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Mutant p53–Nrf2 axis regulates the proteasome machinery in cancer
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ABSTRACT
The proteasome machinery is a common target of gain-of-function p53 missense mutants. Upregulation of
the proteasome fosters chemoresistance to proteasome inhibitors. In triple negative breast cancer cells
this resistance mechanism, namely the Nrf2-regulated “bounce-back” response to proteasome inhibitors,
can be overcome by targeting p53 mutant proteins with APR-246/PRIMA-1Met.
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Point mutations affecting TP53 occur with different frequency in
various tumor types, from 96% in high-grade ovarian serious
carcinoma to 10% in hematopoietic malignancies, and contribute
to carcinogenesis by causing the loss of wild-type p53 tumor
suppressor activities, exerting dominant negative effects over the
wild-type allele, and providing mutant p53 with novel oncogenic
gain of function (GOF) properties that promote cell proliferation,
survival, and invasion.1 Indeed, among many functions, mutant
p53 proteins are involved in inactivation of p63/p73 tumor sup-
pressors and upregulation of cyclins, nucleotide metabolism, ste-
roid synthesis, integrin recycling, and the Warburg effect.2

We performed comparative analyses of the DNA-interactomic
(ChIP-sequencing), transcriptomic, and proteomic data obtained
from a triple negative breast cancer (TNBC) cell line, and of the
transcriptomes orchestrated by 5 different GOF mutants in the
context of their respective TNBC cell line. Our data revealed tran-
scription of 20S/26S proteasome/immunoproteasome genes as a
process commonly upregulated by missense GOF mutant p53 var-
iants. Accordingly, in several cancer models and in TNBC patients
with missense mutant p53 we observed elevated proteasome activ-
ity and transcription of proteasome genes.3 Interestingly, in TNBC
cells upregulation of the proteasome activity leads to degradation
of the KSRP microRNA maturation factor and downregulation of
its tumor suppressive activities.3 Together with the recently
described mutant p53-mediated inhibition of Drosha complex,4

our evidence supports and extends knowledge on the role of
mutant p53 in global destabilization of miRNAhomeostasis.

As GOF missense p53 mutant does not recognize DNA
through a specific sequence its transactivation activity is pre-
sumed to occur mostly through interactions with DNA-bound
transcription factors such as SREBP1/2, ETS2, or NF-YA.1 We
found that activation of the proteasome by GOF mutant p53
variants in TNBC is mediated by Nrf2 (NFE2L2).3

The Nrf2 transcription factor is the master regulator of the
oxidative stress response and its driving role in tumorigenesis
has rapidly gained recognition in recent years.5 Unlike another

family member Nrf1 (NFE2L1), which is also involved in regu-
lation of antioxidant systems of the cell, Nrf2 has previously
been reported to cooperate with various oncogenes (KRAS, C-
MYC, BRAF), resulting in cytoprotective activities and a reduc-
tion in reactive oxygen species (ROS) levels in cancer cells.6

In order to be activated, Nrf2 must detach from its inhibitor
Keap1 that binds it directly and sequesters it in the cytoplasm,
where Nrf2 is ubiquitinated and directed to proteasomaldegrada-
tion. When the Nrf2/Keap1 binding is disturbed (e.g., by oxidative
stress), Nrf2 shuttles to the nucleus, binds the promoters of its tar-
get genes, and activates transcription.5Mounting evidence gathered
in the last years has shown that Nrf2 transcriptional targets are not
only genes involved in the oxidative stress response such as
HMOX1/HO-1 (heme oxygenase-1), NQO1 (NAD(P)H quinone
dehydrogenase 1), GCLM (glutamate-cysteine ligase modifier sub-
unit), or TXN1 (thioredoxin).5 Rather, large-scale experiments
have begun to unravel a broader impact of this potent transcription
factor on the homeostasis of both normal and transformed cells,
through processes as varied as drug detoxification, proliferation,
inflammation, cell differentiation, and tissue regeneration.7 How-
ever, since the activity of Nrf2 is strongly dependent on the cell con-
text (tumor versus normal) and the intracellular level of ROS and
subsequent oxidative damage, a comprehensive picture of the role
of Nrf2 in cancer progression is still far from being obtained.5

Our findings of an interplay between mutant p53 and this
transcription factor add new pieces to the puzzle regarding the
ability of various oncogenes to hijack the Nrf2-antioxidant
pathway.5,8 Although different GOF p53 mutants were shown
to act as co-activators of Nrf2 in proteasome gene transcription,
they also exhibit co-repressor activity toward Nrf2 in the
HMOX1 antioxidant system,3 as also reported by others.9 This
raises an intriguing hypothesis involving a role of mutant p53
in regulating specific subsets of the Nrf2 oncogenic program.
GOF p53 mutants could act as a molecular switch, turning on
or off particular components of the Nrf2 transcriptional
program.
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A better understanding of the interplay between mutant p53
and Nrf2 will shed light on the long-debated dual role of Nrf2
as both an oncosuppressor and an oncoprotein5 and may offer
an interesting opportunity for therapeutically leveraging the
dependency of cancer cells on the mutant p53–Nrf2 axis.

Our study supports the hypothesis that concomitant inhibition
of mutant p53 with APR-246/PRIMA1-Met and inhibition of the
proteasome with carfilzomib might be an effective strategy to over-
come the “bounce-back” chemoresistance response to proteasome
inhibitors induced by mutant p53–Nrf2 (Fig. 1).3 Of note, APR-
246 has recently been reported to contribute to cancer cell killing
by inducing oxidative stress,10 further sustaining the hypothesis
that targeting the Nrf2-regulated oxidative stress response pathway
might be a promising anticancer strategy.8

Although more studies are needed to determine the full
potential of targeting the mutant p53–Nrf2 axis in patients, our
results could pave the way to defining better strategies to com-
bat chemoresistant tumors bearing mutant p53.
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Figure 1. A scheme of the mutant p53–Nrf2–proteasome pathway with chemotherapeutic intervention targeted at mutant p53 and the proteasome.
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