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Accuracy is an important feature of development.
In our laboratory, we focus on the intercellular
which support
study the

mechanisms underlying it. Particularly, we focus on

communication, accurate

development, and roles and the
the Hippo signaling pathway, which plays central
roles in intercellular communication, and address
the mechanisms of regulation of the Hippo signaling,
cell fate control in preimplantation embryos by
Hippo signaling, cell competition mediated by
Hippo signaling. We also study the roles of physical
forces in regulation of embryonic development,

because forces regulates the Hippo signaling.
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(Nishioka et al. Dev Cell 2009) (IX| 1), T 72> b,
SMEIOMINRIE Hippo & 7 VMBI 272 T2
HR B IR T~ Yap 23R4T L CHRBA 1 Tead4
DIEMEAL U CRBIMNREE R A s 7 A FEBL S
w5, WIZAMOMIEIX Hippo > 7 T /L 53M# <
Z & T Yap PMEIC A 5T Teadd 3 EMEZFF72 72
W2 DIZN BB~ & 53k 5,
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HIEERE & LC, AT Z &% B L7z, Hippo
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HFIZEDZE, —HT, AMUOHMIRIE Par-aPKC
R X A TEM—ILE O bR AR O Ml ks & £ -
THEY ., ML TV D 2 & TSI &
% Hippo ¥ 7 T/ OIEME(L I S T\ 5
B N OMIdIE, #2535 & b ofE oA
HBEICLY ., MlaoOAEFHR % Hippo &7 7L
OFIENZHNTWND Z L3 jr - 7= (Hirate et al.
Curr Biol 2013) (X 2) .
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cDNA ZEALTI ) v 7 A~ 0 AR AR
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Accuracy is an important feature of embryonic
development. In developing embryos, cells
dynamically changes their behaviors, and variations
are present in behaviors and conditions (e.g. gene
expression, shape etc.) among cells. In spite of such
variations, the final organs and bodies formed
through development are always very accurate, and
disruption of developmental accuracy should cause
malformation, dysfunction and/or developmental
arrest. To achieve such an accurate development,
intercellular communications are important. With

intercellular communications, cells recognize their
environment and/or the status of their neighboring
cells, and control their behaviors to coordinate
cellular behaviors as a whole. We previously
showed that the Hippo signaling plays key roles in
such communications. We aim to reveal the
molecular mechanisms that support accurate
development. For this purpose, we focus on the
Hippo signaling pathway and study its roles in
development and the mechanisms controlling it.

1. Regulation of differentiation in preimplantation
mouse embryos.

During preimplantation development, mouse
embryos forms blastocyst which consists of two
types of cells: the trophectoderm (TE), which later
forms a placenta, and the inner cell mass (ICM),
which form an embryo proper. Differentiation of
these two cell types is controlled by cell positions
within the embryo. Previously, we revealed that this
cell position-dependent differentiation is controlled
by cell position-dependent activation of the Hippo
signaling pathway.

We studied the mechanisms underlying regulation
of the Hippo signaling by cell position, and found
the following mechanisms. Cell-cell adhesions via
adherens jucntions activate the Hippo pathway,
while polarization of the outer cells via Par-aPKC
system inhibits activation of the pathway by
adherens junctions (AlJs). Thus, the cells use
information of cell-cell adhesion and polarization to
convert the information of cell position to Hippo
signaling.

2. Regulation of Hippo signaling pathway

Studies in preimplantation embryos revealed
importance of Als for activation of the Hippo
pathway. We also found that binding of angiomotin
(Amot) and Nf2 proteins to the intracellular domain
of E-cadherin is required for Hippo pathway
activation by AlJs. Phosphorylation of Amot is the
key step for pathway activation. Amot has an
actin-binding activity, but, upon binding to
E-cadherin  complex, Ser176 of Amot is
phosphorylated by Lats protein kinase. This
phosphorylation inhibits actin-binding activity,
stabilizes interaction with Lats, and activates the
Hippo pathway. In the outer cells, cell polarization
sequesters Amot from basolateral Als to free apical
domains, thereby inhibit Hippo pathway activation
by Als. The mechanisms by which cell polarization
controls Amot remains to be elucidated.

3. Cell competition via Hippo signaling.
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We previously showed that the molecular basis of
contact inhibition of cell proliferation is the
regulation of transcriptional activity of the Tead
family transcription factors by controlling Hippo
signaling. We used NIH3T3 mouse embryonic
fibroblast cell line for this study, and showed that
increase or decrease of activities of Tead
transcription  factors increased or decreased
proliferation of cells, respectively. We found that
co-culture of Tead activity-manipulated cells with
normal cells dramatically altered proliferation of
both cells. In the co-culture of low Tead-activity
cells and normal cells, proliferation of the low
Tead-activity cells was strongly suppressed, and the
cells started to die when the total cell number
reached to the confluence. In contrast, in the
co-culture of the high Tead-activity cells and normal
cells, the high Tead-activity cells continued
proliferation without stopping, and the co-cultured
normal cells start to die once the total cell number
exceeded the confluence. These results indicate that
co-culture of the cells with different Tead activities
causes cell competition, in which the cells with
relatively higher Tead activity become the winners.
Tead regulates expression of Myc, and higher Myc
expression is induced in the winner cells at the
interface of different Tead activity cells. The
competitive activity and proliferation of the cell is
regulated by both Tead activity and Myc expression.
Such mechanism is similar to that of cell
competition in Drosophila imaginal discs. The
important questions to be addressed are whether
Tead activity triggered cell competition also takes
place in developing embryos, and if this is the case,
what is the role of it.

4. Mechanical control of morphogenesis.

To study the dynamic cell behaviors in mouse
embryos, we established the transgenic mouse line,
in which a fluorescent protein H2B-EGFP is
expressed in the node, notochord and endoderm
from Foxa?2 locus. Live imaging of postimplantation
embryos of this mouse line revealed that the
convergent-extension morphogenetic movement of
the notochord is accompanied by alteration of cell
orientation from the left-right axis to the
antero-posterior (A-P) axis. We hypothesized that
such cellular behaviors are caused by application of
an anisotropic stretching force along A-P axis to the
notochord. Indeed, we found that expansion of
amniotic cavity provide the extension force to the
notochord. In addition, mathematical simulation and
physical modeling revealed that the rectangular
morphology of the notochord caused application of

the anisotropic force along long axis (A-P axis)
from isotropic expansion of the amniotic cavity.
This mechanical force is also an upstream regulator
of planar cell polarity signaling, which is required
for convergent-extension morphogenesis of the
notorhocd.
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