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Mechanisms underlying craniofacial development from embryonic stem cells
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To understand the mechanisms underlying craniofacial development, we promoted
cell differentiation of human pluripotent stem cells (hPSCs) into ectoderm, neural epithelium, and
anterior neural crest. At first, we have provided evidence that fibroblast growth factor-2 and Activin A
synergistically regulated the initiation of hPSC differentiation into neural cell lineages even though
hPSCs autonomously differentiate into neural cell lineages. Further, we developed a differentiation
protocol for anterior neural crest induction using several growth factors and inhibitors, suggesting the
mechanisms underlying craniofacial development.



in vitro

ES iPS
ES (iPS)
invitro ES/iPS
2005
ES
P.W.Andrews (i) ES/iPS
2008 ES (i)
2006

() ES/iPS
;i F it W-mkiEE
PROSMBLE E b b (AVES SN 5 2o
MFEEAENE BAOERN LTIV
BRI LT SOz Ft
FERI=MEEEa BRELT. EREECHLEER
l&?ﬂ’iiiﬂm?' '
EB €& == ‘—ES/\PS/MSC—vm
DorEETERL AR CEEATR
- .
BRICEDDE RELI-BR
A R—Tyk
ES/iPS

(Embryoid Body; EB)

in vivo
ES/i1PS
goosecoid
ES ES
FGF-2  BMP-4
96
Flm i Sl " .
A [Pt » 3 1iH L .
NALT SRR bR, (M,
S EEE TICE 57 ARSI D 5k SE T4 ub " | B IONREERIZHETES EEN1E
2 &% | 96 wells plate
= 10 RS g EEELNELY | AR RR AR
" — ) R SN Bl S
5% RMPI pare - AFiE == @ Hl
i) E it
BT
— 2 4B
*Eﬁﬁ L/ *$709:I:1E FGF-2 Induction
- ] O ? 10 ng/ml factors
| " _,' =y OIo
LDV R Dissodiation i Degr_)ed | Differedn_tiation |
JOAP| JDAF| . G medium medium i
. -t | 1 T |
i hESCs on Collagen IV 0 2 4 6
Anim 2040467 416430, Culture day
Iug d D Biol. 2010.55(2): 181-7

hESF8differ

ES/iPS ES




ES/iPS
(FGF TGF-B
EGF,PDGFAA,AB,BB )

)
Menendez
(Menendez et al.
PNAS. 108:19240-19245(2011))

DMEM/F12
2%, Life Technologies
L- -L- 2mM, ,
MEM 1% trace
elements A 1000X, Cellgro, Mediatech,

Herndon, Virginia, USA  trace elements B

1000X, Cellgro traceelementsC 1000X,
Cellgro 2- 0.1mM

10 p g/ml, Sigma L(%¥)

50 p g/ml,

Heregulin 3 -1 10 ng/ml, R&D

Systems, Minneapolis, MN, USA LONGR3

IGF-1 200 ng/ml, Sigma FGF-2 8 ng/ml,

R&D Systems SB431542 20 p M, Tocris

bioscience, Ellisville, MO, USA Wnt3a
25 ng/ml, R&D Systems
5%C02/95% 37
Menendez
Wnt3a 2 uM BIO
BIO
Wnt3a Menendez 2013
(Menendez et al. 2013)
UL
5.2x104 cells{cmZ | +Whnt3a (25 ng/ml) |
I T
w— [ |
hESCs EUPZ I fi 1 1|2 RN
\ RNAfH |
(i)
PCR
Hox

ES
(Aihara et al. Int. J. Dev. Bio
1287-1294 (2010)) ES

ES
LIF
In vitro Cell
19-28.(2005))
hESF9

ESF5

Dev Biol Ani

ES

hESF9
ES

v

10 ng/ml FGF-2 hESF9
H9 2
ng/ml  FGF-2
2
0 2 4
RNA RT-PCR
Nestin

mRNA

Nestin
4
Nestin
MAP2

Nestin

v

+ 6.2%
Nestin

MAP2
v

1. 54:

ES

ESF7

m

H9

(Furue et al.
41:

100

MAP2

MAP2

31.9

hESF9

ES

v



Day0 Day2 Day4 Day6

Single I .
Seed Fix Fix Fix on extracellular matrix
FGF-2

100ng/ml
& %) Nestin
100 +

80 —
Collagen IV ig i

Laminin-111

% of positive cells
NS
ooo
==
=
-

£100

Matrigel ig

£
0 Y L

2 4
(Day)
v 24
FGF-2 Activin
ATGF-beta,Wnt3a,BMP4
Nestin
MAP2
TGF-beta BMP4  Nestin  MAP2
Wnt3A
Nestin
FGF-2 Activin A
50
100 ng/ml Activin A Nestin
MAP2 FGF-2
Activin A
50 100 ng/ml
Activin A
FGF-2
Activin A
FGF-2
Activin A
FGF-2
Activin A

/ MAP2 | Hoechst 33342

:

TGF-beta

0 10 50 100 0 10 50 0

1

ng/mi)

FGF-2 (10 ng/ml) FGF-2 (50 ng/ml)
0TX2

PAX6

0TXx2

R ay
Non treatment

Day 2 Day 4 Day 5 Day 7 Day 9

Oct4 Otx2 Hoechst 33342

Pax6

Menendez ES
(Menendez et al. 2011)
15

15
HNK-1
DLX1 HOXB9

HNK-1 0
15
79.2%

DLX1 HOXB9
15
95% DLX1
91.0% HOXB9
DLX1  HOXB9
15

HOXB9

HNK-1/DLX1/

HOX



14
HOX PCR
0 7 14

84 HOX

.....

zzzzz

sssss

zzzzz

PAX3 0
33|HOXC9._ HOXC10
o HOXBE ¢

HOXD3HOXAT ISL1 o
33 HOXB4S

Menendez

Day 14 vs Day 0

HOXB9

cDX20

HOXC6
HOXB7 ' MSX1o0
HOXCE 5
HOXB2, __MSX2op1x1 ©°
SIX16 X206
HORA9,D4 weiste | PROXT
9HOXD8 HOXD1

lcDX1 ALX4 " DLX2,LMX1B,SIX2
MEOX1.HOXB3Zy & HESX1 ot
LBX1 HOXB19, 3 0 o X3
Ao HOXD9 s o

o/ o
ENTo o%
vsxi o
HOXD13 Lixz

o MKX © HHEX
ODLX1 HOXC13

(s X © o Lhx1 ©OTX1
TLX] PHOX28 °OTP ISL2enixs

{DRGX

SHOX
Hoxp12 ©PROP1

33 233 133
Loglo( Day0Q  2-DeltaCt)

Menendez ES

P75
MSX  DLX

MimuraS, Suga M, Liu Y, Kinehara M,
Yanagihara K, Ohnuma K, Nikawa
H,Furue MK. (2015) Synergistic effects of
FGF-2 and Activin A on ealy neura
differentiation of human pluripotent stem
cellsIn Vitro Cell Dev Biol Anim.
doi:10.1007/s11626-015-9909-8

Suga M, Kii H, NiikuraK, Kiyota Y, Furue
MK. (2015) Development of a Monitoring
Method for Nonlabeled Human Pluripotent
Stem Cell Growth by Time-Lapse Image
AnaysisStem Cells Transd Med. doi:
10.5966/sctm.2014-0242

Ohnuma K, Fujiki A, Yanagihara K,
Tachikawa S, Hayashi Y, Ito Y, Onuma Y,
Chan T, Michiue T, Furue MK, Asashima M.
(2014) Enzyme-free passage of human
pluripotent stem cells by controlling
divalent cations. Sci Rep. 4:4646. doi:
10.1038/srep04646.

Kinehara M., Kawamura S., Mimura S,
Suga M., Hamada A., Weakabayashi M.,
Nikawa H., Furue MK. (2014) Protein
Kinase C-induced Early Growth Response
Protein-1 Binding to SNAIL Promoter in
Epithelial-Mesenchymal ~ Transition  of
Human Embryonic Stem Cdlls.
Stem Cells and Devel opment.15;23(18):
2180-9.

Kinehara M., Kawamura S., Tateyama D.,
Suga M., Matsumura H., Mimura S,
Hirayama N., Hirata M., Uchio-Yamada K.,
Kohara A., Yanagihara K., and Furue
MK.(2013) Protein kinase C regulates
human pluripotent stem cell self-renewal.
PL0S One. 8(1): e54122.

- . (2015). *
K 2
PHARM
TECH JAPAN. 31(8): 37-40.
- . (2015).
K 1
PHARM
TECH JAPAN. 31(6): 89-91.
26
Furue MK A growth factor defined
serum-free culture condition for

human pluripotent stem cells toward
the development of pharmaceutical
application.JAACT2012

2012 11 27-30
iPS
2014 11 26
64
2014 10 -5
41

20014 7 2 -4



10.

11.

12.

13.

Suga M, Kii H, Uozumi T, Kiyota Y,
Furue MK. Establishment of a
noninvasive method for counting human
pluripotent stem cell numbers by live
cell imaging. ISSCR 12th Annual
Metting 2014.6.18-21 (Vancouver,
Canada)

Yanagihara K, Okamura M, Kanie K, Kato
R, Furue  MK. Prediction of
differentiation tendency of human
pluripotent stem cells toward
endoderm International Society for
Stem Cell Reserch (ISSCR) 12th Annual
Meeting, 2014.6.18-21  (Vancouver,
Canada)

Mimura S. Prospect of Neural Cells
Derived from Human Pluripoitent Stem
Cells for Application of in Vitro
Developmental Txicity Test. The 2012
World  Cngress on In  Vitoro
Biology.2012.6.3-7 The Hyatt Regency
(Bellevue Wasington,USA)

EGR1
" 85
2012 5 17-18
12 2013
3 21  -23
( )
iPS/ES
86 2013 9
11-13 ( )
50 2013
11  23-24
C )
Shandar Ahmad
50
2013 11 23-24 ( )

Yanagihara K, Liu Y, Fukumoto K, Banko,
H, Takag K, Hatashima, M, Terada S,
Furue MK. lon beam modification
of Jellyfish collagen-derived

14.

15.

16

biomaterial as a scaffold for
culturing human pluripotent stem
cells. 86

2013 5 30-31

Okamura M, Yanagihara K, Ahmad S, Liu
Y, Hirata M, Nikawa H, Mizuguti K,
Furue MK. Prediction of hepatocytic
differentiation tendency of human
pluripotent stem cells.

¢y

@

®

H24

H25

86 2013 5 30-31
14 2015 3
19 -21
FGF-2 14
2015 3 19 -21
( )
2
- 2014 15
P105-112
- - (2014)
2 9
P487-490
FURUE, MIHO
80257310
SUGA, MIKA
00340448
YANAGIHARA, KANA
10571333

MIMURA, SUMIYO
25

26



