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Multi-omics reveals global effects of mutant p53 gain-of-function

Dawid Walerycha, Kamil Liseka,b, and Giannino Del Sala,b

aLaboratorio Nazionale CIB, Area Science Park Padriciano, Trieste, Italy; bDipartimento di Scienze della Vita-Universit�a degli Studi di Trieste, Trieste, Italy

ARTICLE HISTORY Received 8 July 2016; Accepted 18 July 2016

Despite over 25 y of accumulating evidence, the transition of the
major human tumor suppressor – TP53 – into a potent onco-
gene is still controversial. Recent studies involving combinations
of “omics” methods and a parallel use of multiple experimental
models revealed that missense mutant p53 proteins profoundly
modify cell’s global molecular homeostasis. These results will
hopefully contribute to lifting the remaining doubts and estab-
lishing mutant TP53 as a critical oncogene in human cancer.

In recent years, genome-wide, multi-cancer studies have
confirmed a long standing assumption that TP53 is the most
frequently mutated gene in human neoplasias (with a frequency
of 30–40% overall). Its primary role is tumor suppression and
the mutations inactivate the anti-cancer abilities of p53 pro-
teins. However, the mode of its inactivation is exceptional
among tumor suppressors, as in 70–80% of cases TP53 under-
goes missense point mutations, and the resulting p53 proteins
are stabilized in tumor or metastasis microenvironments. Since
the 1990s scientists have observed that these “p53 mutants”
may transform human cells, findings that have gradually lead
to the discovery of multiple cancer-relevant pathways con-
trolled by mutant p53. The oncogenic gain-of-function (GOF)
of mutant p53 includes inactivation of p63/p73 proteins, cyclin
upregulation, integrin recycling, steroid synthesis, nucleotide
metabolism or Warburg effect. We have recently reviewed these
results elsewhere.1

This portrait is now being extended by the use of genomic,
transcriptomic and proteomic methods in parallel cancer models.
Our group usedmulti-omics to answer several fundamental ques-
tions onmutant p53 GOF2: Is mutant p53 primarily an oncogenic
transcription co-factor, as suggested earlier in numerous studies?
Is the mutant p53 oncogenic programmostly shared between dif-
ferent missense mutants or is it specific to mutant variants and/or
cellular backgrounds? How can different p53 mutants be effi-
ciently targeted by a simple therapeutic protocol?

First, by integrated DNA-interactomic (ChIP-sequencing),
transcriptomic and proteomic data from a single mutant p53
triple negative breast cancer (TNBC) cell line, our study
revealed that, albeit binding of mutant p53 in proximity of
gene promoters leads in the majority of cases to modulation of
the corresponding transcripts, on the protein level the relation
is more complex. The majority of proteins significantly

upregulated by mutant p53 was accompanied by transcript
upregulation, while downregulation of proteins turned out to
be mostly independent of transcripts.

Strikingly, the subsequent overlap of 5 distinct mutant p53
transcriptomic programs in TNBC cell lines revealed that in
the common, “core” transcriptional program the most enriched
group of mutant p53 targets are Nrf2-controlled 20S/26S prote-
some and immunoproteasome subunits. Hence, mutant p53
strongly upregulates proteasome activity in several cancer mod-
els and in TNBC patients. It became apparent that the mutant
p53-dependent upregulation of cell’s protein levels is indeed
directly linked to the mutant p53’s role as a potent transcrip-
tional activator, while the mutant p53-dependent downregula-
tion of proteins is mostly controlled post-transcriptionally,
through the proteasome machinery.2

Of note, the downstream effects of the mutant p53-
Nrf2-proteasome axis include destabilization of the antionco-
genic KSRP protein – a component of Dicer and Drosha
miRNA processing complexes, responsible for maturation of a
subset of oncosuppressive miRNAs.2 To our knowledge, this is
the first indication of a direct link between elevated proteasome
activity and alteration of miRNA homeostasis relevant for car-
cinogenesis. Together with a recent study by Garibaldi and
coworkers showing that mutant p53 inhibits Drosha/Micropro-
cessor complex,3 and earlier studies on mutant p53 influence
on Dicer and Drosha,4,5 our results demonstrate that mutant
p53 has a profound global effect on cellular miRNA processing
via several overlapping routes.

Apart from the core mutant p53 program we also looked at
the cell line-specific mutant p53 transcriptional signatures in
the 5 TNBC cell lines. Much to our surprise these signatures
contained relatively few significantly modulated pro-oncogenic
transcripts and performed weakly in the association with breast
cancer patient poor prognosis. In contrast, the common and
the proteasome subunit gene signatures, containing transcripts
shared by the mutant p53 program in 5 cell lines, prognosed
the bad outcome more efficiently.2 This indicates that missense
p53 mutants largely share the most significant downstream
oncogenic program.

A concordant conclusion was obtained by Shelley Berger’s
group, who compared the DNA-binding patterns, obtained by
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ChIP-sequencing, of 3 mutant p53 variants from breast cancer
cells against 2 wild-type p53 DNA-interactomes.6 Strikingly, in
the common mutant p53 DNA-interactome Zhu and cow-
orkers found other broad process effectors – methyltranferases
(MLL1, MLL2) and an acetyltranferse (MOZ), whose Ets2-
mediated activation by mutant p53 leads to epigenetic reprog-
ramming and increased cancer growth.6

Thus, epigenetic modification, proteome reshaping and
miRNA modulation mechanisms joined the earlier-discovered
mutant p53-dependent genomic instability 7 in the set of mech-
anisms that globally drive the molecular landscape of the cell
toward transformation (Fig. 1).

The important issue to address in the near future is how to take
advantage of these broad processes in clinical cancer treatment.
Zhu et al. noticed thatmutant p53 cells are sensitized to COMPASS
methyltransferase complex inhibitors in vitro,6 while we found that
mutant p53 induces resistance to proteasome inhibitors (such as
carfilzomib), which can be overcome in TNBC xenografts by tar-
geting of mutant p53 by APR-246 (PRIMA-1MET).2 Now these
approaches, that could provide simple therapeutic strategies to tar-
get a large number of tumors bearing different mutant p53 pro-
teins, need to be progressed toward the clinical tests.
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Figure 1. A scheme of global influences exerted by mutant p53 on cell’s molecular homeostasis to drive tumorigenesis, and proposed treatment solutions.
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