation
of the alternatively spliced transcript p73∆ex2, either
alone or in combination with ∆N-p73, has been described.
A large and comprehensive analysis of all NH2-terminal
p73 isoforms in ovarian carcinoma of all histological types
showed high prevalence of up-regulation of ∆N’-p73 in
the vast majority of this tumor type (Concin et al, 2004). A
potential function of ∆TA-p73 splice isoforms in
melanoma progression were also suggested by Tuve et al,
2004 that showed a significant correlation between TAp73 mRNA expression and high levels of oncogenic
p73∆ex2 and p73∆ex2/3 splice isoforms in melanoma
metastases. So far, however, there is only one study on the
prognostic value of ∆N-p73-isoform expression in
neuroblastoma patients (Casciano et al, 2002). A study of
52 patients affected by neuroblastoma showed that
expression of ∆N-p73 isoform is a strong adverse
prognostic marker, independent of stage and MYCN
amplification. ∆N-p73-negative patients had overall and
progression-free survival rates significantly higher than
∆N-p73-positive patients. In another study on
neuroblastoma, a p73 variant was detected which lacked
exon 2. If translated, such a variant would lack the
transactivation domain of the protein. Moreover, different
patterns of splicing variants of p73 were found in different
subareas of the same neuroblastoma tumor indicating that
the splicing pattern of p73 may reflect the biological
heterogeneity of the tumor and also that instability in the
splicing of p73 exons occurs in cancer cells (Casciano et
al, 1999). Nevertheless the basis for this instability and its
role is still unclear.
These data support an oncogenic function of ∆TAp73 and provide a possible explanation for the observed
overexpression of p73 in human cancers. Taken together,
the reported data indicate that different scenarios can be

species analyzed. Most notably, many tumor cell lines
express enhanced levels of TP73-derived mRNA species
that occur as a result of exon skipping (De Laurenzi et al,
1998; Casciano et al, 1999; De Laurenzi et al, 1999; Zaika
et al, 1999; Zwahlen et al, 2000; Tschan et al, 2000; Rizzo
et al, 2004). Considering the complexity of p73-isoforms,
their different transactivation potential and apoptotic
activity, a detailed expression analysis of the various p73isoforms in tumour tissues was needed. So far, the most
complex p73 isoform pattern associated with higher levels
of total p73 mRNA and protein has been documented in
ovarian and breast cancers as well as in acute myeloid
leukemias (Zaika et al, 1999; Tschan et al, 2000; Zwahlen
et al, 2000; Rizzo et al, 2004). Zaika et al, 1999, reported
overexpression of wild-type p73 in breast cancer cell lines.
Tumors and cell lines with p73 overexpression tended to
exhibit a “complex” profile of C-terminal p73 variants,
whereas normal tissues (breast, kidney, thyroid, ovary,
uterus, placenta, neutrophils, and lymphocytes) and
transformed tissues with low level of p73 mRNA
predominantly expressed p73α.
The survey on p73 gene expression in benign and
malignant ovarian neoplasms has yielded comparable
features. A detailed analysis of p73 isoforms indicated
that, as a general feature, ovarian carcinomas and cancer
cell lines exhibited multiple complex isoform patterns,
which were not seen to this extent in the adenomas
(Zwahlen et al, 2000). We and others analyzed the RNA
expression pattern of TA-p73α and related isoforms such
as p73γ, p73δ and p73ε in primary blasts from patients
with AML. In agreement with previously reported
findings, in breast and ovarian tumors, also the AMLs tend
to overexpress a complex profile of shorter C-terminal
splice variants as compared to the absence in normal
human
leukocytes,
granulocytes,
monocytes,
CD34+progenitors and spleen (Tschan et al, 2000; Rizzo
et al, 2004). These data on p73 isoform expression in
tumors indicate that instability in the splicing of p73 exons
occurs in cancer cells and tumors exhibit a “complex”
pattern of isoforms in contrast to the “simple” profile
(simple profile is termed the minor expressions of shorter
isoforms) detectable in various normal tissues. However,
apart from a shift toward expression of the shorter Cterminal isoforms in tumor cells, the in vivo function of
p73 isoforms (dominant negative molecules?) and their
interference with the transcriptional machinery are still
unclear, and little evidence exists to support their role in
tumorigenesis (Zaika et al, 1999; Tschan et al, 2000;
Novak et al, 2001).
The recent identification, as an additional group of
p73
proteins,
of
N-terminally
truncated
and
transactivation-deficient p73 isoforms, may contribute in
the future to better understanding the role of p73 in
tumorigenesis (Yang et al, 2000; Pozniak et al, 2000;
Fillippovich et al, 2001; Grob et al, 2001; Sayan et al,
2001; Ishimoto et al, 2002; Stiewe et al, 2002b).
Indeed, the interpretation of the initial data that
identify p73 overexpression in primary human tumors was
hampered by the lack of discrimination between
expression of the TAp73 and ∆N-p73 isoforms. The
emerging evidence that in some cancers, the dominant-
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envisioned, suggesting that the TP73 gene embodies the
“two genes in one” idea with products that play opposing
or, at least, different roles within the family circuitry.

We detected p73 expression of shorter isoforms in AML
irrespective of FAB subtypes, but of note, the analysis of
∆N-p73 expression, which has been reported to inactivate
both p53 and p73 antitumor effects, revealed a rather
peculiar pattern. In fact, ∆N-p73 transcript and protein
were detectable in 27/28 (96.4%) cases of M0, M1, M2,
M4, M5 and M6 AML and in 13/41 (31.7%) cases of
PML-RARα positive M3 acute promyelocytic leukemia
(APL, Rizzo et al, 2004).
APL is a distinct subtype of AML with specific
biologic and clinical features. These include a unique t
(15;17) chromosome translocation resulting in the fusion
gene PML/RARα, and a striking differentiative response
to retinoids and arsenic trioxide (ATO). Our recent finding
that ∆N-p73 is expressed less frequently in APL as
compared to other AMLs further contributes to distinguish
this leukemia subset (Rizzo et al, 2004). We speculate that
the lack of the expression of a dominant-negative ∆N-p73
protein may contribute to the well known responsiveness
of APL to currently adopted treatments, which include
anthracycline-based chemotherapy in addition to retinoic
acid (RA) (Tallman et al, 2002). In line with this
hypothesis, it is remarkable that missense mutations of the
TP53 gene have been shown to occur very rarely in APL
(Longo et al, 1993; Trecca et al, 1994). Recently, it has
been shown that the PML gene contains p53-binding sites,
which confer responsiveness to p53. Therefore, PML has
been proposed as a direct target modulating p53 biological
activity (Gostissa et al, 2003; De Stanchina et al, 2004).
The p53/PML cross-talk is likely to be impaired in APL
carrying the PML/RARα fusion. It is conceivable to
hypothesize that such impairment could be balanced by
the lack of ∆N-p73 inhibitory effects on p53 activity.
Interestingly, it has been shown that PML/RARα induces
hypermethylation of the RARβ2 promoter with subsequent
silencing of RARβ2 expression (Di Croce et al, 2002).
These findings introduce another potential molecular
mechanism underlying the infrequent ∆N-p73 expression
in APL. In fact, computer analysis indicate that the ∆Np73 promoter contains RAR elements (RARE)
(unpublished observation) suggesting a possible
modification by PML/RARα that, as it occurs for the
RARβ2 promoter, might bind to ∆N promoter and induce
its transcriptional silencing. In contrast, no RAR elements
are present in the TA-p73 promoter.
Chronic myelocytic leukemia (CML) is a frequent
neoplasm of hematopoietic pluripotent stem cells. The
molecular genetic changes of CML occurring in the
chronic phase of the disease have been well characterized.
In contrast, although the evolution from chronic phase to
blast crisis (BC) occurs in virtually 100% of CML
patients, very little is known on the mechanisms
responsible for transformation. Abnormalities of tumor
suppressor genes have been reported to occur during the
progression from chronic phase to BC in some CML
patients (Ahuja et al, 1991; Melo, 1996). Because the loss
of chromosomal locus 1p36 where p73 resides has been
associated with progression from chronic phase to BC in a
subset of CML patients, p73 has been indicated as one of
the putative tumor suppressor genes potentially involved
in CML progression (Mori et al, 1998).

VI. p73 alterations in haematological
malignancies
Several studies suggest that mutations or structural
alterations of the p73 locus occur very unfrequently in
hematological malignancies (Corn et al, 1999; Kawano et
al, 1999; Schltheis et al, 1999; Stirewalt et al, 1999;
Leupin et al, 2004; Stoffel et al, 2004; Sahu et al, 2005).
This does not however rule out the potential involvement
of p73 through alternative mechanisms such as, for
example, gene hypermethylation.
There is increasing evidence that many genes are
hypermethylated in human leukemias (Issa et al, 1997;
Baylin et al, 1998; Melki et al, 1999; Singal and Ginder,
1999; Chim et al, 2001a, b, 2002) and because mutations
or structural alteration of p73 appear rare, the methylation
status of the p73 promoter CpG island has been analysed
in both normal hematopoietic tissue and leukemia
samples. Methylation of p73 promoter was observed in
specific types of hematological malignancies, including
acute lymphoblastic leukemias (ALLs), Burkitt’s
lymphomas, B-non-Hodgkin’s lymphomas (B-NHLs). In
the ALLs, p73 promoter methylation was more frequent in
T-cell than B-cell ALL (Corn et al, 1999; Kawano et al,
1999). Most recently, tumor cells in cutaneous T-cell
lymphomas were also found to display widespread
promoter hypermethylation associated with p73
inactivation, among other tumor suppressor genes (Van
Doorn et al, 2005). In contrast, no evidence for p73
promoter methylation was found in any other
hematopoietic malignancies including AML, nonHodgkins lymphomas and chronic lymphocytic leukemias
(CLL) (Corn et al, 1999; Kawano et al, 1999; Liu et al,
2000). The absence of promoter hypermethylation in
AMLs was also confirmed by gene promoter methylation
studies in the peculiar AML subtype known as acute
promyelocytic leukemia (APL, Chim et al, 2003). These
data implicate that p73 promoter hypermethylation is an
important and predominant mechanism in regulating p73
expression in ALLs. Hypermethylation of the p73 gene
has also been investigated in multiple myeloma (MM).
Distinct from the study by Chim et al, 2004) who reported
no p73 methylation, recent investigations by other groups
(Galm et al, 2004; Seidl et al, 2004) described
hypermethylation of p73 promoter in MM.
The absence of promoter p73 methylation in de novo
AMLs as well as the fact that these hematological tumors
have also a relatively low incidence of p53 mutations
suggest that p73 alterations may be different depending on
the tumor type and that, in AMLs, p73 may be altered in a
distinct manner.
We and others have recently reported that primary
blasts from leukemia patients show an increased
expression of shorter p73 isoforms (γ, δ, ε) (Tschan et al,
2000; Rizzo et al, 2004). In particular, we investigated the
potential involvement of p73 in AMLs analyzing p73
expression pattern in samples from AML patients assigned
to different FAB (French–American–British) subtypes.
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Peters et al (1999) identified a distinct p73 mRNA
expression in CML patient samples with the highest p73
mRNA expression in samples from CML-Acceleration
Phase/Blast Crisis (CML/AP/BC), intermediate levels in
CML-Chronic Phase patients (CML/CP) and low levels in
CML-Bone Marrow Transplantation patients (CMLBMT). In addition it was found that such p73 high
expression in CML was associated with the expression of
multiple p73 isoforms (Tschan et al, 2000).
In contrast, the analysis of p73 C-terminal splice
variants in B-cell chronic lymphocytic leukemia (B-CLL)
patients showed that the shorter p73 variants γ, and η
prevail in the normal B-lymphocyte population studied,
while the expression of the p73α protein is significantly
more frequent in B-CLL patient samples than in normal
CD19+ -B-lymphocytes (Novak et al, 2001). However,
expression of the p73 gene may differ between various
other subpopulations of B cells including CD5+-B-cells,
which have been indicated as the normal counterparts of
B-CLL cells (Lydyard et al, 1999). A comprehensive
survey of p73 expression in all normal B-cell subtype, as
well as, other B-cells malignancies expressing the CD5
marker such as mantle cell lymphomas would be of
interest and warrant further investigation
Thus, we speculate that a complex p73 isoform
profile and/or the possible aberrant expression pattern of a
particular p73 variant (∆N-p73 in APL) can represent a
non-mutational mechanism with a potential role in the
pathogenesis of some hematological tumor (AML, CML,
B-CLL).
Overall, it is conceivable that deregulated expression
of the p73 gene rather than loss of its function (due to
mutations or deletions) contributes to the phenotype
observed in some hematological tumor such as AML and
B-CLL. The p73 gene, by the use of alternative exon
splicing and/or alternative promoter, could generate an
impressive modular complexity by combining a specific
”head” with a particular “tail”. This imply that our
understanding of its biological role will greatly depend on
determining which forms get expressed under what
circumstances. Again, these data suggest that the
inactivation and consequently the effects of p73
expression may vary according to the specific tissue and
tumor type (Table 1).

VII. Conclusion
The complexity of p73 resulting from alternative
gene promoter usage and differential splicings produces a
number of alternative proteins with variable homotypic
and heterotypic interactions with key regulatory molecules
such as p53. This scenario suggests that various gene
products participate in a complex network regulating cell
growth, death and differentiation. Studies on human
neoplasia indicate that non-mutational mechanisms such
as promoter hypermethylation or aberrant expression of
specific isoforms (¢Np73), rather than structural
alterations, may contribute to the pathogenesis of certain
hematopoietic tumors including APL and CLL. It is likely
that both p73 gene normal function and potential
involvement in human tumors will further attract either
basic or translational investigators in the years ahead.

Acknowledgments
This work has been supported by Associazione
Italiana per la Ricerca sul Cancro (AIRC), Ministero della
Salute-Italy and European Community.

References
Agami R, Blandino G, Oren M, and Shaul Y (1999) Interaction
of c-Abl and p73α and their collaboration to induce
apoptosis. Nature 399, 809-813.
Ahuja H, Bar-Eli M, Arlin Z, Advani S, Allen SL, Goldman J,
Snyder D, Foti A, and Cline M (1991) The spectrum of
molecular alterations in the evolution of chronic myelocytic
leukemia. J Clin Invest 87, 2042-2047.
Allart S, Martin H, Detraves C, Terrasson J, Caput D, and
Davrinche C (2002) Human cytomegalovirus induces drug
resistance and alteration of programmed cell death by
accumulation of ∆N-p73α. J Biol Chem 277, 29063-29068.
Arrowsmith CH (1999) Structure and function in the p53 family.
Cell Death Differ 6, 1169–1173.
Baylin SB, Herman JG, Graff JR, Vertino PM, and Issa JP
(1998) Alterations in DNA methylation: a fundamental
aspect of neoplasia. Adv Cancer Res 72, 141-196.
Bork P, and Koonin EV (1998) Predicting functions from protein
sequences--where are the bottlenecks? Nat Genet 18, 313318.

Table 1. Predominant alterations of the p73 locus in haematological malignancies
Hematopoietic Disease
ALL
Burkitt’s lymphomas
B-NHLs
T-cell limphomas
MM
AML (M0, M1, M2, M4, M5, M6)
APL(M3)
B-CLL
CML-BC

p73 Alteration
Hypermethylation
Hypermethylation
Hypermethylation
Hypermethylation
Hypermethylation
Increased expression of shorter isoforms
and expression of ∆N-p73
Lack of ∆N-p73
Prevalent expression of p73α but high
levels of ∆N-p73
Increased expression of shorter isoforms

388

References
Corn et al, 1999; Kawano et al, 1999;
Liu et al, 2000
Corn et al, 1999; Kawano et al, 1999
Corn et al, 1999; Kawano et al, 1999
Van Doorn et al, 2005
Galm et al, 2004; Seidl et al, 2004
Tschan et al, 2000; Rizzo et al, 2004
Rizzo et al, 2004
Novak et al, 2001; Leupin et al, 2004
Tschan et al, 2000

Gene Therapy and Molecular Biology Vol 9, page 389
Casciano I, Ponzoni M, Lo Cunsolo C, Tonini GP, and Romani
M (1999) Different p73 splicing variants are expressed in
distinct tumour areas of a multifocal neuroblastoma. Cell
Death Differ 6, 391-393.
Casciano I, Mazzocco K, Boni L, Pagnan G, Banelli B,
Allemanni G, Ponzoni M, Tonini GP, and Romani M (2002)
Expression of ∆Np73 is a molecular marker for adverse
outcome in neuroblastoma patients. Cell Death Differ 9,
246-251.
Chi S-W, Ayed A, Arrowsmith CH (1999) Solution structure of a
conserved C-terminal domain of p73 with structural
homology to the SAM domain. EMBO J 18, 4438–4445.
Chim CS, Liang R, Tam CY, and Kwong YL (2001a)
Methylation of p15 and p16 genes in acute promyelocytic
leukemia: potential diagnostic and prognostic significance. J
Clin Oncol 19, 2033-2040.
Chim CS, Tam CY, Liang R, and Kwong YL (2001b)
Methylation of p15 and p16 genes in adult acute leukemia:
lack of prognostic significance. Cancer 91, 2222-2229.
Chim CS, Liang R, and Kwong YL (2002) Hypermethylation of
gene promoters in hematological neoplasia. Hematol Oncol
20, 167-176.
Chim CS, Wong SY, and Kwong YL (2003) Aberrant gene
promoter methylation in acute promyelocytic leukaemia:
profile and prognostic significance. Br J Haematol 122,
571-578.
Chim CS, Kwong YL Fung TK and Liang R (2004) Methylation
profiling in multiple myeloma. Leuk Res 28, 379-385.
Concin N, Becker K, Slade N, Erster S, Mueller-Holzner E,
Ulmer H, Daxenbichler G, Zeimet A, Zeillinger R, Marth C,
and Moll UM (2004) Transdominant ∆TAp73 isoforms are
frequently up-regulated in ovarian cancer. Evidence for their
role as epigenetic p53 inhibitors in vivo. Cancer Res 64,
2449-2460.
Corn PG, Kuerbitz SJ, van Noesel MM, Esteller M, Compitello
N, Baylin SB, and Herman JG (1999) Transcriptional
silencing of the p73 gene in acute lymphoblastic leukemia
and Burkitt's lymphoma is associated with 5' CpG island
methylation. Cancer Res 59, 3352-3356.
D'Amico D, Carbone D, Mitsudomi T, Nau M, Fedorko J,
Russell E, Johnson B, Buchhagen D, Bodner S, Phelps R,
Gazdar A, and Minna JD (1992) High frequency of
somatically acquired p53 mutations in small-cell lung cancer
cell lines and tumors. Oncogene 7, 339-346.
De Laurenzi V, Costanzo A, Barcaroli D, Terrinoni A, Falco M,
Annicchiarico-Petruzzelli M, Levrero M, and Melino G
(1998) Two new p73 splice variants, γ and ∆, with different
transcriptional activity. J Exp Med 188, 1763-1768.
De Laurenzi VD, Catani MV, Terrinoni A, Corazzari M, Melino
G, Costanzo A, Levrero M, and Knight RA (1999)
Additional complexity in p73: induction by mitogens in
lymphoid cells and identification of two new splicing
variants ε and ζ. Cell Death Differ 6, 389-390.
De Stanchina E, Querido E, Narita M, Davuluri RV, Pandolfi PP,
Ferbeyre G, and Lowe SW (2004) PML is a direct p53 target
that modulates p53 effector functions. Mol Cell 13, 523–535.
Di Croce L, Raker VA, Corsaro M, Fazi F, Fanelli M, Faretta M,
Fuks F, Lo Coco F, Kouzarides T, Nervi C, Minucci S, and
Pelicci PG (2002) Methyltransferase recruitment and DNA
hypermethylation of target promoters by an oncogenic
transcription factor. Science 295, 1079-1082.
Dominguez G, Silva JM, Silva J, Garcia JM, Sanchez A, Navarro
A, Gallego I, Provencio M, Espana P, and Bonilla F (2001)
Wild type p73 overexpression and high-grade malignancy in
breast cancer. Breast Cancer Res Treat 66, 183-190.
Douc-Rasy S, Barrois M, Echeynne M, Kaghad M, Blanc E,
Raguenez G, Goldschneider D, Terrier-Lacombe MJ,
Hartmann O, Moll U, Caput D, and Benard J (2002) ∆N-

p73α accumulates in human neuroblastic tumors. Am J
Pathol 160, 631-639.
Fenaux P, Jonveaux P, Quiquandon I, Lai JL, Pignon JM,
Loucheux-Lefebvre MH, Bauters F, Berger R, and Kerckaert
JP (1991) P53 gene mutations in acute myeloid leukemia
with 17p monosomy. Blood 78, 1652-1657.
Fillippovich I, Sorokina N, Gatei M, Haupt Y, Hobson K,
Moallem E, Spring K, Mould M, McGuckin MA, Lavin MF,
and Khanna KK (2001) Transactivation-deficient p73α
(p73∆exon2) inhibits apoptosis and competes with p53.
Oncogene 20, 514-522.
Fontemaggi G, Gurtner A, Strano S, Higashi Y, Sacchi A,
Piaggio G, and Blandino G (2001) The transcriptional
repressor ZEB regulates p73 expression at the crossroad
between proliferation and differentiation. Mol Cell Biol 21,
8461-8470.
Galm O, Wilop S, Reichelt J, Jost E, Gehbauer G, Herman JG
and Osieka R (2004) DNA methylation changes inmultiple
myeloma. Leukemia 18, 1687-1692.
Gaiddon C, Lokshin M, Ahn J, Zhang T, and Prives C (2001) A
subset of tumor-derived mutant forms of p53 down-regulate
p63 and p73 through a direct interaction with the p53 core
domain. Mol Cell Biol 21, 1874-1887.
Ghioni P, Bolognese F, Duijf PH, Van Bokhoven H, Mantovani
R, and Guerrini L (2002) Complex transcriptional effects of
p63 isoforms: identification of novel activation and
repression domains. Mol Cell Biol 22, 8659-8668.
Golub TR, Barker GF, Lovett M and Gillil and DG. (1994)
Fusion of PDGF receptor β to a novel ets-like gene, tel, in
chronic myelomonocytic leukemia with t(5;12) chromosomal
translocation. Cell. 77,307-16.
Golub TR (1997) TEL gene rearrangements in myeloid
malignancy. Hematol Oncol Clin North Am 11, 1207-1220.
Gong JG, Costanzo A, Yang HQ, Melino G, Kaelin WG Jr,
Levrero M, and Wang JY (1999) The tyrosine kinase c-Abl
regulates p73 in apoptotic response to cisplatin-induced
DNA damage. Nature 399, 806-809.
Gostissa M, Hofmann TG, Will H, and Del Sal G (2003)
Regulation of p53 functions: let’s meet at the nuclear bodies.
Curr Opin Cell Biol 15, 351–357.
Grob TJ, Novak U, Maisse C, Barcaroli D, Luthi AU, Pirnia F,
Hugli B, Graber HU, De Laurenzi V, Fey MF, Melino G, and
Tobler A (2001) Human ∆Np73 regulates a dominant
negative feedback loop for TAp73 and p53. Cell Death
Differ 8, 1213-1223.
Herranz M, Santos J, Salido E, Fernandez-Piqueras J, and
Serrano M (1999) Mouse p73 gene maps to the distal part of
chromosome 4 and might be involved in the progression of γradiation-induced T-cell lymphomas. Cancer Res 59, 20682071.
Irwin MS, and Kaelin WG Jr (2001) Role of the newer p53
family proteins in malignancy. Apoptosis 6, 17-29.
Ishimoto O, Kawahara C, Enjo K, Obinata M, Nukiwa T, and
Ikawa S (2002) Possible oncogenic potential of ∆Np73: a
newly identified isoform of human p73. Cancer Res 62,
636-641.
Issa JP, Baylin SB, and Herman JG (1997) DNA methylation
changes in hematologic malignancies: biologic and clinical
implications. Leukemia Suppl 1, S7-S11.
Jost CA, Marin MC and Kaelin Jr WG (1997) p73 is a simian
[correction of human] p53-related protein that can induce
apoptosis. Nature. 389, 191-194.
Jousset C, Carron C, Boureux A, Quang CT, Oury C, DusanterFourt I, Charon M, Levin J, Bernard O and Ghysdael J
(1997) A domain of TEL conserved in a subset of ETS
proteins defines a specific oligomerization interface essential
to the mitogenic properties of the TEL-PDGFR β
oncoprotein. EMBO J 16, 69-82.

389

Giombini et al: p73 isoforms in human neoplasia
the β 4 integrin subunit induces monocytic differentiation of
32D/v-Abl cells. Blood 100, 96-106.
Mori N, Morosetti R, Spira S, Lee S, Ben-Yehuda D, Schiller G,
Landolfi R, Mizoguchi H, and Koeffler HP (1998)
Chromosome band 1p36 contains a putative tumor
suppressor gene important in the evolution of chronic
myelocytic leukemia. Blood 92, 3405-3409.
Nakagawa T, Takahashi M, Ozaki T, Watanabe Ki K, Todo S,
Mizuguchi H, Hayakawa T, and Nakagawara A (2002)
Autoinhibitory regulation of p73 by ∆Np73 to modulate cell
survival and death through a p73-specific target element
within the ∆Np73 promoter. Mol Cell Biol 22, 2575-2585.
Ng SW, Yiu GK, Liu Y, Huang LW, Palnati M, Jun SH,
Berkowitz RS, and Mok SC (2000) Analysis of p73 in
human borderline and invasive ovarian tumor. Oncogene 19,
1885-1890.
Nomoto S, Haruki N, Kondo M, Konishi H, Takahashi T,
Takahashi T, and Takahashi T (1998) Search for mutations
and examination of allelic expression imbalance of the p73
gene at 1p36. 33 in human lung cancers. Cancer Res 58,
1380-1383.
Novak U, Grob TJ, Baskaynak G, Peters UR, Aebi S, Zwahlen
D, Tschan MP, Kreuzer KA, Leibundgut EO, Cajot JF,
Tobler A, and Fey MF (2001) Overexpression of the p73
gene is a novel finding in high-risk B-cell chronic
lymphocytic leukemia. Ann Oncol 12, 981-986.
O'Nions J, Brooks LA, Sullivan A, Bell A, Dunne B, Rozycka
M, Reddy A, Tidy JA, Evans D, Farrell PJ, Evans A, Gasco
M, Gusterson B, and Crook T (2001) p73 is over-expressed
in vulval cancer principally as the ∆2 isoform. Br J Cancer
85, 1551-1556.
Olive KP, Tuveson DA, Ruhe ZC, Yin B, Willis NA, Bronson
RT, Crowley D, and Jacks T (2004) Mutant p53 gain of
function in two mouse models of Li-Fraumeni syndrome.
Cell 19, 847-860.
Peters UR, Tschan MP, Kreuzer KA, Baskaynak G, Lass U,
Tobler A, Fey MF and Schmidt CA (1999) Distinct
expression patterns of the p53-homologue p73 in malignant
and normal hematopoiesis assessed by a novel real-time
reverse transcription-polymerase chain reaction assay and
protein analysis. Cancer Res 59, 4233-4236.
Peterson AJ, Kyba M, Bornemann D, Morgan K, Brock HW, and
Simon J (1997) A domain shared by the Polycomb group
proteins Scm and ph mediates heterotypic and homotypic
interactions. Mol Cell Biol 17, 6683-6692.
Petrenko O, Zaika A, and Moll UM (2003) ∆Np73 facilitates cell
immortalization and cooperates with oncogenic Ras in
cellular transformation in vivo. Mol Cell Biol 23, 55405555.
Pozniak CD, Radinovic S, Yang A, McKeon F, Kaplan DR, and
Miller FD (2000) An anti-apoptotic role for the p53 family
member, p73, during developmental neuron death. Science
289, 304-306.
Rizzo MG, Giombini E, Diverio D, Vignetti M, Sacchi A, Testa
U, Lo-Coco F, and Blandino G (2004) Analysis of p73
expression pattern in acute myeloid leukemias: lack of ∆Np73 expression is a frequent feature of acute promyelocytic
leukemia. Leukemia 18, 1804-1809.
Romani M, Scaruffi P, Casciano I, Mazzocco K, Lo Cunsolo C,
Cavazzana A, Gambini C, Boni L, De Bernardi B, and
Tonini GP (1999) Stage-independent expression and genetic
analysis of tp73 in neuroblastoma. Int J Cancer 84, 365369.
Roth J, Konig C, Wienzek S, Weigel S, Ristea S, and
Dobbelstein M (1998) Inactivation of p53 but not p73 by
adenovirus type 5 E1B 55-kilodalton and E4 34-kilodalton
oncoproteins. J Virol 72, 8510-8516.

Kaghad M, Bonnet H, Yang A, Creancier L, Biscan JC, Valent
A, Minty A, Chalon P, Lelias JM, Dumont X, Ferrara P,
McKeon F, and Caput D (1997) Monoallelically expressed
gene related to p53 at 1p36, a region frequently deleted in
neuroblastoma and other human cancers. Cell 90, 809–819.
Kartasheva NN, Contente A, Lenz-Stoppler C, Roth J, and
Dobbelstein M (2002) p53 induces the expression of its
antagonist p73∆N, establishing an autoregulatory feedback
loop. Oncogene 21, 4715-4727.
Kawano S, Miller CW, Gombart AF, Bartram CR, Matsuo Y,
Asou H, Sakashita A, Said J, Tatsumi E, and Koeffler HP
(1999) Loss of p73 gene expression in leukemias/lymphomas
due to hypermethylation. Blood 94, 1113-1120.
Kim CA, Phillips ML, Kim W, Gingery M, Tran HH, Robinson
MA, Faham S, and Bowie JU (2001) Polymerization of the
SAM domain of TEL in leukemogenesis and transcriptional
repression. EMBO J 20, 4173-4182.
Kim CA, and Bowie JU (2003) SAM domains: uniform
structure, diversity of function. Trends Biochem Sci 28,
625-628.
Kovalev S, Marchenko N, Swendeman S, LaQuaglia M, and
Moll UM (1998) Expression level, allelic origin, and
mutation analysis of the p73 gene in neuroblastoma tumors
and cell lines. Cell Growth Differ 9, 897-903.
Kyba M, and Brock (1998) HW The SAM domain of
polyhomeotic, RAE28, and scm mediates specific
interactions through conserved residues. Dev Genet 22, 7484.
Lang GA, Iwakuma T, Suh YA, Liu G, Rao VA, Parant JM,
Valentin-Vega YA, Terzian T, Caldwell LC, Strong LC, ElNaggar AK, and Lozano G (2004) Gain of function of a p53
hot spot mutation in a mouse model of Li-Fraumeni
syndrome. Cell 119, 861-872.
Leupin N, Luthi A, Novak U, Grob TJ, Hugli B, Graber H, Fey
MF, and Tobler A (2004) P73 status in B-cell chronic
lymphocytic leukaemia. Leuk Lymphoma 45, 1205-1207.
Liu M, Taketani T, Li R, Takita J, Taki T, Yang HW, Kawaguchi
H, Ida K, Matsuo Y, and Hayashi Y (2000) Loss of p73 gene
expression in lymphoid leukemia cell lines is associated with
Hypermethylation. Leukemia Research 25, 441–447.
Longo L, Trecca D, Biondi A, Lo Coco F, Grignani F, Maiolo
AT, Pelicci PG, and Neri A (1993) Frequency of RAS and
p53 mutations in acute promyelocytic leukemias. Leuk
Lymphoma 11, 405-410.
Lydyard PM, Jewell AP, Jamin C, and Youinou PY (1999) CD5
B cells and B-cell malignancies. Curr Opin Hematol 6, 3036.
Mai M, Yokomizo A, Qian C, Yang P, Tindall DJ, Smith DI, Liu
W (1998) Activation of p73 silent allele in lung cancer.
Cancer Res 58, 2347-2349.
Marin MC, Jost CA, Brooks LA, Irwin MS, O'Nions J, Tidy JA,
James N, McGregor JM, Harwood CA, Yulug IG, Vousden
KH, Allday MJ, Gusterson B, Ikawa S, Hinds PW, Crook T,
and Kaelin WG Jr (2000) A common polymorphism acts as
an intragenic modifier of mutant p53 behaviour. Nat Genet
25, 47-54.
Melino G, De Laurenzi V, and Vousden KH (2002) p73: Friend
or foe in tumorigenesis. Nat Rev Cancer 2, 605-615.
Melki JR, Vincent PC, and Clark SJ (1999) Concurrent DNA
hypermethylation of multiple genes in acute myeloid
leukemia. Cancer Res 59, 3730-3740.
Melo JV (1996) The molecular biology of chronic myeloid
leukaemia. Leukemia 10, 751-756.
Moll UM, Erster S, and Zaika A (2001) p53, p63 and p73--solos,
alliances and feuds among family members. Biochim
Biophys Acta 1552, 47-59.
Morena A, Riccioni S, Marchetti A, Polcini AT, Mercurio AM,
Blandino G, Sacchi A, and Falcioni R (2002) Expression of

390

Gene Therapy and Molecular Biology Vol 9, page 391
Sahu GR, Mishra R, Nagpal JK, and Das BR (2005) Alteration of
p73 in acute myelogenous leukemia. Am J Hematol 79, 1-7.
Sayan AE, Sayan BS, Findikli N, Ozturk M (2001) Acquired
expression of transcriptionally active p73 in hepatocellular
carcinoma cells. Oncogene 20, 5111-5117.
Scaruffi P, Casciano I, Masiero L, Basso G, Romani M, and
Tonini GP (2000) Lack of p73 expression in mature B-ALL
and identification of three new splicing variants restricted to
pre B and C-ALL indicate a role of p73 in B cell ALL
differentiation. Leukemia 14, 518-519.
Schltheis B, Kramer A, Hgenbart U, and Goldschmidt H (1999)
Analysis of p73 and p53 gene deletions in multiple myeloma
Leukemia 13, 2099-2103
Seidl S, Ackermann J, Kaufmann H, Keck A, Nosslinger T,
Zielinski CC, Drach J and Zochbauer-Muller S (2004) DNAmethylation analysis identifies the E-cadherin gene as a
potential marker of disease progression in patients with
monoclonal gammopathies. Cancer 100, 2598-2606.
Singal R, and Ginder GD (1999) DNA methylation. Blood 93,
4059-4070.
Smalla M, Schmieder P, Kelly M, Ter Laak A, Krause G, Ball L,
Wahl M, Bork P, and Oschkinat H (1999) Solution structure
of the receptor tyrosine kinase EphB2 SAM domain and
identification of two distinct homotypic interaction sites.
Protein Sci 8, 1954-1961
Stapleton D, Balan I, Pawson T, and Sicheri F (1999) The crystal
structure of an Eph receptor SAM domain reveals a
mechanism for modular dimerization. Nat Struct Biol 6, 4449.
Stiewe T, and Putzer BM (2001) p73 in apoptosis. Apoptosis 6,
447-452.
Stiewe T, Theseling CC, and Putzer BM (2002a)
Transactivation-deficient ∆TA-p73 inhibits p53 by direct
competition for DNA binding: implications for
tumorigenesis. J Biol Chem 277, 14177-14185.
Stiewe T, Zimmermann S, Frilling A, Esche H, and Putzer BM
(2002b)Transactivation-deficient ∆TA-p73 acts as an
oncogene. Cancer Res 62, 3598-3602.
Stirewalt DL, Clurman B, Appelbaum FR, Willman CL, and
Radich JP (1999) p73 mutations and expression in adult de
novo acute myelogenous leukemia. Leukemia 13, 985-990.
Stoffel A, Filippa D, and Rao PH (2004) The p73 locus is
commonly deleted in non-Hodgkin's lymphomas. Leuk Res
28, 1341-1345.
Strano S, Munarriz E, Rossi M, Cristofanelli B, Shaul Y,
Castagnoli L, Levine AJ, Sacchi A, Cesareni G, Oren M, and
Blandino G (2000) Physical and functional interaction
between p53 mutants and different isoforms of p73. J Biol
Chem 275, 29503-29512.
Strano S, Munarriz E, Rossi M, Castagnoli L, Shaul Y, Sacchi A,
Oren M, Sudol M, Cesareni G, and Blandino G (2001)
Physical interaction with Yes-associated protein (YAP)
enhances p73 transcriptional activity. J Biol Chem 276,
15164-15173.
Strano S, Fontemaggi G, Costanzo A, Rizzo MG, Monti O,
Baccarini A, Del Sal G, Levrero M, Sacchi A, Oren M, and
Blandino G (2002) Physical interaction with human tumorderived p53 mutants inhibits p63 activities. J Biol Chem
277, 18817-18826.
Strano S, Monti O, Pediconi N, Baccarini A, Fontemaggi G, Lapi
E, Mantovani F, Damalas A, Citro G, Sacchi A, Del Sal G,
Levrero M, and Blandino G (2005) The transcriptional
coactivator Yes-associated protein drives p73 gene-target
specificity in response to DNA Damage. Mol Cell 18, 447459.
Sudol M, Chen HI, Bougeret C, Einbond A, and Bork P (1995)
Characterization of a novel protein-binding module--the WW
domain. FEBS Lett 369, 67-71.

Sun XF (2002) p73 overexpression is a prognostic factor in
patients with colorectal adenocarcinoma. Clin Cancer Res 8,
165-170.
Sunahara M, Ichimiya S, Nimura Y, Takada N, Sakiyama S, Sato
Y, Todo S, Adachi W, Amano J, and Nakagawara A (1998)
Mutational analysis of the p73 gene localized at chromosome
1p36.3 in colorectal carcinomas. Int J Oncol 13, 319-323.
Takada N, Ozaki T, Ichimiya S, Todo S, and Nakagawara A
(1999) Identification of a transactivation activity in the
COOH-terminal region of p73 which is impaired in the
naturally occurring mutants found in human neuroblastomas.
Cancer Res 59, 2810-2814.
Takahashi H, Ichimiya S, Nimura Y, Watanabe M, Furusato M,
Wakui S, Yatani R, Aizawa S, and Nakagawara A (1998)
Mutation, allelotyping, and transcription analyses of the p73
gene in prostatic carcinoma. Cancer Res 58, 2076-2077.
Tallman MS, Nabhan CH, Feusner JH, and Rowe JM (2002)
Acute promyelocytic leukemia: evolving therapeutic
strategies. Blood 99, 759-767.
Tannapfel A, Wasner M, Krause K, Geissler F, Katalinic A,
Hauss G, Mossner J, Engeland K, and Wittekind C (1999a)
Expression of p73 and its relation to histopathology and
prognosis in hepatocellular carcinoma. J Nat Cancer Inst
91, 1154-1158.
Tannapfel A, Engeland K, Weinans L, Katalinic A, Hauss J,
Mossner J, and Wittekind C (1999b) Expression of p73, a
novel protein related to the p53 tumour suppressor p53 and
apoptosis in cholangiocellular carcinoma of the liver. Br J
Cancer 80, 1069-1074.
Thanos CD, and Bowie JU (1999) p53 Family members p63 and
p73 are SAM domain-containing proteins. Protein Sci 8,
1708-1710.
Thanos CD, Faham S, Goodwill KE, Cascio D, Phillips M, and
Bowie JU (1999) Monomeric structure of the human EphB2
sterile α motif domain. J Biol Chem 274, 37301-37306.
Trecca D, Longo L, Biondi A, Cro L, Calori R, Grignani F,
Maiolo AT, Pelicci PG, and Neri A (1994) Analysis of p53
gene mutations in acute myeloid leukemia. Am J Hematol
46, 304-309.
Tschan MP, Grob TJ, Peters UR, Laurenzi VD, Huegli B,
Kreuzer KA, Schmidt CA, Melino G, Fey MF, Tobler A, and
Cajot JF (2000) Enhanced p73 expression during
differentiation and complex p73 isoforms in myeloid
leukemia. Biochem Biophys Res Commun 277, 62-65.
Tuve S, Wagner SN, Schittek B, and Putzer BM (2004)
Alterations of ∆TA-p 73 splice transcripts during melanoma
development and progression. Int J Cancer 108, 162-166.
Ueda Y, Hijikata M, Takagi S, Chiba T, and Shimotohno K
(1999) New p73 variants with altered C-terminal structures
have varied transcriptional activities. Oncogene 18, 49934998.
Ueda Y, Hijikata M, Takagi S, Chiba T, and Shimotohno K
(2001) Transcriptional activities of p73 splicing variants are
regulated by inter-variant association. Biochem J 356, 859866.
Van Doorn R, Zoutman WH, Dijkman R, de Menezes RX,
Commandeur S, Mulder AA, van der Velden PA, Vermeer
MH, Willemze R, Yan PS, Huang TH, Tensen CP. (2005)
Epigenetic profiling of cutaneous T-cell lymphoma:
promoter hypermethylation of multiple tumor suppressor
genes including BCL7a, PTPRG, and p73. J Clin Oncol 23,
3886-3896.
Vossio S, Palescandolo E, Pediconi N, Moretti F, Balsano C,
Levrero M, and Costanzo A (2002) ∆N-p73 is activated after
DNA damage in a p53-dependent manner to regulate p53induced cell cycle arrest. Oncogene 21, 3796-3803.
Wang WK, Bycroft M, Foster NW, Buckle AM, Fersht AR,
Chen YW (2001) Structure of the C-terminal sterile α-motif

391

Giombini et al: p73 isoforms in human neoplasia
regulated by tyrosine kinase c-Abl in the apoptotic response
to DNA damage. Nature 399, 814-817.
Zaika AI, Kovalev S, Marchenko ND, and Moll UM (1999)
Overexpression of the wild type p73 gene in breast cancer
tissues and cell lines. Cancer Res 59, 3257-3263.
Zaika AI, Slade N, Erster SH, Sansome C, Joseph TW, Pearl
M,and Chalas E, and Moll UM (2002) ∆Np73, a dominantnegative inhibitor of wild-type p53 and TAp73, is upregulated in human tumors. J Exp Med 196, 765-780.
Zhu J, Jiang J, Zhou W, and Chen X (1998) The potential tumor
suppressor p73 differentially regulates cellular p53 target
genes. Cancer Res 58, 5061-5065.
Zwahlen D, Tschan MP, Grob TJ, Peters UR, Fink D, Haenggi
W, Altermatt HJ, Cajot JF, Tobler A, Fey MF, and Aebi S
(2000) Differential expression of p73 splice variants and
protein in benign and malignant ovarian tumours. Int J
Cancer 88, 66-70.

(SAM) domain of human p73α. Acta Crystallogr D Biol
Crystallogr 57, 545-551.
Yang A, Walker N, Bronson R, Kaghad M, Oosterwegel M,
Bonnin J, Vagner C, Bonnet H, Dikkes P, Sharpe A,
McKeon F, and Caput D (2000) p73-deficient mice have
neurological, pheromonal and inflammatory defects but lack
spontaneous tumours. Nature 404, 99-103.
Yokomizo A, Mai M, Tindall DJ, Cheng L, Bostwick DG, Naito
S, Smith DI, and Liu W (1999) Overexpression of the wild
type p73 gene in human bladder cancer. Oncogene.18, 16291633.
Yokozaki H, Shitara Y, Fujimoto J, Hiyama T, Yasui W, and
Tahara E (1999) Alterations of p73 preferentially occur in
gastric adenocarcinomas with foveolar epithelial phenotype.
Int J Cancer 83 , 192-196.
Yuan ZM, Shioya H, Ishiko T, Sun X, Gu J, Huang YY, Lu H,
Kharbanda S, Weichselbaum R, and Kufe D (1999) p73 is

392

