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The main goal of the lab is to understand the
development of pancreas. We use mouse, chick and
ES cell models to search for molecules that function
in early events of pancreatic development. For this
purpose, we currently devote on the following
projects

1. Identification of molecular mechanism that
regulate pancreatic and hepatic development.

2. Establishment of in vitro differentiation
procedures to pancreas.

3. Studies on the biology of pancreas stem cells.
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1. Establishment of pancreatic and hepatic
differentiation of ES cells in vitro.

ES cells have been extensively studied and
shown to be able to form cells of all germ layers
including endoderm. The generation of specific
lineages of the definitive endoderm from embryonic
stem (ES) cells is an important issue in
developmental biology as well as in regenerative
medicine. We demonstrated that ES cells are
induced sequentially into regional specific gut
endoderm lineages, such as pancreatic, hepatic and
other cell lineages, when they are cultured directly
on a monolayer of mesoderm-derived supporting
cells. Under selective culture conditions, a high
efficiency of definitive endoderm (47%) or
Pdx1-posititive pancreatic progenitors (30%) are
yielded. When transplanted under the kidney
capsule, the  Pdxl-positive cells  further
differentiated into all three pancreatic lineages,
namely endocrine, exocrine and duct cells (Shiraki
et al, Stem Cells, 2008).

When the culture conditions were modified and
that with the addition and withdrawal of secreted
growth factors, ES cells could be induced to

selectively differentiate into a hepatic fate efficiently.

The signaling of BMP and FGF that have been
implicated in hepatic differentiation during normal
embryonic development are shown to play pivotal
roles in generating hepatic cells from the definitive
endoderm derived from ES cells. The ES
cell-derived differentiated cells showed evidence of
glycogen storage, secreted Albumin, exhibited drug
metabolism activities and expressed a set of
cytochrome or drug conjugate enzymes, drug
transporters  specifically expressed in mature
hepatocytes. With the same procedure, human ES
cells also gave rise to cells with mature hepatocytes'
characteristics (Shiraki et al., Gene Cells).
Embryonic stem cells differentiated on M15 cells
could give rise to cells of the mesendodermal and
definitive endodermal lineages. In addition,
neuroectodermal and mesodermal lineages can be
derived from ES cells cultured on M15 cells. These
results indicate that the M15 cell system provides a
valuable tool for generating ES cell-derived
lineage-specific cell types belonging to the three
germ layers, namely neuroectoderm, mesoderm and
definitive endoderm (Shiraki et al,. BBRC, 2009).
The endoderm-inducing activity of M15 cells
is in part mediated through the extracellular
matrices, and that laminin a5 is one of the crucial
components. In an attempt to establish a feeder-free
ES-cell procedure for pancreatic differentiation, we
used a synthesized basement membrane (sBM)

substratum using an HEK293 cell line stably
expressing laminin-511. On the sBM, mouse ES or
induced pluripotent stem (iPS) cells sequentially

differentiated into the definitive endoderm,
pancreatic progenitor cells, and then
insulin-expressing pancreatic [-cells in vitro.

Knockdown of ES cells with integrin B1 (ltghl)
reduces differentiation towards pancreatic cells.

Heparan  sulfate  proteoglycan 2 (HSPG2)
knockdown and heparitinase treatment
synergistically ~ decreased the number of

Pdx1-expressing cells. These findings indicate that
components of the basement membrane have an
important role in the differentiation of definitive
endoderm lineages (Higuchi et al, J. Cell Sci, 2010).
We also investigated the differentiation on sBM of
mouse and human ES cells into hepatic lineages.
The results indicated that the BM components
played an important role in supporting the
regional-specific differentiation of ES cells into
hepatic endoderm. We show here that knockdown of
integrin Bl (Itgbl) in ES cells reduced their
differentiation into hepatic lineages and that this is
mediated through Akt signaling activation.
Moreover, under optimal conditions, human ES
cells differentiated to express mature hepatocyte
markers and secreted high levels of albumin
(Shiraki et al, PlosONE, 2011).

Gene expression profiling analyses of the ES
cell-derived pancreatic progenitor cells were carried
out. Genes whose expression increased in DE and
Pdx1 positive cells compared to the undifferentiated
ES cells were chosen and in situ hybridizations were
performed. Out of 54 genes examined, 27 were
expressed in the DE of E8.5 mouse embryos and 15
genes were expressed in distinct domains in the
pancreatic buds of E14.5 embryos. Among those
genes, novel genes that have not been described
were identified to be expressed either in DE or in
the pancreas. Therefore, the ES cell in vitro
differentiation system 1is useful not only for
regenerative medicine but also for developmental
biological studies (Ogaki et al., 2011).

2. Lineage tracing studies of the pancreatic
progenitors and identification of the inducing
signals.

To study the developmental origin of the pancreas
we used Dil crystals to mark regions of the early
chick endoderm: this allowed correlations to be
established between specific endoderm regions and
the positions of their descendants. Endodermal
precursor cells for the stomach, pancreas and
intestine were found to segregate immediately after
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the completion of gastrulation. Transplantation
experiments showed that regional specific
endodermal fates are determined sequentially in the

order of stomach, intestine, and pancreas.
Non-pancreatic endoderm transplanted to the
stomach region generated ectopic pancreas

expressing both insulin and glucagon. These results
imply that a pancreas-inducing signal is emitted
from  somitic  mesoderm  underlying the
pre-pancreatic region, and this extends rostrally
beyond the stomach endoderm region at the early
somite stage. Transplantation experiments revealed
that the endoderm responding to  these
pancreatic-inducing  signals lies  within the
pre-pancreatic region and extends caudally beyond
the region of the intestinal endoderm. The results
indicate that pancreatic fate is determined in the
overlapping region between these two (Katsumoto
et al., Mech Dev. 2009). To determine the origin of
the ventral pancreas, a fate map of the ventral
pancreas was constructed using Dil crystal or
CM-Dil to mark regions of the early chick
endoderm. The dorsal and the ventral pancreatic
buds are different in both origin and function. These
two pancreatic buds begin to fuse at day 7 (HH 30)
of embryonic development. However, whereas the
dorsal pancreas gives rise to both Insulin-expressing
endocrine and Amylase-expressing exocrine cells,
the ventral pancreas gives rise to
Amylase-expressing  exocrine cells, but not
Insulin-expressing endocrine cells before day 7 (HH
30) of embryonic development (Matsuura et al.,
Mech Dev, 2009).

We discovered that angioblasts trigger an early
inductive event of pancreas differentiation. This
event occurs soon after gastrulation before the
formation of blood vessels. Morphological studies
revealed that Lmo?2 -expressing angioblasts reside in
proximity to the somitic mesoderm and the gut
endoderm from which pancreatic progenitors arise.
The chemokine ligand Cxc/12 expressed in the gut
endoderm functions to attract the angioblasts that
express its receptor Cxcr4 . Angioblasts then signal

back to the gut endoderm to induce Pdx] expression.

Taken together, these results indicate that the gut
endoderm and angioblasts attract each other through
reciprocal CXCL12 and CXCR4 signaling (Figure).
This has a pivotal role in the fate establishment of
the pancreatic progenitor cells and the potentiation
of further differentiation into endocrine B-cells
(Katsumoto et al., 2011).

We also used CM-Dil to label the mouse
pancreatic progenitor cells. A transgenic mouse line
expressing green fluorescent protein (GFP) under

the control of the PdxI/ promoter showed that
Pdx1/GFP expression was first observed in the
mid-region of the anterior intestinal portal (AIP) lip
at embryonic day (E) 8.5 at the 5—6 somite stage (ss).
The liver progenitors were confirmed to originate
from separate domains at the lateral endoderm and
the inner part of the medial AIP as previously
reported (Tremblay and Zaret, 2005), which turned
out to lie caudally to the Pdx!/ /GFP-expressing
domain. At 1 ss, the ventral pancreas progenitors
were observed in the lateral endoderm, not yet being
segregated from the liver or gut progenitors. Cells
that contributed solely to the ventral pancreas first
appeared at the AIP lip from 5 ss. At 5-6 ss, cells
from the medial of the AIP lip contributed to the
ventral pancreas. The pancreas fate region becomes
narrower as development progresses. At 7-9 ss, the
cells contributing to the ventral pancreas resided in a
narrow region of the AIP lip. From 5 ss, the right
flanking region contributes to the posterior gut, and
the left flanking region contributes to the anterior
gut (Miki et al, 2012).

3. Identification of novel sleep-related gene in

Drosophila melanogaster.

Sleep is a unique physiological state, which is
behaviorally defined, and is broadly conserved
across species from mammals to invertebrates such
as insects. Because of the experimental accessibility
provided by various novel animal models including
the fruit fly, Drosophila melanogaster , there have
been significant advances in the understanding of
sleep. Although the physiological functions of sleep
have not been fully elucidated, accumulating
evidence indicates that sleep is necessary to
maintain the plasticity of neuronal circuits and,
hence, is essential in learning and memory.
Calcineurin (Cn) is a heterodimeric phosphatase
composed of CnA and CnB subunits and known to
function in memory consolidation in the mammalian
brain, but its neurological functions in the fruit fly
are largely unknown. Here, we show that Cn is an
important regulator of sleep in Drosophila. A
pan-neuronal RNAi-mediated knockdown of Cn
expression resulted in sleep loss (Figure), whereas
misexpression of the constitutively active form of a
CnA protein led to increased sleep. Furthermore,
CnA knockdown also impaired the retention of
aversive olfactory memory. These results indicate a
role for Cn and calcium-dependent signal
transduction in sleep and memory regulation and
may bring insight into the relationship between
them. (Tomita et al. J. Neurosci, 2011)
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