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COMMENT

The stiff RhoAd from mevalonate to mutant p53
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Mutant p53 oncoproteins (mutp53), produced as result of
missense mutations in the TP53 gene, actively promote
tumour aggressive traits, metastatic dissemination and
chemoresistance. Massive accumulation of mutp53 protein
occurs in tumour cells [1] and is required for its oncogenic
gain-of-function, indicating pharmacological destabilization
of mutp53 as a potential anticancer therapeutic strategy [2].
In a recent issue of Nature Cell Biology [3], we reported
that mechanical inputs, transduced by RhoA-dependent
cytoskeletal tension, sustain mutp53 protein stability and
that blocking this axis with mevalonate (MVA) pathway
inhibitors curbs mutp53 accumulation in tumours (Fig. 1).

Relying on an extended protein interactome, which
includes transcriptional regulators not bound by the wild-
type counterpart, mutp53 drives tumour cell metabolic
rewiring, migration/invasion, acquisition of stem traits and
chemoresistance. In this context, mutp53 becomes con-
stitutively stable, due to its engagement in complexes with
the Hsp90 chaperone machinery, which prevents mutp53
poly-ubiquitination and proteasomal degradation [4]. Phar-
macological destabilization of mutp53 by blocking Hsp90
with new generation inhibitors has proven effective to cause
tumour regression in vivo [2]. Supporting the clinical effi-
cacy of this strategy, HSP90 inhibitors were found to
synergise with CCPT (concurrent cisplatin radiotherapy) in
HNSCC cancers with mutant TP53 status [5]. This evidence
further incites the quest for efficient and well-tolerated
drugs targeting mutp53 stability as future chemotherapeutic
treatments.

Drug repositioning approaches represent a valid strategy
to obtain hints on mechanisms sustaining oncogene acti-
vation, and to identify molecules able to interfere with these
processes. Work by our group [3] and by others [6] high-
lighted that statins, a class of MVA pathway inhibitors and
a very common drug used in the clinic for treatment of
cardiovascular diseases, elicit mutp53 destabilization and
reducing cancer cell proliferation. The MVA pathway is a
conserved metabolic route that uses acetyl-CoA to produce
cholesterol and other key biomolecules, some of which are
required to support tumour development and progression.
Specifically, the isoprenoid geranylgeranyl-pyrophosphate
(GGPP) produced along the MVA pathway, is essential for
post-translational modification and membrane anchoring of
many proteins involved in aggressive cancer phenotypes.
Among them, the small GTPase RhoA links ECM rigidity
to intracellular actomyosin tension, acting as a mechan-
otransducer to drive tumour cell survival, proliferation and
progression. In our work, we demonstrated that GGPP acts
to stabilise the interaction of mutp53 with Hsp90, thus
preventing its degradation (Fig. 1). We showed that this
effect requires the histone deacetylase HDAC6, a direct
activator of Hsp90 [7]. Interestingly, HDAC6 is controlled
by changes in cytoskeleton dynamics [8], critical events in
the crosstalk of transformed cells with the tumour micro-
environment. Tumours display altered mechanotransduction
compared to normal tissues, as cancer-associated fibrosis
generates a dense and mechanically rigid extracellular
matrix (ECM) leading to integrin clustering and activation
in focal adhesions. These complexes induce RhoA-
dependent actin remodelling and actomyosin contractility
(Fig. 1). It has become increasingly clear that mechanical
cues presented to cells as a result of tissue stiffening, favour
cancer development and progression. Interestingly, the
levels of mutp53 appear frequently heterogenous within
tumour tissues, with mutp53 over-expressing foci asso-
ciated with fibrotic regions [9], suggesting that
mutp53 stability may be locally influenced by tissue
rigidity.
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We reasoned that HDAC6 may promote mutp53 stabili-
sation downstream of mechanical inputs, transduced by
RhoA-dependent cytoskeletal tension. In this context, GGPP
produced by the MVA pathway appears crucial to sustain
RhoA activation at the plasma membrane (Fig. 1). Con-
sistently with this idea, we observed that inhibition of RhoA
by different means (i.e., acting on its prenylation, enzymatic
activity, or protein levels) caused mutp53 destabilization,
similar to treatment with statins. To prove that ECM stiffness
controls mutp53 stability, we grew non-tumorigenic mam-
mary epithelial cells (MEC) from premalignant p53R172H/
R172H knock-in mice on substrates with varying rigidity. MEC
displayed extremely low amounts of mutp53 when grown on
soft hydrogels matching the elasticity of normal mammary

tissue. In striking contrast, culturing cells on a stiff substrate
raised mutp53 abundance, proving that the physical proper-
ties of the local microenvironment can tune mutp53 levels.
As expected, this effect required both HDAC6 and RhoA
activity. Importantly, administration of MVA pathway inhi-
bitors such as statin or zoledronic acid (ZA) was able to
reduce the rigidity of cells grown on stiff matrix (as measured
by atomic force microscopy) and to prevent mutp53 stabili-
sation, and it robustly decreased mechanosignalling and
mutp53 accumulation in tumours (Fig. 1). These data
represent the first evidence that inhibition of the Mevalonate/
RhoA axis can block the stroma-tumour mechanosignalling,
thus representing a valuable approach to target its tumori-
genic effects.

Fig. 1 Mutp53 accumulation in tumours is sustained by mechanical
inputs through a mevalonate-RhoA-HDAC axis. Normal epithelial
cells tune their contractility in response to tensional homoeostasis, but
tumours exhibit altered mechanotransduction. During transformation,
tumour-associated fibrosis generates a mechanically rigid matrix
leading to integrin clustering and activation in focal adhesions. These
complexes activate RhoA-dependent remodelling of filamentous actin
and actomyosin contractility, thereby triggering Hsp90-mutp53 phy-
sical interaction and mutp53 stabilisation. This event requires HDAC6
and leads to functional inactivation of the MDM2 ubiquitin ligase.
RhoA requires geranylgeranylation for proper membrane localisation

and activation, using intracellular GGPP produced via the mevalonate
(MVA) pathway, thus linking this metabolic pathway to transduction
of mechanical signals and mutp53 stability. Inhibition of MVA flux
using either statins or zoledronic acid, reduces intracellular levels of
GGPP and consequently RhoA localisation and activation. Similar
effects can be obtained blocking RhoA geranylgeranylation by treat-
ment with inhibitors of GGTI protein geranylgeranyltransferase type I,
such as GGTI-298. Therefore, administration of these treatments to
cells growing on a rigid matrix in vitro, or to highly stiff tumours, can
effectively interfere with cell mechanotransduction and thereby block
mutp53 stabilisation and oncogenic activity
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Our findings provide several important implications for
future investigation. Mutp53 has been previously shown to
cooperate with SREBP in inducing the expression of MVA
enzymes in tumour cells, thereby dismantling normal
mammary tissue architecture [10]. Moreover the ability to
promote integrin recycling implicates mutp53 in fostering
cancer cell mechanoresponsiveness [11]. Notably, mutp53
expression is associated with increased activation of
membrane-bound RhoA at the tumour invasive front and at
cell poles [12, 13], and indeed it has been shown to induce
the expression of the GEF-H1 oncogene, a RhoA exchange
factor [14]. Now, identification of mutp53 as a downstream
effector of aberrant MVA activation and tissue rigidity
suggests that during tumour progression, TP53 mutation
triggers positive feed-forward loops that further sustain
mutp53 accumulation and oncogenic activities by rewiring
metabolic and mechanoregulatory pathways. The intimate
crosstalk of mutp53 with the mechanosensitive oncogenes
YAP/TAZ, whose activation is sustained by MVA and
actomyosin dynamics [15], is also enforced downstream of
metabolic reprogramming and altered cell mechanics.

Given the uniquely high incidence of missense TP53
mutations across multiple tumour types, one can project that
strategies aimed at blocking these networks would produce
a huge impact on cancer treatment. Based on the notion that
treatments leading to mutp53 destabilization have proven
successful in pre-clinical and clinical settings, it can be
expected that combination of statins with standard che-
motherapy may improve treatment efficacy in mutp53-
expressing tumours, thus calling for urgent randomised
clinical trials. Retrospective studies considering TP53 status
could clarify the inconsistencies regarding the association of
statin administration with good prognosis in different solid
tumours, to allow rational implementation of statins for
cancer precision medicine.

The emerging field of mechanomedicine focuses on
targeting tissue mechanics for therapeutic purposes. In this
respect, interfering with environmental mechanical cues and
disrupting cell mechanoresponsiveness are considered pro-
mising strategies of anticancer therapeutic intervention. Our
findings support the attractive opportunity to interfere with a
metabolic pathway to alleviate the mechanical stress
imposed by the rigidity of the tumour tissue. In this context,
inhibitors of mevalonate flux (statins, ZA) or of RhoA
geranylgeranylation (inhibitors of protein geranylgeranyl-
transferase type I) could effectively enhance therapeutic
response, delay disease progression and improve patient
survival acting on the circuit linking mechanical signals
with mutp53 oncogenic activity.
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