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A novel function of p53 in TR3-MDM2 cross-talk
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TR3 (also known as Nur77, or NGFI-B) belongs to
the steroid/thyroid/retinoid receptor superfamily, and is
classified as an orphan receptor because its specific ligand
has not been identified [1]. Originally, TR3 was identified
as a growth factor-inducible gene [2]. The role of TR3 in
apoptosis was first reported in 1994, where TR3 expres-
sion was shown to be induced by T-cell receptor signaling
and required for T-cell receptor-mediated apoptosis [3,4].
Rapid induction of TR3 is also observed in different types
of cancer cells after stimulation by apoptosis-inducing
agents [5-7], indicating that induction of TR3 contributes
to the apoptotic process.

TR3 also functions as a transcription factor which posi-
tively or negatively regulates gene expression. Our previous
study revealed that TR3 heterodimerizes with the retinoid X
receptor oo (RXRa), and binds to the retinoic acid response
element in the retinoic acid receptor 3 (RAR[) promoter,
thereby promoting RARP expression which contributes
to apoptosis induction in breast cancer cells [8]. TR3 also
heterodimerizes with another orphan receptor, COUP-TF,
to regulate the expression of RARP in lung cancer cells
[9]. In this commentary, we tell another story about how
TR3 inhibits MDM2 gene and protein expression through
the mediation of p53.

A study from Lee’s group suggested that MDM2 was
another possible target of TR3, as TR3-induced decrement
of MDM2 expression contributed to the stabilization of hy-
poxia-inducible factor-1c.[10]. However, we did not detect
any direct interaction between TR3 and MDM2 in vivo and
in vitro, suggesting that another factor might be involved
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in the TR3-MDM2 cross-talk. We found that p53 functions
as a linking platform through interaction with both TR3
and MDM2, which allows TR3 to inhibit the expression
of MDM2 at both transcriptional and post-transcriptional
levels. On one hand, binding of TR3 to p53 leads to the
repression of p53 transcriptional activity by inhibiting
p300-induced acetylation of p53, which accounts for the
inhibitory effect of TR3 on the transcriptional activity of
the MDM2 promoter. On the other hand, binding of TR3
to p53 sequestrates pS3 away from MDM2. As a result,
TR3 accelerates MDM2 protein auto-ubiquitination and
degradation. These findings suggest that when the activ-
ity of p53 is kept at high levels, e.g. after DNA damage,
the presence of TR3 would result in “super-inhibition” of
MDM2 and “super-induction” of p53, thus significantly
enhancing the biological function of p53. Consistent with
this notion, we also found that, dependent on the activity
of p53, over-expression of TR3 sensitized hepatoma cells
to UV-induced apoptosis, although TR3 repressed p53-de-
pendent transcription of the p2 Iwaf1/cipl gene. Therefore,
the physiological levels of pS3 protein may be important in
setting the threshold for TR3-mediated apoptosis.

In summary, this work demonstrates a novel mechanism
whereby TR3 regulates MDM2 through p53 mediation at
both transcriptional and post-transcriptional levels (Figure
1). Notably, the TR3-p53 interaction not only reduces
MDM2 expression, but also protects p53 from MDM2-
mediated degradation. Since destabilization of MDM2 and
stabilization of p53 are important approaches for cancer
therapy, the current study reveals that TR3 may be a novel
target for the development of new anticancer strategy that
may restrict MDM2-induced tumor progression. In addi-
tion, whether and how the interaction between p53 and TR3
can be further exploited for better therapeutic measures in
oncology warrants further investigations.
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Figure 1 A novel model for regulation of MDM2 by TR3 through p53 mediation at both transcriptional and post-transcriptional
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