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Chemical genomics approach to human embryonic stemcel |-self renewal
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Human embryonic stem cells (hESCs) and induced pluripotent cells have the potential to provide an
unlimited source of tissues for regenerative medicine. For this purpose, development of
defined/xeno-free culture systems under feeder-free conditions is essential for the expansion of hESCs.
Most defined/xeno-free media for the culture of hESCs contain basic fibroblast growth factor (bFGF).
Therefore, bFGF is thought to have an almost essential role for the expansion of hESCs in an
undifferentiated state. Here, we report identification of small molecules, some of which were
neurotransmitter antagonists (trimipramine and ethopropazine), which promote long-term hESC
self-renewal without bFGF in the medium. The hESCs maintained high expression levels of
pluripotency markers, had a normal karyotype after 20 passages, and could differentiate into all three
germ layers.

AR TERE
(BFEHAT : M)
BT MR & &t
2010 & 1, 500, 000 450, 000 1, 950, 000
2011 £ & 1, 300, 000 390, 000 1,690, 000
2012 £ & 700, 000 210, 000 910, 000
G
F
woE 3, 500, 000 1, 050, 000 4,550, 000
ey 8 - EEIRE
BFEonsR - B - EifESE ERE &
F—U—F: v NESHIE {bEWMTA4 7TV KoLHERE o bmE

TRHE PSSk s ES A - B A E R
~DOREBEANPHAINTWS, 72, eEMEHI >
5 iPS Hlifa ) ES AfE gD TR & F

1. BRGSO R

ek ES MifaiE, K&k o4& CofiafEiz sy
LT DREN KOS LREA AR FFLT- £ &, H5a%
T CEEHIBRICEEIE CEDAE TH D, ZD LD

OO ERIED RHENTWD, L LD,



ﬁé@ﬁ%%ﬁ@ﬁ%%&EﬁEH$MBMW
(LR ES Ml — L CRIHTDHERKEIC

TET D, FFDH %%%M%abfA%
LI TUK BN BTz, Fi2. BN ES #l

fe i3 aE H 7 ¢ — & —fila L TR AT o TRY,

74— & —fila g iR IE OB 0Ny
T EMR A PR D7 1Ch | G R
T CHDHI LGRS T,

2. WO EH®

(1) AWF3ETIE chemical genetics({b B

HFF232) & DV i chemical genomics (2457 7' 1

—F &Rkl ES MR D5y -l B g 0O FR

gz HIEL Ty, R TIXZDH 0
BOKVETEEZELTD,

QAWFFEHIME TIX, N ES M@ R LHE5E

WD RT3 2R84 02T,

(3) AWFIE TR LR EIEFEIZZh R D

O E (e MEE W) D IR &R 7258

MR RHTHZERTEIIL, AW DOHEEIC

AT CRER LB ERD,

(4) AWFFEC RIS IZey MEG WA ER ES H

DR FACEEFEIIFEA EAR A R ENT R

7L CW% bFGF TR TEDREDHEREN &

DN DWTORFZIT,

3. WFFED ik
U)t%%M@@iﬁk%%KKﬁﬁ@
HEZ L TWDZ ERH LTS 0CT4
Lﬁ%@7ﬂ% A FEIC m@%vf v
— e L TCORTFTE_y X —BInEEAL
tthm%@%%ﬁﬁbto

(2) & L T Z OMMBIKET GFP Dz TR EE DS,

t bk ES MR D53k - R LIRTE & 58V IED
FEEIA R L CE Y, HighContent Analysis
(HCA) 12Xk » T, S HICHIlROIERE: ED
FEREMK L, Kok - obIRREE LV Bk
B2+ Z Ll b ik L,

(3) HCA 21T 9{bEM T4 77 U L LTI
ZEENRH V| MK IEEO B 5
Prestwick Library & v 7=,

(4) A7 V) —=r 7 E:MiziZe b ES #Hf
DARIACEETEIE & A ER AR 72 E %2 R
72 LT\ D bFGF % & £ 72 5 il & JEAR:
e L THW=, Z oIz 100 ng/ml
bFGF Z S92 Z & Tk b ES fifasy 7 «
— X MR U ICHERIES B TTE D 2 ERE
WCHEEINL TV,
%);®MA%%EVT§@%%LtEF
ES FfE O R AIREEI T DO TERE . K71k
FHbUR~—H— @%ﬁ Kok~ —H—
BAR O3B L b~ —H — DR BHIIZ
DUNT sqRT-PCR & Hrik s e lc L 0 1T
277,

6) ZfbEMEHNTCERERL-E -
ES A T O Yt fK D EFPEIZ DOV T G-
VR EIT Y Z LI L VR R o T,

(7 = @{K/\%%ﬁﬁb\fﬁﬂ;ﬁiﬁ% L7zt b
ES Mif D %43 LEEIX. 552 T COLiEE
T T b—~ERICL Y BT EIT o7,

4. HWFFERLE

(1) EFESHMIEOERD - R EEIZ )51k
EMOEE IVEBAI %%Mﬁﬂ: XM
THROEZRITEIIL T,

(2) LMD EERE @E%%ﬁ:bu%b Koy
k.- \{I:Jdiﬁb%iblﬁfz{ﬁfi ?@%Té_ dbﬁk
DL, Zhic kol ahrrr)—=7
TEANAAN—T /FX&)—V—/7 (HTS)~®
%\é%ﬁ)ﬂﬁbkix’)ﬁ_

(3) (1)(2)0)52%% TTAEMFES, BAERT
YT, RBE %ﬁ%i#ﬁkﬂﬁf%ot,it
S Far I — TR I AT,

(4) ZREMEDN & 1 | AR BRI 23 20 %zhf A
é/’JlOOO{I: ICANWT AT == é‘»ﬁ
18O EME A3 2

DN, SFEFEN G fifﬁu
ﬁm%%§®HHQM>
ZoOFO22MmDLE

20uy
B ESH
NERS)
0 Sop o
N3 @@&%

=

. o= e
RO
—E—

RE
N 5
e OA:

P
A
|
O
ﬂ*

-

X%
R¥
H

A8
CYRY
ROEK

&
= <
Eﬂc‘

«
Al

SE B

NIy

[ BSHEASIIFNTGH T
=\

V\lm\/%l VM{‘%
PSS C g s v B ER

=

[T,

Wt

S

i

4

=)

'z

=

S AB I

Y
=

i 2 1%
ACTE

PRI F T AN
M
rt

AR SIS TR

b
AL
HE
O R

-

%

2
20
&
&
=
T
o [H]
oI
|
z%
o
o
:T‘
@
E
(@}
o
=)
o
:3
o,

iophysical Re searc hE Communications 434,
;Eg; 10. 1016/j. bbre. 2013. 03. 061) |2 Bk =
(w)$ﬁ% B L 2B FERR & L C, B[]

gg&e& LT§<®%%%T5 LT
5. Eﬁ%%%i

(BFgeRERE . 50 HE R OSBRI
E Y

CdesEam ) (Rt 6 1)

(1) Kumagai, H., Suemori, H., Uesugi, M.,
Nakatsuji, N. and Kawase, E (2013).
“Identification of small molecules that promote
human embryonic stem cell self-renewal.”
Biochem. Biophys. Res. Commun.
434,710-716. DOI: 10.1016/j.bbrc.2013.03.061.
A

(2) Miyazaki, T., Futaki, S., Suemori, H.,
Taniguchi,Y., Kawasaki, M., Hayashi, M.,
Kumagai,H., Nakatsuji, N., Sekiguchi, K. and
Kawase, E. (2012). “Recombinant E8
fragments of human laminin isoforms support
long-term culture of human pluripotent stem
cells under defined and xeno-free -culture
conditions.” Nature Communications 13,
1236. DOI: 10.1038/ncomms2243. A

(3) Aizawa, E., Hirabayashi,Y.. Iwanaga, Y.,



Suzuki, K., Sakurai, K. Shimoji, M., Aiba, K.,
Wada, T., Tooi, N., Kawase, E., Suemori, H.,
Nakatsuji, N.and Mitani, K. (2012).
“Efficient and  Accurate = Homologous
Recombination in hESCs and hiPSCs Using
Helper-Dependent ~ Adenoviral ~ Vectors.”
Molecular Therapy 20 (2) 424-431. (2012.2).
DOI: 10.1038/mt.2011.266. #Fi A

(4) Yamauchi, K., Sumi, T., Minami, I., Otsuji,
T.G., Kawase, E., Nakatsuji, N., Suemori, H.
(2010). “Cardiomyocytes develop from
anterior primitive streak cells induced by B
-catenin activation and the blockage of BMP
signaling in hESCs.” Genes to Cells 15 (12),
1216-1227. DOI:
10.1111/5.1365-2443.2010.01455.x. &#eH

(5) Adachi, K., Suemori, H., Yasuda, S. -Y.,
Nakatsuji N. and Kawase, E. (2010). “Role of
SOX2 in maintaining pluripotency of human
embryonic stem cells.” Genes to Cells 15 (5),
455-469. EHEH

(6) Sakurai, K., Shimoji, M., Tahimic, CGT.,
Aiba, K., Kawase, E., Hasegawa, K, Amagali,
Y., Suemori, H., Nakatsuji, N. (2010).
“Efficient system to integrate functional genes
into a defined locus in human embryonic stem
cell lines.” Nucleic Acids Res., 38 (7) , €76.
A

(FaskR) Gti124h)

(D) ‘BiRFEE, AR, KBRS, [ILH
], JIFSEFn, MBRFIEE, RER ],
EEIE. BEnyER, JIEES\EL . 7 =2
E8 7T 7 A FEHW-E b ES/iPS fifa
DO —HEERIE 8 12 A HARFAEER
Faee (B, 2013.3.23)

(2) Nao Hirata, Masato Nakagawa, Yuto
Fujibayashi, Kaori Yamauchi, Asako Murata,
Itsunari Minami, Maiko Tomioka, Takayuki
Kondo, Ting-Fang Kuo, Hiroshi Endo,
Haruhisa Inoue, Shin-ichi Sato, Shin Ando,
Yoshinori Kawazoe, Kazuhiro Aiba, Koh
Nagata, Eihachiro Kawase, Young-Tae Chang,
Hirofumi Suemori, Koji Eto, Hiromitsu
Nakauchi, Shinya Yamanaka, Norio Nakatsuji,
Kazumitsu Ueda, and Motonari Uesugi.
Fluorescent Chemical Probes for Human Stem
Cells. 2013 Cira International Symposium
(Kyoto, 2013, 3.11)

(3) Takamichi Miyazaki, Sugiko Futaki,
Hirofumi Suemori, Yukimasa Taniguchi,

Masashi Yamada, Miwa Kawasaki, Maria
Hayashi, Hideaki Kumagai, Norio Nakatsuji,
Kiyotoshi  Sekiguchi, Eihachiro Kawase.
RECOMBINANT HUMAN LAMININ ES8
FRAGMENTS (LM-E8s) SUPPORT THE
EFFICIENT ADHESION AND EXPANSION
OF DISSOCIATED HUMAN
PLURIPOTENT STEM CELLS UNDER
DEFINED AND XENO-FREE CONDITION.
2012 World Stem Cell Summit (West Palm
Beach, USA, 2012.12.3).

(4) Takamichi Miyazaki, Sugiko Futaki,
Hirofumi Suemori, Yukimasa Taniguchi,
Masashi Yamada, Miwa Kawasaki, Maria
Hayashi, Hideaki Kumagai, Norio Nakatsuji,
Kiyotoshi  Sekiguchi, Eihachiro Kawase.
Recombinant E8 fragments of human laminin
isoforms support the efficient adhesion and
expansion of dissociated human pluripotent
stem cells under defined and xeno-free
condition. 10™ International Society for Stem
Cell Research (Yokohama, 2012.6.15).

(5) Takada, Kei, Hirai, Masako, Kawase
Eihachiro, Hamao, Mari, Kashigi, Fumi,
Suemori,  Hirofumi,  Nakatsuji, = Norio,
Takahashi, Tsuneo A. Manufacturing and
banking of clinical-garade human embryonic
stem cell lines in a GMP facility. 10"
International Society for Stem Cell Research
(Yokohama, 2012.6.15).

(6) Kawase E., Applications of scalable culture
system for clinical-grade undifferentiated
human embryonic stem cells. Wednesday
Industry Symposia, 10" International Society
for Stem Cell Research (Yokohama,
2012.6.13).

(7) Nao Hirata, Masato Nakagawa, Yuto
Fujibayashi, Kaori Yamauchi, Asako Murata,
Eihachiro Kawase, Shin-ichi Sato, Shin
Ando,Young-Tae Chang, Hirofumi Suemori,
Norio Nakatsuji, Kazumitsu Ueda, Shinya
Yamanaka, Motonari Uesugi. Fluorescent
chemical probes for human stem cells.
AIMECS11 8" AFMC International Medical
Chemistry Symposium. (Tokyo, 2011, 11, 29).

(8) Suzuki, K., Hirabayashi, Y., Aizawa, E.,
Iwanaga, Y., Tokumitsu, A., Sakurai, K.,
Shimoji, M., Aiba, K., Wada, T., Tooi, N.,
Kawase, E. Suemori, H., Nakatsuji, N. and
Mitani, K. Homologous Recombination in
human  pluripotent stem  cells usin%
helper-dependent  adenovirua vectors. 9"




International Society for Stem Cell Research
(Toronto, Canada, 2011, 6, 17).

(9) RERIEH, REEHEIST, bERER., Fit
Ee . JIMESEJ\ER - & b ES fIA DA {LE
FrlRl O 8EFE A~ By L L7 High content
analysis (HCA) . %5 10 [0l H AL ER TS
fos GRAT, 2011.03.1)

(10) LHNFERE AT — k., B 2,
JIME S VAL, xR, RS : B
—catenin OIEMHAVI L OBMP & 7 LD
Hilic & B JRSRIMATEIR O R 2 H L7z E
N ES #ia 2 & s g~ s b, 5 33 (Al
HA A T2 (Fh=, 2010. 12. 10)

(11) RER W], R, BREGER, Hi
I, IS J\BE : High Content Analysis
(HCA) 12 X % & b ES Hifd DR/ bHERR 1
DORFR, F 33 EIHAS TAEMTES (A,
2010.12.9)

(12) Ko Mitani, Kaoru Mitsui, Keiichiro
Suzuki, Emi Aizawa, Haruka Shiiba, Eihachiro
Kawase, Hirofumi Suemori, Norio Nakatsuji.
Gene targeting in human pluripotent stem cells
with adeno-associated virus vectors. 5 16 [A]

HARBIR B TS (A, 2010.7.1)

(X#E) G211

(1) JIHER\BR, =iRbeE, BOjEs 5
BRES 4 A5 (WL b YT R) 1[5
R=V B8 EHWEEETHERNLE M
REMERR PO B2 2BV E O B ) 31, 918-922
(2013)

(2) Adachi, K., Suemori, H., Nakatsuji N. and
Kawase, E. “The role of SOX2 in maintaining
pluripotency and differentiation of human
embryonic stem cells.” In “Stem Cells in
Clinic and Research" pp. 169-184 (Ed. Ali
Gholamrezanezhad) (InTech). ISBN:
978-953-307-797-0 (2011).

(P36 M PEAE )
ORI (G0 14)

2 LN DRI
Ok (Gt 0 1F)
L

(Z Dfih)
AR Bl B

Mg 2 80 2 flvie s -\ e MES/PSHllY
DA 2 BRE
http://www.icems.kyoto-u.ac.jp/j/pr/2012/12/05-nr.html
MfaEAs 2 7 2. K4 - mAER e NES/IPS
e D REH 5 A B g

http://www kyoto-u.ac.jp/ja/news_data/h/h1/news6/2012/1212

05_1.htm

6. WFICRHAR

(D WFgezR=E
JIE 2% J\BE (Eihachiro Kawase)
AR - FAEERZICET - KAD
FFeE 5 : 70402790

(2) W9y
L

(3) I HEMF 2T
L



