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Our goal is to unravel molecular and cellular
mechanisms underlying development of the
hematopoietic and vascular systems. By using an in
vitro differentiation system of murine embryonic
stem cells, we are trying to identify the genetic
program by which the self-renewal capacity as well
as multiple potentials of the hematopoietic stem cell
is established. Our system also makes it possible to
elucidate cell biological functions of angiogenic
growth factors and transcription factors, providing a
clue to how the morphogenic activity of endothelial
cells is regulated by angiogenic stimuli to form a
hierarchically organized vascular architecture.

Upper left: Schematic diagram of in vitro differentiation of ES cells into the hematopoietic and vascular
lineages. Upper right: Morphological changes of ES cell-derived vascular endothelial cells induced by
various angiogenic stimuli. Lower left: Hematopoietic and endothelial differentiation of ES cell-derived
lateral mesodermal cells in culture. Lower right: Generation of hematopoietic cells and endothelial
cells from an isolated single hemogenic endothelial cell that was derived from ES cells.
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R Staff (2018.3)

4 il T4 Name and Position

AN IEERER iz Minetaro Ogawa, Professor
HE IREHR Bh# Saori Koga, Assistant Professor
B ferE Kbt Erika Kurose, Graduate Student
Ky & FERAE Shogo Oshiro, Undergraduate Student
fsH =R B Mariko Tsuruda, Undergraduate Student

B ORR VA Mika Naritomi, Undergraduate Student
ey AEE T Yurie Kitano, Undergraduate Student

THEEE

Staff in the past (2012.4~2018.3)

4 il Name TEFE IR TEFERF A s o
EEP S <SS Kiyomi Tamura 2009.7.16 - 2016.3.31 B JbifE R
WK EE Hiroshi Sakamoto 2002.7.16 -2016.12.31 | Bh#k B EE S
W A Saeka Hirota 2010.4.1-2017.1.15 gﬁﬁ%% IEMEiEE S
Ahmed Tanzir Ahmed Tanzir 2012.10.1-2016.9.30 | K=¥pek T U RFECKE)
o s Atsushi Hashiguchi | 2012.4.1 -2014.3.31 KRFBEAE
AN S Toshiko Egami 2011.11.1-2013.4.10 | Beflrhite B EMEESE S
=yl 7 | Junko Mimanda 2010.2.1-2015.1.31 FHMrER
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WRBIEE  Projects

1. EMEHERDIEE A =X H

WL - BREOEERB AN T, BRI
PN FE Ol & 2 IR I ER O FE AR A A . &
Fe5, PRRGE & 0 o T L. IR FIT
7 1% THRASAN B BB L2 B A5 T 2 16 L 2 Bl A 5
i & RS, PR EE S0 MR EN IRV 5 PO lig4E <o
ERD RSN NGRS VbR v e Ry AN Y N
AGM (aorta-gonad-mesonephros) FEEE C i i 54l
R 3 it S %, & iR 2 5 e Rl AR 1 i
R R AT A N B 2 B3 2 &5 2
HAILTW D, ARFFRIE, &N G & ik
ABISHAE - 3 R O R AR FF 2 B iz L
ES fifa s & 3 f e i 2 (b ih 53 2 LD
Pi¥z HIEL T\ 5,

1-1. Activin A 12 & B &M AN B IR 0 43L&
s

ES a2 D 1 i { AL o /(L ik 8 & FEBL3
L=zt N IR O Lk E R &
EODLENB D, OP9 A b o ~HifmL ok
FTITED ES Ml bRICIBW T, M A
[ o1& 1 fE 2 ToE X1 B HEHEIN 1 OBER 21T -
72L& Z A, Activin A DTFEIE P2 biAE L7 1L
ENRAROMERSLENE L SV &R
H U7z, Activin A 777E T IZEEE L 72 5 N RCHE
fix CD41 Bty il (CD4A1T I PN Rz filie) % %
<EATEY ., MEMIRIXIEZ Z O35 5y
T2 Z &2y oTz, CDAITILE N ECHIIE X
& MR ORI CH D = ERHE SN T
B0 | ES M2k TR Z B L7z D3R
WFZER WD T T 5, LB PN BRI 70 il o R
LR IREN D Z R ENSbT B0,
CDA17 I PN R F R I3 A AR IR EE D & 1038 A4
TBH5Z LR oTz, ActivinA & OP9 A Fr<

M DA DEIL, ES %‘EHH@# SRR IREED
AT E L ARET D722 R IRTE R Sk
=3 ll:hl_m‘ I_'l.rd -I-I'nn]llu. frem >

B e B B

7

.,.i' g Activin &
L T

@ CDA1" I A N B AE A2 FERH IS N S = 5 2
LA ST~ 72 (Hirota & Ogawa, 2015),

1-2. CXCR4 |2 X % 1& 4 PN B2 MR D S LR A
ES MR sk CDA1TIIAE PN Ez e oo 3 i vk
WE A & L COREZ I G2 T 572012
single cell L ~/L TOoMLREAfRHT L7z, CD41"
1 PN A D 20% 25PN BRI = o = — Bk AE
Zo L, 1% MERbRe % = Lz, mEkSr{big
Z R ORI D 20%1 XN Bl = v = — T hE
Ffo (T50(bRE) Z &30 - 72, CDATTIILE N
B, Etv2 72 i PN R IR 2338 34 S s
BRI % T ER Sy Ak 2 B O iR B K
Runxl HHEELTHY ., @EifMERNEMRE LT
FIETHIENTET,
LN B RIRE O — A BRES E D X 5 IR
ENDONENTT L7l M bRe & FEof
Jaz S LRI s~— P — 52 BEBELT,
CDAITMENKAILD 55, el A R
CXCR4 % F 819 2545 ClL, mERMEREE £
AR D 56%705 "3 LRERFF > Z &E B o Tz,
:Amﬁmﬂﬁécmm4vﬁ+w@%§&m
T 572D CXCR4 U 77> K (CXCLI12)
%ﬁmbfcmmrcmrm£W&ﬁW%\m
HE LI A, WEHMTRLEEDMHIZ &
T bR DR & Wipasenbatstale of
BB UT, ARIEE oaag
1A N R AR oD 53 L RE
WAk il DE AN A i
ML CHEILEL Z L
IR TH LML J}
(Ahmed et al., 2016) . = HEn
Lt~ AR RO & f N BRI s B
fife S MM 2 5538 9~ A B R 15 2 £ 3 ST
L. ZOREREZIEESMEE LT ES Mlahxk
O M B O 43 b RE ) 2 Rl L ifn
MR b D BEN) B Fr & ML PN B2 #2356
HMILEMERBETHTETH D,

WEcadharia

1-3. ¢-Myb & > 37 ORBEIZES IKIEHIE
e DR & 5B
c-Myb (3 1ML ifZ RiTBEHIAE O BE5E & 45 1 ER R 51 0D
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MBS T 2B R ThH 5, c-Myb & 13
7 ORBLEZ AW CTERT SO, c-Myb
B ORI IE = R ERTIC EGFP @ ¢DNA
EAVTU—ALTHALIZL ) v I A4V~ A%
ERI L7, ZDLR—Z—~7 XL, c-Myb-
EGFP & A 7 % L\ 7 % WNTEM:O & 51l 18
Ik D 3B FICHBLT 5, BRI FACS fif
Fric L0, & MECRSI O MRS 72 1 C e
<. EMERHIIE G c-Myb-EGFP Z R B L T\ 5
ZEN ol EIEMEOHTE -Myb @
FEBLDMEVHII I I IS 75728 Go HIlZH 0 | c-Myb
DFEEADS i3OI Ee A~ OB B I FE RS S RE )
W EERWE L, & e o EFETE AL
L e-Myb & X7 OFEBLEDNWHHB T2 Z L3
BB o72, -Myb Z /37 OR BRI EL
SN\, IRIEHIZ & B i e & I A
XTFFEREET AN TE D L E2YID TR
U, 3 sl e oD Sl e J TSR B D it B Lo i)
T2 HDTHD (Sakamoto et al., 2015) .

2. MEBROMIBEDZER A =X A

M OF AT, & SFEE2 & 50k Uiz i
PN B IR 3 AR ) 7o 1L A 55 % T2 T 2 WIRAE T Bk
WA, BEAF O M 2> O Bz 72 45 A EE L Ch
JEMED & 5 iR ~FEEET D I Br AR % 6%
TH#EATS 5, ES MR & ifn 2 PN RIS & 0Lk
B Can=—%Bl S ® 2558 R0%, M
PEag - EE) - MR A SEIICBIAR L. IS BT
A A& FAEN T DAk 2RI T ORI A S et E
ZIRAT AN AT LA Th D, AWFZEIE.
MAEFT AR FIRE L= M W R o i in
EOA =X LML, mEHA %MLy
ZLHCHIES D HEORR A HIEL T 5,

2-1. PI3K/Akt )2 U mTORC1 ORHEIZ & 5 L%
WA D &35

VEGF # 5-12 X 2 1R¥ A9 48 ¥1 /£ Tld, VEGF
O I & B TTHEE R I X 2 e & O RIER
NRRE E 722, 8F 72 VEGF RIIBLICHEE & 220 i,
EHEFEIE AT 572012, ESHila 55y
{EFFE U 7= 18 N B O = 2 (29 2 384
. BHEANTAT TV —DAI V—=2 T &
R L7z,

PI3K FHEA] (LY294002) . Akt FHEFH] (Akti-

1/2) . mTORC1 FRZEH (Everolimus, Rapamycin)
23, RIREE D VEGF £7E FIZ A PN B MR o>
EE2RET L EBALNIR T, BIRED
VEGF |2 L 2 fiflafii & & ARk, PI3K/Akt P
(2 & 2 M R I 3HE S K F Foxol IZiKfFL T
72 —7J7. mTORCI [HFEIZ X 2 MkafEIx, K
IR D VEGF 1£7E F Tl Foxol IRIFHITH - 7=
A3, @R D VEGF 177E F Tl Foxol IZ{KfF L
VA IR

mTORC1 ¥ 7'} /LiX mTORC2 Z#if3 2 =
ERE BTV DA, KU0063794 DALFRIZ L 1
mTORC! & mTORC2 Dili )i % [HET 2 & il
HENH S5 Z &5, mTORC OFHLE
mTORC2 ¥ 7 F /L DAL 2 7 L TRl E %
A5 2 L 5T o 72, PIBK/AKt &
mTORC1/mTORC2 %5272 2 #& /7 C 1 & PN B2l
fa DT % a5
L2 ENHLNE
72 . VEGF D
Pl % 5% [lBE L7
23 O I8 WA A 5
A58 LR
EERET S0
WA R A 5
ZHLDTHD
( Tsuji-Tamura &
Ogawa, 2016) ,

2-2. mTORC1/mTORC2 D RIEFAEIC & 5 %
PN B e oD fef = Pl

mTORCI (F/EEMNEIC X 5 VEGF A & it
THZ LB BDATRIFRIZET DRSO O
LoThH%, L., mTORCI FLEH OHESE
HFRIEIMT L H TRy, —JF, mTORCI1 &
mTORC?2 O [w] I BH5E |3 i PN B2 A o {5 % 411
W9 D7, MEHAEEZRETDH- )k
LCHifFan g, MlaRERmEoA =X L%
B SMNZT B0, i8N R laek 2 v C
KU0063794 ZLPRIZ L % il Bk~ DR 2 kRt
L7,

mTORCI & mTORC2 DO[FIFEFHEIL, 77 F
Ve T 4T A NORERER EMUNE R > b
U — 7 DENEGERZ L, FHICHES TIE
WECHIRa X PR L7 B RED WA ER 2 e
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WAL L, ZRoeEEIC LA BRI E S
17~ Everolimus (Z & 5 mTORCI1 fHETIX., =
D XD IR IR, & 512, Paclitaxel
DRFRNZ L 250 INE OB A BRLE Y KU0063794
X PR (ToF e T4 T A NOE
. WoNE Ry U —27 ofLi, il ok
=) 2 ENEMRIZEG 222 E3borol,

1. Mechanism of hematopoietic stem cell

development

During the embryogenesis of mammals and birds, the
generation of embryonic red blood cells occurring in
the yolk sac is called the primitive hematopoiesis.
Slightly after the onset of primitive hematopoiesis,
first adult-type hematopoietic progenitor cells are
detected in the yolk sac and the paraaortic
splanchnopleure of the embryos proper. The
generation of adult-type hematopoietic cells is
referred to as the definitive hematopoiesis. Then, the
first hematopoietic stem cells (HSCs) become
detectable in the AGM (aorta-gonad-mesonephros)
region. The HSCs migrate to the fetal liver and finally
settle in the bone marrow. Adult blood cell lineages
including the HSCs are believed to be generated from
hemogenic endothelial cells. We aim to develop a
culture method of inducing differentiation of
hemogenic endothelial cells and HSCs from ES cells,
thereby elucidating the developmental mechanisms
of HSC:s.

1-1. Promotion of development of hemogenic
endothelial cells by Activin A

In order to realize the in vitro derivation of HSCs
from ES cells, it is necessary to increase the
differentiation efficiency of hemogenic endothelial
cells from ES cells. An ES cell differentiation system
by co-culture with OP9 cells was subjected to search
for growth factors to enhance the hematopoietic
ability of vascular endothelial cells. It was found that
the hematopoietic ability of vascular endothelial cells
induced in the presence of Activin A was remarkably
high. Vascular endothelial cells induced in the
presence of Activin A contained CD41-positive
fraction (CD41" vascular endothelial cells) in high
frequency. Blood cells were found to be
differentiated mainly from this fraction. CD41"
vascular endothelial cells have been reported to be
progenitor cells of HSCs in the embryos. This is the

$6> T .mTORCI & mTORC2 O [a]RERH 13 ]
BEREEICEZESED Z L X MiERIC
ARG Z MR REEZIREST S 2 LRI
7oo ZORERE, MSEmEHELE LD R L <
&9 5 HEEZRET A DICEERARZ 5
Z5HHDTHD (Tsuji-Tamura & Ogawa, 2018),

first time to detect the CD41" vascular endothelial
cells in ES cell differentiation system. Although
vascular endothelial cells differentiate from both the
paraxial mesoderm and the lateral plate mesoderm,
CD41" vascular endothelial cells were found to be
mainly generated from the lateral plate mesoderm.
Combination of Activin A and OP9 cells significantly
promotes the generation of the lateral plate
mesoderm from ES cells, thereby increasing the
CD41" vascular endothelial cells derived from the
lateral plate mesoderm (Hirota & Ogawa, 2015).

1-2. Regulation of hemogenic endothelial cell
differentiation by CXCR4
To identify the CD41" vascular endothelial cells
derived from ES cells as hemogenic endothelial cells,
differentiation ability was analyzed at the single cell
level. One out of five CD41" vascular endothelial
cells showed endothelial cell colony forming ability,
and one out of nine CD41" vascular endothelial cells
showed hematopoietic ability. It was found that 20%
of cells with hematopoietic ability also had
endothelial cell colony forming ability (bipotential).
CD41" vascular endothelial cells expressed Runxl1,
an essential transcription factor for generation of
definitive hematopoietic cells, in addition to
endothelial transcription factors such as Etv2. Thus,
CD41" vascular endothelial cells derived from ES
cells were identified as hemogenic endothelial cells.
To analyze how the bipotential state of
hemogenic endothelial cells is regulated, we searched
for a marker to further concentrate the bipotent
progenitors in CD41" vascular endothelial cells. In a
fraction expressing the chemokine receptor CXCR4,
more than one out of two cells with hematopoietic
ability showed endothelial cell colony forming ability.
In order to clarify the involvement of the CXCR4
signaling to the bipotential state, CXCL12, a CXCR4
ligand, was added during the induction of CXCR4"
CD41" vascular endothelial cells from ES cells.
CXCR4 signaling was found to suppress the

- 143 -



endothelial potential of CD41" vascular endothelial
cells, thereby reducing the frequency of bipotential
progenitors in this population. This study indicates
that the differentiation ability of hemogenic
endothelial cells can be controlled by extracellular
signaling (Ahmed et al., 2016).

In the near future, we expect to establish a
reliable culture system for inducing HSCs from
hemogenic endothelial cells isolated from mouse
embryos. By using the culture system as a standard
condition, the differentiation ability of hemogenic
endothelial cells derived from ES cells can be
evaluated. Based on such studies, we finally expect
to explore culture conditions that induce genuine
hemogenic endothelial cells with the ability to
differentiate into HSCs from ES cells.

1-3. Detection and isolation of dormant HSCs
based on the expression level of c-Myb protein
C-Myb is a transcription factor involved in the
proliferation of hematopoietic progenitor cells and
the differentiation of each hematopoietic cell lineage.
In order to quantify the expression level of c-Myb
protein in a living cell, a knock-in mouse line, in
which EGFP cDNA was inserted in-frame just before
the stop codon of the c-Myb gene, was generated. The
reporter mouse expresses the c-Myb-EGFP chimeric
protein under the control of the endogenous
transcriptional regulatory domain. By FACS analysis
of bone marrow cells, not only progenitor cells of
each hematopoietic cell lineages, but also HSCs were
found to express the c-Myb-EGFP. HSCs expressing
a low level of c-Myb-EGFP were mainly in the GO
phase and found to possess higher capacity of bone
marrow reconstructing ability than the cells
expressing a high level of ¢c-Myb-EGFP. Therefore,
the proliferative activation of HSCs and their
expression level of c-Myb protein were suggested to
be an inverse correlation. This study contributes to
the elucidation of the cell cycle regulating
mechanism of HSCs, by demonstrating for the first
time that HSCs in the dormant stage can be
prospectively identified and isolated based on the
expression level of the c-Myb protein. (Sakamoto et
al.,2015).

2. Mechanism of cell biological regulation of
vascular development

Development of the blood vessels progresses through
two major steps. The first step is the vasculogenesis,
in which vascular endothelial cells differentiate from
angioblasts and form a primitive vascular plexus. The
second step is the angiogenesis, in which new blood
vessels are generated from the existing vessels to

develop into a hierarchically ordered vascular
network. Vascular endothelial cell colonies generated
from ES cells in culture are suitable to observe cell-
cell adhesion, cell movement and cell morphology in
detail, thereby providing an excellent system to
elucidate the cell biological function of various
angiogenic factors. The purpose of this study is to
elucidate the mechanism of elongation of vascular
endothelial cells in response to angiogenic factors,
and to develop a method of cell biological control of
pathological and therapeutic angiogenesis.

2-1. Induction of vascular endothelial cell
elongation by inhibition of PI3K/Akt and
mTORC1

In therapeutic angiogenesis by VEGF administration,
side effects such as edema, which is due to the
vascular permeability enhancing action of VEGF,
cause a problem. In order to develop a method of
inducing angiogenesis that does not rely on an
excessive VEGF stimulation, a drug that promotes
the elongation of ES cell-derived vascular endothelial
cells was searched by screening a library of chemical
inhibitors.

PI3K inhibitors (LY294002), Akt inhibitors
(Akti-1/2) and mTORCI1 inhibitors (Everolimus,
Rapamycin) were found to promote elongation of
vascular endothelial cells even in the presence of low
concentrations of VEGF. As in the case of cell
elongation induced by high concentrations of VEGF,
cell elongation induced by PI3K/Akt inhibition was
dependent on a transcription factor Foxol. On the
other hand, while cell elongation induced by
mTORCI inhibition was dependent on Foxol in the
presence of low concentrations of VEGF, it was
Foxol independent in the presence of high
concentrations of VEGF.

The mTORCI signaling is known to suppress
the activity of mTORC2. As endothelial cell
elongation was suppressed when both mTORCI and
mTORC2 were inhibited by a dual inhibitor
KU0063794, mTORCI inhibition was suggested to
induce cell elongation through the activation of
mTORC2 signaling. PI3K/Akt and mTORCI1/
mTORC?2 were suggested to regulate the morphology
of wvascular endothelial cells via different
mechanisms. These findings provide an insight into a
new therapeutic approach to induce angiogenesis
without an excessive administration of VEGF (Tsuji-
Tamura & Ogawa, 2016).

2-2. Suppression of vascular endothelial cell
elongation by dual inhibition of
mTORC1/mTORC2
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Since mTORCI promotes VEGF production by
tumor cells, mTORCI is one of the target molecules
in cancer treatment. However, the anti-tumor effect
of the mTORCI inhibitors is not necessarily
sufficient enough to suppress tumor growth. As
simultaneous inhibition of mMTORC1 and mTORC2
suppresses elongation of vascular endothelial cells,
mTORCI/mTORC2 dual inhibition is expected as a
new method of inhibiting angiogenesis. In order to
clarify the mechanism of inhibition of cell elongation,
the effect of KU0063794 treatment on the
cytoskeleton of vascular endothelial cell lines was
investigated.

Simultaneous inhibition of mTORCI and
mTORC2 by KUO0063794 caused an abnormal
accumulation of actin filaments and a disturbance of
microtubule  network, thereby resulted in

morphological changes of vascular endothelial cells
from an elongated form to a short irregular form.
Tube formation in a three-dimensional culture was
also inhibited. Inhibition of mTORC1 by Everolimus
did not show such an effect. Furthermore, the
inhibition of tubulin depolymerization by Paclitaxel
treatment exerted effects similar to KU0063794
treatment (accumulation of actin filaments,
disturbance of microtubule network, and inhibition of
cell elongation). Therefore, simultaneous inhibition
of mMTORC1 and mTORC2 was suggested to inhibit
endothelial cell elongation by affecting the
cytoskeleton through an overstabilization of the
microtubules. This result gives an important
knowledge to develop an efficient method of
inhibiting tumor angiogenesis (Tsuji-Tamura &
Ogawa, 2018).
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