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Analysi?lof the mechanism for the cardiomyogenic effect of AW551984 on pluripotent
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To repair functions of the injured heart, a great deal of research has attempted
to develop regenerative medicine using pluripotent stem cell&#8211;based cardiomyocytes as cell therapy
products. Although several cell signals have been reported to play important roles in cardiac
differentiation, its detailed molecular mechanism remains unknown. We have previously showed AW551984 as
a regulator of cardiomgogenesis, and here identified AW551984-binding proteins (AW551984—BPS%, which
expressed in embryoid bodies of mouse embryonic stem (ES) cells. We further extracted severa
AW551984-BPs involved in regulation of cardiomyogenesis in mouse ES cells. We also indicated that human
homolog VWASA modulated in vitro cardiac differentiation of human iPS cells.



B X C—19, F—19., Zz—19 (@)

1. BRSO &

ZREMERR L T & 2 IR D (ES Hiig)
BLOANTZEEM SN (PS M) 1%, £k~
AR kT A E N TE LR &
KARI7eEE 2 BT D2 b, BEER
WZF 0T DA - KRR TRLE o JF R RS LT
I SN TV D, BIfEH R OB ER
B C . ZREMEEHHINL D in vitro TD & & 5 il
fa~D 3 LIZ B3 B A IE 0N s I IcA T b
TWDN, #Fiz7efl@a~o ot 5FiEDORR% &
RO L2 B LIEERZ D, S5
\ZZREMEER I D Ak A B = X N & fif AT L
TR I B VW T, Bz~ R
ICH%T 2% ES MilzFIH Lz b o, =
VAT AT ADBENLOT S a—F RN
FHNIThbh s, L LanbAglks
W7 7 a—F Z Nz 12550 0 4y + A 7
S A LEATIE, 1T EAEITDhIL TV,

Fx OWFZEETIT, ~ 7 A O MYERE M
(EC MR D LB LREDE W ZFIH LTz
MR 22 B R BURITIC L 0 . DE ki
B2 24 BETZFE L7 (Yasuda et al.
Biochem J, 2011) , & 5(Z siRNA (2 Xk 5 &=
TREMGFICLY 2o 0BEBEFHO~Y D
Z ES Mz BT B Db ~D 2 % Mist
L. EC fifE3s X OVES e o O fF /b il i &
ot & L THREMIIZ3 SOBIEFIZK VA A
2. TIHDO—>THD AWS551984 (X, ES
AT D A Sy L HEAERE & O A AT BSHERE ~ D 5y
{RIZIX R 597, DARATESHEIE 2> &0 f i
~DOGEDOFIEHZIT S Z E R LN/ -5
Too OO EHIENA T & L CRE S
72 AW551984 OEAFPEMIL. Vault protein
inter-alpha-trypsin (VIT) RAA & H3 5 85
kDa DX /N EThDH, B hFAERTTH
% Von Willebrand Factor A Domain Containing
5A (VWASA) 1E, BNAMGEE T & LT
HENTWDR, VWASA OFENAIHIICE
T FAN=ALIARHATH D, £z VIT
RAA DB TR E D FDAMEE LD
I BIZ B A HEEEIT A H LTV AR,
BEICF ~ 13, AWS551984 73 Wnt/B-1 7 =2 o
T WITGE L TRBEN L L, b
i BRI BN Tdh 5 Nkx2.5 ® mRNA ¥
BREZWHETHZ 2P0 L, Ll
NG, AWSS1984 N ED L 5 A T =X A
TR RS ER T O BLZRE 32 0
NI, RHOEETHD,

2. MFZED B

ARFZED B HE, 1) AWS551984 0.0 % Al
SAETHIENC BT D90 F A 1 = X b & fRH 3
HZ Ll 2) b MERESRMRIZENTD
AWS551984 (.0l e oo 1k 2 9~ 2 O 2%
HencTsZ&ThHAD,

1) AWS551984 (2L B0 LKA =X LD
fiEBH D 7= 121X, AW551984 CAHEMERT %
BRI BERIET HDMEND D, AWS551984
VIT KAAL DV ar e Frr "R TER
FAWT o b &7~ 7 & ES MO HIE IR iR
WL I NEy T v g BTV,
LC-MS/MS fBHriZ LV AW551984 VIT KA A
VB A NI EERIET D, b0
AW551984 fE& & /R D, AW551984 &
FIERIZ DA 7 EHIENC B 5 02 MR L. 47
F A=A LD HATO, MEF v/ \VE
DRI LI 2475 2 212X 0
AWS551984 DL b RS & 2 1 L ~L
THLMNZTBHZ L2 HIET,

2) b b ESHIECPS MlaIx, v/t
T D ET R =V R REITRE,
~ 7 A0 ESHIEC iPS D & B D MmN,
L7z o> CHREMESMIcB W TR, v T &
A CHlIZE I B3 e MifaIZ B VW T
FRAET D MENRH D, & b iPS ML T VWASA
DOFBUH 24T, D bicB i 28 %
BREtd %,

3. WHED Ik

1) ~ X ES M0 & b
~ 7 A ESHHf@ (R1) 1% ESGRO Complete
PLUS Clonal Grade Medium THE£F - 5548 %
1To72, RI1 FIE Accutase CTHIEE « /01K
L . FLJEE PrimeSurface CHRZER 2 AL S &,
SHHLKEICETIF > Ta— Lk 48 %
TU— N CHEREZIToT-. b8 B &
OV 10 HZ OB 2 IRSER DA T v
ML, ZOEIGEREM L,

2) SIRNAD N 52 R 7z 39
5x 10°f8 @ R1 MH2IZ 50 nM Stealth RNAi
siRNA % Lipofectamine RNAIMAX (2 & »
THEAL, 24 BRI 20 HMia 4 F25R
WZHWT =,

3) Ak
IREERDTE R BREE D 10 A # I HIf % [[]
I L. Accutase T/ HEL L. 1 x 10°f# D
% . ProteoExtract Subcellular Proteome
Extraction Kit Tyl L, V= A X 71 v
F&4iTo 72,

4) &% RT-PCR
# RNA [ RNeasy Mini Kit Tt L7z, 1
AT 77 & RT-PCR %, QuantiTect Probe
RT-PCR kit # W\ TITo 7z, HEAEET
DFEHIEL GAPDH mRNA & THIE L 7=,

5) HOEBIM BRI S
35mm HT7ARPMNLT 42 BICHEREL
7= NIH3T3 #ifaiZ. pEFla-AcGFP1-Cl1 &
7= X pEFla-AcGFP1-C1-AW551984 %
Lipofect AMINE 3000 % HWTHE AL, 48
R IC 4% /XT RV AT VT B K/PBS
THEE L, HLBEMEI CHE 1T T2,

6) INXDT L BLNS NI HD
[EE



R1 AR & ERL U 72 IRBER O R fRTR (5
mg protein) 12, 25 ug DORBGEH O G
L7 GST % 721% GST-AW551984-VIT %l
X, 4°C T 1 FEf]A »F 2= F L,
Glutathione Sepharose 4B (Z & ¥ GST # v
NI BEERBE L, GST B L O
GST-AWS51984-VIT (ZHEA LTz v X7
'H1%. SDS-PAGE T/rft L. $RY:a S 7z
Ny REGYHL, Y Y Rz
LC-MS/MS TE L7z,

7) E FiPS MfEAOLEE & ME
b bk iPS #ifid 253G1 #kid, Primate ES Cell
Medium/MEF % L < /% mTeSR1 K5 CTHs
#L, MEREERT L0, 740 —F
— - CHEEE L7 253G 1 Bk % CTK ¥k T
B L | Ultra-low attachment 6-well plate T 20
H Fﬁﬁiﬁi% L7z,

8) shRNA # A
VWASA ZA5H) & 9% shRNA F7zid= >
ha—/l shRNA DL F T A VA% 6
ng/ml hexadimethrine bromide DAF{E F T,
50MOI & 725 X 912 253G MifalZ ke X
o, BAMMIZ, 1 pg/ml puromycin
dihydrochloride Ti#&N 217> 7=,

4. WRIERCR

AWS551984 (% | Vault  protein
inter-alpha-Trypsin (VIT) 35 & O* von Willebrand
type A (VWA) RAA % HT5H7637 )/
B> 2 NI E Tl %, BT AW551984 D
HMRANRAEZ B B2 T 272, AcGFPl ¥
L OV AcGFP1-AW551984 % NIH3T3 AlfEIZ 5
Bl &, HOLBAMMEE CHIZE 1T 5 72, AcGFP1

IR L UHIRE CRIABRD S, —T7,

AcGFP1-AW551984 (FHlfE CHRENRD 5
N (X1), £, ~ 7 A ES a5 RIE
K% 10 BREER S &, MRS W a2470,
AWS551984 OB A2 T = A X T ay b THE
B L7z, AW551984 1%, IRIEREAKIC & 5 ES
AR D AIZ K> THREAD EHT25Z L %
Fex IZBEICHE LTWA, AWS51984 [T
H I Sy TORBINTED ST, B A
VI AT B AT R N ) o = TR A Al STV
T, FORBIBRO L2072 (K 2),
DLEORER LD AWS551984 133512 M B
BIZRIET D Z ENRENT-,

AcGFP1

AcGFP1-AW551984

1  AcGFP1-AWS551984 DA J{1E

T
C

< Grp94

— < Grp78

[ == e

2 <7 A ES HAEH IR EER o HH i )4y
IZF1F A AW551984 DX 2 2= 7 B

WIZ, AWS551984 OFEE 5 7 BDORIE
17972, GST-AW551984-VIT ) =2 &)
VRNF R ERERL, < U ARERH
WD DTN T i AT, 2 he—)b
LT, GST o X7 BxH Wi,
GST-AWS551984-VIT Z > X7 BxHW\Wi=7
JVE 7 D%, SDS-PAGE |2 L 545HEE 7 v
P10 H L &7\, LC-MS/MS % AW THEA ¥
VRV BDRE BRI, GE 8 EEO &2
RIEN, _TF KD MASCOT f@tric k-
THREENTZ, AWS51984 #iE X v /0 E D
TN T R AN S R RS- Erad v -h R AW el
12, AWS51984 & Z U5 8 DD AW551984 fi
GH NI ERE T a— KT 5862
B & DA 7R siRNA 2, ~ 7 A ES il
WhRF VAT ML, /v I ET U ETH
720 2SO ESHI N S IRBER 2 TR & 8.
TNNT2 &3 L OAEED & DA HERE 4y
{LREZ RN L 7=, fEG & /37 E#1,5,6,7,8
WICEBWT. . TNNT2 BELOFEZRIKTARA LN
7= (K3), ERERIC, #E ¥ 37 E#1,5,
6,7, 8 IZB W THEEOHIA LK T L7 (data
not shown), L72W-> T, LEXVFEELZ
NI E#1,5,6,7, 8 1%, MR & E IS
D2 LR EINT, BE, ZhbofE
fEE O, LS bl BB e g %
REeT T FARKEZHIET 52 &nmdy
ENTWVDHDITK - T, T E2{T-o TV 5,

B Negative control siRNA
O AW551984-BP siRNA

2.5

1.5

0.5

TNNT2/GAPDH

0
R L U
&
v.
3 AWS51984 fEA X R B EEN LT

% siRNA O~ 7 A ES A SRRERIZIB T
7% TNNT2 JEH BRI 5 2



WIZ, w7 A ES HilalZdsiF 5 AWS551984
2 & DD b ORIE 2, B b iPS HHA
WCEBWTHRIBRICBE SN2 2R LT,
AWS551984 Db FREr 7 ThsdH VWASA IZ
ST B H A7 shRNA 22 ERIIC3EET 5
bt b iPS M A ERL L 7=, ROBIRIEIZEB W
T, ZHEME~—DI—ThHD NANOG BL O
OCT3/4 ® mRNA RHITHEIIR 5 /e)
-7~ (data not shown), t b iPS fllfians & RigE
RETERR SH, DR R~ — 7 —8B
FOHRBEZRE LT, ZNbDO~—h—%,
2 b r—/L shRNA FlfRIZ b~ T, VWASA
shRNA Hifld THRENK T LW, —FT
VWASA shRNA |X, NEMd~——Th s
CD31 ORBUTE TS ERho7z (X4, =
NHEDOFRER LY, AWS51984 &E 12 73k b
ZREMEER I B U T b O M 4 AE & 1
W42 Z L DRER ST,

®Non-target shRNA  BVWAS5A shRNA
1.6
5 1.4
3 1.2
2
3
X 08
_g 0.6
T 04
& o2
0 © NN NN LWL O N <
< -
- = i -1 (0]
EEEEziEpE2E88
= F¥"s2oc 2°2

4 VWAS5A shRNA @t | iPS i fa ke pr
EROLGME~ — 0 — BB FRBEICET

Bz 8
KB4

AFEIZ LD . AW551984 ORIfN RAE &
ZDFEEH L RTENRHALIN o=, Fiz,
AW551984 #5E 2 82 'BDN, v A ES
RO LS IZBE ST 5 5 ORRE
7=, AWS51984 Ot NAEBRZTHH
VWASA OFRELIHIFERRIZ L D . VWASA 28
t b iPS Mg O LA LI 55 2 &
R LTz, S%IEMEEED > 7 F RE &
IBEND, AWS51984 & ZDFEE X R
OIS ACHE O 5y - A = X W%
BH &M L TITE 720,

5. TR IE

UdEsEam ) (B 7 148)

(D Kusakawa S, Yasuda S, Kuroda T,
Kawamata S, Sato Y. Ultra-sensitive
detection of tumorigenic cellular impurities
in human cell-processed therapeutic
products by digital analysis of soft agar
colony formation. Sci. Rep. 2015;5:17892.

@ Kuroda T, Yasuda S, Matsuyama S, Tano
K, Kusakawa S, Sawa Y, Kawamata S,
Sato Y. Highly sensitive droplet digital
PCR method for detection of residual

(=

@

IR

undifferentiated cells in cardiomyocytes
derived from human pluripotent stem cells.
Regen. Ther.2015;2:17-23.

Yasuda S, Sato Y. Tumorigenicity
assessment of human cell-processed
therapeutic products. Biologicals
2015;43(5):416-421.

Kusakawa S, Machida K, Yasuda S,
Takada N, Kuroda T, Sawada R, Okura H,
Tsutsumi H, Kawamata S, Sato Y.
Characterization of in vivo tumorigenicity
tests using severe immunodeficient
NOD/Shi-scid IL2Ry™" mice for detection
of tumorigenic cellular impurities in human
cell-processed therapeutic products. Regen
Ther. 2015;1:30-7.

Kono K, Takada N, Yasuda S, Sawada R,
Niimi S, Matsuyama A, Sato Y.
Characterization of the cell growth analysis
for detection of immortal cellular
impurities in human mesenchymal stem
cells. Biologicals. 2015;43(2):146-9.

Tano K, Yasuda S, Kuroda T, Saito H,
Umezawa A, Sato Y. A novel in vitro
method for detecting undifferentiated
human pluripotent stem cells as impurities
in cell therapy products using a highly
efficient culture system. PLoS One.
2014;9:e110496.

Kuroda T, Yasuda S, Sato Y. In vitro
detection of residual undifferentiated cells
in retinal pigment epithelial cells derived
from human induced pluripotent stem cells.
Methods Mol. Biol. 2014;1210:183-92.

G 17 4)

BHEN, ZHE, RIS &7, GHO
Zh, WMEEAT, ®)I&L, MR,
FAILSESC, JINE R, TR & b iPS
A e R R I £ 3R B R P IR N
2 NFEALAR R kR 1 D BR %S & & DR
FEAE 5515 RIEAEEREY SRS, Kk
2016 =3 H.

B, ZHAE, BHEEH, I EHAd,
EEE 7 3 Z VHIER 2 v =—JEAK
R &2 A H U 7o i AR E R L o SV RE
il 25 15 MIFEERYSRE, Kk
2016 =3 H.

Kuroda T, Yasuda S, Matsuyama S,
Takada N, Nakashima H, Kusakawa S,
Umezawa A, Matsuyama A, Kawamata S,
Sato Y. Simple in vitro method for
detection of immortalized cells in human
retinal pigment epithelial cells. World Stem
Cell Summit 15, Atlanta 2015 4~ 12 H.
Kusakawa S, Yasuda S, Kuroda T,
Kawamata S, Sato Y. Digital analysis of
soft agar colony formation for highly
sensitive detection of tumorigenic cellular
impurities in  human cell-processed




therapeutic products. World Stem Cell
Summit 15, Atlanta 2015 4+ 12 H.
Tsutsumi H, Kusakawa S, Sawada R,
Urano K, Mizushima T, Nishinaka E, Inoue
R, Yasuda S, Sato Y. Comparison of
human cell engraftment and differentiation
abilities among strains of immunodeficient
mice with different genetic backgrounds.
51% Congress of the European Society of
Toxicology, Porto 20154F9 A .

B+, ZH8, BHGH, = H i,
R TR KR 2 v =— BB &
JEH U e PR AR R LA IR AE 9 2 B
TR R O m R R L B 140
FHAERRERRE, BE 20154231,
HAABE -, 2 A, B, ML,
R & b ZREMEER MG f ok R
R L R4 D Ry La & &
A V7 MIHET 2 HIEORSE  H14
A ERE AR, MR 20154231
O Z Z, (TR, 22, R R,
B RARE, AR SRS, TG MR
FERFME 22 R U 72 AR FEA L R A H R
EOMRRIEM  F14RIFAEER TSR
2, Bk 2015423 4.

Yasuda S. The New Japanese Regulatory
Framework for Regenerative Medicine &
Cell Therapy. World Stem Cell Summit 14,
San Antonio 20144-12 4 .

Kusakawa S, Yasuda S, Kuroda T,
Kawamata S, Sato Y. A new soft agar
colony formation assay based on
high-content  imaging for  sensitive
detection of tumorigenic cellular impurities
in human cell-processed therapeutic
products. Global Controls in Stem Cells,
Singapore 20144114 .

Kuroda T, Tachi S, Yasuda S, Kusakawa S,
Sato Y. Profiling of Human Induced
Pluripotent Stem Cell Lines for Predicting
the Differentiation Propensity. International
Society for Stem Cell Research 12 th
Annual Meeting, Vancouver 201446 A .
Tano K, Yasuda S, Umezawa A, Sato Y.
A highly efficient culture method for
growth and detection of undifferentiated
human pluripotent stem cells present as
impurities in cell-processed therapeutic
products. 20 th International Society for
Cellular Therapy, Paris 201444 A .
WLy, BHEEW, ZHE, 8RR,
EREE & MPSHIlR DT m S
T 4 PRI T O RE T v 7 7
A V7 BIBREIEAERERRS, 5
# 201443 H .

HARBE 1, ZHE, MREAL, RS
b 2Rt i ok A AR R
(IR T D RO GAIE O & 2 SR B 2 1k
DFAFE  HBI3EIFAERRERRE,
2014434 .

® BEAt, ZHE, F)IEL, mbE s
I, JNE A, EFH, EEERE 7Y
X VPCR%E 7= b NiPSHIAEH Sk /(b
M Z 5 A7 2 AR ALiPSHIAE O i Jek B2
MRHEEORIE FH1I3RIFAERESKR
2, BUAD 2014434 .

Kuroda T, Yasuda S, Kusakawa S,
Kawamata S, Sato Y. Application of
droplet digital PCR technology to detection
of residual undifferentiated cells in
cardiomyocytes derived from human iPS
cells. World Stem Cell Summit 2013, San
Diego 2013412 7 .

@ Kusakawa S, Machida K, Yasuda 8§,
Takada N, Kuroda T, Sawada R,
Matsuyama A, Tsutsumi H, Kawamata S,
Sato Y. Characterization of in vivo
tumorigenicity test using severe
immunodeficient NOD/Shi-scid IL2ry™"
mice for quality assessment of human
cell-processed therapeutic products. World
Stem Cell Summit 2013, San Diego 2013
F12H.

(MF] G214

O LW, LRSS FAEERRRGSOMNE
BEE R &t n OB E R [E i fass
FOTIE LML - IR - s B
Z B IES 2 Bl ] Rk - Bivif s =),
BT @iHe pp. 517-22 (2014)

© HEET, 2B, VEREGTR B N ES/APS
A AEAZ R 2 P AR R R oD s i 5T
MWa &5 a0 ERESM, £
*t pp. 61-68 (2014)

EIa
OMEaRy GE11H)
AW EVEIR R R A AR O R HE T
HE - F)IARL, ZHE, KRR
FEYE : B
&5 FFFE 2014-176861
HFEEA A SER26 429 H 1 H
EPNS DR [EAN

(Z Dfth)
R I
ZREtER L 2GR 1 b
http://www. nihs. go. jp/cbtp/sispsc/html/
index. html

6. HFFTHEAR
(D) RFTE
ZZH %% (YASUDA, Satoshi)
E 7 E R WA A - laE
R BR
HIEEZ S 20381262



