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Integrin-FAK-CDC42-PP1A signaling
gnaws at YAP/TAZ activity to control
incisor stem cells

Julia Hicks-Berthet and Xaralabos Varelas�

How epithelial tissues are able to self-renew to maintain

homeostasis and regenerate in response to injury remains

a persistent question. The transcriptional effectors YAP

and TAZ are increasingly being recognized as central

mediators of epithelial stem cell biology, and a wealth of

recent studies have been directed at understanding the

control and activity of these factors. Recent work by Hu

et al. [1] has added to this knowledge, as they identify an

Integrin-FAK-CDC42-PP1A signaling cascade that directs

nuclear YAP/TAZ activity in stem cell populations of the

mouse incisor, and define convergence on mTORC1

signaling as an important mediator of the proliferation of

these cells. Here, we review recent studies on YAP/TAZ

function and regulation in epithelial tissue-specific stem

cells, merging the Hu et al. study together with our current

knowledge of YAP/TAZ.
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Introduction

The ability of epithelial tissues to balance cell proliferation and
differentiation is essential for proper organ development and
homeostasis, and is critical for coordinating regenerative
responses following injury. One signaling pathway that has
emerged as central in transducing cues that impact stem/

progenitor cell proliferation and differentiation is the Hippo
pathway. The Hippo signaling pathway is composed of a set
of factors that direct the action of a kinase cascade controlling
the function of two paralogous transcriptional regulators:
YAP (Yes-associated protein; YAP1) and TAZ (transcriptional
co-activator with a PDZ-binding domain; also known as
WW domain containing transcription regulator 1, or WWTR1)
(hereafter referred to together as YAP/TAZ). First identified in
Drosophila melanogaster for its roles in tissue growth
control [2–8], the Hippo pathway has emerged as an important
mediator of various developmental processes, as a regulator of
tissue regeneration, and as a tumor suppressor [9]. In brief,
the core mammalian Hippo pathway is composed of the
Mammalian Ste20-like (MST) serine/threonine kinase family
that phosphorylate and activate the Nuclear Dbf (NDR)
family kinases LATS1 and LATS2 (hereafter referred to together
as LATS1/2), which subsequently phosphorylate YAP/TAZ
to direct their localization, stability and activity [2, 10–12].
Hypo-phosphorylated YAP/TAZ accumulate in the nucleus,
where they regulate gene expression. Upon phosphorylation,
YAP/TAZ are excluded from the nucleus and generally
targeted for degradation, consequently resulting in low YAP/
TAZ-mediated transcriptional activity [10].

Several phosphorylation sites are described to control
YAP/TAZ function, the best characterized being the phos-
phorylation of a serine residue that promotes binding to the
14-3-3 family proteins (Ser127 in human YAP; S89 in human
TAZ) [13, 14]. A canonical phosphodegron motif (DSGXXS)
within YAP/TAZ also plays important regulatory roles, as the
phosphorylation of this motif is implicated in YAP/TAZ
recognition and ubiquitination by the b-TRCP/SCF ubiquitin
ligase complex, and subsequent targeting for proteasomal
degradation [15, 16]. LATS1/2-mediated phosphorylation of
YAP/TAZ on a conserved serine residue (Ser397 in human
YAP-isoform 1; S311 in human TAZ) has been shown to prime
the neighboring phosphodegron motif for phosphorylation by
CK1d/e kinases, providing multi-level control of YAP/TAZ
levels. Several other phosphorylation sites have been shown
to control YAP/TAZ activity, some of which direct divergent
regulation. For example, YAP has recently been shown to be
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phosphorylated by AMPK on Ser94 under conditions of energy
stress, consequently disruptingYAPbinding to the TEAD family
of transcription factors [17], which is one of the major family of
transcription factors regulated by YAP/TAZ. Osmotic stress has
also recently been shown to lead to Nemo-like kinase (NLK)-
mediated phosphorylation of YAP on Ser128, which increases
nuclear YAP levels [18, 19], possibly by disrupting interactions
with or modification of the neighboring Ser127 residue.
Phosphorylation of TAZ by glycogen synthase kinase 3b
(GSK3b) on Ser58 and Ser62 in human TAZ has been shown
to recruit the b-TrCP ubiquitin ligase, targeting TAZ for
degradation [20]. Similar GSK3b-mediated regulation of YAP
has not been described, offering an explanation for why TAZ is
more unstable than YAP in many cell culture models. Genetic
studies in mice have shown that dysregulation of YAP/TAZ
phosphorylation has severe consequences for the development
and homeostasis of various organs. Thus, the control of YAP/
TAZphosphorylation serves as an importantmodeof regulation
for the localization and stability of these factors (key
phosphorylation sites areoutlined inFig. 1), andunderstanding
thecontext-specificmechanisms regulating thesemodifications
becomes important for potential interception of disease and our
ability to control regenerative events.

Hu et al. [1] have recently added to our knowledge of YAP/
TAZ control and function by studying YAP/TAZ-directed stem
cell regulation in the adult mouse incisor. Using a combina-
tion of genetic models and explant culture experiments the
group showed an active role for YAP/TAZ in promoting
mTORC1-mediated proliferation of transit-amplifying cells in
the inner enamel epithelium. Deletion of YAP/TAZ in adult
dental epitheliumwith the use of a Cre-recombinase under the
control of the Keratin14 (Krt14) promoter led to dramatic tissue
loss in the incisor epithelium in locations of high cellular
turnover, where stem and transit-amplifying cells are actively
proliferating and differentiating. They further showed that as
quiescent stem cells shift to become transit-amplifying cells,
an integrin-FAK-CDC42-PP1A cascade acts to dephosphorylate
YAP, driving nuclear accumulation and consequent upregu-
lation of target genes that direct transit-amplifying cell
proliferation. A notable target identified was Rheb, which is
a positive regulator of the mTORC1 complex. Signaling via the
mTORC1 pathway is essential for coordinating nutrient
availability with cell growth and plays important roles in
stem cell proliferation control [21], thus the study by Hu
et al. [1] offers insight into how Hippo-mTORC1 signaling may
converge to direct stem cell dynamics. Below, we briefly
review our current knowledge of YAP/TAZ in epithelial stem
cell biology, comparing the recent findings by Hu et al. [1] in
the mouse dental epithelium with our knowledge of YAP/TAZ
in other organs.

Transcriptional regulation by YAP and
TAZ

Though they lack a direct DNA binding domain, YAP/TAZ
are able to exert transcriptional control via a C-terminal
transcriptional activation domain, a N-terminal PxxFP motif
that mediates binding with the TEAD family of transcription

factors, and a WW domain that mediates binding with various
other transcription factors [22–25]. Chromatin immunoprecip-
itation experiments have revealed that YAP and TAZ generally
occupy enhancer regulatory regions [26–29], and function to
recruit chromatin remodeling complexes, such as the
Mediator complex [27], p300 [30, 31], the SWI/SNF com-
plex [32], and the NuRD [26] and NCoR1 [33] repressor
complexes. In doing so, YAP/TAZ direct both the activation
and repression of gene expression.

Context for YAP/TAZ-regulated gene expression in stem/
progenitor cell control is dictated by associated transcription
factor complexes. For example, YAP interacts with the
transcription factor p63 in bronchial epithelium to direct gene
expression required tomaintain the basal stemcell state [34]. In
the intestinal epithelium, YAP cooperativity with different
transcription factors modulates the balance between prolifera-
tion and cell fate commitment: in intestinal stem cells, YAP acts
in concert with TEADs to promote proliferation, while
cooperation with Klf4 can direct differentiation to the goblet
cell fate [35]. Binding to Smad transcription factors direct TGF-
beta-regulated processes important for human embryonic stem
cell maintenance and differentiation [26, 36], and interaction
with beta-catenin controls Wnt-regulated processes during
cardiomyocyte proliferation [37]. Further, interaction with the
TEAD transcription factors and convergence with Activator
Protein-1 transcriptional complex is emerging as important for
drivingpro-tumorigenicevents invariouscancers [29,38].Thus,
increasing our knowledge into YAP/TAZ-binding transcription
factor complexes will undoubtedly offer better insight into the
context of YAP/TAZ activity.

YAP/TAZ direct tissue specific stem/
progenitor cell dynamics

Analyses of YAP/TAZ activity in a variety of tissues have
demonstrated common and differing roles for YAP and TAZ in
stem/progenitor cell expansion in development and regener-
ation. Conditional deletion studies of YAP/TAZ in developing
and adult animals have shown the depletion of stem/
progenitor cell populations in several organs [39], including
the lung [34, 40], salivary gland [41], pancreas [42, 43],
epidermis [44, 45], and, most recently, the incisors, as
demonstrated by Hu et al. [1]. The potency of YAP/TAZ for
establishing and maintaining lineage specific stem cells has
been further demonstrated by the ability of transient YAP or
TAZ expression to reprogram differentiatedmammary, neural,
and pancreatic cells into local tissue specific stem cells with
self-renewal and differentiation capacity [46]. Whether
divergent or functional redundancy between YAP and TAZ
exists in these various contexts has been explored in some
studies. Observations reported by Hu et al. [1] indicate that
functional redundancy exists in the dental epithelium, as
severe defects, such as the complete loss of the labial cervical
loop, a region that contains dental epithelial progenitor cells,
are observed only following YAP/TAZ deletion. Interestingly,
in the dental epithelium TAZ appears to shift localization
following YAP deletion or forced nuclear YAP exclusion,
indicating the existence of regulated mechanisms that
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compensate for the loss of nuclear YAP activity. YAP levels in
cell culture are reported to have an inverse correlation to TAZ
levels, with reduced YAP levels increasing TAZ stability and
conversely increased YAP levels reducing TAZ stability in a
GSK3-dependent manner [47], providing a potential mecha-
nism for how YAP/TAZ functional redundancy is regulated.
However, such mechanisms remain to be explored in an in
vivo context. YAP and TAZ exhibit similar redundancy in the
epidermis, as deletion of both YAP/TAZ in Keratin5 (Krt5)-
positive epidermal stem cells results in severe hypoplasia
and defective skin repair following wounding, phenotypes
that are more apparent than those observed following the
individual deletion of YAP or TAZ [48]. Despite this
redundancy, YAP appears to play a more dominant role
than TAZ, as lineage specific deletion of YAP is sufficient to
reduce the numbers of epidermal stem cells, and lead to
hypoplasia [49, 50].

Epidermal stem cells exhibit elevated nuclear YAP levels,
and YAP exits the nucleus in differentiating and mature
keratinocytes [48, 49]. Recent observations indicate that in
epidermal stem cells nuclear YAP/TAZ promotes the expres-
sion of Delta-like ligands, which serve as ’in cis’ inhibitors of
Notch signaling and consequently promote the stem cell
state [51]. Hyper-activation of nuclear YAP activity through
induced expression of the YAP-S127A mutant has been
shown to promote the expansion of epidermal stem cells into
the suprabasal compartment in vivo. Expression of a YAP-
TEAD binding mutant (S79A) phenocopies the YAP knockout
in the epidermis, indicating that in this context YAP function
is dependent on transcriptional regulation of the TEAD
family of transcription factors [50, 52]. Much like the dental
epithelium, the mature epidermis represents a prototypical

example of a tissue undergoing con-
tinuous cycles of stem cell self-
renewal and differentiation to main-
tain homeostasis. Therefore based on
these observations it is logical to
speculate that YAP/TAZ are critical
in tissues with high cellular turnover.
However, arguing against this idea,
YAP/TAZ are dispensable in the
homeostatic intestinal epithelium,
another tissue with high turnover
rates, and only are required under
regenerative conditions following in-
jury [53–55]. Thus, the question of
why the homeostasis of only some
epithelial tissues rely on YAP/TAZ
remains to be better understood.

YAP is also essential for the
control of various other somatic stem
cell populations, including those
found in the airway epithelium of
the lung and trachea. Like the epider-
mis and the dental epithelium, airway
epithelial stem cells express Krt5 and
the transcription factor p63, suggest-
ing common features between these
cells that may relate to YAP/TAZ
activity (e.g. regulation of similar

transcriptional factors, such as p63, and similar target
genes). The airway epithelium is arranged as a pseudos-
tratified layer of cells, with YAP exhibiting predominantly
cytoplasmic localization in the luminal positioned differen-
tiated cells, and pronounced nuclear localization in the basal
positioned stem cells [34, 40]. Expression of the YAP-S127A
mutant in Krt5-positive basal stem cells promotes hyper-
plastic overgrowth, while deletion of YAP leads to aberrant
differentiation of this cell population [34]. Though manipu-
lation of YAP expression within the airway leads to severe
epithelial defects, TAZ activity has not yet been well studied
in this region of the lung. Developing lung epithelium relies
predominantly on YAP activity, as deletion of YAP results in
severe branching and patterning defects that are not
observed following the deletion of TAZ [40, 56, 57]. However,
TAZ does play important roles in lung development, as TAZ
null mice exhibit alveolarization defects and the onset of
emphysema-like phenotypes [56, 57]. Similar to the lung,
deletion of YAP in the developing salivary gland epithelium
results in branching and patterning defects [41]. In these
branching organs, deletion of YAP results in the failure to
specify progenitors that give rise to the ductal epithelium,
indicating that YAP serves to integrate the converging signals
required for ductal patterning during the branching
morphogenesis program.

The relationship between YAP/TAZ and
mTOR signaling

While the transcriptional regulatory activity of YAP/TAZ is
clearly important for stem/progenitor cell maintenance and

Figure 1. Schematic of (A) YAP and (B) TAZ regulatory domains and phosphorylation sites.
Several residues described to be phosphorylated are highlighted, including S397 within human
YAP-Isoform1, at which phosphorylation by Lats1/2 is known to prime YAP for SCF-bTRCP-
mediated proteasomal degradation, and is now shown by Hu et al. to be dephosphorylated by
FAK-CDC42-PP1A signaling cascade.
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expansion, the precise targets and mechanisms by which
YAP/TAZ regulate “stemness” are not well defined. Hu
et al. [1] provide evidence that YAP/TAZ mediated induction
of mTOR signaling plays a role in the proliferation of transit-
amplifying cells in the inner enamel epithelium, and that
this is achieved in part by the YAP/TAZ-directed increases in
the expression of Rheb, which encodes a GTP binding
protein that activates mTORC1. Given the intimate relation-
ship between mTOR signaling, nutrient sensing, and
metabolic control, convergence with mTOR offers a logical
downstream mechanism for how YAP/TAZ direct stem/
progenitor cell survival and expansion. Consistent with such
a relationship, mTOR contributes, at least in part, to YAP-
induced basal cell hyperplasia in the epidermis, as
inhibition with LY294002 suppresses the hyperplastic
phenotype [58].

Given the transcriptional data provided by Hu et al. [1], it
is difficult to discern whether this positive regulation of
mTOR signaling occurs solely as a result of Rheb regulation.
Indeed, several points of convergence between mTOR and
YAP/TAZ signaling have been described. YAP increases miR-
29 levels, which negatively regulate the mTOR antagonist
PTEN, thereby promoting active mTOR signaling [58]. HEK-
293A cell culture growth is regulated by YAP/TAZ-induced
expression of amino acid uptake receptors, such as the
leucine transporter, which increases intracellular amino acid
levels and consequently activates mTORC1 signaling [59].
Further, YAP/NuRD cooperativity in breast epithelial cells
has been shown to directly suppress the expression of
DDIT4, a known inhibitor of mTOR signaling [60]. Thus, it is
likely the relationship between YAP/TAZ and mTOR signal-
ing is multilayered, and likely defined by the local cellular
context.

While the data provided by Hu et al. [1] support a role for
mTOR signaling in transit-amplifying cell expansion, it is
worth noting that observations in keratinocytes and hemato-
poietic stem cells indicate that mTOR paradoxically directs the
quiescence of these local stem cells [61–63]. Thus, additional
tissue specific cues may modulate the roles of mTOR signaling
in directing progenitor cell dynamics. Further work remains to
determine the mechanisms by which YAP/TAZ transcription-
ally regulate the signaling cascade, and establish how YAP/
TAZ restrain and balance the antagonistic proliferative and
quiescence cues that mTOR may exert within local tissue
progenitors.

Independent signals control the
phosphorylation and de-phosphorylation
of YAP/TAZ

The Hippo pathway, encompassing the kinase cascade of
MST1/2 and LATS1/2, is the best studied YAP/TAZ regulatory
pathway. Through inducible lineage specific Cre-mediated
knockout experiments, the MST1/2 kinases have been shown
to participate in the nuclear exclusion of YAP and TAZ in a
number of organs including the lung [64, 65], intestine [66],
liver [67–70] and pancreas [42]. Although the core Hippo
pathway presents a mechanism of YAP/TAZ control, the roles

of several effectors of the pathway are not conserved across
different organs. For example, in the epidermis, YAP is
regulated via MST1/2 independent mechanisms, as deletion of
both MST1/2 has no effect on epidermal organization or YAP
S127 phosphorylation [50]. Similarly, Hu et al. [1] demon-
strated that the activity of YAP in the dental epithelial stem
cells and transit-amplifying cells is independent of MST1/2
activity. LATS1/2 activity, however, appears to be central for
YAP/TAZ localization control in most in vivo contexts,
including the dental epithelium. Collectively these data
highlight that alternate upstream cues, such as those
potentially mediated by the MAP4K family of kinases
[71, 72], may direct LATS1/2 kinase activation to control of
YAP/TAZ activity.

In addition to kinases, emerging evidence indicates
important roles for phosphatases in the positive regulation
of YAP/TAZ transcriptional activity [50, 73, 74], however,
relatively little attention has been dedicated to such
regulation in an in vivo context. Hu et al. [1] now provide
evidence that the dephosphorylation of YAPmay be equally as
important as phosphorylation by the LATS1/2 kinases for
controlling YAP activity, and consequently regulation of
progenitors in the dental epithelium. They showed that a
signaling axis composed of ITGA3-FAK-CDC42 is activated
specifically in transit-amplifying cells of the dental epithe-
lium, and that this network promotes the binding of the PP1A
phosphatase complex to YAP, driving increased nuclear YAP
activity. Interestingly, PP1A was shown to dephosphorylate
Ser397 within YAP, doing so independently of LATS1/2
activity. Given that this residue has been shown to prime
the phosphodegron for phosphorylation [15], an obvious
molecular mechanism for YAP nuclear activation is that
ITGA3-FAK-CDC42 signaling promotes YAP stability and
consequently results in its increased nuclear levels. However,
evidence presented by Hu et al. [1] suggests that the
modification of Ser397 may impact YAP localization indepen-
dent of alterations in protein levels. Therefore, further
molecular studies are required to clarify the mechanisms
behind the regulation and functional consequences of this
modification.

Integrin and extracellular matrix-regulated
cues control YAP and TAZ

Integrin-FAK signaling as a general mechanism for control-
ling YAP/TAZ activity in stem cells is appealing, as many
YAP/TAZ-regulated stem cell populations exhibit direct
contact with the basement membrane and thus are in a
position to receive integrin-activating instructive cues to
maintain the stem cell state (Fig. 2). The epidermis provides
perhaps the most striking example of this model, as stem cell
populations reside at the basal layer of a stratified
epithelium, and differentiating daughter cells are completely
separated from the basement membrane via asymmetric cell
division [75]. Indeed, recent work by Thompson and
colleagues [48] has demonstrated that integrin-mediated
signals activated by the basement membrane function in
the epidermis to direct YAP/TAZ activity. In the epidermis,
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Integrin-FAK-SRC signaling was shown to direct nuclear
YAP/TAZ localization in basal cells via a positive feedback
loop involving the expression of YAP/TAZ target genes that
induce integrin signaling, such as Integrins a3, a6, b1, b2,
b4, and CYR61, CTGF, and AREG. Interestingly, b4 integrin-
mediated activation of SRC tyrosine kinase has been shown
to promote the direct phosphorylation of tyrosine residues
within the transcriptional activation domain of YAP, leading
to increased YAP transcriptional activity [76]. Positive
feedback signaling between integrin-SRC and YAP is
proposed to be disrupted as differentiating keratinocytes
lose contact with the basement membrane enabling in-
creased phosphorylation and a consequent nuclear exit of
YAP/TAZ [48].

Studies in epithelial cell lines have also demonstrated that
YAP nuclear localization is promoted by a FAK-SRC-PI3K-
PDK1 cascade that acts to inhibit LATS1/2 in response to
integrin mediated adhesion to fibronectin [77]. The intestinal
epithelium presents an in vivo view of YAP regulation through
SRC family tyrosine kinases, where activated SRC promotes
the phosphorylation of YAP by the tyrosine kinase, YES, and
additionally leads to tyrosine phosphorylation and activation
of FAK in the intestinal stem cells, stabilizing YAP levels with
reduced phosphorylation at S127 and S397 [78, 79]. A direct
mechanism for YAP regulation by FAK is not described in this
context, and it will therefore be interesting to learn whether
this is mediated through activation of phosphatases that
direct YAP activity.

Given the central role for mechanical stimuli in regulating
the subcellular localization of YAP/TAZ [80, 81], the
underlying matrix stiffness may additionally direct YAP/
TAZ activity. Recent work has described a role for Integrin-
FAK signaling in the regulation of YAP via mechanical cues in
hepatocellular carcinoma [82]. Further work has also
described that in addition to receiving and transducing
mechanical stimuli, YAP and TAZ execute a feedback loop to
direct focal adhesion formation and thereby regulate cell
stiffness and mechanosensing [83]. Additionally, while

Integrins and FAK serve as basal
cues to activate nuclear YAP/TAZ
activity, it is likely that extracellular
signaling molecules and growth fac-
tors relay Hippo pathway signals or
control YAP/TAZ phosphatase acti-
vation. This includes secreted growth
factor-mediated activation of SRC via
stimulation of the EGFR, and extra-
cellular lipids, such as LPA, which
act through GPCRs to activate PI3 K
[84]. In addition, GPCRs, such as
GNAS, the gene coding for the Gas
heterotrimeric G protein, have been
shown to restrict the nuclear activity
of YAP in the epidermis, with in-
duced expression of active Gas
driving basal stem cell exhaus-
tion [85]. These signaling cascades
that control YAP/TAZ localization
may therefore function in concert
with mechanical cues from the base-

ment membrane, or serve as alternate mechanisms for YAP/
TAZ activation in tissues where basal signals exert less control
over progenitor cell fate.

Apical-Basal polarity and junctional
complexes restrain YAP/TAZ nuclear
activity

In several organs, the loss of basement membrane contact is
not a requirement for stem cell differentiation. For example,
the lung and tracheal epithelium is arranged as a
pseudostratifed layer of cells that all contact the basal
membrane. Similarly, the columnar epithelial cells of the
small intestine are all in contact with the basement
membrane. Thus, it is likely that alternate cues are required
to mediate epithelial cell differentiation. Such cues may be
initiated by the establishment of a polarized apical domain,
which generates a negative regulatory signal that counter-
balances the ‘pro-nuclear YAP/TAZ’ signaling from the
basement membrane. The transmembrane Crumbs proteins,
which direct the assembly of a protein complex required for
apical domain identity [86], is implicated in YAP/TAZ
regulation, as the loss of Crumbs complex proteins induce
nuclear YAP/TAZ [87, 88]. The Crumbs complex is crucial for
establishing and maintaining the apical epithelial domain,
and thus likely has important roles in directing epithelial
differentiation in various contexts. In the airway epithe-
lium, for example, deletion of Crumbs3 (Crb3), a major
Crumbs isoform expressed in this tissue, results in
dysregulated nuclear YAP localization and consequent
failure for the airway epithelium to mature [87]. Apical
polarity complexes serve as signaling hubs that facilitate
LATS1/2-YAP interactions, thereby promoting YAP phos-
phorylation and nuclear exit. Notably, in addition to
providing a polarization signal during differentiation, the
Crumbs complex may also serve as a mechanosensor via the

Figure 2. Illustration depicting (A) basal signals that are induced by Integrins to promote YAP/TAZ
nuclear localization and activity, and (B) apical cues described to restrict YAP/TAZ from the nucleus.
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spectrin cytoskeleton, which is known to direct Hippo
pathway activity [89, 90]. Stretch of the epithelium may
therefore have the potential to reduce the potency of the
Crumbs complex to activate Hippo kinases thereby relieving
YAP/TAZ from inhibitory signaling [91]. Other proteins
associated with cell-cell junctions in the apical domain have
also been implicated in negative regulation of YAP
transcriptional activity. In the epidermis, for example, a-
catenin binds and stabilizes phosphorylated YAP [50, 92], in
part by protecting it from PP2Ac mediated dephosphoryla-
tion, presenting another potential parallel mechanism of
LATS1/2 independent inhibition of nuclear YAP. Similarly,
a-catenin has been shown to regulate the tooth signaling
center, the enamel knot formation, by controlling YAP/TAZ
activity during tooth development [93]. Thus, as epithelial
cells differentiate they negatively regulate YAP/TAZ nuclear
activity through the establishment of a polarized apical
domain and cell-cell junctions, which activate Hippo
signaling and buffer YAP from phosphatases. It will be
interesting, in future in vivo studies, to examine whether
alterations in the polarized state of differentiated epithelial
cells liberates the pool of cytoplasmic YAP/TAZ to provide
instructive cues and promote progenitor cell expansion in
response to injury.

Conclusions

In their recent study [1], Klein and colleagues have
demonstrated the persistence of YAP/TAZ activity as a potent
regulator of epithelial progenitor cell fate and expansion.
However, while this recent study has defined regulatory roles
for YAP in the transit-amplifying population, a core question
still remains: What signals a quiescent stem/progenitor cell to
self-renew versus transition into a transit-amplifying cell
state? Both the transit-amplifying cells and the stem cells
appear to be lost following the deletion of YAP/TAZ,
suggesting that YAP/TAZ have roles in sustaining stem cell
renewal or survival in addition to driving transit-amplifying
cell expansion. The low levels of nuclear YAP localization in
the stem cells suggest potential non-nuclear roles in these
cells. The proposed model by Hu et al. [1] for transit-
amplifying cell expansion relies on the specific expression of
integrin a-3 to drive YAP nuclear localization. But integrin a-3
is a transcriptional target of YAP. So, whether the Integrin-
FAK-PP1A-YAP cascade serves as the initiator of progenitor
expansion or as a positive feedback loop to sustain expansion
remains unresolved. In addition to describing YAP/TAZ
regulation in transit-amplifying cells, this work also points
out further intricacies of the downstream roles of YAP/TAZ
that would be well worth pursuing in models of injury and
regeneration in other tissues.
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