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The p53 family and VEGF regulation

“It's complicated”
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Tumor-associated angiogenesis supplies
the growing tumor with the necessary
oxygen and nutrients and is as well critical
for the progression and metastatic spread
of the disease. Therefore, suppressing
tumor-associated angiogenesis has often
been proposed as a promising antitumor
therapy. Vascular endothelial growth fac-
tor (VEGF) is one of the most recognized
endothelial growth factors involved in sev-
eral aspects of cancer progression, and it is
not surprising that its synergy and interac-
tions with the well-known tumor suppres-
sor gene p53 is of keen interest.

Until recently it was accepted that
wild-type p53 indirectly represses VEGF
expression by interaction and inhibi-
tion of transcription factors such as SP1,!
E2F?. New evidence using primary mouse
embryonic fibroblasts (MEFs) indicate
that the regulation of the VEGF pro-
moter by p53 is more complex than was
originally proposed. In addition to the
indirect repressive role of p53 on VEGF
promoter activity, it seems that p53 is also
required for VEGF induction during the
initial phases of hypoxia.> A highly con-
served unconventional but functional
p53-binding site adjacent to the main
HIF-la binding site was identified within
the VEGF promoter and shown to be
essential for this p53-mediated VEGF
induction. Saturation of the cells with sta-
bilized p53, e.g., after doxorubicin treat-
ment, seemingly is not enough to induce
VEGF promoter activation and likely
requires the hypoxia-dependent HIF-1at/
p53 complex.?

In all these experiments, full-length
wild-type p53 was analyzed. However, we

should also take into consideration that
the p53 gene can theoretically produce
at least 20 alternative isoforms.? Among
these potential variants, the A133p53 iso-
form is of significant interest. This isoform
lacks the transactivation domain (TA) and
part of the DNA-binding domain and
has been suggested to play an oncogenic
role.? It was demonstrated that A133p53 is
responsible for strong angiogenesis stimu-
lation in glioblastomas and contributes
to tumor progression.’ The expression
ratio between p53 and A133p53 was sug-
gested to regulate angiogenesis in human
glioblastoma U87 cells by differentially
modulating expression of anti/pro-angio-
genic genes. However, A133p53 does not
seem to affect VEGF expression,’ and the
molecular mechanisms behind A133p53’s
ability to modulate pro/anti-angiogenic
genes remains to be elucidated.

In addition, the other two p53 fam-
ily members, p63 and p73, have similar
structures and mechanisms of regulation
and are similarly relevant concerning
their effects on angiogenesis. In cell lines
that contain wild-type p53, p73 seems to
increase VEGF expression, exerting a pro-
angiogenic phenotype.® It is not clear how
this regulation occurs, since the VEGF
promoter is only partially affected, and
the half-life of the VEGF mRNA is not
influenced. On the other hand, in cells
with deleted or mutated p53, p73 acts as
a repressor of VEGF transcription. This
effect is mediated by repression at the pro-
moter level at a 35 bp region containing
SP1 binding sites,” the same region previ-
ously described to be inhibited by p53.!
Although in the case of p73, a molecular
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mechanism has not been described for its
ability to inhibit VEGF expression, it is
likely that given its similar structure, p73
also sequesters SP1 away from its positive
role on VEGF promoter transcriptional
regulation.

The two major isoforms of p63,
TAp63y and dNp63a, have been shown
to have opposite effects on the VEGF pro-
moter. Similar to p53, TAp63+y represses
VEGF expression by interacting with
HIF-la and mediating its proteasomal
degradation. Additionally, TAp63+y binds
to SP1 and prevents its association with
the VEGF promoter. Conversely, dNp63a
seems to have a dominant-negative effect
on p53 and TAp63y and induces VEGF
expression by stabilizing HIF-1a and pos-
sibly contributing to the recruitment of
p300/CBP to promote target gene expres-
sion. A 149 bp promoter region contain-
ing the HIF-la binding site seems to be
a crucial element for dNp63a to activate
VEGEF expression.?

It is known, that TAp73 and TAp63
interact with p53 response elements and
are able to induce some p53 target genes.’
Now that we have shown that there is a
functional p53 binding site within the
VEGF promoter,? there is a possibil-
ity that both p73 and dNp63a are also
able to bind to this region and influence
VEGF expression, especially in the case of
dNp63a, where not only does it interact
with HIF-la, but the promoter region
containing the p53 site is crucial for its
activation role (Fig. 1). p21 is also among
the target genes of p73 and p63. Given
the observation that VEGF repression by
p53 is dependent on the p21 pathway,?
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Figure 1. Schematic representation of VEGF promoter regulation by p53 family members and
their isoforms. We have shown that p53 can positively regulate VEGF expression during the initial
phases of hypoxia by direct binding to conserved sites in the VEGF promoter.? It remains to be
determined if p73 and dNp63 can synergistically act with HIF-1a in positively regulating VEGF
expression during hypoxia by directly binding to this conserved site. We have also demonstrated
that p53 can indirectly repress VEGF expression during continued hypoxic challenge that is ge-
netically dependent on the presence of p21.2 Here it remains to be determined whether p73 and
TAp63's negative effects on VEGF expression are dependent on a functional p21-E2F pathway.
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the probability that p63 and p73 can also
repress VEGF via p21 pathway modula-
tion is also high (Fig. 1).

The dynamic regulation of VEGF by
the p53 family members makes its regula-
tion complex, especially given the fact that
all three transcription factors are both
able to induce and repress VEGF, which
appears to be dependent on cellular con-
text and stimulus. Due to their similar
structure and targets, it is important to
consider if the newly discovered mecha-
nisms for p53 regulation of VEGF?® during
hypoxia also apply to the two other family
members. Also, the question as to whether
they can substitute or compensate for each
other and how this will ultimately affect
the strategies used to target tumor angio-
genesis needs further clarification.
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