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R 5 1, b EBERMEAITIR v MEETHY, ZNZ2HM O -DIZ@EERD N
—iffe 2 7=V LEBRICHE L TV 523, B8N T —/Iaic v T b IRIRF0 - A%
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2. EBHEHS L KB
2.1 AN S OBk

iPS #l AR HH SR N E iR T % iCell NEZAfAE  (Catalog No. ECC-100-010-001; Lot No.

1825866) 5 L OMEHIANIMIZEN T — « XA F I T A« 4 X —F T 2 F /L (Madison,
WI) L YA L7, VascuLife® VEGF Medium Complete Kits (& Lifeline Cell Technology
(Frederick, MD) LY iE A L7-, Pooled HUVECs in EGM-2 media (Catalog No. CC2519A; Lot
No. 0000409274) 5 & T EGM™-2 BulletKits™ (% = > (Walkersville, MD)J& VA L7z,
Jagy =), A7V, BLXOT N FA7FALT 2= LTRI R (TAB) 514~
> 2 v(Ann Arbor, MK VREA L7-, RALT LT E RIERIZY 7~T LR »F

(St. Louis, MO) X VEEA LTz, Y AFNLANLFEAFL K (DMSO) 1EH & 7 L—AN
A 477 Juav—(Dallas, TX)LVEEA L=, H/LEA 2 AM, CellMask™ Green, 7 7
1 %7 F 2, Geltrex™ LDEV-Free reduced growth factor basement membrane, Hoechst 33342
B E O TrypLE Express™ 7 14 7727 v —X (Grand Island, NY) XVIEA L7,

2.2.iPS MR Sk PN Bz A o0 15 2%

iCell NEGHIfIZENLN T — « XA F IV A - S —F v aFanbiEitaniz7n b=
—JVIZHEVY, T75 7 7 A2 E ORISR Z1T o7, 77 A 2iZiT 3 pglem? 1272 5 X D127
47y Frka—hL 12 RREE Lz, RIEEROKE TS iCell NE MR D N
AT AERY L, BEHIC37°C 74— & — S22 3451 UM 2 Bl S 17, g L
7o AR iCell N EZHERAEE B 77U A > 35 KO VascuLife VEGF Medium Complete Kit %
GrieHERIR L (FBS JEUSIN) (ZIBTE) U7, BEHO B 7oLk VascuLife® FAES Hirp iz
FGF (5ng/mL), 7 A= /LEUEE(50 pg/mL), =7t Ra /L5 > (1ug/mL), L-7 /v
% X (4mM), IGF-1(15ng/mL), EGF (5ng/mL), VEGF (5ng/mL), #iifg~ 3V > (0.75
U/mL), 10 % iCell WEGHIfaEZ 7Y 2 > N &N Z 70, REEE P O M £k X i BR i SR
ERNT R AT L VRO, KD BN TZARBEUZEE SN TR O FEREAAF
FRELIE 1 x 104E/cm? 1272 5 K D ISR HIIC L W B L=, 7« 7 e X7 T VRIS



JOREFRERNIC TS 77 Aanhb T A L— bk Lz, #iliX37°C, 5% CO, FCHERFL, 2
H g (2B IAc 6, 3-4 H 48\ TrypLE Express™ 2 W TRk L7z, SEBRIZIZ 158K E @
AL & U7z,

2.3.HUVEC D5

HUVEC (% EGM™.-2 BulletKits™ % 4 Medium199 % V> T75 7 7 2 2t | CHERFS# 21T
-7z, EGM™-2 BulletKits™ |(Z/Z hEGF, & Ku=/LFY >, GA-1000 (Fr & ~A v
7 AT U r-B) , FBS, VEGF, hFGF-B, R3-IGF-1, 7 A =/LE VB L~
NEFEN TV, MifRIL37°C, 5% CO, FCHERFL, 3-4 HYEIZ TrypLE Express™ % >
THE L7z, BB ofE0E b U R0 7 =4 ic L v ko7, EBRICIT 1-5 R H
DR Z H Tz,

2.4 RV AW D Y

DMSO % HIWTRABRIZ IV D 200 e BE D HIRME 2 A b » 7 ik e LTI L 7, %
R E A rE L, DMSO 22X TS Y, o7 Aa— a3z 9% 7=/ 7L —hK LT
Bepe A IR A1T 572, 96 7 = /L 7 L— FE-20 °C THEAH & THRE L7, FEBRH T 200 {5
AN 7 IR E R, 96 7 =V L— RNT 26 U< 1T 453 O 7 FREE HEVAE & TR
L72, DMSO A& FEIT 0.5 %2725 £ H I Uiz, MR HERRIZFERMMAE T37 °CB
L UV5% CO, DGAF T CIRAF LTz,

25.MEHET v A

YRR~ R U 7 AT D Geltrex™ Z W= EFH AT ~ B A 1X iCell NEHIR
L OHUVEC OHIIZ BT 384 7 = /L L— K ETITW, N 2T A A—
VAN K BREERIT- T2, iCell NEHIMIEL 4 mM L-27 /L% X LifeFactor 5 X 18 0.1 %



iCell NtttV 2 > R &4 VascuLife® JERERFHIIZ THE#E L 7=, Medium199 (2

VEGF %[ < 2 5% o EGM™-2 BulletKits™ % s/ L, R & D systems 2> 5 HEA L 7=

VEGF % 12.5 ng/mL D¥EHEEIC/2 % X 9 ISR LB 2 MERE L2 x 7 v FEsH & L
7oo ZOEEHIA VT HUVEC 21538 L7z, Geltrex™ (X 4 °C TR F CRFM L, K E
T7'L— MZ 10 pLiwell THIZ 7=, 7L — k% 37 °C T L WpfJEFE L7k, HEpELGHIC X
o THERL E L7z 2 (5RO LG O 7 BUSE R IR % 25 pliwell THN., iCell PN Rzl
B L OVHUVEC & 2 ZHuamd L7z 55 TR, 25 pliwell T7 L — MMz 7z, %
DOEEOMARSE FE1X iCell NESHIREAS 7500 cells/well , HUVEC %3 3500 cells/well TéH - 7=,

HfEIE 37 °C B LTV 5 % CO, DRI T TIhaM & 18 REHIRUL S 7z, ({bEW & Gk, 3
EHRED I N A AMIET (25 pliwell, 6 pmol/L) T 154y MMIf Z4ufa L, Z Dkl

ExEIT-7,

2.6 MR 7 R R

FRL ARG R 1L 384 U = L7 L— N L CIT o7z, iCell NEGMAARFE~ L — hZiZ 30
ng/mL O 7 ¢ 7o %7 F R % 10 pliwell THIZ, 2 RiREE L7=, D% TrypLE
Express™% T T75 7 7 A2 Lo iCell NEMIfaZHIBEL, 7 4 7 ux 7 F UK E Y
MBS L7, 750 cells/well THifLZ #FE L 72, HUVEC % iCell NEZ & [RIERIZ
TrypLE Express™ % FV N CHElE 2 #IBE L, 384 7 = /L7 L— K _EIZ 750 cells/well THfifid %
FERE L7z, mifiie & b I HEMARA R S5 £ T 37 °C » 5% CO D&M T T %17 -
Teo 7 A BRI 2 37.5 pLiwell OB fEZR BRI AZHA LTz, & D% 4 f5IREEDH
BB OFREEERRHE 2 12.5 pLiwell THMZ, 37 °C « 5% CO, DA T TR %47 -
7o, 24 WfEIEE 1% ML % 4 (52 FE O Hoechst 33342 (1 pg/mL) THefa L7z,

28. A LTV MliEA A= T

A A A —<7 > 71X ImageXPress Micro Confocal High-Content Imaging system (&L % =
T =T NAR) RO, MEHAET A 1% Calcein AM THufa L7-fifaz 458 L <



T 10fEDRL o XB L OFITC 7 4 V& — 2 L Clifg & Bufs L7z, g
MetaXpress V7 F 7 =7 (ELF 27 —F /4 R) FOMEFAMRTEY 2 —LBLOD
AL BETY 2=V EFAVTHRIT Lz, B AY LT Y 2 — L O CTIEER O RSSO
(Node) ZHuY R, EHEEAL (Tube) ORIEZEIT-7- (Figure1-1) . MlaEMET v &
ANAE A L 72 0 B2 1% DAPI (Hoechst 33342) 58 X OVFITC 7 4 v &2 —Z AWz, s
L7- i1 MetaXpress ¥ 7 F 7 =7 (ELF =7 —F /31 ) & multiwavelength cell

scoring application & < == —/LZ X o THEHT L 7=,

297 — X DB LT v v A HEEDE

EEPEY T T — 2R B 7L (0.5 %DMSO) 7 — % TIESLE
Tzo EHULSINTZT =2 POHEEEY 7 NV =7 Tho REAVTIHEREER VAT 1>
7 BT L0 RS Z VERL L 7=, Point-of-departure (POD) B B i it il
Tlatd MOEERZEL B TEORE L ER L, Al - 7L— MHREITIES LS
T =2 H VTR LTz, T T ABOIE S D& 2T 2 72 O ZEREL (%CV)
ITIRBERS B o TN ORI RO T2, T v e A OFGEE %~ 7 22 X ES LS
NTALEWILEY TNV T — 2 36 TOWIESE G o 70 J K& - TR 7z,

Z’-factor = 1 - [(3 x (SDP+ SDN)/|AvP + AvN|]

(SDP & SDN IZB5 % IR KL OaEXT IR O SRR 2= %, AVP & AVN (5 M % IR &
KR DOENWEZ ~T, )

3. MR
3.1 NEHIE 2 W= I 5T~ A OFHM

Geltrex™ - iPS M S PN RIS KON HUVEC [ 346 it 18 WRE) C i & R o #E B 1%
&R L7z (Figure 1-2) . Z O#iE I HUVEC 5 KOV iPS Al H i PN Bz Al o0 [ CXE(
LTz, MEFEMREVE CHD ) a4 —IBILUAT I VALEIZ L > TREKRFN
7R A T A SR EVE S AR CElZE Sz (Figure 1-2)
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IS5 o 7L D%CV, 7' L— B ilde L ORI R L A B AR I BRI 5 300
JERE /R T A — X% — (EOE X O#F0 : total tube length, & D X O FEHE : mean tube
length, X OV D2[HFE : total tube area) (2K - TR L7z, AEBERISRY > 7 L D%CV
X HUVEC (6.1-14) @757 iPS Ml RN ECHIE (14-15) L0 OoRIRETH o7z, *
7o, I A LB B AL E R O%CV (XFFIZ /) a ¥ — VALEREZ, HUVEC 13442 5%
TORAFRAERZ R LTcOIZxt L, iPS Ml kAN B 18% & mivME T - 7z, Rl
PERFM O 7= DI EBRIE 3[EFTVY, A 7e< &b LEBRITA 2L 2 TEME Lz, EBRERID
3ODHBEENRT A—F—DET VU BIOALY T~ OMBEREE R, HUVECIZH
WL, FERICBWTET YO rBXOAE T~ o plEidZ<h 0.54-0.86 & 0.56-
0.84 DFLFAIZ A2 7= (Table 1-1) . iPSHIMIH RN ARV TIE, ZAaucxt Lezne
1 0.63-0.84 & 0.53-0.75 O#ilH & 72 > 7= (Table 1-1) . L7228 THBREOME) S, iPS
HERE H RN BRI E HUVEC & [RIRREE DR B Z R Z &3 bhro T, EomEFirERE
METHD /) aly—)LERAT I VEIL L > CREKRFNRMEFTERENEZ D Z &
DHE LTTBRE R T A =2 =B bhoilc, ZORRITIART v A I Lo ThEFHAEZR
i C& D AREM AR LT,

NA AT A AT TR Y 7 b = T bR SN E I EET S 300
INTGA—=Z—=PNEMFRETH o712, USSR X OREEOBLE D RTINS
D& o712, mean tube length (2R L CIIALEWIALIEIZ & > TR ERAFHI 72 S IEER D H i
7einote, 77 EIZES LT mean tube length 136 H L 7= i#lla € 0.5 Z K& < Flal> T
D RIFRT v e AHEE LTV A R0 0Tz, (Table1-1) . Z#UZxfL, total tube length,
total tube area 2 DD/ 3T X — & — L iPS H R BZ#fiE 3 OV HUVEC % V2 SR oD A
7 I UAEIC Ko T 05D BAfe 20 B (iPS i b Sk B AE: & 12 0.5
HUVEC:05 8 L 0004) &Z/RLTc, /akdy — b AT I VMLEIC L 5 RG MR KON
IR B EZDOBLENS S 2D 2 50D/37 A—2—[F invitro MLEFTAEDOFMIZ LV E L T
WHZ Enbhote (Figure1-3) . £72/ a k> —VALEDEED 22EIX 2 DDOHE/ T
A= =L HICHUVEC OB RAFTH 5 (iPS Allfa F kN B lE:-1.6 36 L U-1.9,
HUVEC: & %12 0.4) 775 % HUVEC O 728 K 0 ARFHIRICE VIE L T2 Z & 3bno
7o,
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3.3. NG 2 R T et 7 2 A O RFAh

KT v A THRA LS OIS TG FTEEDN & 5 222 {3 5 72 o3k (Hifa
) OFEHEIC X A5l A S U7z, #%1% Hoechst33342 12 L 2t 2B 2 /o 72, Ml
FOBBWMEICE L CITMER AT v A LIRS L— N X OGEBRM F 8L 2 574 L
T2 TOREE, WIS HICHBREOMEN S EmOEBMEEZ R 2 LB bho T, fHER
BOFPHIEL 051775 0.97 DR TH 72 RHL 08 Z#E A T/ (Table1-2) , Bt
LT ILDORCVIZE L TIZmMIE BT v AR E LTHATEDIHATH- -

25, TABALERFD iPS M H SN M DO%CV 1% 11.1 TH Y, HUVEC ® 4.9 & Hlgd 5
ERMETH o7, 50 UM TAB ALE L7354 ClE, 2’ fHICBI L CTiZ HUVEC 23 0.6 Th -7
DR LIPS M B S NI IX 0.2 TH -7, (Table1-2) .
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4, EZ%

AMFFELE iPS Ml F Sk N BRI O b ATt ~ DA PE 2 RE3 5 72, PBEGHI 2
F\ 2 HCS T 72 A8 AR T v B A & IR MR R DR 2 AT, E 72N EHE
i % T2 BEA SR C— AL S 2 WIREE S IR T & D HUVEC & iPS e i sk N i
FIROMIET L E L TCOREEITo 7o, MEHET vEATBWTIER L7z ik
PR B ALELZ K - T iPS AR RN B IR CIiE BB EER 2, BoR I 0k X

BEFED 2 OD/RT A—H —THRTH Z ENTEIZ Lnn, iPSHIH kPN I
W HCS BT v B A IFMBETE L E 2 6hlz, Mt & v 5 Bl T
7 I VAUEICB W I & B2 0.5 M0 B4R ZEN G O, J agy — Ll
B CTIZTHUVEC DR RIFTH Y, K OEEREWERNZ b7z, Mm% <k
B OEAL DM EMERIEIC X o TRl L7z, MfaErEmE CTh o TABLEIC L - T
BOBARHEENTZ LG, iPS ML kAN B AEIE 2 V72 HCS M85 A7 & A 134
HCEEEBEZ LN, EROBFEMEIIILEIZ IV 72 HUVEC L [RIfRE TH - 727y, 50
UM TAB ZLERED 7 {12 B8 L Tl HUVEC 728 0.6 Tdh > 7=Dx%f L, iPS Al i sk Bz Al
1% 0.2, %CV I HUVEC ® 4.91Z%f L 11.1 & HUVEC O i B B 7eflizr Lz, T BRI
PEDIEVMEZE Ot iPS M H AL Tt 41TV D K 912, HUVEC TS & Hifia
INFEBLA L X7 R KO OMRES OBLED SRR ME 2R LTV D Z 2B 120
AIREME & LT 2 7 B2, ] 2 (TN BGHIRIZAE RN TR K OVNLER O 2 >

HETHZERMBNTEY ¥, Z0 2 5O5HERITHERERY i E W A FFO Z L il ED
WMEIZBNTELINTND, HUVECIIKRMERM THD & SN TWDH—K, iPSHliluh
RN B BB & B DI B T 2 NN DWW TIREE S Lo i TR ST
W, FETCHIROMELSMNC G T v A OF TG OLBERM 2L T T2, HIE 2R
ZATW SR FIFREIC 72 D K D 7R A o M ERT 7 EEREHFOEFIC L > ThHETE

AREME S B X b,

—E (B W TIIN I O — R 22 R T A IS TR A RE R L SR EE M Ef e D~ A
2 )—T IR R SRRELL, F 73RS AV HUVEC 38 X OV iPS Al H SN iR o
HHED S « 3t 1T o7-, FORE, iPS HHaH e/ /a2 V72 HCS 1T X % 214l

13



WEFCRREEEN CE T LB 2 BTz, iPS MR SkRIN B/, HUVEC & & IZFHERICFIH

ARETH 72 DD, HUVEC O BMIET LV E LTERTWS Z &2, MEHAET v
YA AT O ZER%CV &V o TR HoRIR S Utz BFZERIHATREIC 72 -
TH b2, REAIRE ETH S iPS Mfa i kN EMfu & el LT, HUVEC |30k
M Cd 208, WEKHEICDR o TR EIESE 2 SO BB B LT v &4
FURHPEZATON TV DL REEZBET DL &, D ORRIFBIRRICB N TERY T
HHEEZLND, LU BEFRIICIT iPS IR H SN BRI 2~ Rz 72 <
[Al— A b REOMAEBHAG TE LFRRH D Z &5, IPS AL RPN B2 Al o 2 51 H
L CHFEEMGE L TWS ZEIXEETHL EELX BN, 384UV T L— T —~<
N COFMIRIEEN TE 2 L 2ZBEICVWILD & FERIICIZEIMIC X 2 Bt g 71l
TR DDNA ATy NAEFWEDORA 7 ) == ZIZFATE L Z LB A bR

7o SOIZEAMALEMOF M EZFTMET 572012, NTU AT UT RITARAX AR
7RV AT v b A= 2 T U O BB I B U 7 B
PN 2 AR DOEL Z LV EETHL B X BT,
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5. /NE

PN ECHIAE I ML/ T A d K OB RB IC B R B 2 T2 LT D, ALFEE SN BB A O 1
AEds K MM AE R DI I EE RIT T Rl R SN TWD—J7, BREEFICHFEL T
% K OALF BT E OIFTER 2 N IR ~DIERIZ DWW T ORHMIE A +431C 72 ST
5, ML o TS, L NONEMIR L FER IV AR EIMEEZ b oMin s L
TIPS ML RN EGIR SFIHAIRE L 720, A A—T" FIg HCS A7 U —=
T OISR STV 5, LA ON BRI xE2 VEH 2 39~ 2 B o iPS i i
RN AR O M ZBFTT 272, iPS ARG B 35 KOV Rk 22 N R & L
THIHN DY BE I CH D HUVEC I M HTAELE B L O EEYE % 16-24 B
[, 384 7 =)L 7 L— b ETRE LTz, (LEMOIMEFAMEFEM 25 M 5 72 DIl
NIEE ETOMBERET v A 21T o7, MRRHEMREMRIT HCS X 2 Mbatk o2 kol
EEBIRoT, TORME, HH LM s &ICHEME S JOSHIIMR R ThH o722
EDD, PSRN MINEIZ X D HCS FFIRIEE S CE /2 & B 2 bivl, MEH
BT o' ATBW LIPS MR SN MG, HUVEC & I & B 1% i 4 Ak
L, /agy—, A7 IvEWVolzEFHEREYEOWLEIC L HHEFEERIHEE S
7o MBI RICB W T S MIEEME Th 5 TAB LEIZ K - T iPS MifldH kN
M, HUVEC & bIZSURH BTz, F - ARaf o0 i & v 5 BLA Tk HUVEC D J5 73
AWFFETOFIRICB DT ENMEN TV, fims LT, AWFZEIC X - TIiPSHIRH
KN B ds & OV HUVEC % JHVW T BRBIEIS i3 26 & D VE R 2 5F-4l © & 25D
ONA AN—T s Nl REERT D ENTE T, L LR s, BFEOMIEET IV
Td % HUVEC DRl R TOREN LV @h-o o7z, iPS Ml N BB LTk
LR R D E LR DLW B ZITOMERDH D LEZ DI,

15



B IPSHMH RO LR Ani-BenNfary Ty bR Y —=
v T ROES

1. IZC®HIC

iPS el F SR AR AR 22 FH O T2 B R AT SR IS AE AR Z 2 3 2 TITC & 2 invitro #EAfi % &
BT ENIFESNTND, ZOHTHE N IPSHIRHROAMILIEL ZAVE TOEMIC X
LR CTIIAR T Th oo LEEL THITE 54, b b iPS G b SR 2 e
ZNHRICTVREELZ A L TR VLT WE TEEZ 2IFEEL TRITE 2 /0611
ENTBY, b oML AV fkx e BIEEHE RS ®E Sh, ToFAENRERT
W2 OB, RECHIIN A Loy AR OBIE, MIRHA e — & RRE & o T D A
O HEABREAFIH LB FEDOT v A IIAEIRY 27 % Tl TE 2% LTHAESRT
W5 & EEAIMEDRTREE IRV TIRIEMEREFER (ROS) , X bar B 7 EEERESE
ZRRE Lo MlarssE, IRERSMRE L O 2FIc o TolE I snd 2 &Enmb
TN D 22 R PRI B U CILaFIE H & o — CHE S 2 721 TR O B R 8
EHSICTRITE Y, I har N 7EFEMEEE, ROSFEAZL EHEOFAGE H M5
bbb ERTRNICEEL SN TWD, Lo T, mMERHEEE 2 FRE ) >E A IS

HCS THIE - REMliC& 2 Z L IEHEME PHICEE CTH DL B2 bNd, AL TILLERMET
BNCAH AL S5 iPS il kL imiiaz vy, MlaN vy T AREORIEIC X 500
MlHEh 7T v A 2B Zheole, 7y HBMlaAz@iE L, OHRBIENA S X3
7 FREYE T % cAMP OJIEZBEA ELISAIZ L VATV, 24D OFHlE B OfHLA
BOEREDOANMEZ G Lz, iPS MlaHSRATAIIGIC & 2 R CIITEE FRIO 72 0H1C
DRI & AR ROS FEAE, R by R U 7REEME, MlasiEo HCSIZ X 2 EAHIE S
10, & BICHIRAEENE & R EESE, I hav NY 7EEN & REIEEREOMAE D
Wiz £ L, ZORMAEERRT Lz, £72iHMiROISAEEZRFTT 570 2 201
ILZE O HHIRAAEL T & A LKA cCAMP OF A HHEHIE TOFMEZ1T > 72,
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2. EBHEHS L KB
2.1 AN S OBk

iCell L #MfE (Catalog No. CMC-100-010-001; Lot No. 1031999) 5 L UMiTHiIf (Catalog
No. PHC-100-020-001; Lot No. 1636 and 1208) , #&FfitsHIS L OWERRS T ENL T — « X A
FIT A A H—F T aF /L (Madison, WI) X VEEAL7-, EarlyTox Cardiotoxicity
Kits, CatchPoint CAMP GPCR Assay Kits [3E L & = 7 —5 /34 2 (Sunnyvale, CA) XV
AL, VZry LA THHA Y 7 aT L/ —/LiX EarlyTox Cardiotoxicity Kit £-f
Bz L7z, B-27 %7 U A2 K, CellROX Deep Red, %> ¥~ > (50 mg/mL),
NV AT YRR, HCS LipidTOX Deep Red, Hoechst 33342, MitoTracker Orange
CMTMRos, X=3 Vv /A RLT b~A VU EIRB L ORPMIL6401ET7 A 77 7/ a
— X (Grand Island, NY) K VEEA L7z, 7 IA¥ v EG@BIE, RSLVAT VT RIEIK,
TANAaYr, J VTR U H—REAKFE NNy 77— (KRBG) , KEEKFET R D
LABIOT "N FA 7 TFAT oE=U LTI K (TAB) IV 7 ~T7 NV RY vF (St
Louis, MO) LK VWEAL, VAFILALEAFL R (DMSO) , THH A4V, e
fbAKFEAK B%) , AFTVAy, MAMZ AL aRZF L E T4y v —P AT 47
4 7 (Waltham, MA) X YEEA L=,

=

2.2 DM R D B A

iCell DMMIAIZENLNT — « XA FI T A« f ¥ —Fvatinbitshiz7n a2
—VIZHEVY, 384 U = LT L — b TR « #ERF AT o 72, 7L — MOISMISRERERTIC
0.1% Y T F ik % 25 uLiwell THZ, 37°CEH L5 % CO, DA T 2 I #E L
7o WRIREFZOKIGH G iCell MM NSA TR L, EHIZ37T°C Y4 —F—
NN 4 53 RNR UM 2 iR S 72, Rl L 7RI SRR C 10 ml @ 1:500 (viv) =)
YSARUT b A U BRI PRI U 7o, RBR P oM i B0 i BRE AR &
WT R U R TRl L Wk, R SNBSSV Tl o A fF IR KX
2 x 10°E/ML 272 2 K O IR LV R L7z, 2% T L— F o8BI F Uik %
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Bk L, L7 EIEIE % 25 uliwell (5000 cellsiwell) THERE L7-, #ERE% 7L — h
% HE T 30 MERER, 37°CRLUN5%CO, THE Lz, 48 BFLs#%, fFHHA

30 pL/well @ 1:500 (Viv) =2V > /A S U b~ A ¥ UG AR -SSR U T, HERF
BT 1 AT 12 AR LT, FERZAT O RTH O & 5T, MeFsEZ 25 pliwell O35
fif 7o b AT L T2,

2.3 IFH L DB

iCell FHERRI O AAAE & RIERICENL T — « XA FI T A« f U F—F 2 a T bt
ST e ha—UZpEy, ag—rra— S 384 U =L 7 L— b ETHEAE - HERY
AT T, BEEBBRNC 01 uM T X% A4 2% (viv) B27 70U A > b, 25 png/mL
R ATr, 20ngimL Ay a AL F M, 2% (V) iCell FFfIiaY 7 U 2 v MEH
RPMI Z fEFEEG L & U CHERR L7, TRIRZE R O 2> 53 iCell FFAZ D A4 7L & B
DHIL, EHIZ3I7°C U4 —F— A2 3402 Uiia 2 @i S 7o, Rbfifts, ki
MRS EE 28 7.2 x 105 cells/mL (272 % X 5 (2Rl L7z, Mifa s B2 13O miiie & [RERIS B U
RUTN—Ye B LR Uz, SR8 L 7o AR i A 25 pliwell (1.8 x 10* cells/well)
THETE L7, fFRE% 7 L — M &S T 30 fHlFfE L, D% 37 °C - 5% CO, THi& L
Too MERFRFHITIEFE: 4 RER CASHAATY, TO% 4 HITE A KM L7z, 4 B G
%, 0.1mM T X AY Y, 2% (Viv)B27 U A K, 25ugimL A~ AT, 2%
(viv) iCell fFfliEY 7"V A > b EA RPMI ZAfERetsih & UCIERR L, RS & 25Ha L
Too HMERAEEHOZHUIAE A LTI RBXIITo T,

248V S DO YE(E & iCell Lo « TR ~DALE

AR D 100 fHREOHEBRME 2 A by 7 ik & U TR Lz, #BRmE 2 &
L, DMSO Z /N TS iz, ImRED A by 7 #ia DMSO T3 6 L < (3 10 BpE
FNLTETOR by VERERH LT, 622 20AMETFHE (Gas Oil) 1238\ T
bR AT O T oY o TR A B T2 o 1o, SREUSORER BRI 2 OREETFIEIHE
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VY, 5 ml OffiH#IZ 20 ml © DMSO Z RN L, EIEOFI % IS & L 4 ml © DMSO
IR SE 7=, 2 DMSO &fiE % 100% & L, v A7 —)LC5EREOAREZ L L,
A by 7 EER L= (100%, 10%, 1%, 0.1%, 0.01%, 0.001%) ., ZHHDA b

> 7 USi13-20 °C TEEM & THRE L7z, FEBRAIZ 100 fFIRE R b v 7 Wik 2 iR i1, 384
77 L—MNTO UL OEHIZ S L DA b v ZIRIREBINT 5 2 & THEREDOHR
FRYERIR 2 AR LT, A B YEIR IR I X SRBRBAAR & T 37 °C + 5% CO2 DM T TIRAF L

7=

2505 A1V v AR RIE

DRIV 7 AAIEIRE V¥ = 7 —F 231 A® EarlyTox Cardiotoxicity Kit ®~7'& k =
—JVZHE, 1T 72, 25 pliwell DEFHIFT OHARRIZ 37 °C « 25 puliwell D F1 /v 7 KYLtals
WA MA, 37°C T2HeMFHE Liz, SBRMEALET LHANCELF 2T —T /3 2D
FLIPR tetra 7' L — h U —&—% I\ 470-495 nm b, 515-575nm DK T 0.125 #
O RIRE T 100 PRI A LS ™ AEEELAL A2 RIE U, BIE S8R : 0.05 7
read, 7" > : 2000, JhECHCIREE : 30%, HEFRPNIREE @ 37 °CICRE LT, #BRILAY

(12.5 pL/well 0> 5 {5 FE AR AR HERRIR) 1d FLIPR o H @i I K-> THI L7z, @
Nt 10, 30, 603 L TR 904y THRIEZITVY, DRI 37 °C « 5% CO, T L 7=,

2.6.CAMP JHIED 7= > DRI T A &= — NMERK

MIRAN TV > o DER, 13T DY BERIR 25 AT A FRE L, 80 pLiwell
KRBG (pH7.5) T¥E4 L, 15 pliwell Dl > 7 7 — (800 nM IBMX & A KRBG) %
WM U7=, 10 3 =RIE CTErE#, 7.5 ul/well 0 PBS % #¥ BRI E ALE 1 K O iR+
TNz T2, £7260uM O 7 4 )L A 2 U RVEY T VAR LR ERTIR & Lz,

37 °C C 15 /5[ )int%, CatchPoint GPCR assay kit 1 DEfi#E /S~ 7 7 — % 7.5 pLiwell Thi
z, b= hrrz—0— ET100MRIGCEE T,
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2.7.CAMP HIET v & A

iCell DMABMA D cCAMP 13E L % = 7 —F /34 Z D CatchPoint cAMP Fluorescent Assay
Kit 12 X W JIE L7z, 20 ul/well @ iCell Lyfifflife 7 A & — b3 L O cAMP EZEYER K 2 5t
¥ 19G [EHL 7 L— b EICHRIN L 7=, cAMP AEHEZ IR O ¥ #iDH 1% 0-3300 nM (272 % &
NI L 7=, Z D 20 pLiwell DHLT V5 cAMP Fiikz N 7 7 Z v > RlER LSO
BETOUVzVINMATZ, Ny 7 770y FER Y = VZ3HUERORDVIZT v A HN
v 77 —% AT, T L— & 5%, 20 ubiwell DAFR—RA T T v T2 ~L Ak
A — B CAMP 2Nz, 2 R =RIR ChOG S ¥ 72, BUGTE, 80 pLiwell DUEHF/ N> 7
7 —C4[EEE L, 50 pLiwell DI IR E N Z 7=, 30 4350 - MY TS, 530 nm it
L 590 nm O K% FLIPRIZ K - THIE L7z, ¥ 7 /LHiD cAMP R (TR ERAR L 0 5
S, BEEARICIIINRE e AT ¢ v 7 BT V& e, BEAERRRO R HIZIX
Prism 5.0 (Graphpad Software, LaJolla, CA)% fH\ 7=,

28 A AT v Ml A =TT

iCell iFfifiad> ROS FE/E, X b=y N 7 REEM R L OMlamEttZ it - FHET 5720
(B G MIR 2 30 700 LN 24 I SUG S B 7o, fLEPILEICHES, 2 fHIRERG
% (10 pM CellROX DeepRed, 0.4 uM MitoTracker Orange, 33 X 0% 4 pg/mL Hoechst33342 &

AMERFEE ) ZIRINL, 3043 37CThUG STz, bUGH, Mz HERrRE L CHEd L,

25 uliwell D 3.7 % RV LT VT & REEIRZ 15 43 I BOG S Wi 2 [ E L7z, [EE% PBS
T2 3[EIYEE, 25 uLiwell © PBS Z i LAl A A — 0 7 &7 o7, #MlldA A —
> 71% ImageXPress Micro XL system (€L & =7 —7 /31 R) %M 7z, Hoechst33342 (2
X DEEYA121E DAPL 7 ¢ /L% —, MitoTracker (&5 X b=z KU 7H(a(21L Cy3 7 1 /v
4 —, CellROX (Z & % ROS YLtalZiX Cy5 7 4 V& —%& v 7z, iCell FFATAE O Al B 45 4
FOSHRNAEE S E A M - FHil 3 2 72 O IR S Tl 2 48 IRFI AL S 72, 25
uL/well D 3.7 %RV AT VT & REHR %A 15 53 MRS S BRI Z [EE L7z, PBSIZ& - T
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MR 2 3 [EIBEA %, 25 pLiwell @ 0.02% 7R =23 L 82 %7 LB IR & & A PBS %1
Z, FIRTIRMRIS S ¥, UG PBS ZFrZE L, 25 pL/well @ 165 nM AlexaFluor
®488 7 7 v A ¥ UK A RN L IR T 2 RS S e, 0%, WiRAREL 25
uL/well @ 4 pg/mL Hoechst33342 ¥k A 20 43 RIS S S YL 21T - 7o, BEYsthtk PBS T
AR Z 2 [EIPEE L, PBS T 1000 547 L 7= 25 ul/well @ LipidTOX Deep Red IA{RIZ X -
CHPEREII YA Z AT o 72, VIR AN LAY 1 IE[#I#12, DAPI (Hoechst 33342) , FITC
(AlexaFluor ®488 7 7 v ) , Cy5 (LipidTOX) 7 A4 VW F —IZL o TA A=V T %
1To7z, BUS L7-E&IE MetaXpress V7 b =7 (BELFaTF7—FT /314 Z) O

multiwavelength cell scoring application &3 = —/LiZ K - THEHT L 7=,

2.9.7 v A MEEDE L

T A MR ORI L FWE N o s Fr— ke e L THERET AR R A 7
D, EENREE (%CV) BLOZME (Z'factor) ZFHE L7z, AHFIE CIIyEMEcT 5
(1%DMSO L) ¥ > 7z e LEEWLEY > T L2t & Lz, 2-
factor (ZABARFENE, I b= B TREEME, MIEEESIEOMTT — 20 b3tR I
72o Z’-factor [T CRIEA &7z, Z’-factor = 1 - [(3 X (SDp+ SDn)/|Ave + Ay|]

(SDp & SDn (XEGME itds J UMM OSSR HER 222, Ave & Aun TG IR & ot
MOSFEZ ~T )

ITNFNDT v A TOEMIREIT 9D 28, Bt BEIL 35 280 7L Th
ST, WEEPRHIIA~ER L7anW 2 & 2R3 572012, oA TR Lo ROLE &
AR R & O CTHg 21T o 72,

210.1—77 4 v 7 4 > 7 L O Point-of-Departure @ %

CAMP I E LIS DR E T — Z 1IN D FEER DX Y o 7 /L O SEEIC - TIE
Hibshiz, TNENOEROBEEKGNEEZFTHET 572012, EF kST —2 050
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B AT 4w 7 BT MR DIEERISHBRZER L7z, Point-of-departure (POD) fE
1% Z DR FE B Bl R R R RO R R 22 A B 2 T DIRE L EFR LT,
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3. MR
3.1.iPS HHE F S O RERE N A L 7 A3 1L O cAMP JRIE O A HHRIE

LA IZ X 2 DR O F B LITMARN 7 L > 7 AR EZEALIEC K - TR
L7z BIEBNIE (41 V7T L/ —) ZiHi{bad e L TRV, #E# 90 53 TORL
B3 L Ot A O THREFUCERITGED T, £ b oMEkT — & 13
O LB Tz 87, B EE 90 43 TOMBNR DTS 7L D% CV 1E 6 % T
Holz (Table2-1) , FHME{LEMLEIZ L >TY 7 7 L o 2MLEMLEY 7 LTI T
L CW BN ORERFIREENRBO b, 47T L/ —/VILE T pIERICHE
D RERAF 72 I N 58 H a7z (Figure 2-1A) . 0.1-10 pM D AL R Ik C i
RIBBESIRD 185D TH o1z, A Y T 0T L) —/VALUEIZ L 5 O o8y
e GaEd, 4r) 1201 uM ORREELL ETHRGEHIICAE (P<0.001) Th-o7-, HIEH, B
VERNC B U 7= AN cAMP JIE O 7= O I HIfa & i L, BE6 Y ELISA 217572, cAMP
DOHENNE GPCRIEMEDIFETH VD, BIEAIC L - TLAAEI A IS w5 o 7 vineE
KF& LTHBNTND, #ER 90 5 TORMIEEOUCV X 12%THY, (Y77
L/ —/L 10 pM ALE S & - THIFEN cAMP 1% 9 {58800 L 7= (Figure 2-1B)

3.2iPS iR SRATMAA D ROS PEAE, I hay N U FIEEM X O D HCS 41

==3

RE

iPS e F SRR O ROS PEA:, X b=y KU 7 RSN, MilnsEtEi b A wLEs 30
DB L4 ORI TNANA 2T 2 A A=V 702 8D FIRFHIE L7z, ROS EAD
V77 L2k LTA T VA Y, Milldmtol) 77 Lo 2bE & U TR EEELE
%8> TAB %A 72, ROS FEAEFHE D 72812 CellROX Deep Red (2 L % ROS ¥uft, =
ko B 7 REEMFEEO 72512 MitoTracker Orange I X5 2 b=y B U 7 Yufn, #laz:
PERIT O 72 12 Hoechst 33342 1 & %4kt % 1T~ 7- (Figure 2-2, Figure 2-5) . <
MDY IGIETS - 7o Ml 2 ROS PEAEMIIEL, TEMES h=a B 7RG RIS L O
fafd U, ROSEA, I bav FUTREEN, MidEEofiE s L, bEWILE 30 5
TAF VA 100 UM ALz k5 ROS#E4E (P<0.01) , TABSO UM ALiEIZ LD I b= K
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U7 REEE (P<0.01) LMifazEt (P<0.01) AT 5 &N TEL, AT VA ALE
2 & 5 ROS PEAE OFREE 1 IR FRRE & bl LT 60 5F2EE O, TABALEIZ L S I b
2 R T REEME & MIEMEIT & b IO RRRE & HLlt U T 40% R DD 3 - Hiv Tz,
AF A 100 UM ALEIZ X D ROS BEA D Z°E1% 0.7 & 0.5 L LD RAF2 %R L, TAB
50 M ALEIC LD X b=y R U TREEEME & MEEIXEn £ 01 & 02 Th o7 (Figure
2-2) , ALEWALE 24 FEH CTIEA T VA ALEIZ K D ROS PEAEILA B IR N> T2,
TABALEIZ L% I b= B U 7REEHM: & MfaErEIE 30 /3 [ALE TS T 782 o172 10
UM B4 50 (P<001) , £7-AF P4 100 pM ICB N T b IS & Sz 2 b
b (P<0.01) , WERMZIEET S Z LT, 2 hay N 7EEN & MaEEIIHE @R
THZENPNoTo, TABLIOUMALEIZ X% X b KU 7 REEME EMREET S bICE
BT FRARE & LS L C 80%FLEE DI, AT A 100 pM LLE T & 7= A iE L i
K FREE & LR U C 7T0% R O Tdh - 7= (Figure 2-2) . TABS0 uM ALEIZ L 5 I b=
VR TREEMEEMREEO Z2EIX E HI207 Tho7e (Table 2-2) .

3.3.iPS el F SR AT A O A F # PR E MR KOS FE, X b= R Y TEEERS L0
EAGH R OBEEHE

iPS el Fh SR AT AR oD Al i b P & Miffa g, X b= R U T RREEME L IREEHEO
[RIRFHE 2 b W ILE L A8 R DIRF R TAA 2T MM A=V ZIC RV HlE LT

( Figure 2-3, Figure 2-6) . MERLE IR & MladEED Y 7 7 Lo 2 bE & LR
WETHDLT 77 h¥ Bl X b R TEEEEMREED Y 77 L 2 bEY
& LTHIlBEMME Ch D TAB, IRE&ERDY 77 Lo 2B LT IA ¥ n s %
AT, MBS FEEMEZEAM O 72912 AlexaFluor ®488 7 7 i A ANk BT 7 F LY
t, 2 by R TREERFEL O 2 MitoTracker Orange (215 2 b= KU 74,
BE SR O 72 12 LipidTOX (2 & 5 iR Yefa, A EEMERET 0 72 ¥ 12 Hoechst
3342 IZ K DB EAT o T, ENENDOYEITMETE > Toiflaz 7 7 F R A ifa g,
TGS by R 7RAMIRE, IRESREMIaEE L OMItk s L, 22 v #s i
EE, I b v RY TREENE, RESE MRBEEORIEE U, MiasssmEt & i
FMEDORFFAEIXT 77 %22 B13uM & TAB 1 puM ALE H> & B AT 700 R B i B v &
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AR DR AR e S ZE R LTe (8 HIZP<001) . 777 h%T 2 Bl3uM &
TAB1 uMALEIZ L D X b2 R U 7 BEeEMEIAE FRRE & bhl L C & 61 50%FEE O
YT otz, T77 FFL 2 BlL1I0UM B LU TAB 10uM ALE(C L 5 2 b R 7hEE
P L O EEME D Z° 1% 0.7-0.9 Th o 7z,

I har RUTEEEEFESEORRIE TIE, 7IA44 12 10uM & TAB 1pM &L
ENOREERFNRI Fay FUTREEE (& HI2P<0.01) 2AAbitc, TABIpM B X
U7 I A X [0uMALEIZ L D by R 7TREEMRT & EEs R S ki L <%
L 90% & 60BFRE DD Th o7, 7 I A4 X 12 10uM ALE D & JEE RIS A D
T0%FE L E THIING 2 IR AR P IEIRI SR R S e (P<0.01) , Zhizxt
L, TAB OFPERIAERIL 1 uM £ THEINE, Z 0% O 10 uM LLE DR FEESR T ORI A3
HAL, WERAFZRIEINEA DD oTe, 7 I AKX 12 10 uM WLEIZ K D IEEEED
ZfEIX 05 THHoTz, 734X 0 UM BLI O TABLIUM LB IZ L5 b2 KU Tk
EVED 2MEIXZENEN 09 & 08 THoto, T34 X 1 10 M AEIZ L HIREZER— DO D
ZEIX 05 TH o7,

34 ATHIRSWE @ iPS ML S OB AN 77 LS 7 3 1L ON cAMP JIIE DAL 1oH 1
E~D

AR EWE ORI ~D# A HCS 7 vt A OICHMZ T 2 72012, BTy
D 2 >OAMLFYE D DMSO fh ¥ O DR~ DO B % T~ 7=, O HE A~
OVERFM 2 Bl L7 DN L w7 236 LOHIREN cAMP DA RIEIZ L - TiTo 72,
ZORER, 2 SOA AL FYE I IIEF (L U - R ERAF 7 S e 27~k L7z (Figure 2-
4) . 10 pg/mL LLF O Tl Ol O s B 3R AR FRISHEI L7223, £ h ko
TP CIIEN R OWD L E LR B DT, F N cAMP O Bk D2k L 7
) Z R L7z 2 &5 5 cAMP O BN O A(IZBE G- L T 5 rIREMEDS RIE S iz,
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4, EZ%

iPS AR AR 2R 2 T X TOMILIZHMEFIRETH VD, 2o (bihE Lol ass
ML T B RE 2 TR FF L TV D & S5, IPS MR HI kD Z 1 & igids Bl 2wt
FHIC ST 2 & T, BT X D @R ORI TRME T 21T RV, RIS
WaiL0iAteZ & T, BEREZMTT L NI TS, £2T, FAITIAET
(3 1PS MR R L 36 L OFFHNE 2 IV CEERNC IR 217 © Bl o @ HCS 7F
fifi R 2SS L7z, iPS AlE B RO 6 L O RIIE O REARAE L4 B 45 L7 Bk & L Tiek
D > Wk E O TALE W E ORI Tl3baEtto U 2 7 5l A+ Th v, R (%
SDHEARX) ZHWFHEZAMTOR TS, B L= R MENH O RE R2BEN S
% BB P{RE RN E O L I TRH S TRt 2 2 <RI 2 L 3mbh
TWLRPFETBND,

F TR % IR RERHI B & AR d L OME A HIICHE, FHIlT & 238 HCS RHli R
WEITaAb  2A—Ty MEZBET D L, < OMFMEONn 21T 9 L THEICH
MAThY, B0 LMETHD, /o, 2 AL - 20—y MEE WS B EmITM
AT, FFathicBEd 25HMiiE R 2 B —CTRET 2 720 TIRAEROBMERER Z -0 FHIT
&7, BIEOFMEEE ZHAEDEL LN TRICEEL SN TEY 7, Zoa»b bEF
iHH OEERETAMERH LS EEZDBND,

RETIEET, 47 aT L/ —VILERO.LHMEOMBIZL 2 N L > 7 AR
FEZALREZ X D Omhiiiaia®Eh 7 v & A 3 L OWEARY ELISA IZ X S HIAEN cAMP DifEA
BOEHELEBREF Lz, LA BIEM % & Te GPCRIGMEDIEEE T o 2 MIFEPN cAMP O EEAN
Ay 7ar L /) —VHIC > TRIDZ ERMLN TS B, AREBRTIE 10 pM DA
Y 7aT L) —VALE TOHN CAMP L USRI EE O 3 L2 9 (%1272 0 DBk
LR IZ2{FICHML W e, 4 Y7 a7 L — VN X 505N cAMP L~ULIZBI L
TIRRERAFRBEINE A DI, wBEO~ 7 AR E AWz #®E T, 10upM A Y7
27 L = VRUEIZ X o TRIBRE O 5-10 fFREDHIMNNR b TWDH Z b, Zhb
DEAITA Y T T L) —VRIIC & D pEHEZRKBL TS b0 EERA bR ®, L
L7235, cAMP OEIMA A HNZ2\WA Y 7T L/ —/L 0.1 uM OIEEE) B i@ #Y
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MMAHZ B, BlO~ 7 Z0HMdE HOWZ#E TS, 10nM &V o 72 RIREE DS cAMP @
BEIMBGR 2 BT 5 0, = o 20 <> HEK293 Mz AW - g 2 302, o
a7 L —/VALE % ETe GPCRIEMIZ X 5 cAMP OB INIALE 15053 N CHE MO EI &1
V—2 &z, ZORITWAOTLENMENTND, INOOWMEEBET L L, KE
B CI O OB R & O FIREHE 2 B & LAYl 90 s LRI E 21T - 7=
728, T CITHIFEP cAMP 2384 LT W ARIREEALIE IZ W CII N A i C & 2o 7
AIREMERE 2 b, Lo T, Ak, DIAE) & B L7- cAMP #EN (BYEM) FF-A
DItz FEhi T 2 5H50%, LEWALED S cAMP JIE £ TORS A L, BinoE &
DXV ENRERZRARDOLEND D EEZX LN, FTEARBEFUSEETH, LHOH
BRI 21T 5 B E, BREO(LAWILE I X0 BOOFABIIER 23 DU,  [FIRE
BHENAEECH D EEZ DN, 4 Y7 aT L/ —/VIC XD HEEZEbITEE O iPS Hil
HOR O AR 2 - 72t (Sirenkoetal.) & —E L TV iR & L CORBLM:Z fElR
TETWDHEZEX LN F72 invivo DS E DEESEE WO BLRTIE, WEDA VT
n7 L/ —n15mg & A XZEG LHmEIC LD &, BmERRIAS L7 5 O LA B
DOHEMPBIHLNTBEDA Y T a7 L ) — ViR 0.5uM Th o7z, TAUIARERTH,
ST ORI OB MMN A DN TZRE TH 5 0.1-1uM Lt <, BFEH Tl invivo DX
J& &R E T v A L ORICEAMEIIH D EEZ DN E,

F AR RO ERGTT 2720, 2 50 A EEWE OFHE 2 F i L7z, ik
FWVEY, RBELRENZIGIZHDTEY | B Xy izl LS 0ol b b 5T, o
NETY R FHER 2T TWeho e Z o, mIEFROERICBW TEE
FFRMED 1 D& SN TWD, AERCTIXILEAEIRE D DMSO (1%) % Al o
WL LT L, po/mL OFRESCCERZIT o7z, BREW Z L Omilam®E T v+
A T, R OB OB X O 10 pg/mL 8 2 5 SR E ToEk &) 2881
DEALHFRD BTz, FABEIEIN & cAMP JREHNNIIMEIC —E L TH Y, 25D AH1E
FWVET BIEHIC X o THEE Z I S & TV S ATREMEDS RIE STz,

iPS MU FEORATAERE 2 IV, APt 2R T2 2 L 2 B & U OITREE (2 B
L7-FHIE H o HCS A IE DM Z Mgt L7z, 8B —IZROS, S b= FU 7, I b=
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¥R T B IUOEORRN R 2 AE DY, (LEWLEIZ LD ROSFEA, I har
R U7 EEM L ORI EE 25N Lz, ERERNS, (LEWALE 305D ATV F
100 uM #LiE T ROS PEAE, TABS0 uM ALE T k= KU 7 REME S filamtEn 4 ohni-
ZEMBOROSFEAE, I hary Y TREENE, MRHFEEOEGHIEILFETHD B X
bz, S5 LAY 24 FEBALEIC L > T TAB 10 pM ALED S 2 b R U Tl &
MM, A4 100 pM ALE TOMIEMSER AN Z &b, I har R 7kE
HE &M D B 2 i D 1R 24 BRERLE O 575 10 SUSHEN @V Z & 3o
Tco FT-ROSPEA, I b=y R U T REEM R JOSHIEMEO SOSHE O 1308 5 O R
T Caco-2 B L O HepG2 Ml TFRH T2 D & [AFEE Th - 7= 335,

IS 30DOREMEEBE M AT, S 6IZJFREEICEEE L 72376 E E o HCS & HIE
DA RAEERETT 572012, (LEWALE 48 K14 0 iPS RTINS 7 7 F v 8B L Ok
geft, I Ry RUTRLIOPHEEREZITY, MiaEE s MiasisEmE, I har R
U7 EEE ENFESEHOMAE DOz e L, 777 h& 2 Bl & TAB OfjALE
(2 & o THlka gk & (7] CALE IR B CRISOMERESZEENRO 6N TND Z &b,
B ke B & AR O RIFFREMILFRE CH D L B2 bivie, HCSZAWET 77 R %
v Bl ORI EAREEEEOFMICE L OB BICHE S TR Y, RERFHR DA
R EFAIRREOKIGEZ R LTS Z EnEZ LN (KRB CO POD i : 1.9 uM, &%
W TOIC50MH : 1.9 uM) 8, iPSHlRE SAFMILD X ~ 2 KU 7 REEMERS X ONRES
B, 734 0 AERBW T B LR ERFIZREMARO Sh, RIRHER AT T
D eaR Lic, TIAX e TR BB 25 EEZ S 2 enmbnTly, AFE
BRIZEBWTH 10 uM OFREE T 80 %LL O MACICBEE e EmNiRd o %, £727
S AA 0 ORBERFRGHBRE L OZE b B &2 PODEIZ 6.4 M TH Y, E
O iPS HSEATHIINIS X O HepaRG i 2 JH 7= rh MR G SR Al O ) & [FIARE OfE R T
ol 8 F TABME TIEI F =2y N TEEMHII R 2REEERFENHERE TCE 50
Zxt LT, IR SR CIEH o R EREI TS b T, MlasEt e 2R A b
% 30 uM LL DR CHHE R BN A Hivlc, THUTGERIKIC K o TR O IR E sy
OYete, Y INTLE D Z 0D, MEEMEIC X o T, UWUHE L 7o Miia o Mg Y
S, RICBL, JBERSEEL TWD X ITHIT L CW D AR B 2 bivic, Lizhi->
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THIBEFEMED P2 & I D IR LI CIXH MERRI SR A 2 3 2 E B 2 o0, MM
WITRERGFEORIGTH D Z &, BLOWREEOFELZETHILENDD Z &N
Mol

VL EOFRER DG, iPS Ml b LA MR ORI E i, (DAL O B O E cAMP O
HEITHER ROET & WS TERFNMER DD fAGOETHETE 5 Z Lavbn
S 72, iPS AR SRAFHIIE ORIE TiX ROS FEA & R kv R T ReEN: & HifadErto 318
HORKEE, I b=y RY 7EEE S MaEED 2 B ORERNE, 612 har
U T PEEME L PR SR O 2 HE ORIFHAE RS FTRE TH > 72 Z L L EAB )72 HCS &
MEENRTELLBEZ DN, ZH OEARR HCS IZ X o TEIC K 2 Btk oA
BECLB L ONFEEE THIT 2 2 & TIREME ORI ) A 7 FIICE B © X 5 FTREM
e L7z, AR TIEHCSIC L DR 2 EET 5 2 LICEICEAZEVZA, HCS
K% O in vitro FEAI R ITEANI 2RI 0N & 572, afEm e it Tl 21T 5 72 DI12iX
FERIIIZ R T A7 VT R 7 ARA X AR B 7 A LW o122 OMOFHEERAG AT &
HCS DHEAIZHIFER T AMENR D DL L FE X bV,
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5. /NE

iPS A R Sk O g g 2 F 72 B R 1 T 2680 A v Db 2 0 I 3R A B S 0 22 4k
FEA O FEIR L U CTEEAE @ in vitro FERHB ORISR & L CHEH SN TS, Ik
TOYMEFZEMM Z 72 invitro §EARICH D &, AR A0 2B BE 2 (RFF LD
Db, LY A=y MEOEinvitro iR ST 5 Z LA FRETH Y, L WE
OEMETRA~OFI AR STV D, ARFEBRTIE iPS MiE kL 36 K OWFe 4 H

W, BRrgnA a7 BRIV T FTVEHET v e A Al AG DY, bEMOLEB XY
R 2 PRl 2 E AR OWEE T T, DA ~OERIT LA ALE 90 /3 D
DHHIREL T B A Ko TR L7z, 2 O OHIILA cAMP S 2470, DS
& BIEH DY 7T IARZ KR F GO TRIE TE 22O W TG Lz, Zib
DOFLAE DERHmISIN A T, iPS ML RITHINE 2 FV /2 HCS I K % ROS pEAE, X b=
> B 7 EEMER X OFEFEEORIEAIEZIT o7z, S bITHTFHE 2 v THRERE #
Pt & MlamErE, < b3 s R TRBEEMEE & PR S OB S HE % [FERIZ HCS

2k o TITo T,

DA E) Y A L CTida Y ' r 7 b — VALEIC X > THEH N 1 £ O
HEFRICEZ D Z &R0, HEREIMEAETE TWD EB AN, MIEHN cAMP ]
ENWZE L TEBIEREZR A Va7 L) — VALEIZ K - THEINT 2 2 & 3bn b filas
DERENFRETH D Z L nbhroTz, ARRBRCIT OO RE) T v & A O % i
PN CAMP 23R T & 72 R EEIC 100 fERREE D TEBEN 7 H T2y, SBIMERROEE R ED
SRR AT TS & OREER TORBIENTTRETH D L EX bz, £
MZWE L7202 6 OFHMIRITA LT E OFHmI IS H T & 5 AIRE M & g
L7z, HCSIZL AEAME TIEA T VA & TABALEIZ L - Tl ROS EA, < b
ay R T REENE, MlaEto 3EENFERERRETH D Z L2 b o7z, ROSEAIZ
BIL CIIA T VA IE O PR BBHETHDL Z D bhrolz, ZHUIR LI b=y
RU T REENE, MR ALE 24 R CHE Cholo, T D ORSEN HIIEEHIC
Lo CTHERZSZET L LEETHLZENbh o7z,
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F72T7 77 ¥ BL & TABALEIZ X - TR O MR & MiaE#iEEME, TAB
ETIFF O U REIZL 5T hay R 7EEEREE & RPEREN S FE DRI E FTRE
ThdZEenbhoTc, THBMIOBERIZE L TLT I 44 1 UALE 48 FF# % 25 b B

(2 OPRFERAFHNCERD B2, TAB O X 2 2l FEME IS L » T Z R
LR H DD, MREEORWRESTOOA AN TH L LEX BN,
ROS, X b= NUTREENM, Mmoo 3 A, Mgk EME & MinEtto 25,
I R TEENREIEFEEREO 2HE ORIFHIEN AR Th 722 &b, {LFE
DOIFEETRNCAH 72 HCS AR R 2L TE 2 LB R b,
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= IPSHRBRLGMIRE X OFMIREZRAWEZEBENN 2TV FEEX 7Y —=
v IR DA MLEYDE DREMFE M ~D)H

1. IZC®HIC

)RR TR TOILFWE OFEEZBROIGHET 2 Z & FAL—Ty ME - 22 K -
R DOH D RATRETH D, T b OEMWFEEROFF SRR A 75T 2 72 DI RFEOHT
ZERRNED LN TWD, D 12& LCinvitro BEA7 U —=0 7N EEEZE LT
BV, HBEBSRYRITTERGICE 0D (LFRE ORI BT 2 #iH EoE R
REIZBWNT, fERAY7ZR in vitro FERERIC X 2 FE T RIOFH 2 #E5E LT\ 5 %8, filx
X EU Tt BB Dk - 3Fl - 3873 L OHIRRICBI 9 286l (REACH Hifi) 12k~ T
EU I Tiftil L CTW D BEED 3 I R SMEEG W DR MRl AN FHEF BT 5T
BY, THBAEWOFMICIIHEEEMEBIEIC X 2 insilico oA 2b—T "y F72in
vitro MR COBMETHIAHERE SN TN D 2,

Z I C, BECHE LCIHMEROA A A R T EEOSAM L L CHIMESEE DR
fili 2 5206 U 7=, A LS E IS8R L= EU @ REACH Bifilic L » T, T WE 0%
BRI AR S TR Y, oAb FWEITHREE O IETHEN SN2/ 18£ <,
FELBRICB W TEERFE ~ORBRREIND OO, ZERWEICL > THER S
EFHNCRERL Z L EWFIR & 72 0 AFHEE WA 522> TWRWIE 2 <
FAEL TG ¥4, L Len s, THUOWEOT X TOREM AN 28R L > T
TS Z &, RO X SICAL—Ty ME- 2 X b - FHOEHNOAAETHD, L
7235 T, BRI OHFEMCERBNFEM X 5 L5, FHIT & Ak & FF
MiHEE A RREIC L > TRYVIAD Z ERREBELEX HND, LIz > TR THEE L
AR HCSIZ X o T, Bk 7eiHliE H CHEMEBILOFRMEZ A A—T >y MG
L, B L EMERBROATBEM CHEETHIICAHMT2 2 LI3AATHL LB BND,

ARECITRERIEFRIC L o> THMOBELETRIC L A58k, =i, gL SN A8
D 2L E DA AL E DO FE %, iPS H AR OO Dl Eh 7 v v A L
THESE L 7= iPS AR B SR o #E & HCS — B O R A >R 2 VT 3 L 7=,
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2. EBHEHS L KB
2.1 AN S OBk

iCell i ds L OMTAIIE, Z4 D OREFERS s L USRS Hi,  EarlyTox Cardiotoxicity
Kits, B-27 7"V x>, Fr&~A > (50mg/mL), Hoechst 33342, MitoTracker
Orange CMTMRos, ¥ A F /L A/LEAF T K (DMSO) 135 —FHEREEO L O ZHH L
72

2.2 LG O R

o B L RBRDGIE TR EIT > T,

2.3 AL D BE %

R EAROTIETER 2T T,

2.4 A AL E O i & iCell Lo+ ITHBNE~DALE

RUERFRIZ X > THEH  (SRGO — Straight Run Gas Oils, OGO —Other Gas Oils, VHGO —
Vacuum & Hydrotreated Gas Oils) , H#i (HFO — Heavy Fuel Oils) , #%# (RAE- Residual
Aromatic Extracts) (2538 S5 AL O R4 1X CONCAWE  (Conservation of
Clean Air and Water in Europe) 75 G L7z, &BRIZHV S 100 (5 E oAb F9E %
A My 7R E UCHE L7z, RIS = & [RRRIOREM BERER 2 O HE FIEICAE
VY, 5mL O 20 ml © DMSO Z RN L, B OHFER % (P& L 4mL @ DMSO
\CVRfR ST, Z D DMSO Wfig#) % 100% & L, 7 7 27—/ 3 BBt a £ L,
ANy VR EER LTz (100%, 10%, 1%) ., ZAUHDR by 7 ERIZ-20°C THEH £
THRE LT, FEBRHIC 100 f5IRE A Ny 7 AR % R, 384 7 = /L7 L— RNNT 95 uL
DEEHNZ Sl DA b 7 RIE AT 5 Z & T 5 EREORMPEERE ZER L, Zh
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% E K ORFHIRICEIN U7, AR MERIR I 28R BHAA £ T 37 °C - 5% CO, DR
TRAE LT,

25 M N A1 LS NP R E

B E LAk D HIECHIE Z 1T o 72, MIE T — 4 1% Screenworks 4.0 software(Molecular
Devices LLC., Sunnyvale, CA)Z L - THEHT L7,

26N 3T MlIfAA A—T T

B L AR D ST IECHIE 21T o 72, iCell DMl K O iR O Mla RS L OV k=
R U7 EEEZEL - FHT 2 7oAt E ISz 24 RFRIBOG S 72, (B
EHLVE SR &, 25 IR EYL iR (4 ng/mL Hoechst33342, 0.4 uM MitoTracker Orange & A
FrEH) 23, 3043 37 °C TS S W7o, S, MlaZzfERms e L,
A A=V T ELToTz, #ldA A — > 71X ImageXPress Micro XL system (£ L &% =2 7 —
TA R) Z -, Hoechst33342 (2 K 541213 DAPI 7 ¢ /L % —, MitoTracker (Z &
HI hay RYTHEAIZIECY3 7 4 v & —%& iz, B L7-mifgiE MetaXpress ¥ 7 K
77 (FELFaT—FT 314 A) ® multiwavelength cell scoring application &3 = —/L{Z &
> TR L 72,
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3. BRBIUOEBLE
3.1 A AL S DR IR

JFIMILZ ORFRLEFEIC BV T, P bR LU IEN R K> T S
R b & 72D, AFFRICB W TIE 3 SO RERLEFE D B2 51 (SRGO —
Straight Run Gas Oils, OGO —Other Gas Qils, VHGO — Vacuum & Hydrotreated Gas Qils) ,
il (HFO — Heavy Fuel Oils) , 7%/ (RAE- Residual Aromatic Extracts) Ft 21 o4
{EFEOF N AZ1T > 7= (Table 3-1) “2, FHMIZHW 28 (5 {8 SRGO, 9 fEd
VHGO, 21{E® OGO)ITFEHLEFRICI T 2 h s (~150-500 °C) 23 FLi ity 72 b (b ik
WITHE L TWB B2 b, ZUOWEITFEIC IR LOBRRT VT RO H
L, TNENNZHRILE N DR SN D), REFERITELIL TS (SRGO : C9-
C25, OGO : C9-C36, VHGO : C9-C30) ., & &I & T bZMMkDRe 5 32D &
B L2 DOEEOFAM G175 72, HFO 1L B R TA Rk S 41 2 FRH Aoy fi i [
Jint U < IFIKEAL D FRIZ K D AR D DR S 415, RAEIIFRIER ST OB B/ 5
MR ST\ 5d, HFO 38 KL ONRAE BRI & ik 32 L mr T EWE CTH Y, RFEHEIX
C14-C98 (HFO) & C25-95 (RAE) TH Y, M & T 5 L mWiha (RWHEERENE) %
FFO(HFO: 265-715 °C, RAE : 403-702 °C),

3.2, iPS Lfpfifiads L OWFa 2 Wit av a7 FRAT ) —=0 )

 FCHESL L7 HCS O — ¥ 2R M U723l R 2 V€ 21 fEl oA b -4 B o R Al 2
1ToTc, MfZIZr 7 27—V T 3BMMIRE T o I Ab P E L AE LT, Zh bl
B OALE Fe R 1 100 - 1000 pg /mL OFLFH CToH > 7=, [LEWOILERTIS L OMLE% 90
4y DI T ABHIIR OBV AL 2 DN B L S 7 DR EEZABIEIC X > TR L 72, RIC
2 bay R TEEMICEET 25 %2 MitoTracker Orange (3E1E h=av R 7Hfm)
MfaEMEIZ B9 2 FFfi 2 Hoechst 33258 (1) YufilZ Ji- TRkl L 72, (LAWIE 24 el
B AT 7o, ALEWALEIC X 2 WA OSUSHER, 2L L TEH (VHGO, SRGO,

OGO) I/ I DA ML FWE X HFO 36 LUV RAE L W W UG A /R Lz, O flfifa
O LHFAENCBE LU Crdseihss L OV HFO AL 12 K - T 10 pg /mL {53 O FE TE IR & b
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2 L C 1.4-1.8 5L OFIENEL DA (peak frequency) DHIMNNNFERD Hi, Z D D 100
ug /mL T fAE D & L I3FIET 5 & WD 2FEOZIENRO bivle, 2 HITxt
L. RAEIZB L TTL BN OSISIHIE & A ER BN 0Tz, EFiaicisid 5
k= R 7 EEEMETIX 100-1000 pg /mL O @R CIEMEI 2> KU 7 lifatns 20%
LATFIZ 72 B3RO SOGHEA R T A DAL, 890 & k™2 & HFO Tl 40-60% 0 HFRE D
Jix, RAE % 60-80% DAY - BTz, MAIRRIZ 51 2 Ml #2M: Cid 100-1000 pg /mL
O ey T B S G AR A8 40% LA T IS 72 B B EUGPE AR CTA DAL, BRI & i d 2 &
HFO Tl 20-80% D55\ S his, RAE TIX Z D & 5 72RO SUG IE A H 2 o> 72
(Figure 3-1) , L7=28-> 7T, Ak wE 2R DO HENZE L & IFHEIRIC T D 2
kv R 7 REEN &R OB AT TR <, HFO (3 & FRE S L <1359
VY, RAE TIEFIWVE WO AR Bz, AMD RS Th D RIGKFE L, —RAVITIK
ST OHLOIFEEFRERE, DF VKRG TS E % ELEBEO B AIMEEYWEIEE
HIERENMEAMIZSH D Z LR L BN TNWD, FRCZ DR FIZE F D ZEITHIRRLK
# (PAH) [ZHFADREWIAIENR, DIUE I OIRT & W o T2 DEIEIF R AR E& R T
ZENWE STV B4 LEEOETOFEMII A TIESH 5728, wBEO~ T mDLE
A % ok o - RN 7 L > AR EERIELC X 2 O HERIE OWE T, Ul O WL E
Kiofﬁ%@%@(ﬁ%%®ﬂﬁ@ﬁ®m%m@%%ﬁﬁ%)ﬁﬁ&b,%®@Em
BRZ A 7D PAH Z RO D 3 5RVN 2 E DG ST\ D S, Eo, —RANC =5
B AT HET PAH L, RAE O X 5 ZRFRIEICH A D &, AFRLE 3 JOMEFSME 0 @ i <0
—HOBERMIZFENTNDLZ ERMBNTND %, Lo T, KERTAHALIIZD
fHEIEZ 33 D ERIR AR v btk & RIEROEM 2R L, AR O =38R ¥ A
7" PAH Ot —HRE L TV B ATREME B 2 DTz, A RIOFEM R OFE R8N\ T
b, EEEOEEA~DLI KO TRV ATREMED & 58l T 2 38 OME X 0 8
ORI HNTZZ &G, FHliR O BUGE & ARA~O MO TR S ORNZIZBEEMED & Y,
AL E OFENE T RNCAESE L7 A1 HCS 2R T& D alREtEnN 5 2 biiz,

L7eh3 o> T, HCSIZ K 2.0HREh T v A L ARBIIEIC & - TRESE L - ATHI 2 v /e
HCS DEAIEIZ L - T, B X 2 @mIERBROFTERE T Lk JONF=EEZ THIL, i
R REPE DS TRV EREZ TS o TP L, BRI EN) TomrEiR 2 S2hid 5 5
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EFEREOIRLASIRI TE D AMREMENE A bvTe, A&IZS 6705 FHNCHIH AraE 72
BT — 2 2 HUT - LT D720, HRGHIAZR £ D2 O iPS M R Rk o ligs Bl HE 2 0
AT HCS I K 5 EEFHE 21TV, FHlLEMICRE L TH I Y U e, SHLRLHEHD
ALV E 2 FRRRICRE S 2 2 L BMETH D LB b, £, ~TF— FiHhio
WIFRIZHFE T, REROAEESCHEHET — 2, AW E omE L2k, BT o
ZEFEOHHMANEL, v Ia2lb—ralREZHWTEROZBZREZHER L, FORMZR
U A7 FHIC SR 2B bBETHD LHEZ LT,
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4. /NE

FLEWEIY, TORBIERICEWDTEEEEE~DORENRES SN 0D, AF
PEFEHDA DT/ > TORWEDIEL KAFEL TR Y, ZomMElE# 4 in vitro 357
AR L~V THAST 0 2 &1, SIS K 2 RO BRI TORmETHTERNTH L &
BAOND, ARETIIH HETHELLCFHMIRZHA L, #&ih, B, JECoESnD
e o 21 E oA ML E ORI 21T > 7o, ZORER, FHEROSUSHE & AR~ D7
DR S OENZIFEEENH Y, AHEFEWE OO - FFastE T RIS L - E 58 HCS &
MATE D AREMENE X bz, AFHEROFMIZ L > T, ZhbabFmE 0.0k &
OFFEtE B HE T & I, BB ORI TR K OWF#HMEZ TIT 5 2 & T, 2hFRW
LB DK VAR ZATH Z LINTE, AMEFWHE Y 2 7 5HEO 72 OB FZEROHi5E
INTEDHEBEZDLND, LIZH > TRUIFE TR DIV A LI E O R 2 U 2 7 5
il 5 TE DR d D LB LN,
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weAE

AW TIEm WA TR, 2L—7y MEZA L, BRx 22/ HETRETH S b
I iPS Al H Sk Dl M O ff x DS FEMERHT~DOF At G o720, H—=
TIPS e F RN B s OV HUVEC & HVy, HCSIZ X 2 M HT AT » & 1 38 LU
faF R R OMEEE, 5 F CTlI e b iPS ML HERATE K OOz Ve 1 =
YTy MRS U == VRO, =BT B TORME S AT A OGRS
DIz DAL FEOFHE 21T > 72, H—ETITARD S HRDIBFHILETH D73,
iPS 7 ie] b Sk P9 SR E 22 I C— A 702 PN RGRIE O B RE 36 L OV FdE 2 R C & 2 RRAh
REWEST D LN TE, B OE TIPS MAHE LM E AV, HERSOLE &
WO TE R MEE e OO, ODFHIBAOFB OB E cAMP ORIEITHAE D THIE T
X5 Enbrolc, iPSHIERITHIFLORIEIL ROSFEA, I by R U TREEME,
fie 2 D[RR E 23 P RE 72 & HCS Al R DML A 92 Z &N T& 7z, £z, IFiao
HIRE R B ENE &R EEE, BE O ha v R U TREEMEREE & PRI O E A R
ROWFESLT DL ENTE, ROITTFEEZ TR TE D eEMEZ R Lz, H =8 TIIE
BRICHE —BEOFIRO—EME2RMT 2 2 & T, AMEFEHREO.L R ONTEEZ THIL, &)
WysBR ORI B CHE DRIAH AT Z D AlReME 2R Lic, A bW EFHMIIZE L Tids
LR omMET — 2 G - LT 5720, B -BIO_ETHMA LMIZNAT, 56
(ZHERIH AT RE 72 € OOt iPS e H Sk O g il A 2 N % 72 Z2ligas M iz L % HCS 4
AR A LETH D B R bz, b EMIZE L T, 4% S b2 5 EO ALY
WV Z RN 2 2 E NRETH D EE X bV, FRENTIIANZE D A M b 74
Baduh& LAt E OmE TR &SN, 21072 2753 Hhic w5452 & TL
FEROZEMIS IR R 'R A T 5 2 LIRSS,
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ARG HFATT DICHT- 0, KIATHRE, THIREZ BV £ L7 A K FERE S50 0 14
W eE OF B HER, ARSI E O Ed, EREBM IR OBEARRE
TR, T XY A A&M KEFERE S Ivan Rusyn Zf lZ W= LEd, vk TOHF
FUEEN 2 3 L TV 272 & & U RIS IR ST 78T #8198 R 1238 A Tk
WOBEE RLET, KB, ERICTH W& E LT 92 AGM KZERES /
7 AMFREDOERIIES BILH L LT ET,
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Figures and Tables

Figure 1-1: Image processing for the angiogenesis experiments.

For image processing, the node area is shown in green and tubes are shown in white.
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Figure 1-2: Representative images for HUVECs (A) and iPSC-derived endothelial cells (B) with
treatment of vehicle (0.5% DMSO), 100 nM nocodazole, and 15 uM suramin after 18 hours.
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Figure 1-3: Effect of positive control chemicals on angiogenesis using HUVECs (A) and iPSC-
derived ECs (B). Positive control chemicals used for the calculation of Z’-factor are shown,
including 100 nM nocodazole and 50 uM suramin. Whiskers indicate the Max and Min of data.
Sample size ranges from 18 to 36. Statistical significance, P value <0.05 is notated with *.
Statistics based on one-way ANOVA with a Dunnett’s test. EC, endothelial cell; HUVEC, human

umbilical vein endothelial cell; iPSC, induced pluripotent stem cell.
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Figure 1-4: Effect of positive control chemicals on cytotoxicity using HUVECs (A) and iPSC-
derived ECs (B) after 24 hours chemical treatment, 50 uM TAB. Whiskers indicate the Max and
Min of data. Sample size ranges from 12 to 36. Statistical significance, P value <0.05 is notated

with *, Statistics based on two-tailed unpaired t-test.
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Table 1-1: Assay Quality Control — Angiogenesis Assays.

%CV of %CV of
) Interday
Metric Cells T neg. Chem 2>-factor® Chem
Reproducibility?
controls®
S 0.70 S 072 Nocodazole 035 ’3
(< 0.0001) (<0.0001) 100 nM
HUVEC 12 S _
uramin
Total P: 0.66 P:0.86 0.46 4.7
(<0.0001) (<0.0001) 50 uM
Tube Nocodazoi
ocodazole
Length S:0.61 S: 0.55 -15 18.3
iCell (<0.0001) (<0.0001) 15 100 nM
g -
Endo P:0.70 P: 0.63 Suramin 0.49 1.7
(<0.0001) (<0.0001) 50 uM
S 0.82 S 0.80 Nocodazole 0011 35
(<0.0001) (<0.0001) 100 nM
HUVEC 6.1 S _
uramin
Mean P:0.80 P:0.84 -15 13.2
(<0.0001) (<0.0001) 50 uM
Tube Nocodazoi
ocodazole
Length S:0.72 S:0.75 -7.0 20.1
iCell (<0.0001) (<0.0001) ” 100 nM
. -
Endo P 0.84 P 0.83 Suramin y 152
(<0.0001) (<0.0001) 50 uM
S 056 S 0.70 Nocodazole 0.44 31
(<0.0001) (<0.0001) 100 nM
HUVEC 14 S i
uramin
Total P:0.54 P:0.83 0.35 45
(<0.0001) (<0.0001) 50 uM
Tube Nocodazol
ocodazole
Area S:0.61 S:0.53 -1.9 18.7
iCell (<0.0001) (<0.0001) 15 100 nM
d -
Endo P:0.71 P: 0.63 Suramin 0.51 15
(<0.0001) (<0.0001) 50 uM

aS: Spearman’s r, P: Pearson’s r. Correlation analysis sample size ranged from n = 60-72. P values
provided below correlation values.
®Sample size ranges from n = 18-36.

9iPSC-Endo: iCell endothelial cells from Cellular Dynamics International.
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Table 1-2: Assay Quality Control — Cytotoxicity Assay.

%CV of %CV of
. Interplate Interday Z’-factor®
Metric Cells o T neg. TABP
Reproducibility? Reproducibility? (N=12-36)
controls
S:0.81 S:0.72 S:0.79 S:0.71
HUVEC |_(<0.0001) (<0.0001) (<0.0001) | (<0.0001) 6.6 06 49
Nuclei P:0.84 P:0.89 P:0.88 P:0.90
uclet (<0.0001) (<0.0001) (<0.0001) | (<0.0001)
Content icell S:0.81 S:0.78 S:0.71 S: 0.58
Endo® P: 0.83 P: 0.89 P:0.77 P: 0.80
(<0.0001) (<0.0001) (<0.0001) | (<0.0001)

aS: Spearman’s r, P: Pearson’s r. Correlation analysis sample size ranged from n = 96. P values
provided below correlation values.
®Treatment with TAB at 50 uM.

(iPSC-Endo: iCell endothelial cells from Cellular Dynamics International.
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Figure 2-1: Assessment of cardiophysiologic effects of isoproterenol by combined calcium flux
monitoring and cAMP formation. (A) Concentration-response plots showing effects of drugs on
cardiomyocyte beat frequencies after 90 min. The potential for G-protein coupled-receptor
activation was assessed by measuring intracellular cAMP levels by competitive ELISA. (B)
Concentration-response plots of isoproterenol that significantly (> ninefold) increased cCAMP
formation in cardiomyocytes. Data points in all plots represent means and + SEM of at least three
replicates. Statistical significance, P value <0.01 is notated with **, Statistics based on Dunnett's

test.
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Mitochondria positive cells (% of control)

Nuclei count (% of control)

Figure 2-2: Combined assessment of reactive oxygen species (ROS) formation, cytotoxicity, and
mitochondrial integrity in iPSC hepatocytes. The first row summarizes results on reactive oxygen

species formation, the second and third rows depict data derived from mitochondria and nuclear

concentration-response plots for menadione, and tetraoctyl ammonium bromide after 30 min and 24
hours incubation. All data points represent means + SEM. P value <0.01 is notated with **,

Statistics based on Dunnett's test.
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Figure 2-3: Combined assessment of cytoskeletal integrity and cytotoxicity (column A),
mitochondrial integrity and lipid accumulation (column B) in iPSC hepatocytes. Concentration-
response plots of hepatocytes treated with aflatoxin B1, tetraoctyl ammonium bromide, and
amiodarone for 48 hours. Data points represent means + SEM. P value <0.01 is notated with **,

Statistics based on Dunnett's test.
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Figure 2-4: Application of combinatorial high-content cardiotoxicity screening assays for
descriptive and mechanistic toxicity profiling of petroleum substances. Plots show (A-B)
cardiomyocyte beating (Peak frequency) and (C-D) cAMP formation concentration-response
profiles for two (A and C; B and D) DMSO extracts of commercial gas oils. Individual data points
and means + SEM are indicated for each concentration. Cardiac peak frequency profiles
demonstrate initial chronotropic effects followed by total inhibition of cardiomyocyte beating.
Moreover, cardiac chronotropic effects correlate well with cAMP formation, a cellular indicator of

G-protein coupled receptor stimulation.
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Figure 2-5: High-content imaging of iPSC hepatocytes. (A) Treatment with Crizotinib (3, 10 uM).
Top panels show Hoechst33342 staining (blue) and bottom panels show phalloidin (green) staining.
(B) Treatment with Amiodarone (2, 20 uM). Top panels show MitoTracker® (yellow) staining and
bottom panels show LipidTOX® (red) staining. Left panels of each group show treatment with
vehicle (1 % DMSO).
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Figure 2-6: High-content imaging of iPSC hepatocytes. iCell Cardiomyocytes were treated with
Menadione (10, 30, 100 uM) or vehicle (1 % DMSO). (A) CellROX® staining (red). (B)
Hoechst33342 (blue). (C) MitoTracker® (yellow). Top panels of each group shows treatment for 30

min and bottom panels of each group show treatment for 24 hours.
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Table 2-1: Assay Quality Control — iCell Cardiomyocytes.

Assay Description Time Control %CV?

) Cardiomyocyte ] ) )
Calcium Flux . 90 min 1% DMSO in media 6%
beating assay

cAMP
] GPCR activation 90 min 1% DMSO in media 12%
formation

aStandard deviation expressed as percentage of the mean of vehicle-treated controls, calculated
from 28 calcium flux, 12 cAMP formation, and 9 ROS formation replicates, respectively.
®Calculated from 9 negative and 3 positive control replicates.

In the case of menadione, a Z’-factor was determined after 24 hours only. CV, coefficient of

variation.
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Table 2-2: Assay Quality Control — iCell Hepatocytes.

Combination Assay Description t Control %C\Ve Z’ — factor®
ROS formation Cytotoxicity measurement 30 min Menadione (100 pM) 1% 0.7
Mitochondrial . 30 min, TAB? (50 uM) 0.1,0.7
1 . Cytotoxicity measurement .
Integrity 24 hrs Menadione (100 pM) -0.9 (24hrs)
. . 30 min, TAB? (50 uM) 0.2,0.7
Cytotoxicity Cytotoxicity measurement .
24 hrs Menadione (100 pM) 0.5 (24hrs)
Cytoskeletal Cytotoxic Agents / 18h TAB? (50 uM) 0.7
rs
Integrity Cytoskeletal Poisons Aflatoxin B1 (100 uM) 0.9
2
. Cytotoxic Agents / TAB? (50 uM) 0.7
Cytotoxicity . 48 hrs
Cytoskeletal Poisons Aflatoxin B1 (100 uM) 0.8
Mitochondrial . TAB? (50 uM) 0.9
. Cytotoxicity measurement 48 hrs :
Integrity Amiodarone? (30 uM) 0.8
3
Lipid Accumulation Steatosis Inducer 48 hrs Amiodarone? (10 pM) 25% 0.5

aStandard deviation expressed as percentage of the mean of vehicle-treated controls, calculated

from nine ROS formation or six lipid accumulation replicates, respectively.

bCalculated from 3 positive control replicates and 9 cytotoxicity, 9 mitochondrial integrity, or 18

cytoskeletal integrity and lipid accumulation negative controls, respectively.
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Figure 3-1: Category-specific biological effects of petroleum substances.

Petroleum substance product group-specific concentration-response plots for representative
phenotypes cardiomyocyte peak frequency (A), hepatocyte mitochondria positive cells (B) , and
nuclei count (C) are shown. Data points represent means of duplicate determinations (n=2).
[SRGO = Straight Run Gas Oils; VHGO = Vacuum & Hydrotreated Gas Oils; OGO = Other Gas
Oils; HFO = Heavy Fuel QOils; RAE = Residual Aromatic Extracts]
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Table 3-1: Petroleum substances in chaper 3.

# Sample Category CAS

1 CON-01 SRGO? 64741-43-1
2 CON-02 SRGO? 68814-87-9
3 CON-03 SRGO? 68814-87-9
4 CON-04 SRGO? 68915-96-8
5 CON-05 SRGO? 64741-43-1
6 CON-07 OGOP 64742-46-7
7 CON-09 0GOP 64742-80-9
8 CON-12 VHGO® 64741-49-7
9 CON-13 VHGO® 64741-58-8
10 CON-14 VHGO® 64741-77-1
11 CON-15 VHGO® 64742-87-6
12 CON-16i VHGO® 68334-30-5
13 CON-16ii VHGO® 68334-30-5
14 CON-17 VHGO® 68476-30-2
15 CON-18 VHGO*® 68476-31-3
16 CON-20 VHGO® 92045-24-4
17 CON-26 RAE¢ 64742-10-5
18 CON-27 RAE¢ 91995-70-9
19 A083/13 HFO® -

20 A087/13 HFO® -

21 A092/13 HFO® -

aStraight Run Gas Oil

®Other Gas Oil

®Vacuum & Hydrotreated Gas Qil
9Residual Aromatic Extract

*Heavy Fuel Oil
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Abstract

To date, toxicity testing of pharmaceutical and industrial chemicals, as well as environmental

agents, relies primarily on data derived from animal studies.

While animal toxicity testing is still widely regarded as the most acceptable systems, it is costly
and time-consuming and has for animal welfare concerns. Significant advances in stem cell
engineering have now resulted in the availability of human induced pluripotent stem cell (iPSC)-
derived cells, a physiologically relevant, organotypic in vitro model that promises to overcome
these animal model key limitations. iPSC differentiates into almost any cell type, and the
organotypic cells derived from iPSC are physiologically relevant and chemical toxicity testing using
these organotypic cells promise to avoid problems for animal toxicity testing. Furthermore, iPSC
genetic homogeneity and unlimited proliferation provide high quality per isolated batch and stable
supply for in vitro toxicity testing. From these advantages, there is increasing demand that iPSC
derived organotypic cells apply high-throughput and high content screening (HCS) using automated
microscopy system. In terms of conflict with human ethical principles, iPSC-derived cells are easily

available compared with primary cell culture models.

This study used iPSC derived organotypic cells to establish in vitro toxicity assays which are
high-throughput and can measure multiple physiological functions. In the chapter 1, by using HCS,
we developed functional vascularization and cellular toxicity evaluation in iPSC-endothelial cells
(ECs) which fully has not been reported on applications to toxicity testing. In the chapter 2, we
developed the high-throughput multiplex HCS systems to obtain effectively toxicity profiling, using
iPSC cardiomyocytes and hepatocytes which has been reported on availability to prediction of
cardio- and hepato-toxicity. In the chapter 3, we applied the HCS system developed in the chapter 2

to evaluation of toxicity profiling of 21 petroleum substances, as a case study.

Chapter 1: Establishment of a vascularization and cellular toxicity assay in induced

pluripotent stem cell-derived endothelial cells
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In the chapter 1, in order to test the efficiency of iPSC-ECs for toxicity evaluation of chemicals,
we demonstrated a vascularization and cellular toxicity assay. We conducted a side-by-side
performance comparison of Human Umbilical Vein Endothelial Cells (HUVECSs) and iPSC-derived

ECs with the hypothesis that the iPSC-derived ECs would be similar or better in performance.

Both iPSC-ECs and HUVECSs were exposed to selected angiogenesis inhibitors and cytotoxic
agents in response for either 18 or 24 hours for the purpose of establishing vascularization and
cellular toxicity assay. Both type of cells formed tube-like structures in vascularization assay.
Exposure to a known chemical inhibitor of angiogenesis, nocodazole and suramin, resulted in
decrease or disruption of angiogenic growth in both cell types. 100 nM nocodazole treatment
showed 90% inhibition of angiogenic growth in HUVEC and 50 % inhibition in iPSC-ECs,
compared with vehicle treatment. A cytotoxic agent treatment, 50 UM Tetrabutylammonium
Bromide (TAB), revealed a decrease in the number of nuclei in both cell types (HUVEC: 80%,
iPSC-ECs: 50 %).

Altogether, we established an HCS approach to evaluate chemical effects on the angiogenesis
potential and general cytotoxicity of ECs in a high throughput compatible format, using iPSC-ECs
and HUVEGs. In terms of a comparison of the cell model, HUVECSs performed better particularly
for the angiogenesis assays, because the reactivity of the nocodazole-treated samples was higher for
HUVECs as compared with iPSC-ECs. In the cellular toxicity assay, the variability of the TAB-
treated samples was lower for HUVECSs as compared with iPSC-ECs. However, HUVECs have
problems that the number of passages keeping cellular functions is limited, and batch-to-batch
variations. Therefore, once these problems of iPSC-ECs are improved, they should be a model that

promises to overcome the key limitations associated with traditional primary cell culture systems.

Chapter 2: Establishment of multiplex high-content assay for toxicity screening in induced

pluripotent stem cell-derived cardiomyocytes and Hepatocytes

In the rodent risk assessment of chemicals, cardiotoxicity evaluation is insufficient and
hepatotoxicity is one of the most prevalent toxicity. Therefore, in the chapter 2, we used two human

iPSC types, cardiomyocytes and hepatocytes, to test various high-content assay combinations for
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cardiotoxicity and hepatotoxicity prediction in a multiparametric format. It has been reported that
conventional in vitro hepatotoxicity assays which measure only one parameter have poor prediction
to in vivo toxicity. A greater predictive power could be achieved when several parameters regarding
hepatotoxicity are combined. Thus, simultaneous detection of various parameters through
combination of HCS is useful for toxicity prediction. We tested the combination of cardiomyocyte
beating assay and measurement of intracellular cCAMP in iPSC cardiomyocytes to determine if the
effects on cardiac physiology were B-adrenergic action dependent. Effects on cardiomyocyte
beating were characterized by calcium flux measurements. Subsequently, intracellular cAMP levels
were measured by ELISA. In addition, we utilized high-content cell imaging to simultaneously
determine reactive oxygen species (ROS) formation, mitochondrial integrity, and cytotoxicity
which are related to heaptotoxicity in iPSC hepatocytes. As a result, cardiac concentration—response
beating changes were observed in isoproterenol treatment for 90 min. The changes were statically
and consistent with previous observations reported before (e.g. beat frequency increase induced by
isoproterenol, a f-adrenergic agonist, at more than 0.1 pM). Isoproterenol treatment at 10 pM
increased intracellular cAMP levels nine fold. This result indicate that a combination of the calcium
flux and intracellular cCAMP assays is applicable in a same screening format. However, beat
frequency increase was seen at more than 0.1 uM, whereas intracellular cAMP increase was only
confirmed at 10 uM. For example, in the experiment using mouse cardiomyocytes, it has been
reported that intracellular cAMP increase reach a peak within a few minutes after isoproterenol
stimulation. Therefore, we need to examine the earlier time point at which both beat frequency and
intracellular cCAMP increase is detactable at the same concentration. The feasibility of combining
ROS formation, mitochondria integrity and cytotoxicity, for high-content imaging of iPSC
hepatocytes was evaluated by incubating cells for 30 min and 24 hrs in the presence of TAB and
menadione. ROS formation was observed after 30min in cells treated with 100 uM menadione,
increasing the number of cells with detectable ROS formation to above 60%. After 30 minutes TAB
treatment at 10 M, mitochondria injury and cytotoxicity was observed. Thus, it was found that
ROS formation, mitochondria integrity and cytotoxicity was simultaneously detectable. Although

ROS formation in cells treated with menadione had decreased to basal levels after 24 hrs,
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Mitochondria injury and cytotoxicity in the treatment with TAB at 50 uM was more apparent than
after 30 minutes. Altogether, we established a multiplex assay which detects simultaneously ROS
formation, mitochondria integrity, and cytotoxicity in iPSC hepatocyte HCS format. This three
parameters are considered to be important for hepatotoxicity prediction. Therefore the assay we

developed potentially shows high predictability for hepatotoxicity.

Chapter 3: An application of the developed multiplex high-content assay to evaluation of

petroleum substances

In the chapter 3, we applied the HCS system we developed to the evaluation of petroleum
substances. The aim of this study was to test the applicability of our combinatorial HCS approaches.
The risks of petroleum substance exposure to human need to be concerned in their refining process
and daily life of consumer. However, most petroleum substances lack traditional animal study-

derived data that can be used to evaluate their safety.

Therefore, it is important to conduct animal testing effectively after the selection of substances
and parameters considered to be evaluate by using alternative methods including in vitro toxicity
testing. Especially, we need to predict severe and prevalent type of toxicity, such as, cardiotoxicity

potentially resulting in death, and hepatotoxicity often reported as toxicity of chemicals.

In the chapter 3, we assessed 21 petroleum substances from three product groups (gas oils, heavy
fuel oils, residues) in iPSC cardiomyocytes and hepatocytes using HCS systems established in the
chapter 2. As a result, gas oils and heavy fuel oils contributed the most bioactive petroleum
substances in the cardiomyocyte beating assay. Gas oils and heavy fuel oils increased
cardiomyocyte beat frequency at lower concentrations, resulting in a biphasic appearance of the
respective concentration-response plots, i.e. initial increases in the beat rate at low concentrations,
followed by decreasing beat rate at high concentrations. In contrast to gas oils and heavy fuel oils,
residues did not show these bioactivities in cardiomyocytes. Bioactivity trends observed in
hepatocytes correlated well within cardiomyocytes. Gas oils constituted the most bioactive trend of
tested petroleum substances. However, Treatment of hepatocytes with heavy fuel oils and residues

resulted in moderate to low bioactivity. It has been reported that gas oils contain more highly toxic

71



substances than heavy fuel oils and residues. In this study, gas oils showed higher bioactivity than
heavy fuel oils and residues. Hence, there is a relationship between the bioactivities of in our HCS
and in vivo toxicity, and the multiplex HCS potentially is applicable to the prediction of petroleum

substance toxicity.

In this study, in in the chapter 1, in order to examine the applicability of iPS-derived organotypic
cells to assess toxicity of chemicals, we established HCS using iPSC-derived ECs. In the chapter 2,
we used two human iPSC types, cardiomyocytes and hepatocytes, to test several HCS combinations
for their applicability to in vitro toxicity screening. In iPSC heaptocytes, we developed multiplex
HCS for prediction of hepatotoxicity. In the chapter 3, to test the applicability of the developed
system, we evaluate toxicity of petroleum substances. In addition, the assays presented here could
be further enhanced by incorporating other type of iPSC-derived organotypic cells to increase data
generated and further refine the toxicity profile of the chemicals including petroleum substances. In
the future, toxicity prediction by our multiplex HCS system will be expected to effectively select
chemicals which have unknown toxicity profiles for complementation of toxicity testing using

animals.
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