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Summary

YAP and TAZ are highly related transcriptional regulators pervasively activated in human
malignancies. Recent work indicates that, remarkably, YAP/TAZ are essential for cancer initiation
or growth of most solid tumors. Their activation induces cancer stem cells attributes, proliferation,
chemoresistance and metastasis. YAP/TAZ are sensors of the structural and mechanical features of
the cell microenvironment. A number of cancer-associated extrinsic and intrinsic cues conspire to
overrule the YAP-inhibiting microenvironment of normal tissues, including changes in
mechanotransduction, inflammation, oncogenic signaling and inhibition of the Hippo pathway.
Addiction to YAP/TAZ thus potentially represents a central cancer vulnerability that may be
exploited therapeutically.

Introduction

Research on the biology and regulation of YAP/TAZ drew its initial inspiration from
pioneering studies in Drosophila. YAPITAZ are indeed orthologues of Drosophila Yorkie
(Huang et al., 2005) and several of the biological traits now assigned to YAP/TAZ were in
fact initially discovered in fly tissues in the context of some remarkable organ-overgrowth
phenotypes initially observed in mutants of the Hippo cascade (see Box1).

Since these pioneering discoveries, the study of YAP/TAZ in mammalian tissues took off to
become nowadays a burgeoning field. In several adult organs, YAP/TAZ appear ostensibly
dispensable for normal homeostasis but critical to promote tissue repair upon injury (Azzolin
etal., 2014; Bai et al., 2012; Cai et al., 2010; Chen et al., 2014; Lee et al., 2014; Taniguchi et
al., 2015; Zanconato et al., 2015; Zhang et al., 2014b; Su et al., 2015). Moreover, YAP/TAZ
activation is widespread in many human tumors, where YAP/TAZ have been shown to be
essential for cancer initiation, progression or metastasis (reviewed in Part 2 of this review).
The stark contrast between the inconsequentiality of YAP/TAZ inactivation for normal organ
function and their absolute requirement for cancer development in the same organs is
attractive, highlighting the possibility that targeting YAP/TAZ may display a large
therapeutic window.
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A theme that resonates in this review relates to one of most appealing aspects of YAP/TAZ
biology, that is, their being transducers of the cell’s structural features, such as polarity,
shape and cytoskeletal organization. In turn, these features are intimately connected to the
cell’s location within the 3D architecture of tissues, including the attachment to other cells
and to the surrounding extracellular matrix (ECM), and influenced by the chemical and
physical features of cell’s microenvironement (Halder et al., 2012). Thus YAP/TAZ respond
to cellular events reflecting changes that occur at the level of whole tissues, setting
YAP/TAZ functions and regulations apart from classic growth-factor initiated signaling
cascades.

This review is divided in three parts. We first outline how YAP/TAZ actually underlie many
fundamental traits of cancer cells; in the second part, we review a large body of work on the
specific roles of YAP/TAZ in different human tumors and corresponding mouse models. In
the third part, we will detail the various mechanisms of YAP/TAZ regulation, including
Hippo and non-Hippo dependent regulations. The reader should be aware of a potentially
confounding semantic issue in this field: the phrase “Hippo pathway”, originally indicating a
specific set of kinases such as Hippo/MST or LATS ultimately causing YAP/TAZ inhibitory
phosphorylation, is in fact now often loosely used to indicate essentially any modality of
YAP/TAZ control, and thus essentially as a proxy of “YAP/TAZ activity” itself. In contrast,
here we remain adherent to the biochemical definition and thus our “Hippo signaling”
invariably refers to the Hippo kinase module (Box 1). We finally close this paper with some
future perspectives for YAP/TAZ in cancer biology.

Part 1. Overview of the Biological Properties of YAP/TAZ

YAP/TAZ are transcriptional coactivators that shuttle between the cytoplasm and the
nucleus, where they recognize cognate cis-regulatory elements by interacting with other
transcription factors, and in particularly TEA domain family members (TEAD) (reviewed in
Piccolo et al., 2014). Association to TEAD is in fact essential for most, if not all, YAP/TAZ
transcriptional effects (Chan et al., 2009; Zanconato et al., 2015; Zhao et al., 2008).
YAP/TAZITEAD control the expression of their targets by binding to distant enhancers that
contact their regulated promoters through DNA looping; from these enhancers, YAP/TAZ
foster enhancer acetylation and recruitment of the transcriptional machinery (Galli et al.,
2015; Stein et al., 2015; Zanconato et al., 2015).

YAP/TAZ empower several of the key attributes of cancer cells (Figure 1) (Hanahan and
Weinberg, 2011). To start, sustained activation of YAP/TAZ promotes aberrant cell
proliferation (Camargo et al., 2007; Chan et al., 2008; Dong et al., 2007; Zhao et al., 2007).
The mechanisms of this response have only recently been explored in cancer cells
highlighting a broad transcriptional program connected to cell cycle progression downstream
of YAP/TAZ (Kapoor et al., 2014; Zanconato et al., 2015). This program comprises
activation or factors involved in replication licencing, DNA synthesis and repair, control of
cyclins for S-phase entry and completion of mitosis. Notably, YAP/TAZ may indirectly
reinforce their control over the cell cycle by inducing other proto-oncogenic transcription
factors, such as c-Myc (Zanconato et al., 2015).
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Cancer cells typically display increased resistance to cell death. Increased YAP/TAZ levels
can overcome anoikis induced when cells are detached from the substrate (Zhao et al.,
2012). In line, YAP/TAZ transcriptionally upregulate Bcl2-family members (Rosenbluh et
al., 2012), thus suppressing mitochondrial-induced apoptosis pathway, but can also
overcome the alternative apoptosis cascade initiated by TNF-a and FAS ligands (Dong et
al., 2007).

Tumors are made of distinct cell populations that are functionally and phenotypically
heterogeneous. Intriguingly, YAP/TAZ are active in the tumor’s cancer-stem-cell (CSC)
fraction, and functionally instrumental and required for CSC expansion (Bartucci et al.,
2015; Basu-Roy et al., 2015; Cordenonsi et al., 2011; Hayashi et al., 2015; Song et al.,
2014). YAP/TAZ actually reprogram non-stem tumor cells into cells with full-CSC attributes
(Bartucci et al., 2015; Cordenonsi et al., 2011). This suggests that YAP/TAZ may
molecularly define CSC populations so far defined only operationally, and inputs controlling
YAP/TAZ may correspond to the so far poorly understood signals inducing CSCs in solid
tumors. The connection with CSCs is consistent with additional cancer-associated traits
regulated by YAP/TAZ (Figure 1). These include the ability to initiate tumor formation, to
induce chemoresistance, metastasis and expand undifferentiated cell populations. As
detailed below, attenuation of YAP or TAZ can restore sensitivity to chemotherapy and
radiotherapy. Perhaps also connected to their role as CSC determinants, recent evidence also
suggests that, in some contexts, YAP/TAZ constantly rejuvenate cancer cells by promoting
basal levels of autophagy to avoid senescence (Garcia-Prat et al., 2016; Song et al., 2015a),
while still opposing cell death caused by an excess of autophagy in the tumor bulk (Liang et
al., 2014).

Tumors are increasingly perceived as complex tissues and tumor evolution can be
understood only in light of the ever evolving heterotypic interactions between cancer cells
and the genetically normal cells of the tumor stroma (Bissel and Hines, 2011). YAP/TAZ
orchestrate this crosstalk from both compartments: in epithelial cells, YAP/TAZ favors the
secretion of AREG (an EGF-like growth factor), of matricellular proteins such as Cyr61 and
CTGF (also known to induce angiogenesis) (Piccolo et al., 2014), and of chemoattractants
for T-cell suppressing myeloid cells favoring the installment of immune tolerance (Wang et
al., 2016). In cancer-associated fibroblasts (CAFs), YAP/TAZ incite the production of
inflammatory interleukins and deposition of a rigid extracellular matrix that, being a main
upstream inducer of YAP/TAZ (Halder et al., 2012), in turn feedback on CAFs and epithelial
cells alike to self-sustain YAP/TAZ activity (Calvo et al., 2013). Thus YAP/TAZ influence
the chemical, physical and cellular composition of the tumor microenvironment.

Part 2. YAP/TAZ in Human Tumors and Mouse Models

The above outline of the biological properties of YAP/TAZ necessarily summarizes general
themes from the collective evidence obtained in distinct tumor types and experimental
models. But what do we know about YAP and/or TAZ in the various types of human
cancers, and what have we learned from their corresponding experimental models? (See
Figure 2 and Table 1).
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Lung cancer includes several subtypes, including lung adenocarcinomas (LAC), lung
squamous cell carcinomas (LSCC), large-cell lung carcinomas (LCLC), all generally defined
as “non-small-cell lung cancer”(NSCLC). Immunohistochemistry (IHC) studies showed that
elevated expression/nuclear localization of YAP or TAZ correlates with malignant features
(e.g. high histological grade, late TNM stage, lymph-node metastasis) and poor patient
outcome (Cheng et al., 2015; Noguchi et al., 2014; Su et al., 2012; Wang et al., 2010; Xie et
al., 2012). In line, elevated expression of gene signatures for YAP/TAZ activity correlates
with poor prognosis in datasets of NSCLC patients (Lau et al., 2014; Noguchi et al., 2014).
In LAC mouse models, non-metastatic tumors induced by knock-in of oncogenic KrasG12D
in alveolar cells display very weak YAP/TAZ staining, whereas high levels of nuclear
YAP/TAZ can be found in metastatic LAC induced by combining oncogenic activation of
KRas with biallelic loss of 7p53or LkbI (Lau et al., 2014; Mohseni et al., 2014; Zhang et
al., 2015b).

These IHC and gene-expression analyses were nicely complemented by several functional
studies in NSCLC. YAP or TAZ knockdown in the human LAC cell line A549 impairs
tumor formation after injection in the tail vein of nude mice (Lau et al., 2014; Noguchi et al.,
2014). Genetic loss of Yap strongly reduces the number of tumors forming in the
KrasC12D; [ kb1-'“ mouse model; interestingly, most of the remaining lesions are benign and
do not evolve in LAC or LSCC (Zhang et al., 2015b). YAP/TAZ activation might not be
sufficient to promote NSCLC formation: expression of an active form of YAP in the mouse
airway epithelium only causes hyperplasia of the tissue, but is per se insufficient to trigger
tumor formation (Zhang et al., 2015b). However, constitutive expression of TAZ allows
immortalized human bronchial cells to form tumors in immunocompromized mice (Noguchi
etal., 2014; Zhou et al., 2011b) and ectopic YAP expression can promote progression of
small adenomas to high grade LAC in the Kras®12P knockin mouse model (Lau et al., 2014;
Zhang et al., 2015b).

Breast cancer

Breast cancer (BC) arises from the epithelial cells of the mammary gland and can be
classified on the basis of their site of origin (ductal or lobular), their ability to grow in the
lumen of the gland (carcinoma in situ), or in the stroma surrounding the gland (invasive
carcinoma). Invasive ductal carcinomas (IDC), the most common forms of BC, can be
further classified in hormone (estrogen receptor, ER, and/or progesterone receptor, PR)
receptor positive BC (often referred as luminal BC), HER2-positive BC, and BC that are
negative for all three receptors (triple-negative BC, TNBC). In datasets of BC patients,
elevated expression of gene signatures for YAP/TAZ activity correlate with high histological
grade, enrichment of stem cell signatures, metastasis proclivity and poor outcome
(Cordenonsi et al., 2011; Di Agostino et al., 2015; Zanconato et al., 2015). In ling, TAZ
nuclear staining is highly enriched in high grade BC (Bartucci et al., 2015; Cordenonsi et al.,
2011), and is prognostic of poor clinical outcome (Bartucci et al., 2015; Diaz-Martin et al.,
2015). TAZ mRNA and protein expression are reported to be preferentially higher in TNBC
than in the other BC subclasses (Diaz-Martin et al., 2015; Kim et al., 2015a; Li et al., 2015c;
Skibinski et al., 2014). TAZ nuclear staining has been reported to be associated with low
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pathological complete response of a subset of HER2-positive BC patients treated with anti-
HER2 (transtuzmab) neoadjuvant therapies (Vici et al., 2014).

Several studies reported no correlation between YAP IHC staining and clinical variables in
BC cases (Kim et al., 2014; Sheen-Chen et al., 2012; Wang et al., 2012; Yuan et al., 2008),
although the lack of resolution of these studies still allows for some BC subtypes to be
stratified by YAP expression (Kim et al., 2015b). In the mouse mammary gland, nuclear
YAP/TAZ are broadly induced in tumors caused by transgenic expression of HER2, Wnt1,
or Polyoma-middleT (PyMT, molecularly resembling HER2 tumors)(Chen et al., 2014;
Serrano et al., 2013).

Conditional knockout of YAP in the mammary gland greatly increases the latency and
reduces the growth of mammary tumors arising in MMTV-PyMT mice (Chen et al., 2014).
TAZ knockdown strongly reduces the number of tumor initiating cells of the malignant
MCF10ACA1la human TNBC cell line and of primary human BC stem cells (Bartucci et al.,
2015; Cordenonsi et al., 2011), also affecting the ability of primary BC cells to form distant
metastasis (Bartucci et al., 2015). Of note, TAZ knockdown also inhibits tumor formation by
the human luminal BC cell line MCF7 (Chan et al., 2008).

YAP overexpression in the mouse mammary gland causes defects in the terminal
differentiation of secretory cells during lactation, but does not induce tumor formation (Chen
etal., 2014). In contrast, YAP overexpression can confer lung metastatic abilities to
otherwise benign mouse mammary tumor cell lines (Lamar et al., 2012). TAZ
overexpression increases the content of tumor initiating cells in benign/low-grade human BC
cell lines, and allows them to form high-grade cancers after injection in the mammary fat
pads of immunocompromized mice (Cordenonsi et al., 2011). Consistently, TAZ
overexpression confers metastatic abilities to low tumorigenic/non-stem primary human BC
cells (Bartucci et al., 2015). Taken together, these studies indicate that TAZ, and possibly
YAP, play an important role in breast cancer progression, favoring the acquisition of cancer
stem cells features, thus promoting malighancy and metastatic relapse.

Colorectal cancer

Colorectal carcinoma (CRC) derives from benign tumors (polyps and adenomas) that arise
from the mucosal epithelium of the lower tract of the digestive system (colon and rectum).
Most CRC carry mutations leading to overactivation of the Wnt signaling pathway, among
which the most frequent are mutations inactivating the APC tumor suppressor. High levels of
expression of a gene signature for YAP activity has been found to be prognostic for bad
outcome in four datasets of CRC patients, and correlated with cetuximab resistance (Lee et
al., 2015; Yuen et al., 2013). This is in agreement with the reported correlation of high YAP
and TAZ expression and nuclear localization with poor patients” outcome (Kim et al., 2013a;
Wang et al., 2013a; Wang et al., 2013b). YAP protein has also been found overexpressed and
nuclearly localized in adenomas spontaneously developing in the small intestine of ApdMin/+
mice (Cai et al., 2015; Camargo et al., 2007; Gregorieff et al., 2015), and ectopically
expressed in the hyperplastic Apc’- villi (Azzolin et al., 2014).
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Combined knockout of Yapand 7az suppresses the hyperplastic growth of the epithelium
caused by loss of APC in mouse intestine (Azzolin et al., 2014). Consistently, conditional
knockout of the sole Yapin the intestine of ApcMiV'* mice strongly reduces adenoma
formation, significantly extending lifespans (Cai et al., 2015; Gregorieff et al., 2015). YAP
and/or TAZ knockdown in human CRC cell lines suppresses their growth and ability to
trigger tumor formation after injection in mice (Azzolin et al., 2012; Pan et al., 2012;
Rosenbluh et al., 2012; Yuen et al., 2013). Thus, YAP/TAZ are required for formation and
growth of intestinal tumors. However, forced YAP overexpression in the gut epithelium is
not sufficient to induce tumor formation, and may in fact cause degeneration of the mucosa
(Barry et al., 2013), possibly because an excess of cytoplasmic YAP may oppose the Wnt
pathway (see below).

Several subtypes of liver cancer exist: hepatocellular carcinoma (HCC), arising from
hepatocytes; cholangiocarcinomas (CC) that derive from the bile ducts; and hepatoblastoma
(HB), a pediatric tumor formed by immature liver cells. IHC studies on human HCC
samples showed that elevated expression of YAP or TAZ correlates with poor tumor
differentiation and is prognostic of bad outcome (Guo et al., 2015; Han et al., 2014; Kim et
al., 2013b; Xiao et al., 2015; Xu et al., 2009). Moreover, high levels of YAP protein
expression have also been detected in a majority of human CC and HB samples (Li et al.,
2012; Tao et al., 2014). In a rat model of liver cancer, YAP protein levels are upregulated
starting from precancerous lesions, but overt nuclear localization of YAP can be found only
in fully developed HCC and CC (Perra et al., 2014).

Liver-specific YAP overexpression in transgenic mice leads to hepatomegaly and then to
formation of liver tumors resembling human HCC (Dong et al., 2007). Similar results were
obtained by delivering a phospho-mutant form of YAP in the mouse liver using transposon-
mediated hydrodynamic transfection (Shen et al., 2015). Interestingly, hydrodynamic
transfection of YAP in the mouse liver leads to development of HB when combined with an
activated form of p-catenin (Tao et al., 2014). In line, YAP overexpression endows
tumorigenic properties to the otherwise non-tumorigenic human hepatocyte cell line MHIA
(Xu et al., 2011). YAP or TAZ knockdown strongly reduces subcutaneous tumor growth of
human and mouse HCC cell lines (Xiao et al., 2015; Xiao et al., 2013; Zender et al., 2006).
Genetic inactivation of Hippo pathway components also induces HCC and other types of
liver cancer and YAP is genetically required for these phenotypes (Fitamant et al., 2015; Lee
etal., 2010; Lu et al., 2010; Song et al., 2010; Zhang et al., 2010; Zhou et al., 2009).

Gastric cancer

The large majority of cases are gastric adenocarcinomas (GAC) that derive from the
glandular epithelium of the stomach. YAP mRNA and protein levels are found upregulated
in a relevant portion of GAC, and elevated YAP protein expression and nuclear localization
correlate with bad patients’ outcome (Da et al., 2009; Hu et al., 2014; Kang et al., 2011;
Song et al., 2012). Expression of YAP target genes, and of Yao mRNA itself, was found
upregulated in a mouse model of GAC generated by infection with Helicobacter pylori, a
common risk factor for GAC development in humans (Jiao et al., 2014). TAZ has been found
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highly expressed in human GAC of the singlet ring cell subtype (Yue et al., 2014). The
requirement of YAP/TAZ for GAC growth has been revealed using a peptide (super-TDU)
that inhibits YAP/TAZ interaction with TEADs; super-TDU inhibits subcutaneous growth of
primary human GAC cell lines, and reduces GAC formation in mice after infection with H.
pylori (Jiao et al., 2014). Conversely, reintroduction of YAP in the YAP-mutant GAC cells
MKNA45 enhances their growth as subcutaneous tumors (Kang et al., 2011).

Pancreatic cancer

Gliomas

The most common form of pancreatic cancer is pancreatic adenocarcinoma (PDAC), a very
aggressive neoplasia that seems to arise from pancreatic exocrine cells through intermediate
stages called pancreatic intraepithelial neoplasia (PanIN). By IHC on human pancreatic
tissue samples, YAP and TAZ were found almost absent from normal acini, but moderately
expressed and nuclearly localized in PanINs and in a subset of primary PDAC, whereas
strong nuclear staining of YAP was found in metastases derived from PDACs (Diep et al.,
2012; Morvaridi et al., 2015; Yang et al., 2015; Zhang et al., 2014b). Similarly, YAP/TAZ
expression and nuclear localization can be detected in most PanINs and PDACs arising in
mouse models of pancreatic cancer, and in tumors derived from human PDAC cell lines
growing as xenografts (Diep et al., 2012; Morvaridi et al., 2015; Zhang et al., 2014b).
Functionally, pancreas-specific Yap knockout abrogates tumor progression from early PanIN
lesions to PDAC in a mouse model of pancreatic cancer (Zhang et al., 2014b).

Gliomas are the most common primary brain cancers and can be subdivided into several
subtypes, most of which (astrocytomas, oligodendrogliomas, oligoastrocytomas) can be
categorized as low-grade gliomas; high grade gliomas are very aggressive tumors that are
classified as glioblastoma multiforme (GBM). By IHC, elevated TAZ levels are detected in
the majority of GBM, and high TAZ mRNA levels are associated with reduced survival
(Bhat et al., 2011; Tian et al., 2015). High levels of YAP expression are found in subsets of
gliomas of all grades, and correlate with shorter survival of glioma patients (Orr et al.,
2011). TAZ knockdown impairs tumor formation by primary GBM cell lines orthotopically
injected in SCID mice (Bhat et al., 2011). Interestingly, TAZ overexpression in normal brain
cells is per se insufficient to induce glioma formation, but can increase the malignancy of
gliomas induced by a PDGF transgene (Bhat et al., 2011).

Available evidence concerning the role of YAP/TAZ in other tumors is outlined in Table 1.

Part 3. How are YAP/TAZ Induced in Cancer?

Hippo signaling in cancer: jack of all trades but master of none?

The Hippo pathway is the first discovered and thus best-understood modality to restrict
YAP/TAZ activity (Box 1). For years, LATS-mediated phosphorylation has been the only
known mechanisms to regulate YAP/TAZ. This has lent support to the notion that
inactivation of Hippo pathway may be the culprit of YAP/TAZ stabilization and activation in
cancer (Meng et al., 2016; Pan 2010). Yet, this assumption contrasts with the reality that
Hippo pathway mutations are extremely rare in human tumors (Harvey et al., 2013). More
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puzzling is that, as detailed in Table 1 of this review, mutations in NF2, LATS1, or LATSZ
can be selected in cancer but this occurs only in specific tumor histotypes, such as in
mesothelioma, schwannomas and meningiomas. The fact that the same mutations in Hippo
pathway components are not selected in other tumor types displaying high levels of
YAP/TAZ activity appears, at face value, inconsistent with the idea that Hippo signaling is
the only and dominant gatekeeper of YAP/TAZ activity in human tumors. Such idea would
also require the Hippo pathway to be anti-correlated with the well-established activation/
stabilization of YAP/TAZ detected in selected cell populations of normal tissues or within
tumors; in contrast there is currently no evidence for such a patterned Hippo activity in
normal or neoplastic adult tissues. Here we propose that the Hippo pathway is one of the
tumor suppressor pathways keeping YAP/TAZ at bay in normal tissues, but neither the only
nor invariably the most relevant one implicated in YAP/TAZ-driven tumorigenesis.

Two lines of data support the idea that Hippo and LATS kinases as key suppressors of
YAP/TAZ oncogenic properties in mammalian tissues. The first is that, an increase in YAP
phosphorylation levels (e.g. at S127 and other residues) occurs in cultured cells in
association to YAP/TAZ inhibition by several upstream signals, and these biochemical
findings, including some from our own group (Cordenonsi et al., 2011), have been
interpreted as Hippo/LATS serving as unique bottleneck/integrator for YAP/TAZ regulation
(Meng et al., 2016).

Here we would like to suggest a more cautionary interpretation of these data, as LATS
kinase activity, by itself, should not be automatically considered as surrogate of LATS
functional relevance. Experimental inactivation of LATS1/2 is in fact inconsequential, or
only partially relevant, for key modalities of YAP/TAZ regulation (Aragona et al., 2013;
Azzolin et al., 2012; Das et al., 2016; Dupont et al., 2011; Enzo et al., 2015; Feng et al.,
2014; Gailite et al., 2015; Li et al., 2016; Mo et al., 2015; Schlegelmilch et al., 2011; Silvis
et al., 2011; Sorrentino et al., 2014; Taniguchi et al., 2015). These include cell
mechanotransduction, Rho-GTPase signaling, inflammation, metabolism and, at least in
part, contact inhibition and GPCR signaling (detailed below, see also Figure 3). For
example, LATS-mediated YAP/TAZ phosphorylation levels do raise in cells seeded in soft
ECM, although this YAP/TAZ inhibition is LATS1/2 independent (see below, next chapter).
The fact that these same signals do also entail changes in YAP phosphorylation is consistent
with a role of LATS1/2 as reinforcing mechanism to ensure complete YAP/TAZ turn-off
irrespectively of the primary cause of YAP/TAZ inactivation.

A second argument consistent with the view that the Hippo pathway is central for YAP/TAZ
regulation in cancer is that, in mouse models, inactivation of Hippo pathway components
causes some dramatic overgrowth phenotypes ultimately leading, at least in liver and
intestine, to tumor development (Chen et al., 2015; Heallen et al., 2011; Lee et al., 2010; Lu
etal., 2010; Song et al., 2010; Zhang et al., 2010; Zhou et al., 2009; Zhou et al., 2011a).
However, liver tumors emerge with a longer latency in Hippo knockout mice than in mice
expressing an inducible form of YAP, in line with the notion that Hippo signaling needs to
cooperate with other signals even in these paradigm tissues. Tissue damage may be one of
these essential inputs: in the SavZ mutant intestine, YAP/TAZ-driven tumorigenesis is
greatly increased by intestinal damage (Cai et al., 2010) and Medzhitov and colleagues
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insightfully noticed that latent inflammation is always present and actually required for
YAP/TAZ activity in the liver of mice bearing Hippo pathway mutations, likely as a
consequence of globally disturbed organ differentiation, microbial infiltration and systemic
metabolic changes (Su et al., 2015). Moreover, MST-inactivation in isolated single liver
cells, as opposed to the whole tissue, is insufficient to trigger cell transformation (Su et al.,
2015).

The skin is a third paradigm tissue in which YAP overexpression in adult basal keratinocytes
causes overgrowth and tumorigenesis. Of note, the effect of YAP gain-of-function has been
demonstrated by transplanting a patch of YAP-expressing skin into immunocompromised
mice, that is, also in the context of a wounded tissue (Schlegelmilch et al., 2011). Notably,
YAP/TAZ activation is essential for skin tumor formation after application of the skin
carcinogenesis protocol (entailing mutagenesis and inflammation) (Zanconato et al., 2015).
However, and in stark contrast to the liver scenario, inactivation of the Hippo pathway in the
adult skin is inconsequential, causing neither overgrowth nor tumorigenesis (Schlegelmilch
et al., 2011); this indicates that Hippo/LATS-independent mechanisms are at play to regulate
YAP/TAZ pro-growth and tumorigenic effects in the skin. It is worth noting that genetic
inactivation of Hippo pathway components in knockout mice is insufficient to trigger tumor
formation in multiple tissues, such as mammary gland, lung, heart, kidney, pancreas and
nervous system (Chen et al., 2014; George et al., 2012; Heallen et al., 2011; Lavado et al.,
2013; Lin et al., 2015a; Reginensi et al., 2013; Schlegelmilch et al., 2011).

In light of the available data, we favor the view that activation of YAP/TAZ protumorigenic
effects requires the concurrence of distinct events, such as a YAP/TAZ proficient cellular
environment conveyed through Hippo independent mechanisms as well as relieve of
YAP/TAZ repression from LATS phosphorylation (Figure 3). The relative importance of
these steps (and their potential crosstalk) may vary in different contexts.

Additionally, tumor-associated pathways not directly involved in YAP/TAZ regulation may
be required for activation of the malignant properties of YAP/TAZ, at least in some contexts.
For example, it has been recently shown that YAP/TAZ operate by binding to complex
enhancer elements where they require transcriptional cooperation with other transcription
factors (Galli et al., 2015; Stein et al., 2015; Zanconato et al., 2015; Nguyen et al., 2015),
and these may in turn be targeted by cancer-relevant pathways distinct from those directly
activating YAP/TAZ. For example, AP-1 factors - known to be activated by multiple
oncogenes - are a pervasive presence in a large fraction of the YAP/TAZ-bound enhancers
(Liu et al., 2016; Stein et al., 2015; Verfaillie et al., 2015; Zanconato et al., 2015), and
required for YAP/TAZ-driven oncogenic growth in mammary tumor cells (Zanconato et al.,
2015).

YAP/TAZ and mechanotransduction

Living cells are sophisticated mechanical entities, in which cell shape is deeply interwoven
to cell function. Cell structure ultimately relies on an equilibrium of forces acting on the F-
actin cytoskeleton: cell respond to external forces, such as pulling forces from neighboring
cells or from the surrounding ECM by changing the tension and organization of the F-actin
cytoskeleton (Halder et al., 2012). In this way, cells are informed of their location within
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tissue niches, perceive their own shape and the 3D architecture of the whole tissue, and are
able to stay tuned with changes in rigidity, geometry and composition of the ECM, all with
nanometer accuracy. These structural, mechanical features inform cells on proliferation vs.
differentiation, or on the need to preserve stem cell attributes depending on tissue needs. In
normal epithelial organs, tissue architecture has been suggested as an overarching tumor
suppressor (Bissell and Hines, 2011), strictly confining mechanical strains only to specific
tissue niches. However, mechanical signals become progressively aberrant in cancer because
of progressive deviations from normal tissue organization, inflammation, increased
compression forces, changes in ECM composition and overall increase in ECM rigidity
(Butcher et al., 2009). These changes initiate early, even before frank neoplasia could be
detected, and can epigenetically switch cell behavior from normal to pre-neoplastic
(reviewed in Halder et al., 2012).

Mechanical inputs represent a central pillar in the control of YAP/TAZ activity (Aragona et
al., 2013; Dupont et al., 2011). YAP and TAZ are directly regulated by ECM stiffness, cell
shape and cytoskeletal tension (Figure 3) (reviewed in Gaspar and Tapon, 2014; Low et al.,
2014)). For example, when cells are cultured on stiff ECM, YAP and TAZ become nuclear
and transcriptionally active, whereas they are inhibited and relocalized in the cytoplasm in
cells that are forced to remain attached to a small adhesive area, or cultured on a soft ECM
(Dupont et al., 2011). This regulation depends on the Rho family of small GTPase, ROCK
and integrity of the actomyosin cytoskeleton. Interestingly, mechanotransduction controls
YAP/TAZ in a manner largely independent from LATS (Aragona et al., 2013; Dupont et al.,
2011; Sorrentino et al., 2014). For example, loss of LATS1/2 is unable to revive YAP/TAZ
activity in cells that are mechanically inhibited (Aragona et al., 2013; Dupont et al., 2011), a
finding we have recently confirmed genetically by using Lats and Lats2 double knockout
mouse embryonic fibroblasts (MEFs): in these cells, YAP/TAZ remains fully sensitive to
changes in cell shape induced by cell density, ECM compliance and F-actin integrity (Chang
et al, in preparation). Clearly, there is potential for crosstalk between LATS- and
cytoskeletal-mediated control of YAP/TAZ. For example, in Drosophila, the LATS1/2
homologue Warts has been shown to regulate F-actin dynamics by phosphorylating ENA (a
controller of F-actin capping) (Lucas et al., 2013) and, in mammalian cells, LATS1/2
phosphorylate AMOT (another F-actin regulator) (Mana-Capelli et al., 2014), collectively
raising the prospect that LATS may feedback on the YAP/TAZ cytoskeletal/
mechanotransduction cascade. In turn, cytoskeletal inhibition is also reinforced by LATS-
mediated YAP phosphorylation (Aragona et al., 2013; Zhao et al., 2012). That said, the
mechanistic details by which cell mechanics control YAP/TAZ remains an open quest for the
field.

Mechanotransduction is intimately interwoven to cytoskeletal dynamics and thus not
surprisingly F-actin regulators, such as F-actin capping and severing proteins, have been
recently causally linked to YAP/TAZ control (Aragona et al., 2013; Fernandez et al., 2011;
Sansores-Garcia et al., 2011). Intriguingly, conditional inactivation of the two main actin-
severing proteins, ADF and cofillin, has been shown to induce increased cellular tension and
dramatic organ overgrowths occurring in just days (Kanellos et al., 2015). The functional
involvement of YAP in these phenotypes remains however to be determined.
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Mechanotransduction is integral to life of all cells, including cells of the neoplastic stroma.
These include cancer-associated fibroblasts (CAFs), responsible for synthesis of collagen
and other ECM proteins and of the enzymes essential for their remodeling (see also Figure
4). As such, CAFs are involved in the generation of a mechanically aberrant tumor
microenvironment. In addition, CAFs secrete interleukins and other chemokines, in turn
constantly modifying the chemical and physical tumor niches and their cellular composition.
It has been recently shown that YAP is a mechanically activated inducer of CAF function,
and a marker for CAFs from early tumor stages (Calvo et al., 2013). In CAFs, ECM
stiffening and contractility activate YAP through Src (Calvo et al., 2013), as Src may
promote YAP nuclear functions through direct YAP phosphorylation, fostering TEAD
association (Rosenbluh et al., 2012). In turn, raising YAP function in CAFs would turn on
contractility and restructuring of the ECM, locking fibroblast in a mechanically self-
sustaining YAP/TAZ feed-forward loop. The identification of YAP/TAZ as downstream
effectors of cellular mechanotransduction has thus potentially relevant implications in
cancer, linking the disturbed tissue integrity by which pathologists microscopically define
tumors to the molecular mechanisms of malignant transformation.

YAP/TAZ mechanotransduction and drug resistance

Tumor cells with activated YAP/TAZ display resistance to chemotherapeutic drugs. This trait
is part of a repertoire of CSC characteristics endowed to cancer cells by YAP/TAZ. Indeed,
TAZ sustains survival of breast cancer stem cells treated with conventional
chemotherapeutics, such as paclitaxel and doxorubicin, both in vitro and in experimental
models (Bartucci et al., 2015; Cordenonsi et al., 2011). As discussed above, YAP/TAZ
activation further confers protection against DNA-damaging agents - including cisplatin,

UV, radiation - in a broad number of tumor types (Baia et al., 2012; Cheng et al., 2015;
Ciamporcero et al., 2016; Fernandez et al., 2012; Hall et al., 2010; Mao et al., 2014).

YAP/TAZ also promote resistance to molecularly targeted therapies (Figure 4). Lin and
colleagues reported that YAP promotes resistance to RAF and MEK inhibitors in several
tumor cell lines harboring BRAF, KRAS or NRAS activating mutations (Lin et al., 2015c).
IHC analysis in human melanoma specimens with BRAF mutation confirmed that high YAP
expression is anti-correlated to responsiveness to RAF/MEK inhibitors. Thus, even though
YAP/TAZ themselves are not primary oncogenic lesions, they act as survival inputs for
tumor cells, dampening the efficacy of oncogene-targeting drugs.

Understanding the mechanisms leading to YAP activation during the acquisition of drug
resistance is thus essential to develop more effective synthetic lethal strategies, or re-awaken
drug sensitivity. Very recent studies have highlighted YAP/TAZ-regulation by
mechanotransduction as central for empowering chemoresistance (Figure 4). Kim and
colleagues showed that two events take place in BRAF-mutant melanoma cells as they
acquire resistance to the BRAF-inhibitor vemurafenib: increase of the polymerization of
actin stress fibers and YAP/TAZ accumulate in the nucleus of resistant cells (Kim et al.,
2016). Thus, YAP activation seems to be the consequence of increased mechano-sensitivity.
Consistently, the responsiveness of HER2-positive breast cancer cells to lapatinib is higher
on soft ECM, whereas a stiff ECM would limit the anti-proliferative effect of lapatinib in a
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YAP/TAZ-dependent manner (Lin et al., 2015b). Of note, /n vivo studies have demonstrated
that BRAF inhibitors do not only act in melanoma cells but also in the surrounding tumor
fibroblasts, activating them to produce a stiff, collagen-rich extracellular matrix (ECM)
(Hirata et al., 2015). An intriguing hypothesis is that these two events - the cell-autonomous
increase in responsiveness to ECM rigidity and the stiffening of the microenvironment -
might occur simultaneously and concur to the activation of YAP in therapy-resistant cancer
cells (Zanconato and Piccolo, 2015).

The recent progress on immune checkpoint therapies for treatment of melanoma and other
cancer types raises questions as to how immune tolerance is installed in the tumor infiltrate.
One mechanism is recruitment of a population of myeloid cells that are potent suppressors
of T-cells by chemoattractive cytokines, such as CXCL5. Remarkably, CXCLS5 expression is
promoted by YAP in cancer cells (Wang et al., 2016). It is thus tempting to speculate that
attenuation of YAP/TAZ mechanotransduction may blunt, at once, a triple threat of CSCs:
tumor regeneration, chemoresistance and escape from immune surveillance.

Regulation by contact inhibition

A classic “social-like” behavior displayed by epithelial cells cultured in 2D or 3D is contact-
inhibition of proliferation (CIP). It is thought that this represents a proxy of the growth-
suppressive tissue microenvironment, and a form of “crowd” control that is disrupted during
tumorigenesis. CIP occurs gradually, slowing down proliferation when cells initiate cell-cell
contact, but causing complete growth arrest only when cells reach a stationary, postconfuent
cell density as it occurs when spatial/physical constrains impede any further spreading or
enlargement of the monolayer. Guan and colleagues first discovered that inhibition of
YAP/TAZ is the key underlying mechanism of contact-inhibition (Zhao et al., 2007). But by
what mechanism? The Hippo kinases are activated during the initial steps of contact
inhibition, as revealed by an increased phospho-YAPS127 read-out in cells experiencing an
“all around” cell-cell contact (Aragona et al., 2013; Zhao et al., 2007); in these conditions,
LATS1/2 inactivation increases nuclear YAP/TAZ levels, and LATS1/2 knockdown rescues
cadherin-induced proliferative decline (Kim et al., 2011). That said, reaching confluency
typically leaves cells with sufficient YAP/TAZ activity to sustain proliferation. Growth-arrest
in postconfluent cells in fact requires biomechanical inhibition of YAP/TAZ, as crowding
imposes cells to be attached to a progressively smaller adhesive ECM area until a critical
threshold is reached, below which YAP/TAZ are completely inactivated (Aragona et al.,
2013). This step is independent from LATS1/2, but can be rescued by raising
mechanotransduction, either by inducing distortions of the cell monolayer or by inhibiting
the remodeling of the F-actin cytoskeleton from a “strained” state to one associated to
“softer” cellular conditions (Aragona et al., 2013; Benham-Pyle et al., 2015). Consistently,
raising cellular mechanotransduction by ECM stiffening disables CIP, allowing contact-
independent uniform proliferation (Kim and Asthagiri, 2011). Moreover, YAP/TAZ
mechanotrasduction is also activated when E-cadherin cell-cell junctions are mechanically
stretched: application of strain to quiescent, contact inhibited, dense cell monolayers induces
rapid YAP nuclear accumulation and YAP-driven cell cycle reentry (Benham-Pyle et al.,
2015).
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a-catenin is a component of adherens junctions and a relevant suppressor of YAP/TAZ
activity in several tissues (Herr et al., 2014; Li et al., 2015a; Schlegelmilch et al., 2011;
Silvis et al., 2011). Mechanistically, a-catenin operates independently of the Hippo/LATS
kinases (Li et al., 2016; Schlegelmilch et al., 2011; Silvis et al., 2011). Interestingly, it has
been recently proposed that loss-of-a-catenin imposes a remodeling of the cellular adhesion
complexes in favor of integrin/Src signaling leading to YAP activation by phosphorylation in
tyrosine residues (Li et al., 2016).

Control by cell polarity and EMT

Loss of cell polarity is a hallmark of cancer and an initial step in Epithelial-to-Mesenchymal
transition (EMT), a transdifferentiation program whereby epithelial cell acquire a more
spread, migratory and fibroblast-like shape. Intriguing, this morphological transition also
empowers cancer stem cell properties in tumor cells (Hanahan and Weinberg, 2011).
Remarkably, EMT induces and requires YAP/TAZ for triggering cancer stemness and
metastasis (Cordenonsi et al., 2011). This has been connected to the role of Scribble (Scrib),
a protein that organizes basolateral cell polarity along with other two tumor suppressors,
DLG and LGL (that is, the Scribble complex). For YAP/TAZ regulation, Scribble operates as
membrane-localized adaptor for LATS and MST, leading to LATS activation and YAP/TAZ
phosphorylation (Cordenonsi et al., 2011). That said, it remains to be formally demonstrated
that SCRIB entirely operates through LATS1/2 or also other pathways.

The role of Scribble as regulatory node of YAP/TAZ goes beyond EMT. Scribble mediates
the tumor suppressing effects of the tumor suppressor LKBL1 that stabilizes the Scribble/
Hippo kinase complex by phosphorylating Parl (Mohseni et al., 2014). Moreover, inducing
membrane localization of Scribble by LIFR signaling is sufficient to blunt YAP/TAZ and
suppress metastasis in breast cancer (Chen et al., 2012).

The Scribble complex plays a prominent role in human malignancies: it is inactivated or
delocalized away from cell membranes in a broad variety of tumors (including colon, breast,
cervical, prostate and lung) and Scrit*- mice are tumor prone (Martin-Belmonte and Perez-
Moreno, 2011; Pearson et al., 2011; Zhan et al., 2008). In addition to LKB1 defects or
classic EMT-inducing signals such as TGF-f, a number of distinct cues may induce Scribble
inactivation. Importantly, YAP/TAZ are not only downstream of EMT but also active
inducers of EMT (Shao et al., 2014; Zhao et al., 2007), opening the possibility of
sophisticated self-sustaining loops between cell polarity and other YAP/TAZ regulations.

“Wounds that never heals....”: regulation by tissue damage and inflammation

YAP/TAZ are fundamental for tumorigenesis but remarkably dispensable for the
homeostasis of most adult tissues, which makes them appealing targets of cancer therapy.
The role of YAP/TAZ in cancer is, however, not a cancer-specific event, as it recapitulates an
equally essential function of YAP/TAZ for physiological tissue repair. In the intestine, for
example, YAP/TAZ are dispensable in the unperturbed adult intestine but critical for
intestinal wound healing (Azzolin et al., 2014; Cai et al., 2010; Taniguchi et al., 2015).

After injury of an epithelial organ, restoration of epithelial integrity occurs rapidly and
includes loss of contact inhibition, spreading over the ECM and loss of epithelial polarity at
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the wound margins. As per the above discussion, all these inputs are well known potential
inducers of YAP/TAZ activity. In addition, tissue repair is intimately associated to
inflammation, with recruitment of myeloid cells that secrete proinflammatory cytokines,
such as IL8, in turn able to induce robust proliferation and migration of epithelial cells.
Recent work in transgenic mice showed that overexpression of the general IL-co-receptor
gp130 in the intestinal epithelium induces hyperproliferative intestinal crypts displaying
aberrant differentiation but resistant to mucosal damage (Taniguchi et al., 2015). These
inflammatory responses are entirely YAP-dependent and associated to YAP stabilization and
nuclear translocation. Thus, YAP activation serves as link between inflammation and
epithelial repair. Importantly, injury/inflammation-driven YAP activation may represent a
general requirement for YAP-induced proliferation in both tissue repair and cancer.

YAP activation at inflammation/injury sites occurs largely through Hippo/LATS-independent
mechanisms, through activation of Src kinases (Taniguchi et al., 2015). Elevation of
YAP/TAZ levels in Hippo mutant mice is unable, by itself, to trigger early onset intestinal
tumorigenesis, but this occurs only after intestinal damage (Cai et al., 2010). A similar
scenario presents itself in the liver, where upregulation of YAP in individual cells of the liver
is inconsequential in absence of a permissive signal given by inflammatory cytokines (Su et
al., 2015). YAP activation may thus explain why chronic inflammatory diseases in humans
can increase risks of tumorigenesis. In the liver, for example, an excess of bile accumulation
in cholestatic diseases triggers YAP-driven proliferation and HCC development (Anakk et
al., 2013; Bai et al., 2012; Su et al., 2015).

Inflammation has been described as an “enabling” factor for many capabilities of cancer
cells in virtually all neoplastic lesions. The duality of inflammation as promoter of
tumorigenesis and tissue repair - and the recognition of the similarities between
physiological and neoplastic inflammation - evokes the original recognition by R. Virchow
that tumors are “wound that never heal” (Virchow, 1858). It is remarkable that YAP/TAZ
activation is emerging as a common element of these classic connections and invariable
traits of neoplastic lesions.

Regulation by Oncogenic lesions

APC mutations and Wnt signaling—Constitutive activation of the Wnt pathway is a
main oncogenic stimuli for distinct tissues (Clevers, 2006). Wnts are secreted growth factors
that interact with membrane receptors, Frizzled and LRP5/6, leading to the inactivation of a
cytoplasmic protein complex, named the p-catenin destruction complex. Within this
complex, two central scaffold proteins, Axin1/2 and adenomatous polyposis coli (APC),
recruit the kinase glycogen synthase kinase-3 (GSK3) to phosphorylate p-catenin promoting
its degradation (Clevers, 2006).

Recent studies found that, in the absence of Wnt stimulation, cytoplasmic YAP/TAZ
contribute to the function of the destruction complex (Azzolin et al., 2014) (Figure 3).
YAP/TAZ bind directly Axin, APC and pB-catenin (Azzolin et al., 2014; Cai et al., 2015;
Imajo et al., 2012), causing their sequestration in the complex, and also causing TAZ to
interact with B-TrCP, leading to its degradation (Azzolin et al., 2014; Azzolin et al., 2012).
Therefore, Wnt stimulation, depletion of Axin1/2 or of APC release YAP/TAZ from such
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cytoplasmic sites and promote YAP/TAZ nuclear accumulation and target genes
transcription (Azzolin et al., 2014; Azzolin et al., 2012; Byun et al., 2014)(Figure 3); as
expected, Wnt activation of YAP/TAZ can be blocked by the Tankyrase inhibitor XAV939, a
compound that promotes Axinl/2 stabilization (Azzolin et al., 2012). In line, YAP/TAZ are
detected in the nucleus of most cells composing Wntl-induced mammary tumors (Park et
al., 2015; Serrano et al., 2013), and are largely upregulated and nuclear in colon adenomas
of ApAMin*+ mice, and in the hyperplastic epithelium forming after conditional knockout of
Apc in the intestine (Azzolin et al., 2014; Cai et al., 2015; Camargo et al., 2007; Gregorieff
et al., 2015). Functionally, as detailed above for CRC, YAP/TAZ are required downstream to
APC mutations for uncontrolled proliferation of the intestinal epithelium and colon
tumorigenesis (Azzolin et al., 2014; Cai et al., 2015; Gregorieff et al., 2015)(Figure 3). In
CRC cells bearing inactivating APC mutations, p-catenin and TAZ cooperate to promote cell
growth, although TAZ may specifically endow CRC cells with clonogenic properties
(Azzolin et al., 2012). Moreover, in CRC cells with hyper-active p-catenin, YAP is required
to foster B-catenin dependent cancer cell survival (Rosenbluh et al., 2012). Consistently,
concomitant activation of YAP/TAZ and B-catenin in the mouse intestine leads to formation
of adenomas, reminiscent of those induced by Apc mutations (Cai et al., 2015).

Nuclear localization of YAP/TAZ is by itself an event that depletes the destruction complex
favoring p-catenin nuclear localization; for example nuclear translocation of YAP/TAZ
induced by strong mechanical stimuli - such as those produced by inflammation, fibrosis, or
stretching epithelial monolayers - has been recently shown to be sufficient to be followed by
[B-catenin activation even without overt presence of Wnt ligands (Benham-Pyle et al., 2015;
Nowell et al., 2015). Thus, the mechanical control of YAP/TAZ can feedback into the same
pathways that control tissue patterning, providing a mean for the cell's structural features to
attain a high-order control over growth factor signaling.

Finally, YAP/TAZ could be also activated by non-canonical Wnt signaling, involving
Frizzled/ROR/Ga.12-13 signaling rather than LRP5/6 (Park et al., 2015). The involvement of
this Wnt signaling branch for YAP/TAZ activation in cancer remains unclear.

Lkb1 signaling—Lkb1 is a master tumor suppressor that is frequently mutated in NSCLC
and cervical carcinoma. In normal cells, Lkb1 activates two independent pathways: a) in
combination with starvation, Lkb1 activates AMPK and related kinases that, in turn,
inactivate the mTOR complex; b) Lkb1 activates MARK proteins in the basal compartment
of epithelial cells, facilitating YAP inhibition through the Scribble regulatory module
(Mohseni et al., 2014). YAP/TAZ are activated by loss-of-Lkb1 in mouse models of NSCLC,
and are required to sustain tumor progression (Mohseni et al., 2014; Zhang et al., 2015b).

G-protein coupled receptors (GPCR)—The discovery of RhoGTPases as global
regulators of YAP/TAZ activity prompted the intriguing discovery that soluble ligands
signaling through GPCR and Rho can promote YAP/TAZ nuclear localization and
transcriptional activities (Yu et al., 2012) (Figure 3). This pathway also involves the
cytoskeleton, LATS-mediated phosphorylation and distinct G-protein a-subunits. The latters
are found mutated in various types of cancers, suggesting they can work as oncogenes
(O'Hayre et al., 2013). A strong evidence supporting this notion is the fact that the genes
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coding for Ga.g and Ga 11 are frequently mutated in uveal melanoma (about 2/3 of cases).
Indeed, overexpression of a mutant form of Gaq in melanocytes promotes melanoma
formation in transgenic mice, and Ga.q knockdown in a human UM cell line impairs their
ability to form subcutaneous tumors in nude mice (Feng et al., 2014; Yu et al., 2014). Two
recent studies showed that overexpression of oncogenic Ga.g promotes nuclear localization
of YAP, both in cell cultures and in vivo. How oncogenic Gaq activates YAP is unclear, as
one study claimed that Ga.q ultimately impact on LATS-mediated phosphorylation of YAP
(Yu et al., 2014), while the other suggested that Ga.q promotes changes in the actin
cytoskeleton involving AMOT, but functionally independent on LATS (Feng et al., 2014).

Regulation by viral proteins

Human Papilloma Virus (HPV)—Infection by oncogenic strains of HPV is the leading
cause of cervical carcinomas. This is mainly caused by the expression of two viral proteins,
E6 and E7, which produce multiple effects in the infected cells. Among these, E6 proteins
from oncogenic HPVs promote stabilization of YAP protein (He et al., 2015). This could
explain the upregulation of YAP protein detected in mouse cervical tumors induced by
transgenic expression of oncogenic E6/E7.

Kaposi sarcoma-associated herpesvirus (KSHV)—Kaposi’s sarcoma is a specific
form of soft-tissue sarcoma that is induced by KSHYV infection; as such it typically occurs in
immunodeficient patients. The genome of KSHV contains a viral GPCR (VGPCR). KSHV
infection or overexpression VGPCR can trigger YAP/TAZ activation in human cells through
a pathway that involves activation of Ga.g/11 and Ga12/13 (Liu et al., 2015). In line,
YAP/TAZ knockdown strongly inhibits vGPCR-induced cell growth, and tumor growth of
Kaposi’s sarcoma cells injected subcutaneously in nude mice.

Regulation by cancer metabolism

Cancer cells modify their metabolic profile to adjust energy production to their increased
need of biosynthetic building blocks, such as lipids, amino acids and nucleosides. In turn,
cell metabolism must feedback on the signals and transcription factors inducing cell
division, to ensure that this process initiate only when the cell’s metabolic conditions can
sustain cell proliferation. New evidence indicates that YAP/TAZ participate in these
feedbacks (Figure 3). The first demonstration related to mevalonate pathway, synthesizing
cholesterol and other metabolites. Inhibiting this pathway blunts YAP/TAZ function in
cultured cells (Sorrentino et al., 2014; Wang et al., 2014). The discovery of Rho-GTPases as
key determinants of YAP/TAZ function indicated a mechanism: Rho, just like other small-
GTPases, is activated by prenylation, a post-translational modification attaching a lipid chain
for membrane anchoring. These lipids are generated by the mevalonate pathway, and
reducing their bioavailability may represent a strategy to curb YAP/TAZ activity in vivo. A
number of very safe FDA-approved drugs already exists to limit this pathway for the
prevention of cardiovascular diseases or other diseases, such as Statins and Bisphosphonates,
and it is encouraging that in large epidemiological studies patients treated with Statins are
less prone to develop tumors and that mevalonate inhibitors can oppose the growth of
HNSCC cells in mice (Li et al., 2015d; Sorrentino et al., 2014; Wang et al., 2014).
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Glycolysis is typically boosted in cancer cell as part of the “Warburg effect” and this
regulates YAP/TAZ activity. One mechanism entails phospho-fructo-kinase (PFK1), an
enzyme that controls the first rate-limiting step of glycolysis and whose expression is
induced in malignancies. PFK1 has been shown to associate to TEAD in the nucleus,
facilitating YAP/TEAD association (Enzo et al., 2015). The AMPK Kkinase provides another
mechanism by which glycolysis, and more generally energy metabolism, may feedback on
YAP/TAZ: in this model, AMPK is induced by low energy conditions and attenuates
YAP/TAZ function (DeRan et al., 2014; Mo et al., 2015; Wang et al., 2015b). Intriguingly,
chemical AMPK inducers, such as the anti-diabetic drugs Metformin and AICAR, have been
shown to partially attenuate expression of YAP/TAZ-dependent target genes. Although
AMPK knockouts do not cause tissue/organ overgrowth in mammals, such connection exists
in Drosophila (Gailite et al., 2015). Mechanistically, AMPK may act on YAP directly,
causing its phosphorylation and inhibition of TEAD association or indirectly, through
LASTSs. Yet, YAP inhibition by AMPK occurs unabated in both LATS-mutant fly embryos
and in LATS1/2 knockout MEFs, indicating that AMPK works, at least in part,
independently of LATS1/2 (Gailite et al., 2015; Mo et al., 2015).

YAP/TAZ cooperation with AP1 and other nuclear factors

Transcription factors do not work in isolation, as control of gene expression is achieved
through combinatorial interactions between different transcription factors bound at
neighboring cognate sites on cis-regulatory DNA elements. YAP/TAZ conform to this
general rule and integrate with other nuclear factors to unfold their gene-expression
programs. By ChlIP-Seq analyses in a number of different tumor types, YAP/TAZ cooperate
with AP-1 factors (Activator Protein 1), dimers of the prototypic oncogenes Jun and Fos
(Stein et al., 2015; Zanconato et al., 2015). YAP/TAZ/TEAD and AP-1 are co-recruited on
the majority of YAP/TAZ-bound enhancers (Liu et al., 2016; Stein et al., 2015; Verfaillie et
al., 2015; Zanconato et al., 2015), and synergistically activate target genes to promote cell
proliferation and transformation (Zanconato et al., 2015; Liu et al., 2016). In prostate cancer,
ERG, a transcription factor of the ETS family, is frequently activated in prostate cancer due
to chromosomal rearrangements. Nguyen et al. found that ERG and YAP/TEAD share a
wide set of target genes (Nguyen et al., 2015).

YAP/TAZ are generally considered as transcriptional co-activators and TEAD factors have
been shown to be required for YAP/TAZ transcriptional responses in most cellular contexts
(Bhat et al., 2011; Chan et al., 2009; Galli et al., 2015; Kapoor et al., 2014; Stein et al.,
2015; Xia et al., 2014; Zanconato et al., 2015; Zhao et al., 2008), to the extent that inhibiting
YAP/TAZ-TEAD interaction represents one of the most promising avenues for anti-
YAP/TAZ therapeutic intervention (Chen et al., 2010; Liu-Chittenden et al., 2012; Pobbati et
al., 2015; Tian et al., 2010).

TEAD factors have been shown to bind proteins other than YAP/TAZ. Vgl-like-4 (VGLL4)
is an interesting point in case: it competes with YAP for binding to TEAD and, by
overexpression, it can oppose YAP-induced tumor growth (Jiao et al., 2014; Koontz et al.,
2013; Zhang et al., 2014a). Low VGLL4 levels may thus sensitize cellular responsiveness to
YAP/TAZ inducing signals, as it has been reported in gastric and lung cancer (Jiao et al.,
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2014; Zhang et al., 2014a). Moreover, a synthetic peptide mimicking the TEAD binding
domain in VGLL4 showed some therapeutic activity in gastric cancer (Jiao et al., 2014).

Perspectives and Open Issues

The above presentation indicates that many genetic or epigenetic inputs actually converge on
sustaining nuclear YAP/TAZ activities in cancer. That said, as exemplified by the role of
YAP/TAZ in chemoresistance, even the most aggressive cancer cells cannot fully
autonomously sustain YAP/TAZ, as they still rely on physical and structural inputs generated
by a proficient microenvironment. YAP/TAZ are normally inactive in normal tissues, but in
early neoplastic lesions, YAP/TAZ can be re-activated by cell shape distortions that
accompany tissue disorganization or attachment to an increasingly abnormal and rigid ECM.
In addition, cancer cells may display an intrinsically enhanced mechanoresponsiveness,
enabling sustainment of YAP/TAZ through mechanical inputs that would be below threshold
for normal cells. As such, intrinsic (oncogenic lesions, disturbed Hippo signaling etc.) and
biomechanical cues must conspire to wreak havoc spatial control of YAP/TAZ. Why tumors
need to exploit different cues for activating the same transcription factor is unclear, but this
may be linked to the need of bypassing molecularly distinct gatekeepers, for example one
ensuring lower level of total YAP/TAZ, and one restricting their nuclear/transcriptional
functions. Thus, cancer cells may use different combinations of such inputs, in a manner that
may change from tumor to tumor, and even between different areas of the same lesion.

A better understanding of these events may suggest innovative strategies to treat cancer, for
example inducing “normalization” of tumor cells by reverting them from a more malignant
to a benign, differentiated phenotype. This is not so far fetched: after all, inactivation of
Hippo pathway components causes organ to grow well beyond their normal size up to a
ostensible preneoplastic state; and yet this is a reversible condition, as when the YAP/TAZ
inducing stimuli is interrupted, the big organ shrinks back to its correct size, losing the
excess of cells by apoptosis (Pan, 2010). How the organ normalizes itself after overgrowth is
mysterious; a likely possibility is that while the organ recoils to its correct size, local
mechanical cues may instruct death or survival of each individual cell with great specificity.

There is also correlative evidence that cells that retain elevated YAP levels, but are no longer
in a YAP-proficient environment (e.g., after resolution of inflammation/tissue repair, or
transition from a rigid to a more pliant ECM), may take care of themselves: under these
conditions, YAP may turn from a tumor inducer to a tumor suppressor, causing elimination
of that same cell (Su et al., 2015). Clearly, being able to engineer the cell microenvironment
and flip the power of YAP/TAZ against the tumor would represent an elegant strategy for
tumor eradication.

YAP/TAZ are required in cancer and wound healing, but not for normal homeostasis of adult
tissues. Understanding the nature of this puzzling difference is another very important issue
for the field. Although YAP/TAZ have been discussed as potentially associated to normal
somatic stem cells, genetic evidence do not support this conclusion, at least in vivo. In
contrast, YAP/TAZ might turn out essential for a different event: de-novo generation of new
stem cell-like cells starting from more differentiated cells. It is known that this conversion is
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exploited by tissues when they are in immediate need of new stem cells to counteract tissue
damage, for example after exhaustion of “professional” somatic SCs (Blanpain and Fuchs,
2014). Cancer is also a disease of disturbed cell differentiation as much as it is of aberrant
cell proliferation. Data from different types of human cancer and mouse models at least
suggest that acquisition of an immature, stem-like state is a prerequisite for tumor
progression (Blanpain and Fuchs, 2014). Expression of YAP/TAZ reprograms non-stem
tumor cells into cells with cancer stem cell characteristics (Cordenonsi et al., 2011). Such
ability of YAP/TAZ to induce transdifferentiation prior to tumorigenesis has been also
noticed in YAP-expressing transgenic livers, turning hepatocytes into biliary progenitors
(Yimlamai et al., 2014). The ability of YAP/TAZ to induce cell fate plasticity intriguingly
resonates with the ability of common oncogenes to trigger lineage-infidelity (Van
Keymeulen et al., 2015). Clearly more work is required to validate these scenarios.

A third aspect that should deserve attention is the mechanisms by which YAP/TAZ select
their downstream transcriptional programs and transcriptional partners, as this may reveal
new players and mechanisms by which YAP/TAZ orchestrate cancer cell behavior and
suggest new targets for therapy.
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The core Hippo kinase cassette

Mammalian YAP and TAZ were discovered by M. Sudol and M. Yaffe (Kanai et al.,
2000; Sudol, 1994), but their function started to be understood only after it became clear
that they were homologue of Drosophila Yorkie, the nuclear mediator of the Drosophila
Hippo cascade (Huang et al., 2005). In fact, Hippo pathway components were originally
discovered in the fly before Yorkie, by means of genetic screens aimed at isolating genes
regulating the growth of larval tissues (Harvey et al., 2003; Justice et al., 1995; Tapon et
al., 2002; Wu et al., 2003; Xu et al., 1995; reviewed in Pan, 2010). These findings
revealed that the Hippo pathway is a potent tumor-suppressor of fly tissues: mutations
inactivating Hippo pathway components invariably cause overgrowth of larval tissues and
the emergence of tumors. Yorkie was identified only in 2005 as Warts interacting protein
(Huang et al., 2005).

The Hippo cascade is an evolutionary conserved module of two kinases, MST1/2 and
LATS1/2 (corresponding to Drosophila’s Hippo and Warts, respectively). MST1/2, aided
by its partner Sav1 (Salvador), stimulates LATS kinase activity by directly
phosphorylating LATS1/2 and the LATS co-factor MOBL1 (reviewed in Meng et al.,
2016). Members of the MAP4K4 have been recently reported to substitute MST1/2 for
LATS phosphorylation (Li et al., 2014; Meng et al., 2015). NF2 (or Merlin) is a potent
upstream component of the Hippo cascade; in epithelial cells, this protein is located at
cell-cell junctions where it strengthens adhesion and also serves as scaffold for the core
Hippo kinases (Lallemand et al., 2003; Yin et al., 2013). Activated LATS1/2 directly
phosphorylate YAP and TAZ, inhibiting them by causing their translocation in the
cytoplasm and/or degradation (Meng et al., 2016). TAZ phosphorylation prominently
impacts on TAZ stability, in part through formation of a LATS/CK1(e/8) phosphodegron
leading to B-TrCP recognition, ubiquitination and proteosomal degradation (reviewed in
Meng et al., 2016). YAP phosphorylation favors primarily its cytoplasmic localization
through only partially understood mechanisms. LATS-mediated phosphorylation on
YAPS127 (corresponding to mouse S112) generates a unique 14-3-3 binding site that has
been long thought to mediate YAP cytoplasmic anchoring. This notion has been however
challenged by recent genetic data with mouse knock-in strains, in which wild-type YAP
has been substituted with a YAPS112A allele: this substitution is inconsequential for
mammalian development and adult tissue homeostasis, ruling out YAP/14-3-3 association
as main determinant of YAP regulation (Chen et al., 2015). It is possible that other
YAP/TAZ cytoplasmic anchors may require LATS-phosphorylation. Moreover, YAP/TAZ
integrate LATS-dependent and LATS-independent regulations making YAP/TAZ
phosphorylation by LATS an important yet not an absolute determinant of their nuclear
localization or stability (Aragona et al., 2013; Barry et al., 2013; Das et al., 2016; Dupont
et al., 2011; Rashidian et al., 2015; Ren et al., 2010; Sorrentino et al., 2014; Wada et al.,
2011; Wang et al., 2014).
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Figure 1. Schematic overview of YAP/TAZ functions in cancer cells.
See text for details.
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Figure 2. YAP/TAZ in human tumors.
Tumor types for which epidemiological data and functional evidence of YAP/TAZ activation

have been reported.
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Figure 4. The onset of drug resistance is accompanied by YAP/TAZ activation.
(A-C) A) Drug sensitive cancer cells. The mechanism of YAP/TAZ activation in response to

molecularly targeted therapies involves cell-autonomous events (B), such as cytoskeletal
rearrangements leading to increased mechanosensitivity, as well as cell extrinsic events (C),
such as remodeling of the extracellular microenvironment. Possibly, these two mechanisms
cooperate to induce YAP/TAZ nuclear accumulation in cancer cells, leading to uncontrolled
cell survival and proliferation in spite of drug administration.

Cancer Cell.

Author manuscript; available in PMC 2018 October 14.



syduosnuelA Joyiny sispun4 DA @doing ¢

syduasnuel Joyiny sispund JINd adoin3 ¢

Zanconato et al.

Page 38

Table 1
YAP/TAZ expression and functional relevance in human tumors and experimental
models.
Cancer Type Genetic Expression in Expression in Loss-of-function phenotypes | Gain-of-function phenotypes
lesions human tumors experimental
affecting systems
YAP/TAZ
activity
Prostate cancer (PCA) None reported | IHC: YAP IHC and gene YAP knockdown impairs the YAP overexpression in mouse
expression expression: growth of orthotopic prostate: development of age-

enriched in PCA
with recurrence
proclivity and
castration
resistance
(Nguyen et al.,
2015; Sheng et
al., 2015; Zhang

elevated nuclear
YAP expression
and YAP/TAZ
target gene
expression in
PCA from
conditional Pten
- Smad4’- but

xenotranspla nts of the human
PCA cell line VCaP (Nguyen
etal., 2015)

related PCA (Nguyen et al.,
2015) YAP overexpression in
the human PCA cell line
LNCaP: allows tumor
formation in castrated mice,
bypassing androgen
addiction(Zhang et al., 2015a)

etal., 2015a) not from
conditional
Pterr”- mouse
models of PCA
(Wang et al.,
2016).
Cervical squamous cell carcinomas Oncogenic IHC: high levels IHC: high levels | YAP knockdown impairs the YAP overexpression promotes
(Cscce) strains of of YAP in CSCC | of YAP inmouse | growth of subcutaneous the growth of subcutaneous
human compared to cervical tumors xenografts of the CSCC cell xenografts of the CSCC cell
papilloma- normal cervical induced by line ME180 (He et al., 2015) line ME180 (He et al., 2015)
virus (HPV) tissue (He et al., transgenic
(Heetal., 2015; Liu et al., expression of
2015) 2013b; Xiao et HPV proteins
al., 2014) E6/E7 (He et al.,
2015)

Endometrial carcinoma (EMCA) None reported | IHC: elevated TAZ overexpression promotes
YAP and TAZ the growth of subcutaneous
nuclear staining xenografts of the EMCA cell
in high grade line Ishikawa (Tsujiura et al.,
EMCA,; elevated 2014)

YAP nuclear
staining is

prognostic of
poor outcome
(Romero-Perez

etal., 2015;
Tsujiura et al.,
2014)
Esophageal squamous cell carcinomas None reported | IHC: elevated YAP overexpression confers
(ESCC), and esophageal adeno- YAP nuclear CSC properties and resistance
carcinomas (EAC) staining is a to chemotherapy to benign

predictor of
Worse prognosis
in ESCC and is
associated with
therapy
resistance in
EAC
(Muramatsu et
al., 2011; Song
etal., 2015b;
Yeo etal., 2012)

esophageal cells, and
enhances subcutaneous tumor
formation by the EAC cell
line SKGT-4 (Song et al.,
2014; Song et al., 2015b)

Urothelial carcinoma of the bladder
(UCB)

None reported

IHC: elevated
YAP expression
correlates with
high grade and
lymph-node
metastases, and
is a predictor of
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cell line T24 become
cisplatin-sensitive after YAP-
knockdown (Ciamporcero et
al., 2016)
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Cancer Type Genetic Expression in Expression in Loss-of-function phenotypes | Gain-of-function phenotypes
lesions human tumors experimental
affecting systems
YAP/TAZ
activity
WOrse prognosis
and relapse.
Cisplatin-
resistant PDX
samples derived
from UCB
display elevated
YAP nuclear
staining
compared to
cisplatin-
sensitive PDX
(Ciamporcero et
al., 2016; Li et
al., 2015b; Liu et
al., 2013a)

Medulloblastoma IHC and gene YAP protein YAP overexpression in mouse
expression: YAP | levels are cerebellar progenitor cells
expression is upregulated in promotes their growth and
elevated in the mouse models of confers resistance to IR, but is
SHH and WNT medulloblastoma insufficient for medullo-
subtypes of (Fernandez et blastoma formation
medulloblastoma | al., 2009) (Fernandez et al., 2009)
(Ellison et al.,

2011; Fernandez
etal., 2009)

Neuroblastoma Elevated 742 TAZ knockdown impairs the
mRNA growth of subcutaneous
expression is xenografts of the neuro-
prognostic of blastoma cell line SK-N-AS
poor outcome (Wang et al., 2015a)

(Wang et al.,
2015a)

Meningioma Associated IHC: YAP is YAP overexpression confers
with nuclear in 92% the ability to form
Neurofibrom of NF2-mutant meningiomas to immortalized
atosis type 2 meningiomas human arachnoid cells (Baia
(germline (Baiaetal., etal., 2012)

NF2 2012;

mutants). Striedinger et al.,
Sporadic 2008; Tanahashi
cases: NF2 et al., 2015)
mutations

(60%)

(Striedinger

etal., 2008)

Schwannoma Associated IHC: YAP is
with nuclear in about
Neurofibrom 40% of
atosis type 2 schwannomas
(germline (Boinetal.,

NF2 2014; Oh et al.,
mutants). 2015)
Sporadic

cases: NF2

mutations

(55%);

LATS2

mutations

(2%) (Oh et

al., 2015)

Melanoma GNAQand IHC: elevated IHC: elevated YAP knockdown impairs the
GNA11 YAP expression YAP nuclear growth of subcutaneous
mutations in in a subset of staining in xenografts of the UM cell line
uveal cutaneous melanoma OMML.3; YAP/TAZ
melanoma melanomas induced by knockdown impairs lung
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tissue(Chan et
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Cancer Type Genetic Expression in Expression in Loss-of-function phenotypes | Gain-of-function phenotypes
lesions human tumors experimental
affecting systems
YAP/TAZ
activity
(UM) (about (CM) associated | overexpression metastatic colonization of the
67% of cases) | with poor of oncogenic CM cell line 1205Lu (Feng et
(O'Hayre et prognosis; GNAQ (Feng et al., 2014; Nallet-Staub et al.,
al., 2013) elevated YAP al., 2014; Yu et 2014)
nuclear staining al., 2014)
in UM samples
(Feng et al.,
2014; Menzel et
al., 2014; Yu et
al., 2014)
Squamous cell carcinoma of the skin None reported | IHC: YAP is IHC: YAP is YAP/TAZ are genetically
nuclear in most nuclear in most required for formation of
SCC (Silvis et SCC arising in mouse skin tumors induced
al., 2011) mice after by chemical carcinogenesis
conditional (Zanconato et al., 2015)
deletion of a-E-
catenin in the
epidermis
(Schlegelmilch
etal., 2011)
Head & neck squamous cell carcinoma None reported | IHC: elevated YAP/TAZ knockdown impairs
(HNSCC) nuclear staining primary tumor growth and
of YAP or TAZ metastasis formation by the
correlates with HNSCC cell line SCC2 after
tumor orthotopic transplantation
recurrence, (Hiemer et al., 2015)
resistance to
radiotherapy and
poor outcome
(Li et al., 2015d)

Ovarian Cancer None reported | IHC and gene YAP overexpression confers
expression: the ability to form ovarian
elevated nuclear cancers to fallopian tube
YAP expression epithelial secretory cells (Hua
and YAP/TAZ etal., 2015)
target gene
expression
correlate with
poor prognosis
(Jeong et al.,

2014; Xiaetal.,
2014; Zhang et
al., 2011)

Malignant Mesothelioma Loss or IHC: YAP levels YAP knockdown impairs the
mutation of are upregulated growth of mesothelioma cell
NF2 (40%); in about 70% of lines
loss or mesotheliomas
mutation of (Fujii etal.,

LATSI1 2012; Murakami
(21%); loss or | etal., 2011)
mutation of

LATS2 (1%);

loss or

mutation of

MST1(16%);

loss of MST2

(2%); loss of

SAVI (14%)

((Bueno et al.,

2016)

Osteosarcoma (OS) None reported | IHC: YAP levels | IHC: YAP levels | YAP knockdown impairs the
are upregulated are upregulated growth of primary mouse OS
in about 80% of in mouse cell lines and their /n vivo
OS compared to osteosarcoma tumorigenic abilities (Chan et
normal bone induced by al., 2014)
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expression is
predictive of
poor outcome
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Cancer Type Genetic Expression in Expression in Loss-of-function phenotypes | Gain-of-function phenotypes
lesions human tumors experimental
affecting systems
YAP/TAZ
activity
al., 2014; Zhang Shh pathway and
etal., 2013) loss of p53 in
osteoblasts
(Chan et al.,
2014)
Undifferentiated pleomorphic sarcomas Loss of NF2 IHC: elevated IHC: elevated YAP knockdown impairs the
(6%), SAVI nuclear YAP nuclear YAP growth of subcutaneous
(8%) or staining in staining in xenografts of primary mouse
LATS2(16%) | human UPS sarcomas arising | UPS cell lines (Eisinger-
(Eisinger- samples by targeted Mathason et al., 2015)
Mathason et (Eisinger- activation of
al., 2015) Mathason et al., oncogenic KRas
2015) and loss of p53
in fibroblasts
(Eisinger-
Mathason et al.,
2015)
Kaposi’s sarcoma (KS) VGPCR from IHC: elevated
Kaposi’s nuclear YAP and
sarcoma- TAZ staining in
associated human KS
herpesvirus samples (Liu et
(KSHV) (Liu al., 2015)
etal., 2015)

Embryonic rhabdomyosarco ma (ERMS) | None reported | IHC: elevated YAP knockdown reduces YAP overexpression in mouse
nuclear YAP tumor growth after orthotopic | satellite cells leads to ERMS
staining in transplantatio n of ERMS formation (Tremblay et al.,
human ERMS cells (Tremblay et al., 2014) 2014)
samples
(Tremblay et al.,

2014)

Epithelial hemangio-endothelioma (EHE) | Fusion of

WWTR1
(encoding
TAZ) with the
CAMTAL
gene,
encoding a
constitutively
nuclear and
active version
of TAZ; a
minor subset
of EHE
carries a gene
fusion
between
YAPI and
TFE3
(Antonescu et
al., 2013;
Errani et al.,
2011; Tanas
etal., 2015)

Multiple Myeloma Loss of YAPI | low YAPI
in 10% of expression is
tumors predictive of
(Cottini etal., | poor outcome
2014) (Cottini etal.,

2014)
Acute myeloid leukemia (AML) low YAPI
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Cancer Type

Genetic
lesions
affecting
YAP/TAZ
activity

Expression in
human tumors

Expression in
experimental
systems

Loss-of-function phenotypes

Gain-of-function phenotypes

(Cottini etal.,
2014)
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