
OUTLOOK

SNPing away at mutant p53 activities
Guadalupe J. Ortiz and Guillermina Lozano

Department of Genetics, The University of Texas MD Anderson Cancer Center, Houston, Texas 77030, USA

A delicate balance in the levels of proteins that regulate
the p53 tumor suppressor pathway exists such that subtle
changes alter p53 tumor suppressor activity and cancer
risk. Many single-nucleotide polymorphisms (SNPs) in
the p53 pathway alter p53 transcriptional activity and
are associatedwith cancer risk. In addition, some SNPs in-
fluence the gain-of-function (GOF) activities of mutant
p53 through unknownmechanisms. In this issue ofGenes
& Development, Basu and colleagues (pp. 230–243) pro-
vide direct evidence that the presence of an R72 polymor-
phism enhances the GOF invasive and metastatic
properties of mutant p53 by regulating interactions with
PGC-1α, an important regulator of mitochondrial biogen-
esis and oxidative phosphorylation. The study culminates
with evidence that R72 is associated with worse out-
comes in human breast cancer.

The p53 tumor suppressor pathway includes many pro-
teins that regulate p53 transcriptional activity (Kim and
Lozano 2018). Subtle variations in the levels of these pro-
teins affect p53 function as a tumor suppressor (Eischen
and Lozano 2014). For example, the difference in p53 pro-
tein levels between mice harboring one or two copies of a
hypomorphic p53 allele is 7%, yet these models exhibit
significant differences in survival. In addition, minor
changes in the levels of Mdm2 and Mdm4, potent p53 in-
hibitors, influence survival in mice under stress con-
ditions. Mdm2+/− and Mdm4+/− mice are normal but
become radiosensitive and die upon exposure to a suble-
thal dose of ionizing radiation (Eischen and Lozano 2014).
Single-nucleotide polymorphisms (SNPs) also have

subtle effects on p53 function. Mice harboring the
Mdm2SNP309G allele are more prone to spontaneous tu-
mor development compared with Mdm2SNP309T mice
(Post et al. 2010). The SP1 transcription factor preferably
binds to the SNP309G variant and enhances the levels of
Mdm2, ultimately dampening p53 activity and increasing
cancer risk. However, additional studies in SNP309 mice
challenged with environmental stress factors, such as
low-dose ionizing radiation (IR), ultraviolet light, or
benzo(a)pyrene, showed contrasting differences in vulner-

ability to skin cancer risk (Ortiz et al. 2018). In this con-
text, SNP309G was bound by the E2F6 transcriptional
inhibitor, which decreased Mdm2 levels and thus in-
creased p53 levels and reduced the risk of skin cancer.
These data indicate that SNPs can be multidimensional
regulators in a context-dependent manner with some-
times opposing impact on cancer risk.
These in vivo experiments provide direct evidence of

the role of p53 pathway SNPs on cancer risk. These
same SNPs and others in the TP53 gene (the International
Agency for Research on Cancer [IARC] TP53 Mutation
Database lists 85 common polymorphisms) exist in hu-
mans, and some are associatedwith cancer risk. For exam-
ple, SNP309G is associated with increased cancer risk in
Li Fraumeni syndrome patients with TP53 mutations
(Bond et al. 2004). A SNP in TP53 codon 72 encodes either
a proline (P72) or arginine (R72) amino acid and alters p53
protein function in various scenarios (Basu and Murphy
2016).
SNP72 has also been studied in the context of mutant

p53. R72 enhances mutant p53 gain of function (GOF)
by preferably binding and attenuating p73 activity as com-
paredwith P72 in cell lines (Marin et al. 2000). In addition,
a small cohort of squamous cell carcinoma tumors hetero-
zygous for codon 72 retains R72, suggesting a contribution
of R72 to tumor progression (Marin et al. 2000).
In their study, Basu et al. (2018) asked how SNP72 im-

pacted mutant p53 GOF phenotypes. To address this tan-
talizing question, the investigators generated three
isogenic cell lines, each with three different p53 muta-
tions with either P72 or R72 amino acids, and evaluated
the impact of SNP72 onGOF phenotypes such as invasion
and migration in multiple assays. They then validated
their findings in a pair of tumor cell lineswith endogenous
mutant p53. The data clearly show that cell lines harbor-
ing mutant p53 proteins with R72 have increased migra-
tion and invasion compared with P72 cell lines.
Notably, knockdown of mutant p53 eliminated the differ-
ences between isogenic cell lines. In vivo studies in NOD
scid γ (NSG)mice also show thatmutant p53with R72 ex-
acerbated lung and bone metastases compared with mu-
tant p53 mice carrying P72.
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To elucidate themechanism by which SNP72 impacted
p53 GOF, the investigators examined known contributors
to theGOF properties ofmutant p53 (inhibition of p63 and
p73, for example) but did not find any differences in the
impact of the polymorphism on p53 mutant phenotypes.
Subsequently, the investigators performed an RNA se-
quencing analysis and identified a significant association
with oxidative phosphorylation and mitochondrial path-
ways as well as a significant increase in genes regulated
by PGC-1α. PGC-1α is a transcriptional coactivator of mi-
tochondrial biogenesis (SchmidtandMandrup2011). Stud-
ies show that PGC-1α uses a network of transcriptional
regulators that alter metabolic function, including oxida-
tive phosphorylation. Basu et al. (2018) present evidence
that mutant p53 directly binds with PGC-1α and that mu-
tant p53 proteins with R72 bind PGC-1α less well (Fig. 1).
Thus, cells with R72 mutant p53 have an increase in free
PGC-1α and adaptmore readily to changes in nutrient lev-
el. This novel finding provides amechanistic basis for how
tumor-derived p53 mutants contribute to the metabolic
needs of the tumor cell. Down-modulating the levels of
PGC-1α decreased cell invasion. It is important to note,
however, that mutant p53 interactions with PGC-1α do
not account for all GOF activities of mutant p53. SREBP
and ETS2 transcription factors impact p53 GOF in many
other studies and may contribute to the effects of SNP72
on mutant p53 activities (Kim and Lozano 2018). Human
studies in breast cancer data sets show that patients
harboring mutant p53 with R72 show a worse prognosis
compared with patients with mutant p53 and P72. Ulti-
mately, the levels of PGC-1α present in specific cell types
will influence the aggressiveness of tumors that develop.

Many questions remain to be addressed. PGC-1α is a
member of a large family of proteins that are highly relat-
ed, and PGC-1α itself has multiple isoforms (Schmidt and
Mandrup 2011). Do these proteins contribute to or com-
pete with PGC-1α binding to mutant p53? Phosphoryla-

tion of PGC-1α also regulates its activity (Schmidt and
Mandrup 2011). Does phosphorylation impact interac-
tions withmutant p53?What levels of PGC-1α are needed
to see increased invasion and metastatic phenotypes?
Likely, p53 mutant cells with very high levels of PGC-
1α may have sufficient PGC-1α to adapt to its metabolic
needs, since the effect on invasion and metastasis is de-
pendent on sequestering PGC-1α. How much mutant
p53 is in the cellmatters as well. Differences betweenmu-
tant p53 alleles also exist. Is the transcriptional activation
function of p53 required for this effect on invasion andme-
tastasis? More importantly, is disruption of mutant p53
interactions with PGC-1α sufficient to decrease invasion
and metastasis in patient tumors and improve outcome?
In closing, Basu et al. (2018) show evidence that R72 en-
hances mutant p53 interactions with PGC-1α to worsen
tumor outcome. Further understanding of the influence
of SNPs within the p53 pathway could facilitate the un-
derstanding of tumor progression and potentially provide
new insight into the development of prognostic and ther-
apeutic cancer modalities.
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Figure 1. Cell lines with mutant p53 with codon R72 have in-
creased oxidative phosphorylation (OXPHOS), which enhances
the invasive and metastatic GOF activities of mutant p53. Mu-
tant p53 with codon R72 does not bind PGC-1α well, allowing
PGC-1α to interact with other transcription factors to increase
oxidative phosphorylation, leading to increased invasion andme-
tastasis. On the other hand, mutant p53 with codon P72 interacts
well with PGC-1α, limiting its availability for oxidative phos-
phorylation and consequently limitingmutant p53 GOF activity.
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