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Ets2 anchors the prometastatic function
of mutant p53 in osteosarcoma
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Mutations in the tumor suppressor p53 occur in a major-
ity of human cancers. Some gain-of-function (GOF) p53
mutations endow tumor cells with increased metastatic
ability, although our understanding of the underlying
mechanism remains incomplete. In this issue of Genes &
Development, Pourebrahim and colleagues (pp. 1847–
1857) develop a new mouse model of osteosarcoma in
which a GOF mutant p53 allele is expressed specifically
in osteoblasts, while the tumor microenvironment re-
mains wild type for p53, allowing for the study of cell-au-
tonomous functions. In this model, the role of GOF
mutant p53 in promoting lung metastasis is shown to be
critically dependent on the transcription factor Ets2 and
is accompanied by the elevated expression of a cluster of
small nucleolar RNAs (snoRNAs).

As an archetypal tumor suppressor, p53 is well known for
its diverse functions in protecting the genome and main-
taining tissue integrity. In response to genotoxic stresses
and various other insults, p53 exerts a tumor-suppressive
function by triggering cell cycle arrest, apoptosis, senes-
cence, andmany other “noncanonical” pathways (Kasten-
huber and Lowe 2017). A large majority of p53 mutations
occurs in its DNA-binding domain, resulting in loss of its
transcriptional activities that are required for tumor sup-
pression. Intriguingly, careful analysis of p53 mutations
in genetically modified mouse models and human patient
populations also revealed gain-of-function (GOF) activi-
ties for some mutant forms of p53, including the ability
to promote metastasis (for review, see Muller and Vous-
den 2014). Several mechanisms have been discovered for
GOF mutant p53, most involving its ability to aberrantly
bind and modulate the activity of other proteins. For ex-
ample, mutant p53 can bind to and disrupt the function
of other p53 family proteins, including TAp63 and p73,
thereby promoting proliferation and metastasis by affect-
ing the expression of downstream genes (Lang et al. 2004;
Weissmueller et al. 2014). Mutant p53 has also been re-
ported to interact with Ets2 to promote chemoresistance
and alter the expresssion of chromatin regulatory genes

to drive cancer progression (Do et al. 2012; Zhu et al.
2015). However, previous mouse models used to study
the prometastatic function of GOF mutant p53 often ex-
press the mutant allele at the whole-organism level and
thus are unable to disentangle cell-autonomous effects
from microenvironmental ones. This is a particularly sa-
lient concern, as p53 is known to exert non-cell-autono-
mous effects via stromal cells (Lujambio et al. 2013).
To overcome this limitation, Pourebrahim et al. (2017)

developed a new mouse model of osteosarcoma that ex-
presses the GOF mutant p53R172H specifically in osteo-
blasts using lineage-specific Cre, while all other cells
remain wild type for p53. Tumor cells are also genetically
labeled with Cre-induced GFP, allowing sensitive tracing
of metastatic nodules in secondary organs. Since the vast
majority of p53 mutations is somatic, this model better
mimics sporadic osteosarcomas in humans and precludes
confounding effects from the microenvironment, permit-
ting study of the tumor-intrinsic roles of mutant p53. In-
terestingly, while p53R172H/null mice formed primary
tumors at slightly slower rates compared with p53 homo-
zygous knockout mice, significantly more lung metasta-
ses were developed in p53 mutant mice. This finding is
consistent with previous reports on the metastasis-pro-
moting effect of p53R172H in other cancer types using
whole-organism knock-in mouse models (for review, see
Muller and Vousden 2014).
To understand the molecular basis for the metastasis-

promoting function of mutant p53, the investigators per-
formed a series of integrative genomic analyses on prima-
ry and metastatic tumor samples derived from mutant
p53 versus p53null mice. Transcriptomic profiling analysis
revealed a striking difference: A cluster of 24 small nucle-
olar RNAs (snoRNAs) was expressed at high levels in mu-
tant p53 tumors, while they were barely detectable in
p53null tumors. To discover the missing link betweenmu-
tant p53 and global up-regulation of snoRNAs, the inves-
tigators searched for common regulatory motifs among
the snoRNA loci. The top candidate that emerged was
the transcription factor Ets2, which has notably been
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shown to bind to mutant p53 (Do et al. 2012; Zhu et al.
2015). Importantly, genetic deletion of Ets2 in the mouse
model completely eliminated the prometastatic effects of
mutant p53 without affecting primary tumor growth. Fur-
thermore, Ets2 knockout suppressed expression of all of
the mutant p53-induced snoRNAs as well as nearly half
of the 179 genes up-regulated in mutant p53 tumors
compared with p53null tumors. These results strongly
implicate Ets2 as the primary effector of mutant p53’s
prometastatic function in osteosarcoma (Fig. 1). The un-
equivocal genetic proof that Ets2 plays a key role in medi-
ating the prometastatic function of mutant p53 indicates
potential avenues for developing novel anti-metastasis
therapeutic agents, such as inhibitors that block the inter-
action between Ets2 and mutant p53.

The present study leaves us with some tantalizing ques-
tions. For example, do Ets2-regulated snoRNAs play a
functional role in mediating the prometastatic function
of mutant p53? If so, is there a single snoRNA responsible
for most of the phenotype, or does some subset of them
play a combinatorial role? Furthermore, are the mutant
p53–Ets2–snoRNA axis and their putative functions
unique to osteosarcomaor universal in other cancer types?
snoRNAs were traditionally thought of as guide RNAs fa-
cilitating the post-transcriptional modification of ribo-
somal RNAs but are now known to regulate a host of
other cellular processes, including alternative splicing,
chromatin modification, and apoptosis (Mannoor et al.
2012). All of these functions can potentially affect cell-in-
trinsic properties to promote metastasis. More recently,
snoRNAs were reported to serve as important functional
cargos in secreted microvesicles or exosomes, which pro-
mote the formation of the premetastatic niche in the lungs

(Liu et al. 2016). Briefly, Liu et al. (2016) found that tumor
cells secrete exosomes enriched with snoRNAs, which
activate Toll-like receptors in the lung epithelium. Once
activated, the epithelial cells secrete chemokines that re-
cruit neutrophils, which infiltrate and prime the site for
metastasis initiation. It is plausible that a similar pathway
is at play in the present osteosarcoma model. However,
further studies are needed to analyze the snoRNA con-
tents in exosomes isolated from p53 mutant tumors in
mouse models and human patients as well as their func-
tional impact on the local and distant tumor microenvi-
ronment. It is also worth noting that Ets2 is essential for
nearly half of the overexpressed mRNAs associated with
mutant p53. Furthermore, a number of nonsynonymous
mutations were found to be specifically associated with
mutant p53 metastatic tumors (Pourebrahim et al. 2017).
It is likely that some of these additional Ets2-driven genes
andmutant p53-associated secondarymutations also con-
tribute to the metastatic phenotype in a collective way
(Fig. 1). Despite these open questions, the study by Poure-
brahim et al. (2017) provides an elegant mouse model to
study the tumor-intrinsic role ofmutant p53,whose prom-
etastatic function is critically dependent on Ets2, with
possible involvement of snoRNAs.
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Figure 1. Ets2 mediates the prometastatic function of GOFmu-
tant p53. In osteoblasts, p53R172Hmutation leads to the formation
of osteosarcomawith increased lungmetastasis ability compared
with p53null tumors. The prometastatic function ofmutant p53 is
mediated largely through its interaction with transcription factor
Ets2, which increases the expression level of a number ofmRNAs
and a cluster of 24 snoRNAs. Although not functionally tested in
the present model, exosomal snoRNAs are known to promote
metastasis by inducing the formation of the premetastatic niche
and may also influence cancer progression through other cell-in-
trinsicmechanisms, such as regulation of alternative splicing and
chromatin modification.
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