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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.

(98]

Studies on the biology of pancreas stem cells.
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HRE Staff (2014.5)

A4 WA Name and Position
Y B Shoen Kume, Professor
HA B W Nobuaki Shiraki, Associate Professor
W KA BhZ Daisuke Sakano, Assistant Professor
MEH  HRET E&%J;; 775 Kahoko Umeda, Assistant Professor
i Kt e g Taiji Yamazoe, Research Fellow
K #—RR WHFEE Soichiro Ogaki, Research Fellow
s FEHES KFped Kahoko Umeda, Research Fellow
fil et KA Korin Sakakida, Graduate Student
R A KFPeE Hisayoshi Omori, Graduate Student
AL AT PNES Tomonori Tsuyama, Graduate Student
KIp KR4 Kaito Otera, Graduate Student
IR SEE KA Kohei Kobayashi, Graduate Student
SRE- R FERA Rie Shirahama, Undergraduate
PEE 22 e Takahiro Momota, Undergraduate
ek e FEA Mutsumi Sato, Undergraduate
RV FA Uran Takeshita, Undergraduate
el FH e T Yuki Sonoda, Undergraduate
Bt REWL A Reiho Tsutsumi, Undergraduate
mE & HEilite B Megumi Fukuda , Technical Assistant
WU e Hliire & Yukari Touse , Technical Assistant
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THEREE

Staff in the past (2012.4~2014.3)

EAcil Name TEFEHAM TEFERFRA st
% fZ Kazuhiko Kume 2002.3-2013.31 HEH = Al BT RS
BEH E Jun Tomita 2006.4.1-2013.3.31 Bh#k Y TRV NE
;;;// A ;‘::Ej;a}v[d 2009.10.1-2013.9.31 | BF7EA {?:iavliri?;gar
AN o Kazuhide Kikawa | 2011.5.1-2013.3.31 KFpeAd MR IR e
LR S Takeshi Nagura 2011.4.1-2013.3.31 REFBed J JL(KR)
Ok 2012.4.1-2014.3.31 Pk R-JAPAN
KRSF Kaito Otera 2012.4.1-2014.3.31 KFBEAE T—IV KA T 7
Rfikd KM Mayu Morooka 2010.4.1-2014.3.31 KB A MR — N ER
JROEA Naoya Hara 2009.12.1-2013.3.31 | “#¥0E FEFEm
EA Bl Rina Hashimoto 2010.12.1-2014.3.31 | Z=#04 FEFAN
’; ZZ =" A" Nigar Sultana 2010.5.1-2013.9.31 | Heflikite & —
JRH e Akiko Harada 2008.8-2013.8 Betfrfite B ettt B
ST/ S Kumi Matsura 2012.8-2013.12 Beiradive B FAF CDB
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1. Establishment of pancreatic differentiation of
human iPS/ES cells in vitro, and use PSC
differentiation system for high content screening

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.

Cell replacement therapy for diabetes mellitus
requires cost-effective generation of high-quality,
insulin-producing, pancreatic [ cells from
pluripotent stem cells. Development of this
technique has been hampered by a lack of
knowledge of the molecular mechanisms underlying
b-cell differentiation. The present study identified
reserpine and tetrabenazine (TBZ), both vesicular
monoamine transporter 2 (VMAT?2) inhibitors, as
promoters of late-stage  differentiation  of
Pdx1-positive pancreatic progenitor cells into
Neurog3 (referred to henceforth as Ngn3)-positive
endocrine precursors. VMAT?2-controlled
monoamines, such as dopamine, histamine and
serotonin, negatively regulated b-cell differentiation.
Reserpine or TBZ acted additively with dibutyryl
adenosine 3°,5’-cyclic AMP, a cell-permeable cAMP
analog, to potentiate differentiation of embryonic
stem (ES) cells into [ cells that exhibited
glucose-stimulated insulin secretion. When ES
cell-derived B cells were transplanted into AKITA
diabetic mice, the cells reversed hyperglycemia. Our
protocol provides a basis for the understanding of
b-cell differentiation and its application to a
cost-effective production of functional B cells for
cell therapy. (Sakano et al, Nature Chem Biol
2014)

2. A synthetic nanofibrillar matrix promotes in
vitro hepatic differentiation of embryonic
stem cells and induced pluripotent stem cells.

Embryonic stem (ES) cells recapitulate normal
developmental processes and serve as an attractive
source for routine access to a large number of cells
for research and therapies. We previously reported
that ES cells cultured on M15 cells, or a synthesized
basement membrane (sBM) substratum, efficiently
differentiated into an endodermal fate and
subsequently adopted fates of various digestive
organs, such as the pancreas and liver. Here, we
established a novel hepatic differentiation procedure
using the synthetic nanofiber (sNF) as a cell culture
scaffold. We first compared endoderm induction and
hepatic differentiation between murine ES cells
grown on sNF and several other substrata. The
functional assays for hepatocytes reveal that the ES
cells grown on sNF were directed into hepatic
differentiation. To clarify the mechanisms for the
promotion of ES cell differentiation in the sNF
system, we focused on the function of Racl, which
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is a Rho family member protein known to regulate
the actin cytoskeleton. We observed the activation of
Racl in undifferentiated and differentiated ES cells
cultured on sNF plates, but not in those cultured on
normal plastic plates. We also show that inhibition
of Racl blocked the potentiating effects of sNF on
endoderm and hepatic differentiation throughout the
whole differentiation stages. Our results suggest that
morphological  changes result in  cellular
differentiation controlled by Racl activation, and
that motility is not only the consequence, but is also
able to trigger differentiation. We believe that sNF is
a promising material that might contribute to tissue
engineering and drug delivery. (Yamazoe et al, J
Cell Science 2013)

3. Wnt and Notch Signals Guide Embryonic Stem
Cell Differentiation into the Intestinal
Lineages

The studies of differentiation of mouse or human

embryonic stem cells (hESCs) into specific cell

types of the intestinal cells would provide insights to
the understanding of intestinal development and
ultimately yield cells for the use in future
regenerative medicine. Using an in vitro
differentiation procedure of pluripotent stem cells
into definitive endoderm (DE), inductive signal
pathways’ guiding differentiation into intestinal cells
was investigated. We found that activation of Wnt

/B-catenin and inhibition of Notch signaling

pathways, by simultaneous application of

6-bromoindirubin-30-oxime (BIO), a glycogen
synthase kinase-3b inhibitor, and N- [(3,5-

Difluorophenyl)acetyl]-L-alanyl-2-phenylglycine-1,

1-dimethylethyl ester (DAPT), a known c-secretase

inhibitor, efficiently induced intestinal differentia-
tion of ESCs cultured on feeder cell. BIO and DAPT
patterned the DE at graded concentrations. Upon
prolonged culture on feeder cells, all four intestinal
differentiated cell types, the absorptive enterocytes
and three types of secretory cells (goblet cells,

enteroendocrine cells, and Paneth cells), were
efficiently  differentiated from mouse and
hESC-derived intestinal epithelium cells. Further
investigation revealed that in the mouse ESCs,
fibroblast growth factor (FGF) and bone
morphogenetic protein (BMP) signaling act
synergistically with BIO and DAPT to potentiate
differentiation into the intestinal epithelium.
However, in hESCs, FGF signaling inhibited, and
BMP signaling did not affect differentiation into the
intestinal epithelium. We concluded that Wnt and
Notch  signaling  function to pattern the
anterior-posterior axis of the DE and control

intestinal differentiation. (Ogaki et al, Stem
Cells, 2013)
4. Methionine Metabolism Regulates

Maintenance and Differentiation of Human
Pluripotent Stem Cells

Mouse embryonic stem cells (ESCs) and induced
pluripotent stem cells (iPSCs) are in a high-flux
metabolic state, with a high dependence on
threonine catabolism. However, little is known
regarding amino acid metabolism in human
ESCs/iPSCs. We show that human ESCs/iPSCs
require high amounts of methionine and express
high levels of enzymes involved in Met metabolism.
Methionine deprivation results in a rapid decrease in
intracellular S-adenosyl-methionine (SAM),
triggering the activation of p53-p38 signaling,
reducing NANOG expression, and poising human
iPSC/ESCs for differentiation, follow by potentiated
differentiation into all three germ layers. However,
when exposed to prolonged Met deprivation, the
cells undergo apoptosis. We also show that human
ESCs/iPSCs have regulatory systems to maintain
constant intracellular Met and SAM levels. Our
findings show that SAM is a key regulator for the
maintenance of undifferentiated pluripotent stem
cells and regulating their differentiation.
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