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The Hippo (Hpo) signalling pathway is an evolutionarily
conserved pathway controlling tissue growth, but its
upstream inputs remain poorly understood. In this issue
of The EMBO Journal, Sansores-Garcia et al (2011) report
that modulation of filamentous (F)-actin accumulation
controls Hpo pathway activity. In a related study, Garcia-
Fernandez et al (2011) confirm this finding, and also show
that the Hpo pathway itself can modulate F-actin levels.
Such actin-dependent regulation of Hpo pathway activity
has relevance to the control of tissue growth by epithelial
architecture and external tension cues.

Over the last 10 years, the Hpo signalling pathway has
emerged as a key negative regulator of tissue growth in
Drosophila and mammalian systems (reviewed by Harvey
and Tapon (2007)). Central to the Hpo pathway is the Hpo
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protein kinase and its adaptor, Salvador (Sav), along with
the Warts (Wts) kinase and its adaptor Mats (see Figure 1).
Activated Hpo phosphorylates and activates Wts, which
in turn phosphorylates the transcriptional co-activator Yki,
rendering it inactive and restricted to the cytoplasm. Upon
inactivation of the Hpo pathway, Yki is dephosphorylated and
can enter the nucleus where, in complex with the Scalloped
(Sd) Tead-family transcription factor, it upregulates target
genes, including the cell-cycle regulator Cyclin E and the
inhibitor of apoptosis Diapl. The core Hpo kinase cassette
is regulated by several upstream inputs, including the
KEM complex, consisting of Expanded (Ex), Merlin (Mer)
and Kibra (Kib), the atypical cadherin Fat (Ft), and the apico-
basal polarity regulators, Crumbs (Crb), atypical protein
kinase C (aPKC) and Lethal-giant-larvae (Lgl) (reviewed by
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Figure 1 Regulation of Hpo pathway signalling by F-actin. Under conditions of low apical F-actin, Hpo pathway activity is high, leading to
inhibition of Yki activity and inhibition of tissue growth. When apical F-actin levels are high (upon activation of Dia or inhibition of Cp or
Capt), Hpo pathway activity is inhibited leading to activation and nuclear import of Yki, and upregulation of Yki targets, thereby promoting
tissue growth. Wts appears to be the key target of negative regulation of the Hpo pathway by apical F-actin. Active Hpo signalling also feeds
back to block F-actin accumulation, at least partially independently of Yki function. Physiologically, F-actin accumulation may be regulated by
external tension cues, thereby controlling tissue growth via the Hpo pathway.
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Grusche et al (2010)). The KEM complex binds to and
activates the core cassette. Crb controls Ex levels and locali-
zation, while the balance between aPKC and Lgl regulates
Hpo localization. Ft acts by inhibiting the atypical Myosin,
Dachs (D), which in turn regulates Wts stability. The recent
findings of Sansores-Garcia et al (2011) and Garcia-Fernandez
et al (2011) on the negative regulation of Hpo signalling by
apical F-actin reveal a new layer of upstream regulation that
may connect mechanical tension to tissue growth.

The study from the Halder laboratory (Sansores-Garcia
et al, 2011) discovered F-actin regulators as novel modulators
of a Yki-responsive luciferase reporter in a genome-wide
RNAIi screen in Drosophila S2 cells. As negative regulators
of Yki activity they identified the capping proteins, Cpa and
Cpb (CP), which prevent addition of actin monomers to the
barbed end of actin filaments; Capulet (Capt), which seques-
ters monomeric actin; and Cofilin (Twinstar, Tsr), which
severs actin filaments and promotes dissociation of actin
monomers from the pointed end of F-actin. They also found
that knockdown of the positive regulators of actin polymer-
ization, Wasp and Arc-p20, inhibited Yki activity in S2 cells.
Consistent with F-actin being the essential regulator of Yki
activity, the F-actin destablizing drug, Cytochalasin D, also
inhibited Yki activity. Importantly, this connection was con-
served in vivo, since knockdown of CP, or expression of a
constitutively active version of the actin nucleation factor
Diaphanous (Dia“*), in Drosophila larval epithelial tissues
resulted in increased apical F-actin and increased tissue
growth—in a Yki-dependent manner. This regulation was
also observed in mammalian cells, where expression of
mDia“® in HeLa cells increased activity of the mammalian
Yki homologue, Yap, while Cytochalasin D decreased Yap
activity. These findings are consistent with previous studies
already hinting at a link between actin and Hpo signalling:
the mammalian Hpo homologue, Mstl or 2, is activated by
disruption of the actin cytoskeleton (Densham et al, 2009),
and actin cytoskeleton disruption upregulates Merlin/NF2
and correlates with G1 cell-cycle arrest (Lohez et al, 2003).

The related study from the Janody laboratory (Garcia-
Fernandez et al, 2011) agrees with the Halder study in that
RNAi knockdown or mutant alleles of CP result in increased
tissue growth and Yki target upregulation in the Drosophila
larval wing epithelium. However, they found that, while CP
and Capt—both of which restrict apical F-actin accumula-
tion—regulate Hpo pathway signalling, Cofilin, which acts
more globally on cortical F-actin, does not. Thus, they con-
clude that it is the apical pool of F-actin that is critical to Hpo
pathway regulation. The Halder group identified Cofilin as a
negative regulator of Yki activity in S2 cells, but did not
analyse it in vivo. This difference in results may be explained
by cell type (a non-adherent cell line derived from embryos
versus larval polarized epithelial cells) or cell context (in vitro
versus in vivo).

Garcia-Fernandez et al (2011) also found that ex, hpo,
sav, mats or wts mutant clones upregulate F-actin, but over-
expression of YKi did not. Consistent with this, knockdown of
yki in cp mutant clones reduced the overgrowth phenotype,
but did not prevent F-actin accumulation. Therefore, dereg-
ulation of the core Hpo pathway components affects
F-actin via a Yki-independent mechanism. F-actin upregula-
tion by Hpo pathway inactivation has been previously
described in the pupal wing disc, but here Yki is involved
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(Fang and Adler, 2010). These differences may be due to the
different tissue context, but provides cause for further inves-
tigation of this mechanism.

A key difference between the conclusions from the Halder
and Janody laboratory studies concerns the issue of cell
autonomy or non-autonomy. The Janody study clearly re-
vealed that wild-type cells surrounding CP mutant clones also
upregulate YKki targets. By contrast, the Halder study knocked
down CP in clones using RNAi and co-expressed a dominant-
negative Jun Kinase transgene (bskPM) in the clones to
prevent cell death. In this situation, they did not observe
non-autonomous effects. Given the recent involvement of
JNK in compensatory proliferation (Warner et al, 2010; Sun
and Irvine, 2011), it is possible that blocking JNK activity in
cp mutant cells may prevent the non-cell autonomous activa-
tion of Yki and the compensatory proliferation that would
normally occur.

Pertaining to possible mechanisms connecting F-actin to
the Hpo pathway, the Halder laboratory showed that over-
expression of Wts, but not Hpo or Ex, suppresses Yki target
upregulation in Dia““expressing tissue, indicating that
F-actin acts downstream or independently of Ex and Hpo,
but upstream of Wts (Figure 1). In contrast to this, the
Janody group claimed that overexpression of Ex or Hpo in
cp-depleted tissue suppressed tissue overgrowth, although
since the mutant tissue was not marked further analysis is
needed. Furthermore, in this experiment, overexpression
of Hpo reduced the level of F-actin in cp-depleted tissue,
preventing conclusions about how F-actin accumulation and
the Hpo pathway intersect. Thus, while these studies have
revealed a novel regulatory connection between Hpo path-
way activation and apical F-actin levels, the precise mechan-
ism remains to be determined. Several key issues need to be
addressed. Are the core Hpo pathway components assembled
and activated on particular pools of F-actin? or does the level
or state of apical F-actin relay information to the Hpo path-
way via upstream regulators? If so, does apical F-actin act via
existing upstream branches or via unknown regulators?
Furthermore, is the upregulation of F-actin in Apo pathway
mutant clones independent of the ability of actin regulators to
modulate Hpo pathway activity, or linked in some way? Since
Wts is regulated by Dachs (D), which was a Myosin-related
protein would be expected to bind F-actin, one possibility is
that D might respond to the state of apical F-actin to control
Wts activity. Possible links between the Hpo pathway and
actin in mammalian cells include Merlin/NF2 that requires
interaction with the actin cytoskeleton to mediate cell-cycle
arrest and can also inhibit actin polymerization (Curto and
McClatchey, 2008), and Wts/Latsl that can inhibit Limk1
(Yang et al, 2004), which induces actin polymerization via
inhibition of Cofilin.

What is the physiological role of this connection of F-actin
to the Hpo pathway? A possible role for this pathway involves
the response to external tension cues (Figure 1). In
Drosophila oogenesis, proliferation of the follicular epithe-
lium is coupled to the force emanating from the growing
germ-line cyst, and depends upon an intact actin cytoskeleton
(Wang and Riechmann, 2007). Furthermore, in cultured
mammalian cells, where the proliferative response to external
mechanical forces has been well studied (reviewed by
Assoian and Klein (2008) and Mammoto and Ingber
(2009)), stiff extracellular matrix leads to increased stress
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fibre formation and promotes cell proliferation, dependent
upon an intact actin cytoskeleton. There are important im-
plications of these findings to cancer, since there is compel-
ling evidence that mechanical forces within the tumour
microenvironment are critical for the progression of the
tumour (reviewed by Yu et al (2011)). Despite extensive
research, these mechano-transduction studies have so far
largely focused on how integrin, Rho-GTPase and Erk signal-
ling impacts on the cell-cycle machinery, and have not
examined connections to the Hpo pathway. Clearly, the
work of Sansores-Garcia et al (2011) and Garcia-Fernandez
et al (2011) highlighted here, pave the way for further
investigation of the Hpo pathway and F-actin status in
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