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Our body is made from numerous numbers of
cells. By communicating each other, cells properly
build up bodies during development, and maintain
them throughout their lives. In the Department of
Cell Fate Control, we have found that the Hippo
signaling pathway, originally identified as a tumor
suppressor signaling pathway, plays important roles
in contact-mediated cell-cell communication. By
focusing on the Hippo pathway, we are studying the
mechanisms of contact-mediated intercellular
communication and the roles of such
communication in development of early mouse
embryos.

Hippo signaling pathway

A contact-dependent intercellular communication signal involved
in development and disease

proliferation
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This department started since April 2011. This
report summarizes the research progresses made
during the period between 2008 and March 2012.

Our body consists of large number and types of cells,
and is elaborated from single fertilized egg during
development. One of the important characteristics of
development is its accuracy: based on the genetic
information, bodies are constructed in a constant
morphology and are maintained properly throughout
their lives. To achieve this, the cells that constitute
the body should communicate each other, and
disruption of communications results in diseases
like tumors in the adults and malformation in the
embryos. By using mouse as a model animal, we are
studying the mechanisms of intercellular
communications as well as the roles of
communiations for embryogenesis and
morphogenesis. There are two types of intercellular
communications: long range communications
mediated by secreted signaling molecules, and short
range communications by direct cell-to-cell
contacts/adhesions. We recently put our focus on the
latter, especially the one mediated by the Hippo
signaling pathway, which is originally identified as a
tumor suppressor signaling pathway in Drosophila.

1. Cthrcl, an Wnt cofactor specifically activating
PCP signaling pathway.
During embryogenesis, the midline signaling center,
notochord, play important roles in communication
via secreted signaling molecules. To identify novel
regulatory mechanisms involved in embryogenesis,
we performed large scale screening of the genes
specifically expressed in the notochord, and
identified a secreted protein Cthrcl (collagen triple
helix repeat containing 1) (Yamamoto et al 2008).
Cthrcl mutant mice appeared normal, but enhanced
the abnormality observed with Vangl2, a component
of planar cell polarity (PCP) signaling. PCP
signaling is activated by Wnt signaling molecule.
Wnt proteins activate both canonical pathway and
PCP pathway, and selection of these two pathways
had been thought to be determined by the
characteristics of Wnt proteins. Different from this
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notion, regardless of types of Wnt prteoins, Cthrcl
enhanced interaction between Wnts and the Wnt
receptor, Fzd, and also enhanced interaction of Wnts
with the co-receptor Ror2, which specifically
activates the PCP patway. In cell culture system, in
the presence of Cthrcl, all Wnt proteins selectively
activated PCP pathway, and suppressed canonical
pathway. These findings suggest that Cthrcl is an
extracellular Wnt cofactor that controls pathway
selection, and provided a novel concept on
regulation of Wnt singling (Yamamoto et al 2008).

2. Roles of Tead family transcription factors in
embryonic development.

While studying the developmental mechanisms of
the notochord, a signaling center important for
mouse embryogenesis, we previously identified the
Tead family transcription factors as an activator of
the enhancer of Foxa2, a transcription factor
essential for notochord development (Sawada 2005).
There are four Tead family genes, Teadl~Tead4. To
examine the role of Tead genes in embryogenesis,
we generated Tead knockout mice. Teadl mutant
embryos die around embryonic day (E) 11.5 because
of severe reduction of myocardium proliferation
(Sawada et al. 2008), and Tead4 mutant embryos die
during preimplantation stage (described below)
(Nishioka et al. 2008). Therefore, although the four
Tead genes are expressed widely, at least some Tead
genes play specific roles depending on the tissues or
developmental stages.

In spite of the strongest expression level
of Tead2 among four Tead genes, Tead2 mutant
mouse show no obvious abnormality. Absence of
clear abnormality in Tead2 mutants is likely
explained by redundancies among Tead genes. Thus
we next generated Teadl; Tead2 double mutant mice
(Sawada et al. 2008). Teadl/2 double mutant
embryos show severe morphological abnormalities
at E8.5, and die around E9.5, demonstrating
overlapping functions between Teadl and Tead2.
Tead1/2 double mutant embryos show reduced cell
proliferation and increased apoptosis from E7.5
preceding the severe morphological abnormalities at
E8.5. Regional specification of germ layers takes
place normally, but development of the notochord
wass clearly compromised. Notochord was
fragmented and disappeared between ES8.25 and
8.75. Thus, Teadl/2 play essential roles in the
maintenance of the notochord, and in regulation of
proliferation and death of cells.

3. Control of cell proliferation by the transcription
factor Tead and its cofactor Yap.

Because Teadl/2 mutants showed reduced cell
proliferation, we examined its underlying
mechanisms in cell culture system (Ota and Sasaki,
2008). Proliferation of cultured cells is controlled by
cell density, and cells stop proliferation when they
reached confluence. This phenomenon is known as
the contact inhibition of proliferation. We found that
the cells with increased Tead transcriptional activity
did not exhibit contact inhibition, while the cells
with reduced Tead activity stopped proliferation at
low saturation density. Thus, Tead activity controls
cell density-dependent cell proliferation. We also
found that Tead proteins are always present in the
nuclei, and Tead coactivator protein Yap controls
Tead activity by altering its succelular localization:
Yap is present in the nuclei at low density, while
excluded from the nuclei at high density. We also
showed that Yap is regulated through Hippo
signaling pathway, a tumor suppressor signaling
pathway identified in Drosophila. Thus, the
molecular basis for the contact inhibition of cell
proliferation is regulation of Tead activity via Hippo
signaling.

Changes in cell density alter cell
morphology (degree of flatness) as well as degree of
cell-cell contacts. We asked whether changes in cell
morphology play a role when cells sense cell
densities (Wada et al. 2011). We controlled the
morphology of a single cell in the absence of
cell-cell contacts by culturing a single cell in a
variously sized micro sized cell culture area called
microdomain. Yap was accumulated in the nuclei in
the flat and spreading cells, while Yap was
phosphorylated and excluded from the nuclei in
compact cells. Amount of F-actin stress fiber
increases in flat cells, and disruption of F-actin
inhibit nuclear accumulation of Yap in flat cells.
These results revealed that cell morphology is an
important factor to sense the cell density, and
regulation of Hippo signaling via F-actin stress
fibers is its underlying mechanism.

4. Cell fate control by Hippo
preimplantation embryos.
As described above, Tead4 mutant embryos are
preimplantation lethal (Nishioka et al. 2008).
Preimplantation embryos develop into cyst-like
structure called blastocysts by E3.5. Blastocysts
consists of outer single layered epithelial tissue,
trophectoderm, and a cell mass attached to one end
of the inside of trophectoderm, inner cell mass.
Trophectoderm forms placenta, and inner cell mass
forms embryo proper. Tead4 mutants develop up to
E3.5, but they do not form trophectoderm, and all

signaling in
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the cells become the inner cell mass. Therefore,
mutants do not implant and stop development.
Tead4 is expressed in all the cells, but it is
dispensable for the inner cell mass, and pluripotent
Tead4 mutant ES cells can be established from
Tead4 mutant embryos.

We next revealed involvement of Hippo
signaling in the process of trophectoderm
differentiation by Tead4 (Nishioka et al. 2009). In
the inner cells, Hippo signaling is strongly activated
by cell-cell adhesion, leading to phosphorylation of
the coactivator protein Yap by Lats and its exclusion
from the nuclei. As a consequence, Tead4 remains
inactive in the inner cells. In contrast, in the outer
cells, weaker Hippo signaling allows nuclear
accumulation of Yap, and Tead4 becomes active.
Active Tead4 induces trophectoderm specific
transcription factors including Cdx2 and promotes
trophectoderm differentiation. Because the outer
cells also make cell-cell contacts with their
neighbors, the reason by which the outer cells show
weak Hippo signaling remains unknown. Presence
of free apical surface and/or apico-basal cell polarity
in the outer cells likely contribute to weaker Hippo
signaling.
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