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The Hippo signal transduction pathway is an important regulator of organ growth and cell
differentiation, and its deregulation contributes to the development of cancer. The activity
of the Hippo pathway is strongly dependent on cell junctions, cellular architecture, and the
mechanical properties of the microenvironment. In this review, we discuss recent advances
in our understanding of how cell junctions transduce signals from the microenvironment
and control the activity of the Hippo pathway. We also discuss how these mechanisms
may control organ growth during development and regeneration, and how defects in them
deregulate Hippo signaling in cancer cells.

Animals and their organs normally grow to a
specific size, which depends on poorly un-

derstood signaling mechanisms that coordinate
and orchestrate the pattern and timing of
cell proliferation during development. Efforts
to identify these growth control mechanisms
through genetic screens in Drosophila led to
the discovery of the Hippo signaling pathway
(Harvey and Tapon 2007; Pan 2007; Halder
and Johnson 2011). These screens identified
several genes that are required for the formation
of normal-sized adult structures, among the first
ones were warts (wts) (Xu et al. 1995; Justice et al.
1995), salvador (sav) (Kango-Singh et al. 2002;
Tapon et al. 2002), and hippo (hpo) (Harvey et al.
2003; Jia et al. 2003; Pantalacci et al. 2003; Udan
et al. 2003; Wu et al. 2003). Mutations in hpo,
wts, or sav cause similar phenotypes and lead to
dramatic overgrowth of imaginal discs and the
corresponding adult structures. This is because
mutant cells hyperproliferate and are resistant
to apoptosis that would normally eliminate ex-
tra cells. Genetic and biochemical studies then
revealed that Hpo, Wts, and Sav form the core of

a conserved signaling pathway, now known as
the “Hippo pathway.” Remarkably, mutations in
the homologous Hippo pathway genes also
cause dramatic tissue overgrowth in mice. For
example, conditional deletion of the hpo homo-
logs Mst1/2 in the developing liver causes sus-
tained hepatocyte cell proliferation resulting in
severely overgrown livers (Zhou et al. 2009; Lu
et al. 2010; Song et al. 2010). Therefore, the
Hippo pathway is a conserved signal transduc-
tion pathway that is required to restrict excessive
organ growth in mice and flies.

The Hippo pathway acts by regulating the
localization and activity of its downstream
effectors Yorkie (Yki) in flies and Yes-associat-
ed-protein (YAP)/WW Domain Containing
Transcription Regulator 1 (TAZ) in mammals
(Huang et al. 2005; Dong et al. 2007). In brief,
the core of the pathway comprises the Hpo
kinase (MST1/2 in mammals), which together
with the Sav adaptor protein (SAV1 in mam-
mals), phosphorylates and activates a complex
of the Wts kinase (LATS1/2 in mammals) and
its cofactor Mats (MOBKL1A/B in mammals)
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(Kango-Singh et al. 2002; Tapon et al. 2002;
Harvey et al. 2003; Jia et al. 2003; Pantalacci
et al. 2003; Udan et al. 2003; Wu et al. 2003;
Lai et al. 2005). When active, Wts and LATS1/
2 bind and phosphorylate the transcriptional
coactivators Yki and YAP/TAZ, causing their
inactivation by nuclear exclusion and subse-
quent proteasomal degradation (Dong et al.
2007; Hao et al. 2008; Oh and Irvine 2008,
2009; Zhang et al. 2008a). On the other hand,
when the Hippo core kinases are not active, Yki/
YAP/TAZ accumulate in the nucleus where they
bind to TEAD family and other transcription
factors and drive the expression of target genes
that promote cell proliferation and survival
such as myc, diap1, the bantam miRNA, and
cyclinE (Nolo et al. 2006; Thompson and Cohen
2006; Goulev et al. 2008; Ota and Sasaki 2008;
Zhang et al. 2008b, 2009; Zhao et al. 2008; Wu
et al. 2008; Chan et al. 2009; Neto-Silva et al.
2010; Oh and Irvine 2011; Galli et al. 2015;
Zanconato et al. 2015). Therefore, reduced
Hippo pathway activity causes upregulation of
Yki/YAP/TAZ activity, which leads to hyper-
proliferation and resistance to apoptosis result-
ing in tissue overgrowth.

Given the striking overgrowth phenotypes
caused by loss of Hippo pathway activity in flies
and mice, a critical question is how is the activ-
ity of the Hippo pathway controlled? Since the
discovery of the core components, several up-
stream regulators have been identified including
classical signaling molecules such as G-protein
coupled receptors (GPCRs) (Yu et al. 2012) and
Ras-mitogen-activated protein kinase (MAPK)
signaling (Reddy and Irvine 2013). However,
the strongest effects on Hippo pathway activity
are exerted by changes in the cytoskeleton, by
the action of cell–cell and cell–matrix junction
components, and by the physical properties of
the extracellular matrix (Halder et al. 2012;
Schroeder and Halder 2012; Gaspar and Tapon
2014; Gumbiner and Kim 2014; Yu et al. 2015;
Dupont 2016; Sun and Irvine 2016).

The first indications that cell–cell junctions
play important roles in the Hippo pathway
came from the discovery that the neurofibroma-
tosis type 2 (NF2)/Merlin (Mer) and Expanded
(Ex) FERM-domain adaptor proteins are re-

quired for Hippo signaling (Hamaratoglu et al.
2006). NF2/Mer and Ex localize to tight and
adherens junctions in epithelial cells (Boedigh-
eimer and Laughon 1993; McCartney and Fe-
hon 1996) and Mer is required for the forma-
tion of adherens junctions (Lallemand et al.
2003). In addition, it was found that the activity
of the Hippo pathway is regulated by contact-
dependent inhibition of cell proliferation (a.k.a.,
contact inhibition) such that YAP is excluded
from the nucleus and its activity is inhibited
when cultured cells stop proliferating as they
become confluent (Zhao et al. 2007; Ota and
Sasaki 2008). Since then, many additional mo-
lecular links between cell junctions and the
Hippo pathway have been discovered and it is
now clear that cell junctions are major hubs
where complexes of Hippo pathway components
are organized and processed (Yu et al. 2015).

The sheer number of molecular mecha-
nisms that are currently known to affect the
activity of the Hippo pathway, which often
includes multiple independent links between
particular junctional complexes and the core
of the Hippo pathway, reveals that the Hippo
pathway is not a conventional signal transduc-
tion pathway with a dedicated set of receptor
proteins and signaling molecules. Rather,
Hippo pathway components are often deeply
embedded into the molecular networks that as-
semble the different cellular junctions and are
often regulated through multiple mechanisms
emanating from the junctions including re-
cruitment, phosphorylation, ubiquitination,
competitive binding to cofactors, etc. (Fig. 1).
This deep connection between the Hippo path-
way and cell junctions implies that the Hippo
pathway is sensitive to changes in cellular mor-
phology and architecture. This then further
implies that signals that may modulate the
activity of the Hippo pathway in an organism
during development, homeostasis, or regenera-
tion, may not primarily be the type of extracel-
lular peptide signals that command embryonic
patterning and differentiation, but may include
mechanical forces and signals that affect cell
shape and morphogenesis. Measuring, manip-
ulating, and understanding these signals will be
an exciting challenge for the Hippo field and for
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Figure 1. Schematic representation of molecular mechanisms that connect cellular junctions to the Hippo
pathway. (A) Effect of tight junctions in Drosophila. Crumbs (Crb) and atypical protein kinase C (aPKC) polarity
complexes promote Hippo signaling through Mer, Ex, and kidney and brain expressed protein (KIBRA), while
the Fat-Dachs branch blocks the Warts (Wts) kinase. (B) Effect of tight junctions in mammals. The Crb complex
acts through Angiomotin (AMOT), which suppresses Yes-associated protein (YAP) activity by direct binding
and activates LATS2 by recruitment. AIP4 inhibits YAP by ubiquitination and stabilizes AMOT. F-actin competes
for AMOT binding therefore inducing YAP activity. Zonula Occludens (ZO)-2 binds to YAP and sequesters it in
the cytoplasm. (C) Effect of adherens junctions in Drosophila. E-cad-a-cat-b-cat complex, Echinoid (Ed), and
Pez promotes Hippo signaling activity while Ajuba (Jub) and Zyxin (Zyx) inhibit it. (D) Effect of adherens
junctions in mammals. The E-cad-a-cat-b-cat complex and PTPN14 promote Hippo signaling activity while
the Ajuba protein LIMD1 inhibits the activity of LATS1/2 kinases. Also,a-cat and PTPN14 inhibit YAP by direct
binding and sequestering it in the cytoplasm.
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growth control in general for the coming years.
In this review, we provide an overview of our
current understanding of the molecular mech-
anisms by which cell junctions affect the activity
of the Hippo pathway, and discuss their role
during development and tissue homeostasis.

TIGHT JUNCTIONS AND THE SUBAPICAL
REGION IN HIPPO SIGNALING

Among the different cell–cell junctions, the
tight junctions are perhaps the best-character-
ized junctions in terms of their effect on the
Hippo pathway. Tight junctions typically local-
ize just apical to adherens junctions in verte-
brate epithelial cells, where they form a perme-
ability barrier between adjacent cells (Anderson
et al. 2004; Matter et al. 2005). Proteins associ-
ated with tight junctions also play instrumental
roles in the establishment and maintenance
of apical-basal cell polarity, most notably the
Crumbs (Crb) and atypical protein kinase C
(aPKC) complexes (Bulgakova and Knust
2009; St Johnston and Ahringer 2010; Tepass
2012; Thompson 2013). Several upstream regu-
lators of the Hippo pathway localize to tight
junctions, or are themselves integral parts of
tight junctions, such as the Crb and aPKC
polarity complexes, the Angiomotin (Amot)
family proteins, and the Zonula occludens
(ZO) factors. Most of these factors and the api-
cal-basal polarity complexes in general, are con-
served in Drosophila, where they also localize
apical to adherens junctions to a domain called
the subapical region or marginal zone (Bulga-
kova and Knust 2009; Tepass 2012). However,
epithelial cells in Drosophila do not have apical
tight junctions, but form functionally equiva-
lent septate junctions basal to adherens junc-
tions (Woods and Bryant 1993). Nevertheless,
the organization and function of apical-basal
cell polarity complexes and apically localized
Hippo pathway components is conserved
between Drosophila and vertebrates, although
some differences exist in the composition of
upstream components (Bossuyt et al. 2014).

Not only upstream regulators, but also Hip-
po pathway core components themselves local-
ize to apical junctions. For example, Wts can

localize to the subapical region and to adherens
junctions (Sun et al. 2015). In the subapical
region, Wts colocalizes with Hpo and Sav,
which activates Wts in response to upstream
components such as the apically localized
Crumbs transmembrane receptor and the Mer
and Ex adaptor proteins. On the other hand,
Wts at adherens junctions interacts with the
LIM-domain protein Ajuba, which inhibits
Wts activity (Sun et al. 2015). Thus, the differ-
ent junctional complexes are major sites of Hip-
po pathway assembly and regulation. Interest-
ingly, activated Yki promotes the expansion of
the apical membrane domain and upregulates
the expression of Ex, Kib, Wts, and other up-
stream regulators of the Hippo pathway in a
negative feedback loop (Genevet et al. 2009; Ha-
maratoglu et al. 2009). In this section of the
review, we will summarize what is known about
the mechanisms that link tight junctions and
the subapical region to the Hippo pathway.

The Crumbs Complex

In Drosophila, the Crumbs complex is composed
of the transmembrane protein Crumbs (Crb)
and the adaptor proteins Pals1-associated tight
junction protein (Patj), Stardust (Sdt) and
Lin7, which complex with PDZ (postsynaptic
density protein 95 (PSD-95)/discs large (dlg)/
Zona Occludens-1 (ZO-1))-binding motif in
the intracellular domain of Crb (Bulgakova
and Knust 2009; Tepass 2012). The Crb intra-
cellular domain also contains a FERM-domain
binding motif, which binds and recruits Ex to
the subapical region (Ling et al. 2010; Chen
et al. 2010; Robinson et al. 2010). crb mutant
cell clones in imaginal discs thus lose membrane
localization of Ex, which is essential for recruit-
ment of Hippo core components and their
activation (Chen et al. 2010; Ling et al. 2010;
Robinson et al. 2010; Yin et al. 2013). Thus,
loss of Crb in imaginal discs causes activation
of Yki and overgrowth. Similarly, overexpres-
sion of Crb, especially a mutant version of Crb
that lacks the extracellular domain, also disrupts
Ex localization and causes induction of Yki
target genes (Chen et al. 2010; Grzeschik et al.
2010; Robinson et al. 2010). This is at least in
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part caused by induced Ex phosphorylation,
which causes its ubiquitin-dependent proteaso-
mal degradation (Ribeiro et al. 2014). Notably,
Crb homotypically interacts with Crb mole-
cules on neighboring cells and loss of Crb in a
cell results in loss of Crb recruitment to the
plasma membrane of adjacent cells. In that
manner, Crb non-cell-autonomously affects
the localization of Ex in neighboring cells
(Chen et al. 2010; Hafezi et al. 2012).

The components of the Crb complex are
conserved in mammals where they are also re-
quired for apical-basal cell polarity of epithelial
cells (Roh et al. 2003; Bulgakova and Knust
2009). Mammals have three Crb homologs of
which CRB3 is the best studied regarding effects
on the Hippo pathway. CRB3 is widely ex-
pressed in epithelial tissues (Lemmers et al.
2004) and distinguished by a short extracellular
domain and the presence of a PxxP SH3-do-
main binding motif (Li et al. 2015b). Loss of
CRB3 in different organs or in cultured cells
triggers YAP nuclear localization and increased
activity (Varelas et al. 2010; Szymaniak et al.
2015; Fernando et al. 2016). CRB3 is required
for the differentiation of airway epithelial cells
in developing mouse lungs (Szymaniak et al.
2015) and for the control of optimal myelin
elongation during axonal growth in Schwann
cells (Fernando et al. 2016) through regulation
of Hippo signaling. However, these effects may
not be transduced by the mammalian Ex homo-
log Willin/FRMD6, because manipulating Wil-
lin function only modestly affects the Hippo
pathway in vitro (Angus et al. 2012) and because
Willin lacks the domain that signals to the Hippo
core (Hamaratoglu et al. 2006; Bossuyt et al.
2014). Rather, CRB3 signals through the Amot
family adaptor proteins (Wells et al. 2006) that
are not present in flies (Bossuyt et al. 2014).
Thus, Crb polarity complexes regulate the Hippo
pathway in Drosophila and in mammals, however
apparently through different mechanisms that
involve Ex in Drosophila and Amot in mammals.

Angiomotin Family Proteins

The Amot proteins are scaffold proteins that
complex with several components of the Hippo

pathway. The Amot protein family comprises
AMOT, AMOTL1, and AMOTL2 (Ernkvist
et al. 2006), which all share PPxY motifs, con-
served coiled-coil domains, and a carboxy-ter-
minal PDZ-binding motif (Moleirinho et al.
2014). Amot proteins are integral components
of the Crumbs complex and essential for its
stability (Wells et al. 2006; Heller et al. 2010).
The Angiomotins were identified as regulators
of the Hippo pathway through proteomics as-
says because they are major binding partners of
YAP and TAZ through the interaction between
PPxY motifs and WW-domains of YAP and
TAZ (Varelas et al. 2010; Chan et al. 2011;
Wang et al. 2011; Zhao et al. 2011). Amot pro-
teins are required to keep YAP and TAZ out of
the nucleus in confluent cultured cells (Chan
et al. 2011; Wang et al. 2011; Zhao et al. 2011).
For this, they interact with YAP/TAZ (Chan
et al. 2011; Wang et al. 2011; Zhao et al. 2011),
the LATS2 kinase (Paramasivam et al. 2011),
and the ubiquitin ligase AIP4 (Adler et al.
2013a), which triggers multiple mechanisms
of cross-regulation. In confluent cells, Amot
proteins localize to tight junctions and the
interaction with YAP/TAZ sequesters these at
the plasma membrane (Wang et al. 2011;
Zhao et al. 2011). They also bind to LATS2
and recruit it to the plasma membrane, which
activates LATS2 thereby also causing inactiva-
tion of YAP/TAZ by phosphorylation (Parama-
sivam et al. 2011). Moreover, recruitment of
AIP4 causes ubiquitination and destabilization
of YAP (Adler et al. 2013a). The sequestration
and inhibition of YAP is further reinforced
by feedback loops between AIP4, the Angiomo-
tins, and LATS2 (Adler et al. 2013a,b; Chan et al.
2013; Dai et al. 2013). In subconfluent cells
however, Endotubin (EDTB) competes with
YAP for AMOT binding and sequesters Amot
proteins on endosomal membranes, thereby
promoting nuclear localization of YAP (Cox
et al. 2015). Thus, Amot proteins act as scaffolds
at tight junctions that induce activation of
LATS2 and inactivation and sequestration of
YAP/TAZ.

The inhibition of YAP by Amots is impor-
tant during early mouse development when
Amots acts downstream of cell polarity (Hirate
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et al. 2013). In blastocysts, YAP is nuclear in
presumptive trophectoderm cells but excluded
from the nuclei of inner cell mass (ICM) cells.
Amot mutant embryos fail to exclude YAP from
the nuclei of ICM cells, which causes failure to
specify the ICM (Hirate et al. 2013). AMOT
localizes to adherens junctions of the nonpolar
inner cells where it is required for activation
of Hippo signaling through the recruitment
and activation of the LATS1/2 kinases, which
directly inhibit YAP by phosphorylation and
indirectly by phosphorylation of AMOT, which
shifts AMOT binding from F-actin to YAP
(Hirate et al. 2013; Hirate and Sasaki 2014).
However, in polarized outer cells, AMOT is
restricted to apical domains by polarity com-
plexes, which enables AMOT-F-actin interac-
tion, abrogation of LATS1/2 activation, and
causes YAP nuclear accumulation (Hirate et al.
2013; Hirate and Sasaki 2014).

Opposite to this inhibitory effect, however,
AMOT has a positive effect on YAP function in
the mouse liver. Here, conditional deletion of
Amot suppresses the liver overgrowth caused
by loss of Nf2 and reduced the proliferation of
oval cells, a type of liver progenitor cells that
are induced upon toxic liver injury and in Nf2
knockout livers (Yi et al. 2013). Experiments in
HEK293 cells further showed that interaction of
YAP with Amot is required for YAP nuclear lo-
calization and proliferation of Nf2-deficient
cells. This positive function of AMOT for YAP
activity may be explained by AMOT action
in the nucleus. Here, Amot-YAP interaction
protects YAP from LATS phosphorylation and
AMOT also acts as a cofactor in Amot-YAP-
TEAD complexes. In summary, AMOT is a
molecular hub that forms complexes with
several components of the Hippo pathway and
other factors that affect the localization and
activity of AMOT and thus the activity of YAP.
Further experiments are required to untangle
the positive and negative effects of AMOT on
Hippo signaling.

The aPKC Polarity Module

The aPKC complex comprises the aPKC serine-
threonine kinase, and the Par3 and Par6 adaptor

proteins. The aPKC complex is highly con-
served, localizes to tight junctions in mamma-
lian cells and to the subapical region in Droso-
phila cells, where it cooperates with the Crb
complex to control apical-basal cell polarity
(St Johnston and Ahringer 2010; Tepass 2012).
Overexpression of hyperactive forms of aPKC
in Drosophila imaginal discs lead to excessive
cell proliferation and overgrowth by disrupting
the Hippo pathway through mislocalization
of the Hpo inhibitor RASSF and the Hpo
kinase (Rolls et al. 2003, Polesello et al. 2006;
Grzeschik et al. 2010). Similar effects were also
observed in cultured mammalian cells (Archi-
bald et al. 2015). In addition, aPKC phosphor-
ylates and regulates kidney and brain expressed
protein (KIBRA), a WW- and C2-domain
containing adaptor protein (Kremerskothen
et al. 2003) that functions together with Mer
and Ex (Baumgartner et al. 2010; Genevet
et al. 2010; Yu et al. 2010). aPKC also phosphor-
ylates and stabilizes Crb in Drosophila follicle
cells (Sotillos et al. 2004), which induces a pos-
itive feedback loop by suppressing the endocytic
removal of the Crb complex from the plasma
membrane (Fletcher et al. 2012). Thus, aPKC
modulates the activity of multiple Hippo path-
way components.

Zonula Occludens Proteins

The ZO proteins ZO-1, ZO-2, and ZO-3 are
membrane-associated guanylate kinases (MA-
GUK) family scaffold proteins that contain
PDZ, SH3, and guanylate kinase (GuK) domains
and localize to tight junctions where they give
structural support. They also link adhesion
molecules of the tight junctions to intracellular
signaling molecules (González-Mariscal et al.
2011) and ZO-2 directly binds to YAP via one
of its PDZ-domains (Oka et al. 2010). Knock-
down of ZO-2 in sparse breast and MDCK
kidney cells in vitro abrogates nuclear localiza-
tion of YAP (Oka et al. 2010; Spadaro et al.
2014), but others found that knockdown of
ZO-2 in MDCK kidney cells induces nuclear
localization and transcriptional activity of YAP
(Domı́nguez-Calderón et al. 2016). How these
different results can be reconciled is not resolved.
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Signaling by the Fat and Dachsous
Protocadherins

The Fat protocadherin is important for the
establishment of planar cell polarity (PCP)
and for growth control of imaginal discs in
Drosophila (Bryant et al. 1988; Mahoney et al.
1991; Yang et al. 2002). Loss-of-function muta-
tions in fat thus cause swirls of bristles instead of
regular arrays, and severe overgrowth of imagi-
nal discs and the corresponding adult structures
(Bryant et al. 1988; Mahoney et al. 1991). The
effects on organ growth, but not those on PCP,
are mediated by the Hippo pathway (Bennett
and Harvey 2006; Silva et al. 2006; Willecke
et al. 2006). Fat acts as a cell-surface receptor
that signals through the atypical myosin Dachs
(Cho et al. 2006; Mao et al. 2006) and requires
several other factors such as the SH3-domain
containing protein Vamana (Vam) (Misra and
Irvine 2016; Zhang et al. 2016), the palmitoyl-
transferase Approximated (App) (Matakatsu
and Blair 2008; Matakatsu et al. 2017) and the
ubiquitin ligase Fbxl7 (Bosch et al. 2014; Rod-
rigues-Campos and Thompson 2014) to regu-
late the activity of Wts. Dachs affects the protein
levels of Wts (Cho et al. 2006) and its activity
through inducing a conformational change
that opposes activation by Hpo (Vrabioiu and
Struhl 2015).

The activity of Fat for PCP and growth con-
trol is regulated by the protocadherin Dachsous
(Ds) that acts as a ligand for Fat, and the
extracellular kinase Four-jointed (Fj), which
modulates the interaction between Fat and Ds
(Yang et al. 2002; Sopko et al. 2009; Matakatsu
and Blair 2012). Ds and Fj present another case
of regulation of Hippo signaling through cell–
cell contact mediated signals. Cells upregulate
Yki activity when neighboring cells express dif-
ferent amounts of Ds and/or Fj and induction
of artificial Ds/Fj boundaries leads to extra pro-
liferation (Rogulja et al. 2008; Willecke et al.
2008). Notably, Ds not only acts as a ligand
for Fat but also has cell autonomous effects on
the Hippo pathway by acting as a receptor. Here,
Ds signals through the WD40 repeat protein
Riquiqui (Riq) and the dual-specificity protein
kinases (DYRK) family kinase Minibrain (Mnb),

which directly phosphorylates and inactivates
Wts (Degoutin et al. 2013). Thus, Ds and Fat
act as a pair of back-and-forth signaling recep-
tors/ligands that organize PCP and growth.
Fat and Ds are conserved in vertebrates where
they also command PCP (Fanto and McNeill
2004; Hale and Strutt 2015). However, mam-
malian Fat/Ds signaling does not directly reg-
ulate the Hippo pathway through a conserved
mechanism (Bossuyt et al. 2014; Bagherie-
Lachidan et al. 2015; Kuta et al. 2016), but
rather YAP localization is affected by FAT4
during heart development through sequestra-
tion of AMOTL1-YAP complexes to the plasma
membrane thereby reducing YAP activity
(Ragni et al. 2017).

EFFECTS OF ADHERENS JUNCTIONS ON
THE ACTIVITY OF THE HIPPO PATHWAY

Adherens junctions (AJs) are the main sites that
mediate adhesion between epithelial cells. They
are composed of cadherin-catenin-based mo-
lecular complexes that form an adhesion belt
around the apical circumference of cells
(Baum and Georgiou 2011). Adherens junc-
tions are essential for stable cell–cell adhesion
and thus epithelial tissue architecture and also
for normal activity of the Hippo pathway
(Gumbiner and Kim 2014). Identified molecu-
lar links between adherens junctions and the
Hippo pathway include the E-cadherin (E-
cad) linked adaptor protein a-catenin, Merlin
(NF2) and, the LIM-domain containing pro-
teins Ajuba and Zyxin (Schroeder and Halder
2012; Gumbiner and Kim 2014; Sun and Irvine
2016). Moreover, Hippo pathway core compo-
nents can localize to adherens junctions similar
to tight junctions (Sun et al. 2015). However,
adherens junctions do not simply provide inert
sites for Hippo pathway assembly, but they can
transduce the effects of mechanical stress in an
epithelial tissue into the Hippo pathway (Kim
et al. 2011; Benham-Pyle et al. 2015). Thus, the
localization and activity of Hippo pathway
components at adherens junctions is dynami-
cally regulated. Wts for example, is active when
localized to tight junctions, but inactivated
when shuttled to adherens junctions via its in-
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teraction with Ajuba (Sun et al. 2015). In this
section, we discuss mechanisms of how adhe-
rens junctions impact on the activity of the
Hippo pathway.

E-Cadherin, a-Catenin, and b-Catenin in
Mammals

Loss of the adherens junction components
E-cad, a-catenin (a-cat), or b-catenin (b-cat)
induces nuclear accumulation and activation
of YAP in cultured endothelial cells and breast
cancer cells (Kim et al. 2011; Choi et al.
2015). Similarly, expression of mutant forms
of E-cad that lack the extracellular domain or
the b-cat binding site induces YAP nuclear
localization and activity in breast cancer cells
in vitro (Kim et al. 2011). In vivo conditional
deletion ofa-cat in basal skin cells likewise leads
to nuclear accumulation of YAP and causes
hyperproliferation of progenitor cells and thick-
ening of the epidermis (Schlegelmilch et al.
2011; Silvis et al. 2011). Similarly, loss of a-cat
causes nuclear YAP accumulation, hyperprolif-
eration of progenitor cells, and defects in organ-
ogenesis in the liver (Herr et al. 2014), heart (Li
et al. 2015a), and tooth primordia (Li et al.
2016a). Thus, adherens junctions are required
for proper Hippo pathway activity in multiple
epithelial tissues.

Several molecular mechanisms connect the
E-cad-b-cat-a-cat complex to the Hippo path-
way including direct interactions wherebya-cat
forms a tripartite complex with phosphorylated
YAP and 14-3-3 in keratinocytes that inhibits
YAP by keeping it out of the nucleus and pre-
venting its dephosphorylation by PP2A (Schle-
gelmilch et al. 2011; Silvis et al. 2011). Similarly,
VE-cadherin affects YAP localization by re-
cruiting 14-3-3 and YAP to adherens junctions
in endothelial cells (Giampietro et al. 2015). In
addition to these direct effects, several other
mechanisms link adherens junctions to the
Hippo pathway. These include MST1/2 inde-
pendent stimulation of LATS kinases by the
Kibra, Merlin, and Naþ/Hþ exchanger regula-
tory factor (NHERF) adaptor proteins (Kim
et al. 2011); activation of Akt, which can phos-
phorylate and inhibit YAP in endothelial cells

(Choi et al. 2015; Giampietro et al. 2015); in-
hibition of Src, which otherwise directly acti-
vates YAP by phosphorylation (Li et al. 2016b);
and other mechanisms that are discussed in the
following sections.

Ajuba

Ajuba (Jub) is a Drosophila LIM-domain adap-
tor protein that associates with a-cat at
adherens junctions (Das Thakur et al. 2010;
Rauskolb et al. 2014). Loss of Ajuba in imaginal
discs causes a decrease in tissue size and Yki
activity (Das Thakur et al. 2010). Ajuba can
bind to Wts and Sav, which causes sequestration
and inactivation of Wts at adherens junctions
and thus promotes Yki activity (Das Thakur
et al. 2010; Rauskolb et al. 2014). Moreover,
Ajuba is required for JNK-mediated activation
of Yki during regeneration and tumor growth
(Sun and Irvine 2013). Ajuba is also required for
regulation of Yki by cytoskeletal tension in
which it accumulates at adherens junctions
under high cellular tension and inhibits Wts
thereby promoting Yki nuclear localization
and activity (Rauskolb et al. 2014; Pan et al.
2016). Thus, loss of adherens junctions causes
loss of Ajuba function, activation of Wts, and
ensuing inactivation of Yki.

Ajuba and its function are conserved in
mammals, where its three homologs AJUBA,
LIMD1, and WTIP also localize to adherens
junctions and suppress the activity of the Hippo
pathway by binding to LATS1/2 and SAV1 (Das
Thakur et al. 2010; Schimizzi and Longmore
2015; Jagannathan et al. 2016). Moreover, JNK
activity induces LATS1/2-WTIP and LATS1/2-
LIMD1 interactions downstream of cytoskeletal
tension thereby inducing nuclear localization
and transcriptional activity of YAP (Sun and
Irvine 2013; Codelia et al. 2014). Interestingly
however, Ajuba proteins are required for inhi-
bition of LATS1/2 and the Hippo pathway only
in proliferating cells while it does not interact or
inhibit LATS1/2 in growth-arrested cells in vitro
(Jagannathan et al. 2016). Therefore, Ajuba is
an adherens junction component that inhibits
Hippo pathway activity and its activity is regu-
lated by cell–cell interactions.
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Role of NF2/Merlin

Another molecular link between adherens junc-
tions and the Hippo pathways is the FERM-
domain adaptor protein Mer. Mer is encoded
by the NF2 tumor suppressor gene that is fre-
quently mutant in peripheral nerve sheath tu-
mors (Neurofibromatosis type 2) (McClatchey
2003). Mer colocalizes and interacts with
adherens junction components in confluent
cells and loss of Mer abrogates the development
and stabilization of adherens junctions (Lalle-
mand et al. 2003). In Drosophila, loss of
Mer together with the related FERM-domain
protein Ex phenocopies the hyperproliferation
and overgrowth phenotypes of hpo mutants
(Hamaratoglu et al. 2006). The effect of Mer
on the activity of the Hippo pathway is con-
served in mammals where conditional deletion
of NF2 in genetically engineered mice causes
YAP-dependent phenotypes in multiple tissues
(Zhang et al. 2010). Thus, Mer suppresses
the activity of YAP in the mouse liver (Zhang
et al. 2010), in cardiomyocytes on oxidative
stress (Matsuda et al. 2016), in expansion of
neural progenitor cells in the brain during
development of the hippocampus (Lavado
et al. 2013) and in the developing mouse kidney
during branching morphogenesis (Reginensi
et al. 2016). Mer activates the Hippo pathway
by binding to and recruiting the LATS1/2
kinases to the plasma membrane (Yin et al.
2013). Mer can also activate MST1 directly in
response to oxidative stress (Matsuda et al.
2016) and promote LATS1/2 stability by inhib-
iting the CRL4DCAF1 E3 ubiquitin ligase in the
nucleus (Li et al. 2014).

PTPN14/Pez

Pez family phosphatases are FERM-domain
containing nonreceptor protein tyrosine
phosphatases including PTPD1 and PTPD2
(PTPN14) in mammals and the Drosophila
homolog Pez (Møller et al. 1994; Smith et al.
1995; Edwards et al. 2001). They localize to ad-
herens junctions and affect the phosphorylation
status of b-cat, which is important for E-cad/
b-cat linkage and cell adhesion (Wadham et al.

2003). Pez family phosphatases were recently
discovered as modulators of Yki/YAP activity
(Poernbacher et al. 2012; Wang et al. 2012;
Huang et al. 2013; Liu et al. 2013; Wilson et al.
2014). In confluent mammalian tissue cultures,
knockdown of PTPN14 induces YAP nuclear
localization, while PTPN14 overexpression in
subconfluent cultures induces YAP cytoplasmic
translocation (Wang et al. 2012; Liu et al. 2013;
Wilson et al. 2014). This effect depends on a
direct interaction between the PPxY motifs of
PTPN14 and the WW domains of YAP to se-
quester YAP in the cytoplasm while the phos-
phatase activity of PTPN14 is dispensable
(Wang et al. 2012; Huang et al. 2013; Liu et al.
2013). PTPN14 also binds to KIBRA, which ac-
tivates LATS1/2 independently of MST1/2
(Wilson et al. 2014). In Drosophila imaginal
discs, overexpression of Pez causes a decrease
in tissue size but Pez mutant clones had no
growth defects (Poernbacher et al. 2012). How-
ever, loss of Pez in the fly midgut epithelium
resulted in ectopic Yki activation and
hyperplasia (Poernbacher et al. 2012). For this
function, Pez interacts with Kibra to activate Wts
similar to PTPN14, (Poernbacher et al. 2012).

Different Effect of Loss of Adherens Junctions
in Flies and Mammals

The stability of adherens junctions affects
Hippo signaling in flies. However, the effect of
loss of adherens junctions in flies is opposite to
that in mammalian cells. In flies, knockdown of
E-cad, a-cat, or b-cat in wing imaginal discs
causes a cell autonomous decrease in Yki activ-
ity (Yang et al. 2015) while, loss of E-cad or
a-cat in vertebrates in vitro or in vivo in liver,
skin, and heart leads to nuclear localization and
hyperactivation of YAP (Schlegelmilch et al.
2011; Silvis et al. 2011; Herr et al. 2014; Li
et al. 2015a). This difference indicates different
wiring of the Hippo pathway in Drosophila
versus mammalian adherens junctions. One
possible explanation for this difference is that
Drosophila adherens junctions contain the cell
adhesion molecule Echinoid (Ed) that is not
present in mammals (Wei et al. 2005). Ed phys-
ically interacts with Sav and causes activation of
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the Hippo pathway (Yue et al. 2012). Thus, Ed
may still activate the Hippo kinases in the
absence of E-cad, which may explain why loss
of E-cad suppresses Yki in flies but activates
YAP in mammalian cells. The different effects
of loss of adherens junctions on the Hippo
pathway in flies and mammals, although most
of the components of the Hippo pathway are
conserved, indicate that the balance of the ac-
tivities between different branches of the Hippo
pathway determines the final Yki/YAP/TAZ
activity. In summary, as for tight junctions,
multiple molecular interactions connect adhe-
rens junctions with the Hippo pathway.

EFFECTS OF FOCAL ADHESIONS ON THE
ACTIVITY OF THE HIPPO PATHWAY

In addition to cell–cell interactions, interaction
with the extracellular matrix is also an impor-
tant modulator of Hippo signaling. Focal adhe-
sions are main contact points between cells and
the extracellular matrix and harbor integrins as
adhesion proteins (Burridge and Chrzanowska-
Wodnicka 1996). Integrins signal through a
complex of proteins including the actin binding
protein Vinculin, and the integrin-linked kinase
(ILK), Src, and FAK kinases to anchor and or-
ganize stress fibers (Hynes 2002) and to signal to
several downstream pathways (Moreno-Layseca
and Streuli 2014) including the Hippo pathway
(Dupont 2016; Kuroda et al. 2017). The activity
of integrins promotes the nuclear accumulation
and activity of YAP and TAZ (Tang et al. 2013;
Kaneko et al. 2014; Chang et al. 2015; Elbediwy
et al. 2016). Thus, b1-integrin is required
for YAP/TAZ activity in the interfollicular epi-
dermis (Elbediwy et al. 2016), in hair follicles
(Elbediwy et al. 2016), and in skeletal stem cells
(Tang et al. 2013) in vivo, while b3-integrin is
required for YAP/TAZ activation in response to
unidirectional shear stress in endothelium
(Wang et al. 2016). Similarly, integrin-av is re-
quired for nuclear accumulation of YAP/TAZ in
primary osteoblastic cells (Kaneko et al. 2014),
and a6b1 integrin is required for both activity
and nuclear accumulation of TAZ in breast
cancer stem cells (Chang et al. 2015). Moreover,
the extracellular matrix (ECM) protein Agrin

signals through integrins and causes activation
of YAP (Chakraborty et al. 2017). Several
mechanisms mediate the effects of integrins
on YAP/TAZ. ILK is an important transducer
of integrin signaling (McDonald et al. 2008).
ILK modulates Hippo pathway activity in
different types of epithelial cells in vitro, includ-
ing cells from the colon, prostate, and breast
(Serrano et al. 2013). ILK phosphorylates the
MYPT1 phosphatase, which dephosphorylates
and activates Mer (Jin et al. 2006), which in turn
activates Hippo signaling and inhibits YAP/
TAZ (Serrano et al. 2013).

The integrin-associated FAK and Src kinases
also regulate Hippo signaling. Activation of
Src and FAK on attachment of cultured cells
to fibronectin-coated substrates activates YAP
(Kim and Gumbiner 2015). Src and FAK acti-
vate PI3K and PDK1, which then inhibit
LATS1/2 and enhance nuclear localization of
YAP/TAZ (Kim and Gumbiner 2015). Similar
effects may activate YAP in epidermal cells
in vitro where b1-integrin signaling promotes
nuclear localization of YAP through a process
that is sensitive to pharmacological inhibition
of Src and involves suppression of YAP phos-
phorylation by LATS1/2 (Elbediwy et al. 2016).
Src is also implicated in directly activating YAP
in response to inflammation. Here, activation of
the IL6 coreceptor gp130 recruits and activates
the Src and Yes kinases, which then phosphor-
ylate YAP at tyrosine 357 to increase the stability
and activity of YAP (Taniguchi et al. 2015). Yes
kinase specific phosphorylation of YAP induces
localization of a complex involving YAP, TBX5,
and b-cat to the promoters of antiapoptotic
BCL2L1 and BIRC5 genes in b-cat active cancer
cell lines (Rosenbluh et al. 2012). Although re-
moval of YAPor Yes kinase inhibits proliferation
of b-cat active cancer cells, Src kinase has no
effect on the growth of these cells (Rosenbluh
et al. 2012). YAP nuclear localization also de-
pends on the activity of Src kinase and its sub-
strate p130Cas downstream of integrin-av in
primary osteoblastic cells (Kaneko et al. 2014).
All in all, focal adhesions can regulate Hippo
signaling and the activity of its effectors YAP
and TAZ by transmitting information about
the physical environment of the cell and this
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regulation involves integrins and downstream
kinases such as Src, FAK, and ILK.

REGULATION OF HIPPO SIGNALING BY THE
CYTOSKELETON

Cell junctions typically connect to and organize
the actin cytoskeleton (Collins and Nelson
2015). Several cell junction components that
affect the Hippo pathway can also bind to
F-actin and induce cytoskeletal remodeling.
These include the adherens junction proteins
a-cat and Mer, the AMOTs at tight junctions,
and integrins in focal adhesions (Gaspar and
Tapon 2014; Sun and Irvine 2016). The actin
cytoskeleton may thus transduce junctional
signals to the Hippo pathway. Indeed, experi-
mentally induced F-actin remodeling has a
strong effect on the activity of the Hippo path-
way (Dupont et al. 2011; Fernández et al. 2011;
Sansores-Garcia et al. 2011; Wada et al. 2011;
Zhao et al. 2012). In this section, we discuss
recent insights on how cytoskeletal elements af-
fect Hippo signaling.

Structural Changes in the Actin Cytoskeleton

In 2D cultured cells, nuclear accumulation of
YAP generally correlates with the presence
of F-actin stress fibers (Dupont et al. 2011;
Wada et al. 2011; Aragona et al. 2013). Thus,
cells grown on stiff substrates, such as in a plastic
dish, produce stress fibers and have nuclear
active YAP, while cells grown on soft substrates
round up, lack stress fibers, and have cytoplas-
mic YAP. The status of the F-actin cytoskeleton
acts upstream of YAP localization because
experimental manipulations that induce or
disrupt stress fibers affect YAP localization and
activity. Thus, pharmacologic disruption of
F-actin by administration of latrunculin, cyto-
chalasin D, the Rho inhibitor botulinum toxin
C3 or the ROCK inhibitor Y27632 cause nuclear
exclusion of YAP in cultured cells (Dupont et al.
2011; Sansores-Garcia et al. 2011; Wada et al.
2011; Zhao et al. 2012). Conversely, inducing
the formation of ectopic stress fibers by knock-
down of Capping proteins, the actin severing
factors Cofilin and Gelsolin, or by expression

of a constitutively active form of the Diapha-
nous formin, induces nuclear accumulation
and increased activity of YAP/TAZ (Sansores-
Garcia et al. 2011; Aragona et al. 2013). More-
over, Amots have the ability to bind F-actin
structures, and expression of Amots can induce
the formation of extra F-actin bundles (Ernkvist
et al. 2008; Gagné et al. 2009). Notably, F-actin
competes with YAP for AMOT binding and
ectopic F-actin may thus promote nuclear
localization of YAP by freeing it from AMOT
(Mana-Capelli et al. 2014). LATS2 also regulates
YAP by phosphorylating AMOTwhich disrupts
AMOT-F-actin binding thereby enabling YAP-
AMOT interaction (Dai et al. 2013; Mana-
Capelli et al. 2014).

The status of the cytoskeleton also affects
the Hippo pathway in vivo. In Drosophila,
ectopic F-actin accumulation caused by loss of
capping proteins or by expression of constitu-
tively active Diaphanous induces Yki activity
and causes overgrowth of imaginal discs by
affecting the Hippo pathway upstream of Wts
(Fernández et al. 2011; Sansores-Garcia et al.
2011). In addition, activation of the LIM-do-
main protein Zyxin by membrane targeting
promotes Yki activity and tissue growth while
loss of Zyxin suppresses the growth in imaginal
discs (Gaspar et al. 2015). Zyxin antagonizes
the function of Ex and it promotes growth by
interacting with the actin polymerization factor
Enabled (Ena) (Gaspar et al. 2015). Similar to
flies, Cdc42-mediated actin polymerization is
an important regulator of YAP in mice where
loss of Cdc42 induces nuclear exclusion of YAP
in both kidney and lung cells (Reginensi et al.
2013; Liu et al. 2016).

Spectrins

The spectrin proteins form a subcortical net-
work to support the mechanical properties of
the cell (Machnicka et al. 2012). There are three
spectrin proteins a-, b-, and bH-spectrin pre-
sent in Drosophila and Caenorhabditis elegans
while humans have two a, four b, and one bH

spectrin (Bennett and Baines 2001). Spectrins
exist as a-b heterodimers and these hetero-
dimers form tetramers that assemble into a

Cell Junctions in Hippo Signaling

Cite this article as Cold Spring Harb Perspect Biol 2018;10:a028753 11



fibrillar meshwork beneath the plasma mem-
brane by binding to short actin filaments
(Machnicka et al. 2012). In Drosophila, a-spec-
trin localizes apically and basally whilebH-spec-
trin localizes only apically and b-spectrin only
basally. The apical spectrins are important for
normal activity of the Hippo pathway in imagi-
nal discs. Therefore, loss-of-function mutations
in a and bH-spectrins cause a slight hyperacti-
vation of Yki and imaginal disc overgrowth
(Deng et al. 2015; Fletcher et al. 2015; Wong
et al. 2015). On the other hand, basal spectrins
are essential for tissue homeostasis in follicle
cells and intestinal stem cells. Thus mutations
in a and b-spectrins cause Yki hyperactivity in
these cells (Deng et al. 2015; Fletcher et al. 2015;
Wong et al. 2015). Mechanistically, apical spec-
trins bind to Ex and induce clustering of up-
stream Hippo pathway components including
Ex, Crb, Mer, and Kib, which promotes Hippo
pathway activity and inhibits Yki (Fletcher et al.
2015). Spectrins may also inhibit Yki activity
by modulating the tension in the actomyosin
cytoskeleton (Deng et al. 2015). Knockdown
ofa-spectrin andb-spectrin also causes nuclear
localization of YAP in vitro in mammalian cells
(Wong et al. 2015; Deng et al. 2015).

Regulation of the Hippo Pathway by Cellular
Tension

Cellular tension promotes nuclear accumula-
tion of YAP in mammalian cells (Aragona
et al. 2013; Codelia et al. 2014; Benham-Pyle
et al. 2015). Although cytoskeletal tension and
the architecture of the F-actin cytoskeleton are
interconnected and dependent on each other, it
appears that their effects on the Hippo pathway
are mediated by separable molecular mecha-
nisms (Das et al. 2016). In sparsely cultured
MCF10A cells, F-actin stress fibers promote
nuclear localization of YAP through a mecha-
nism that is independent of the YAP phosphor-
ylation status (Dupont et al. 2011; Das et al.
2016), whereas inhibition of actomyosin
contractility causes YAP phosphorylation at
LATS1/2 phosphorylation sites and its nuclear
export in sparse mouse embryonic fibroblasts
(MEFs) (Das et al. 2016). Therefore, the struc-

ture of the F-actin cytoskeleton and the tension
that it generates affect Hippo pathway activity
through distinct mechanisms.

While the mechanisms at work are poorly
understood, there are some glimpses of poten-
tial mechanisms. Cyclic stretch of cells activates
JNK, which phosphorylates the Ajuba family
protein LIMD1 enabling its interaction with
LATS1/2 (Codelia et al. 2014). This then inhib-
its LATS1/2 and promotes nuclear accumula-
tion of YAP (Codelia et al. 2014). Moreover,
transfer of cytoskeletal tension to the nucleus
regulates the activity of YAP in mesenchymal
stem cells through a process that requires
Nesprin 1 giant and Lamin A/C on the nuclear
envelope (Bertrand et al. 2014; Driscoll et al.
2015).

However, although many different molecu-
lar links between the cytoskeletal changes and
YAP have been discovered, none of them alone
can explain the dramatic effect of modulating
the cytoskeleton on YAP. Therefore, how the
actomyosin cytoskeleton regulates YAP/TAZ is
still not understood.

CELL-JUNCTION-DEPENDENT
REGULATION OF THE HIPPO PATHWAY IN
DEVELOPMENT AND DISEASE

Modulation of Hippo pathway activity by cell–
cell and cell–ECM interactions is important in
development and for homeostasis. A prominent
example is the regulation of YAP activity in de-
veloping mouse embryos (Nishioka et al. 2009).
After blastocyst formation, the inner cell mass
(ICM) gives rise to embryonic tissues, while the
outer cell layer gives rise to the extraembryonic
trophectoderm. Differences in Hippo signaling
activity determine these two cell types: YAP is
nuclear in trophectoderm cells and cytoplasmic
in ICM cells (Nishioka et al. 2009). Deletion
of Nf2 in all cells causes loss of LATS1/2-
dependent YAP phosphorylation in the inner
cell mass leading to nuclear YAP accumulation
and the formation of extra trophectoderm at
the expense of ICM (Cockburn et al. 2013).
Mechanistically, AMOT and AMOTL2 localize
apically in polarized outer cells where they are
sequestered away from LATS1/2 and YAP, which
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reduces the activity of Hippo signaling resulting
in nuclear and active YAP (Hirate et al. 2013;
Hirate and Sasaki 2014). In contrast, in ICM
cells, AMOT and AMOTL2 localize to adherens
junctions where they are phosphorylated and
in complex with LATS1/2. This interaction
activates LATS1/2, which phosphorylates YAP,
causing its nuclear exclusion, and thereby pre-
vents the differentiation of ICM cells into
trophectoderm (Hirate et al. 2013; Leung and
Zernicka-Goetz 2013).

Another important example is the effect of
focal adhesions on YAP activity during stem-
cell-fate decisions. Integrin-mediated regula-
tion of YAP activity can affect the differentiation
process. For example, decreased b1-integrin
activity on loss of membrane-anchored metal-
loproteinase MT1-MMP (Mmp14) in skeletal
stem cells causes decreased YAP activity, which
leads to change in the fate of skeletal stem cells
from osteogenesis to adipogenesis and chon-
drogenesis in vivo (Tang et al. 2013).

One of the most prominent consequences of
the regulation the Hippo pathway by cell junc-
tions is in cancer cells. Cancer cells often lose
junctional integrity and apico-basal cell polarity
(Gandalovičová et al. 2016), which may cause or
at least contribute to activation of YAP, which
is seen with high frequency in many different
types of cancer (Harvey et al. 2013; Halaoui and
McCaffrey 2014; Zanconato et al. 2016). In
addition, regulation by F-actin may be impor-
tant in cancer cells. For example in uveal mela-
noma, activating mutations in the catalytic
domain of Gq/11, induce Trio/Rho-Rac signal-
ing which causes F-actin polymerization and
leads to YAP nuclear localization and activation
(Feng et al. 2014; Yu et al. 2014).

CONCLUDING REMARKS: ARE SIGNALS
FROM CELL JUNCTIONS PERMISSIVE OR
INSTRUCTIVE FOR HIPPO SIGNALING?

Many connections between cell–cell and cell–
matrix junctions and the Hippo pathway have
been identified. It is clear that defects in cellular
junctions can have profound effects on the ac-
tivity of the Hippo pathway. Often these effects
have been interpreted as evidence that these

junctions and the proteins involved regulate
the activity of the Hippo pathway in the sense
that they transduce information and modulate
the activity of the pathway in response to chang-
es in junctional strength, extracellular signals,
etc. However, while it is clear that differences
in junctional strength cause differences in the
amount of Hippo pathway activity, it is mostly
not obvious under which natural circumstances
such changes are actually occurring and impact-
ing the biology of an organism. Thus, it will be
important in future experiments to test whether
a particular junction acts instructive in that it
transduces information into the Hippo pathway
and thus leads to a differential Hippo pathway
activity between cells, or whether a junction is
simply permissive for the assembly of the Hippo
pathway complex that is nevertheless essential
for normal cellular functioning.
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polarity signaling in the plasticity of cancer cell invasive-
ness. Oncotarget 7: 25022–25049.

Gaspar P, Tapon N. 2014. Sensing the local environment:
Actin architecture and Hippo signalling. Curr Opin Cell
Biol 31: 74–83.

Gaspar P, Holder MV, Aerne BL, Janody F, Tapon N. 2015.
Zyxin antagonizes the FERM protein expanded to couple
F-actin and yorkie-dependent organ growth. Curr Biol
25: 679–689.

Genevet A, Polesello C, Blight K, Robertson F, Collinson LM,
Pichaud F, Tapon N. 2009. The Hippo pathway regulates
apical-domain size independently of its growth-control
function. J Cell Sci 122: 2360–2370.

Genevet A, Wehr MC, Brain R, Thompson BJ, Tapon N.
2010. Kibra is a regulator of the Salvador/Warts/Hippo
signaling network. Dev Cell 18: 300–308.

Giampietro C, Disanza A, Bravi L, Barrios-Rodiles M, Co-
rada M, Frittoli E, Savorani C, Lampugnani MG, Boggetti
B, Niessen C, et al. 2015. The actin-binding protein EPS8
binds VE-cadherin and modulates YAP localization and
signaling. J Cell Biol 211: 1177–1192.
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