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APD G IEEAVASS s

APDy 90%61 B AN FFEFH]

APDy ECyg 90% 15 BN FENLFFHERFH] D 10%IE 5 5 B
CIOMS [EIBRE R k=

CiPA Comprehensive in Vitro Proarrthythmia Assay
CSAHi £~ iPS IS 2 Rl = o Y — 27 A
CSRC Cardiac Safety Research Consortium

DMSO Dimethyl sulfoxide

EAD L% i i

ES el AN el

ETPC b ML) PR

FDA Food and Drug Administration

FPD field potential duration

FPDc Fridericia DA IEZIZ & D4l [ field potential duration
FPDc; FPDc 10%JE i &

f, AT DI OE &

hCnax MZIS T % B A P

hCor BT % QT [HIFREIE R IR o i iR T
hCrap b MZIBT D TdP FEAERF OO I 4 PR L
hERG human ether-a-go-go-related gene

HESI Health and Enviromental Sciences Institute
TeaL L Ca®'F ¥ XV EH
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F1E TBLOHEY

EIGOBRAFEICHN T, LILEROLEMFITIEERHE TH 5, KT, 1980 FRE%
b 90 AERETHAT, BOK TIIHL T Lk F —FED Terfenadine (& & 2 BAEMEAEENR (Torsade
de Pointes, TdP) A3#fd SAv, ZALZFEEGIT, 2000 AT TLER QT MR R 3
LN TP AV 27 ZHH & LB EORREIZ L0 IEMER AR E I O IR uk
FARWTZ, EREREH#HS (CIOMS) OBMEFITL D &, 1990 4725 2004 F£IX) T T
2 EOBEBRTZ v —ViliGgh bR L2 34 OEELD S B, Dl &b 9 FOERM
23 QT FIBBIERICHE D TP 34U 27 22 OfGE# b & L TRV, filEHGERIEE Ok
mEG 2 DTS (CIOMS, 2005),

TdP (LMD QRS WA M 2 & L THAMIMIZALND & 9B T 22D LE
ML TH Y | TP BE UTA . R0, DEMENREAT LIIRIE~ & DR B fE e R
BIRTH D, TdP IFTOEX QT IFRDIERIZFE 5 FHIEMN /R (EAD) <2 Triggered activity

(TA) DX 9 LB ORI T 2 RE 2B BA &8 LRV RBETHEER
HNTEY LEK QT ML K T ¥ FAVEIZ X DA & A A 2 EIROMERT<° Na' I ¥ %
R Ca¥'F v RIUEMALIC L BRA & A AV BROEHLICE WV IEE TS Z L mbn T
Wo, BT, DEFOFSBIBERICB N TR E REEZ K729 K'F v/ ThHD human
ether-a-go-go-related gene (hERG)T ¥ F/VEHLFEAEH S QT MFRIER & TdP D U R 72 —7E
OHREAMRH 2 Z L6, ZAbIE TdP BAEY A7 POV v — h~—0—& LTHY
BN TW5 (Redfern &, 2003),

DX DB ZITHS T, 2005 FICEERER LB G S (ICH) (XD, STB A K
T4 (B MHEELOLEFSWELE (QT MWRILR) OEER FTREMEICB T 2 FERRIRHY
P B EOE14 A FT A > GEFAREIREEIZER T 5 QT/QTe MR DI R & A FEARYEH]
DOVELER) ATREMEIZBE T 2 BRI AREA) 2SEAR Sav, T COFA B & A E G T QT [
B AE A S0 fe R RIRVE F U k9 2 FRRR IR 38 K OB IR BFM 23T 5 Z & &g o7 (ICH



S7B. 2005; ICH E14, 2005), Wi#A K7 A »HBMEITSAVCTLIEE, TdP 384U A 7 HFIAT
M2 LHEE L2 AT e < | B 0L 2RI X OREEREOTIRERUR U 2 7 KB
W CREREREE EFCnb B2 5 TW5A, ICH STB #14 K7 A TIX hERG F ¥
FNVOEMRH & R TE 2 W DERAEIC L5 QT MRLERFAN., 7=, 8o
i AT T VI L DA D7 v —7 v TR ARG I L DAY A
7FHIARO BN TR Y . REREFETIEIFAEPILY 27 20T 5720, AR
DEDILEW TEM R/ Ny F 7 7 TIEIZ LD hERG T v RVILERBRIZ L W LEaW
DAT N == T HIToTND, ZOXIRAT Y —= VI K D | hERG F ¥ /LI
FERO & HEWIT 5 7B &2 S 2 BNSELIC BB SRS Sh, BIE
BRHEEME D BT D EEFR BRI AY) TiV hERG T v X VBLFEER 249 2 3KANI3 D
720N,

LUy B, DR OIEENENIZIE hERG F v RSO A 4> F v 2V b5 LT
FY . hERG F¥ RV HEEHNZHTLICHED LT QT MR &R S ERWEHIe, QT
fRZ3ER L CTH TP R4 U A7 DIRWEERI M BTV 5, £ D72, hERG F v F/LIH
FAEH OB OFHM CIIA R EHES & 720 5 DEMibEY & BRIV LT LE 5 Al
REPEZS B0 | QT MBI RO AR Y A 7 1k 2B &2 YIMN D X 0 EHICREMm 5 %
BMERFER SN TV D (Sager H. 2014), FRIZ, AR HIEMED 5D BEOIEM T hERG
F ¥ RV FELUSDOIEN & & D 7o el FEH) 72 5kl 23 w] BE 72 5B R (x4 2 S 3 oD = —
1378 < Na, 1.5 BAUKFNE Na F ¥ F =0, Ca, 1.2 BAAKTFNE Ca™' F ¥ 3V BLEEH OHERR
HDHNE, ELEY b, YR A XE Vo EREW D S HEEES SRR E 2 W
T DG EN L DEXOREIZ LY | EAEIRY 2 7 TR Z2 & 2850372 ST
W% (Takasuna ©. 2009 ; Lu &, 2013 ; Kramer 5, 2013 ; Morisette ©, 2013), L2>L,
BHEOA I F 2 XN OFHMITRBE N Z < 20 | FERBHEROMAEDEIC L DR
BHIRERNLETH S, HEHEED 2 VIR E ORI HIZERFH OB 2 L, iy
A=y bMELS AT, FEBREM (EWEOFR, ORI, ko bk, 1E

PEERSE) OFNEIZ LY | Mgk E TR DFHEFIRICORN D ARMEASH Y | £z, FEERE)



Wfm B OB, S OICIEEEOBE L Wi E b B 5, BIxIE, EAE Y MR
GEA 2 T2 U NEERIE T K D 1EEVEAL R (APD) OJIEIXANY 77— F Sle®7
NT 7 4u—T7 v 7B e L TOA MM ICH STB THENL 41TV 5 (Yamazaki ., 2005),
LU, ARHIEIIERR ISR 5 QT MFER O TR W T, & DFEE OB R 4 /L
CHZEbMbNTND, LEER-T, HAREEME QT MRERFS IO TdP AV X7 &
FHT 2720, BRRTRIPEO @, ISR ZRR M2 FTBEZR in vitro BRI L STV
%

T4, B R iPS/ES AHRE RO AR O KB EPER R S D KD Ic7R | BUEAEEIC
& o THHLD in vitro DgMEFHMEZ BT TE D BREENE > TE 72, b b iPS Mlai kO

FIARIE Ing, Tcar, Tt Loy Ik, Tke Ixs (2B DA A0 F ¥ XV OB HER I N TEY Ma b

ﬁ

2011). E b iPS MG HR DM 2 W23 HER T e M2 2 G 2.0 i o s
BRI LTS 5 Z LR STV

2013 4= 7 H1Z Food and Drug Administration (FDA)AS B CRAfE X417 Cardiac Safety Research
Consortium (CSRC)/ Health and Enviromental Sciences Institute (HESI) Thinktank Meeting {235\
TICHE4 A RZA L DFEILE STB HA KT A > OSGETDHESE STz (Sager 5, 2014),
In vitro ABRZ L& LZIFBRRHEBRAFIH Lo, AEIRY X 7 3B 5
Comprehensive in Vitro Proarrhythmia Assay (CiPA) Initiative DJFEX, LA 4> F v K /LD
A, A AT R T—H & AT in silico DEFGET VI X D THIZR SN in vitro T
?t bk iPS/ES Md R DM 2 O TR EH ORERE L WO RT F A Ly T b i
Z4HE 04T, BIfEFDA, CSRC. HESI (Z/I% Safety Pharmacology Society, European
Medicines Agency, Health Canada, [ES7[E3E 5 & MHEAEMTEAT, IS R O &
W T HIHIS /b EOIEE & 72> TN D,

O LD REY AT, 2013 4 12 A AARREBE T ¥ A RHMAE L7zt b iPS
b 22 kR = >/ — 37 & (CSAHI) 23t b iPS #lfa f kb, Pl & Ok
MA@ A N2 SR PR BN 12 DU T BT SR 5L B 6 ~ oD S Y R BB & FEBR L

Al L, FERRE S SO EMICHETIEOPIRET 52 L 2 AL L TR S L7z, CSAHI



O F— 20 BAEITE b iPS/ES e R OIS 69 2 SR O SUSIZ DWW T, ZEMT
LA (MEA) JEIC X 0 MIBSNVENL 2, /Ny T 7 T 2 7RI L0 MBaNIEE ST % . Impedance
155> Motion field imaging 12 & ¥ MO ILHEIZ L 2 ESIEHELLCTEREZ L % | Ca transient
I X 0 Ml Ca® BhfE % | High content analysis 112 & ¥ i EEME 2 2 U2 HUETAT L,

b OFEFMD 5 VITHAAEDEIZ LY QT MIRER. EARIRIER . IE#EER T B LU
IVELH 2 DN 2 AR RIS T B 72 0 ORI 2 1R R TH 2 L Th B,

ZH ORBRARD 9 B MEA TSN DA A L BEIE DAL © BT LA JIE T 5 2

T, AR Ny T T U ERCTEBNEMPEE S 13 RV | M LIHRIEE) TLE
L7ZREEMFTRETH U | & b iPS Ml f R O i 2 5 T Do kLA 2 T 72 SEBEERIER O ity
ML STV D (Stett H, 2003 5 Asai . 2010 ; Nakamura &, 2014), Cofi#HAa 4
RSNV ENIE D 1% 5N 5 F— O B — 7 I JIFB BN BB 5 Bl lifE oNe 123

Dl

y

. B ORI E— 7 (XEEEN BRI BT S BB E IS L, mY—2 o0
filE & L CEF 4D Field potential duration (FPD) 1%, LA o> P53ty foe s i1 L FH BE
T2 LR ENTE Y FPD IFIER 2 KHE Tl 50% S B FEALFHHEHRFH (APDsp) 12—
L. BEANC & D IGE B AR E R A R HRE L2 1T 90%15 B AL R (APDg) & —
B a2 En@mitshTnd (Asakura B, 2015), 7z, BFMEOBLMIEF S, EAD &
DUMETA O K 9 I NEERERIETE BIZR T & D,

AWML TILEH —ofFt e LT, RO & b iPS M .5/ T o 2 iCell LA &
MEA & LTI ENTWS MED64 o AT LADOMAE DI L DR 2R L, @~
7 ha—db & 10 fiax THEF owE HAMESS 7 FE o HS@ S W64 2% 355 BSOS O gk
B DM e M OBBM AR T 52 & T, KeHlRO—{bo aTRetEic o
W L7z,

O OmErE LT, oo MEA B & Ofb ARt iR R 2 ik L, 72, & K iPSHilamh
UL ORISR RFE A B FIRMERIC K VBl T 5 2 & T, KPR O FER Lo E R
RMEEHALCTH I EE LT,

BEORFIE LT, a2 F o F v RO BRI, BEAED in vitro 1A% THERE



PEE 2 D HA S OIIE~AT A AT v RN T DB LT L, £ 72K K
L O AT 5 2 & T, afEiZe QT MMIER I L OMEAREEAR Y 2 7 FRIFHE R & LTo
A I 2 F I L7,

B%IZ, T D OREHFERZ b & ICATHER ORI LD AIEROM R 2R T 5,



%92 EERGE

2-1. FEHEEY

E-4031, Verapamil, Aspirin 33 &2 Uf Barium chloride (BaCl,) dihydrate X Wako & ¥ | Terfenadine,

Chromanol 293B. Flecainide. Moxifloxacin, Mibefradil dihydrochloride, Ouabain octahydrate,
Bepridil hydrochloride, Pimozide. Cisapride monohydrate, Alfuzosin hydrochloride. Ranolazine
dihydrochloride, Amiodarone hydrochloride, Fluoxetine hydrochloride, Tolterodine L-tartrate 33
& Y GBR 12909 (Vanoxerine) dihydrochloride {3 Sigma-Aldrich J ¥ | (+)-Bay K8644, ZD7288,

Quinidine 35 X T Thioridazine % Abcam (San Francisco, CA, USA) X ¥, NS1643 B LW
Levcromakalim | Santa Cruz Biotechnology (Dallas, TX, USA)JX ¥ DL-isoproterenol | Nacalai

Tesque (HUFF) K VEEA LTz,

2-2. HlfR O FEHRL

ETOERIZEBWNT, b b iPS Milafsk Of#ile & LT iCell LBl (CDI. Madison,
USA) % M\ 7=, B-4031, Moxifloxacin, Flecainide, Terfenadine, Chromanol 293B, Verapamil
F L O Aspirin OFHIIZ X ekisgdtmo e v b (Lot 1091313) ZHWAH L EHiT, 9 b2 E
R CILOfMae v MEEEO - O R S5 m v b (Lot 1033176 #6 X TF 1093227) & W
7=o ZOMDOILAEWOFAMIZIX Lot 1091313 & 5 M Lot 1036687 % HV /-,

iCell LA % plating medium (CDI) ZHWTHEB L, 0.1%EF7F > Ta—F 47 L
7z 6 well 7L — hZ 1 well &7 09 2x10° cells & 725 & 9 L, 37°C. 5% 5\ T 7% CO,
A Fa_X—F— T L7z, M2 H% XY maintenance medium (CDI) (ZAZH#L L 7=,
FERT7 E£7-13 14 H%120.25% - Y 73 2 -EDTA & % M TrypLE Select (Invitrogen, Carlsbad.,
CA, USA) (2 X v a2z F123 L7, 50 pg/mL @ Fibronectin 2 uL. (Sigma-Aldrich, St. Louis,
MO, USA) TMEA 7'vu—7 (MED-P515A, 7V 7 7 Ay KA 2T 47 4 w7 K)

FLOBEMI S Z 2— L0511 Fa—75H7-1 3x10* cells/2 uL & 72 % X 5 \ZEBMERSY

10



WA ZEFE L7z, CO A U Fa_X—X —HT1RML EA U Fa_— L, fMlapEk 1
mL & 5\ X 2 mL @ maintenance medium % B0 L5 L 72, maintenance medium I3 &
HVIEREEZ 205 3 H LT L 72, MEA 7' — 7 OFkfEi% 5 205 10 B L=/

ez AR EALRIE I VT,

2-3. S EALRIE

AL S FEAL I E 1% maintenance medium HTCITUV HIE Z & I8 LUV MEA 7' — 7 % [
HZEEL, WIEYHIZ2 mL OFfif72 maintenance medium & A#2 L, 30 43fLL = CO, A
VX a_—H—NTEEL LT, £D%, 37TCIZIREZIE L, 0,:COuN, = 20%:5%:75%
& B E 02:CO, = 95%:5% D 7 A &3l LT MED64 > AT I (TAT 7 Ay KA =T
474> 7) I, MEA 7 a—7%%E LTz,

HIfRAEAL X, E-4031, Moxifloxacin, Flecainide, Terfenadine, Chromanol 293B. Verapamil
F L O Aspirin DFHEIZIE 1-1000 Hz DRy L7 4 L2 —Z@ LT, TOMOILEWDFTE
flilzix Asakura ©OHEESHEIZ 0.1-10000 Hz DXy /L7 4 VX —%@ L Citgk L7z

(Asakura B, 2015), EOREME L —EMELZIRT 572, MEA 71— 7 #&E% 20 47
LI EFE L=, D%, 2 uL OEAR (DMSO, Wako, KPK) % MEA 71— 7 (2L,
ARSI EENL 2 10 43 fHFeEk L7z, i\ T, T DMSO Tl L 7= KA 2 IRIR & 10 43
FRC2ul FORFEMA L, MBSV EN A2 fisk LT, TRt 4 SIS BIR 3 S
b5 X 9 E-4031, Moxifloxacin, Flecainide, Terfenadine, Chromanol 293B. Verapamil 35 X
O Aspirin OFAHIZITRK 4 IRE, £ OMOEY ORI 4~5 REZRE L, A O
BB EE T 100 uM % EFR & L7e,

FIREEIZ BV TRER L7z 64 BABOMIANEN T — & O 5 B b I SRR B 2 RO
10 43 OHIE D% 30 H A2 HhH L. Asakura & O & [F4RIC FPD, 4A@h%% % Mobius (7
NT7Rry RYPA 2T 47 4w 7) THEMENT L. FPD (X Nakamura & D& %2552,
Fridericia ®2Z & W #i1E L 7= (FPDc = FPDARENRNE ') (Nakamura &, 2014), £7-. EAD

DV TA, HENME LTI & W o T RE 2 b O A IS B ClERs L. B2 ks

11



HONTREDT — LI DERA LT, 7ok, SRIOMZETIE, MISMVENBIZIZE
T DB O B — 7 m SR EREEL, BomE— 2 O SRTRPALETH 72T

OFHIE L 722 72,

2-4. FEdrh & L%y fEARAE

Maintenance medium H O IEFES R O OEIS (f) 1%, Bli&, U REER (pH 7.4)
23T 2 SEHERSEHTIEIC L 0 R 7=, BHTEEE X HTD96b (HTDialysis LLC, Gales Ferry, CT,
USA) %V, B 45384 O #& R B IR AN BAL R ERF ORI A bW T2, By M A
7 10 kDa OFEHTIEA FVY, 37°C, 4 RSN 7e iR T CET 24T o 7214, Kl 7L
(S BROBEIRZ | BERAOY > 7 EROSE TN, NEIEEDE %5
AR X 0 BRY v %7 Lz Eif% LC-MS/MS THlIE L7z, f, 13389 & NERIEAEY &
D & — 7 FiRE L & B & SR T L CsRD -, b MDDV IS 2 v oR s

ARIFBEHR L VS LT,

2-5. 7 — H gAY
FIREEIZRIT D FPD. #1853 L OV FPDe O#axHE 1 Nakamura D O % 2 2 3K

MHTE (0.1% DMSO #HKE) (257 22 (b=ICZ&H L7z (Nakamura &, 2014), FPDc %
10%LL FIER & E7=% 7 izt LTIt FPDe 10%4E &2 (FPDcyo) % GraphPad Prism ver.5
(GraphPad Software, LaJolla, CA, USA) ZM\), BT AT ¢ v 7 BEUFHHTIC LV KD,
W UTz, WRE-BUSPRDB R ORI et @i D7 — 13 FPDeyo 5 H O it 7>

SERA LT,

12



F 33 b b iPS MR H R OIHIE & MEA OFLAE I L 25

EDOHESL & — AL RTREME D FRET

3-1. JFif

UTAE. B N iPS/ES HEAE RO AL O KRB EPER R S D K 9172 b | BURAZEIC
& o THHLD in vitro Dl liEZ AR TE DBRENE > TE e, ZhETIZE FiPSES
ARG R DAL 2 W2 D@ tE T v B A 13 < ORER 2 STV D28, Mlao k.
MG, FEBRMERR. FEBR T 0 k3 — L & o T RBR A B 0 AL A AT S O R E
bHrOND, B—THIMD O LR ERR S OLEMEFHEIZ TR BN D Z &b,
PSR DREEE D T 70 b iR [H] TH)— IRF s R 2155 Z LITHEETH D,

ZZTEPARETEARO & b iPS Md RO M T 25 iCell LifAlld & . MEA & L
THH STV D MED64 & 2T L&A DT iR 2T 5720, lo 7 m k=
—/AOb L 10 fiak THEAEARMER L0 7 OB AWK D IR OCE 2 Heig L
7=. Fio, Bienmy boiCell DM A W TREROFHE A2 1TV 2 v N O FBE S il

it L. AR O —flr b AT RENE 2 51l L 72,

3-2. & | iPS el H e O e e oD KA E F R O ftigx i - = > b A

@y b & Az iCell Ld O EIE, FPD, FPDe O Z&FE H AiiE (0.1% DMSO

TR OfHE 2 figk = &2 Fig. 1 38X O Table 1 127 L7z, 2faskOf#i4k, FPD B X
N FPDe O FEHMEILZNZA, 59 beats/min, 390 ms 35 LN 384 Th o7z, Fio& sk D
#$%, FPD, FPDc O FRAFILZILE 4L 51-64 beats/min, 342-462 ms 33 L TN 350-423 TH V) |
B HIEDHOETNRRE o Mizk @ FPD, 18I & O FPDe D f/MiE s K OB KfENIL, £H
ZIU 48-74 beats/min (LabE) . 343-492 ms (LabB) #5 L1 346-468 (LabE) TH Vv, Hi@his,
FPD, FPDc W\ D/3T A — & & 10 figk DRI O S D (3 N o IX b o & & [RIFEE

ThdrEEZILNZ, £72. BD 20y FOiCell LMl Z AW Z R85k, FPD B

13



JKOVFPDe % Table 1 1277 L7z, Lot#2 3 KUY Lot #3 @ FPD & FPDc O#iPHIL Lot #1 & [FIF2
JETod o7z, Lot #1 OANik DA EIEL (59 beats/min) (ZH~, Lot #2 36 KUY Lot #3 @
HE A O P REIXZ LTI 51 B LTV 45 beats/min Th Y | HTEMETH o723, [Al—Hiak
PO TIZRIFRE Th > 7=, FPD., 8%t ]I U FPDe 0 F5H1 5 F AR 30 55 il <0 C A
faowa >y N THLIREDITLDENALNTbDOD, —EDOFHNIZINEYD ., 722D

MRILEI AT LA AWEEERE B IERE Th o7~ (Nakamura ©. 2014 : Yamamoto .

2016),
A) B)
804 " 6001
< 7043 ‘ . |
S N R S A AR
g0 ¢ 2y IVt ARl g
%40- ‘6‘300.
B 0 & 2004
et 20.
& 10- 100
A B b EFEh T D
” Facility Facility
}m Baseline of
v 2 . § e E-4031
* n
4004 B .
F';&%of’-ﬂé‘i.'é v Moxifloxacin
| M5 A Flecainide
[«
& 200 A Terfenadine
1004 v Chromanol 293B
o + Verapamil
A B C D E F G H I J ) Aspirin

Facility
Fig. 1. Comparison of baseline beat rate, FPD, and FPDc values in iCell cardiomyocytes using MED probes at multiple facilities. A)
Beat rate, B) FPD, and C) FPDc were recorded using the MED64 MEA system in the presence of 0.1% DMSO with pretreatment of
the designated drugs at each facility (n=3-11 for each drug). These data are from 10 facilities and are plotted according to the
designated drug.
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Table 1. Comparison of baseline beat rate, FPD and FPDc values in iCell cardiomyocytes using MED probes at multiple facilities.
A) Beat rate, B) FPD, and C) FPDc were recorded using the MED64 MEA system in the presence of 0.1% DMSO with pretreatment
of the designated drugs at each facility.

Facility Lab A LabB LabC LabD LabE Lab F Lab G LabH Lab I LabJ Mean LabD Lab G
Lot # 1 1 1 1 1 1 1 1 1 1 1 2 3
Beat rate 63 57 62 57 56 60 51 51 62 64 59 51 45
(beats/min)  [61-73]  [48-65]  [56-64]  [55-60]  [48-74]  [56-65]  [47-60]  [44-62]  [47-71]  [61-75] [50-54]  [41-47)
FPD 342 399 364 388 413 368 399 462 386 362 390 446 426
(ms)  [306-354] [343-492] [353-420] [344-413] [364-469] [355-385] [371-432] [377-501] [343-489]  [341-395] [434-456]  [385-443]
FPDc 350 389 365 383 389 372 371 423 395 373 384 421 388
[325-355]  [334-455] [359-411] [344-402] [346-468] [353-381] [368-408] [373-460] [361-454] [350-394] [415-435]  [350-400]

Each value represents the median value in each facility. Values in the brackets represent the minimum and maximum in each facility.
iCell cardiomyocytes Lots #1; 1091313, #2; 1033176 and #3; 1093227.

3-3. HHFISHE (FPDeyo) DS « v v kEZEEE

[Fl—m v k@ iCell LML A2 AN 7 FEDOFANZ KX D FPDe DAL X O ZE{LD

A% Fig. 2 12, FMiak D FPDe 10%IE&IREE (FPDey) % Table 2 (277 L7z, E-4031,
Moxifloxacin, Flecainide, Terfenadine 33 &2 O Chromanol 293B | X\ AL D ik |23 T 8 FPDe
HIER L. & 3A|D FPDeyo DMtk FZE1L 1.8~5.8fF TH o 7=, 728, Terfenadine Z i L
7o 1 gk TIET —Z WA v MEEARRIZ XY FPDeyy ZH I TE 22> 7273, FPDe 1% 0.1 pM
T 10.9%IER L, flfiz% ® FPDejp D FHIME (0.13 uM) LREROETH V| HAIOKISITH
R 2T A BN o T, £, & TORERR T Verapamil X FPDe % %25 L. Aspirin X FPDc

B R B2 7o,

el 2 vy o iCell DA FT 7 O FAID FPDe (292 f 82 5l L 727
R% Fig. 312" L7-, E-4031, Moxifloxacin, Flecainide, Verapamil 33 J T} Aspirin @ 3EHI
JOMEIZ vy [ CHAREZR 21T A D AV7R hr o 72, Terfenadine 0 FPDcyo 13 Lot #1 & Lot #2 T#2
DA B4V (LabD : Lot #1 C 0.27 uM, Lot #2 C 0.04 uM), L72>L. Lab D |Z Terfenadine ™
FEAHEIC 0.3 uM DR E 25Tl L T e o 72— T, D fitia% Tl Terfenadine 75 0.3 uM
THROLIBOIGZ R L, 1 uM TIEEEE R Tdh - 72729, Terfenadine @ FPDcyy D &~ b [H]
751X Lab D OFEAGEEEPUTE R 2 FIEEMEAHEZR Sz, 72385, 0.1 uM 12315 % FPDc
DIALAIT Lot #1 T 8.8%, Lot #2 T 142% TV, FPDeo DTEREIZIL~Z DTN S 7o
720 L7235 T, Wbl EIZ LV Terfenadine TA H L7112 » M D FPDeyy DIXH D
XX ET D RN S B & E z B~ Chromanol 293B @ FPDc, 1 Lot #1 {2k~ T Lot #3

IZBWTHETRE TH o723, FPDey & [AlfEE N T e L7252, Lot #1 T 6.6 uM, Lot #3
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T2.8uM & Z DIEIZIARE 72 7213 H 9, FPDey Dfigk B L0 e v MEOIE 5o & 13
WeTIZRh oz, WHRERZEET 25/ REZ ik M Tl LR, E4031,

Moxifloxacin, Terfenadine (23517 % gk #7513 72 < & b 3 fi5, Flecainide TH72< &% 10
FThY, ey hOLHMETHRBEOMERE TH o7, L L, HEERERED AR
Mifk TR D0, WIERE &2 EET 2 5/NREORRMAES T v N ZEOFEIES [H D

BHTIR A ThHD L EX BN,

3-4. b b iPS AR S LRI & MEA OFLAE DY K A IEHIEmAE £ & . BE
FEOIEEERT v A0t My L o ik

K IHHKND FPDey 1 L OREENRERIRIE & Al 3 2 fc /MR (MCgapta) {22V T, hERG

F v FLD 50%LEREE (hERG ICs) R°F/LE v MELEEFG APD 7 v A D 90%iE B ENAL
R RER O 10%AE R (gpAPDog ECo) . A X H D WME T LT L A U EERD QTe [HIE 10%
IER MM IRE  (dQTe ECyo & 5T mQTe ECyy) & W\ o - BEF O IEHR A RICK T 5
RS & el TV F72. b MARIETRE (ETPC) X° QT MIFRER & 5 v Ik TdP
W RO MLAE/ME TR (hCor & 5 WME hCrep) & HH AT o 7R R A Table 3 (278 L 72,

E-4031 # & OY Moxifloxacin I3 hERG F v F/VEEM &2 F5 L, flix OIEEERFEM R T
DFRIEIEEH R KO QT MFRERIEM MRS STV %, E-4031 [FERRFER B T
REEARY A 712 K0 BAFE A 1L S 723K TH Y . Moxifloxacin (XEFR L G- 52V T QT
M ZEICHER L, ICH El4 HA K74 285, KD QT MME:HliRERTH 5
thorough QT FERDIGMEXIFRIE L L THWHN TV D IEAITH 5, AFERRIZIBVT E-4031
$ L U Moxifloxacin (3 FPDe % i EEARFAYICIER: U, NERNREREE 24 BEAT O FEBRIRFEA % <0
BRT — % L [RIfRE O CAE L2 (Omata . 2005),

Flecainide (L7 7 A Ic IZJB T A HIAEENRIE T, hERG T+ /L & Na' F v /L OBREEA
# A9 %, Flecainide (% FPDc Z iR EKFHNIIER U, NEAMRIEIE 2 406 L7228, £ Ol
FE1X ETPC X WKV METdH o 72, Flecainide 1Z7 L A b U B ERCEEAR G I3V C QT MR

ERZGISEI SRV, UYFLERY = v VERSLT V7 v RV 7L Z AV TZEF
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iR BN TS OIERCMEAENRMEH 24 L 5 Lt ST D (Sillstrom 5, 2014 ;
Liu &, 2012), Invitro, ex vivo & %\ M in vivo iR OFER DO AR —B OB IIAHTH S
D, ARFRIC X DR EENRIE DM AIENRY R 7 OFFICITEE R RS MLETH S &5
BT,

Terfenadine |3 TdP ¥/ U 2 712 L U HillRE& & L 72 484I T, 58\ hERG F v RV EE
HEAT 5600, 20 QT MRIER I X OMEAREENR Y 2 7 T O FITFHT R DOf# T—2
L7V, Bz 13%Z OLEFBEIEEMAIL hERG F v RV ERBRB IO L A b U RBR
THRHSN D2, ®/vE v MILEAR APD 7 v A Tkt S 720 (Harris &, 2013 ; Omata
5. 2005) . ABFIEIZFU T Terfenadine (Z & W FPDc ZEF: (6.6 nM) % hERG ICso <> dQTc ECy,
HDHWIE mQTe ECy ERIZEDREETHRE LA, TOREFIWTIORBKARL ETPC

(0.10-0.29 nM) £ ¥ @V EEETdh o 7=, Terfenadine I CYP3A4 I LV, Ltk ) 27 DK
UWETPEARE#) T D Fexofenadine (ZRH 75203, Terfenadine O MR L CYP3A4 R
EHIE OO, FHEREREEDH 5 BE BV THEIC LA T2 2 ER8MbNTWS, i
E O T Terfenadine & 58\ CYP3A4 [EVEH 2 A4 % Ketoconazole & [FIFFIZH G- L7z
BRIZ TdP % 589E L % OIFO MLIEH Terfenadine #i 413 3.6 nM (ZEI5# L 72 Z & 7> & (Monahan
5. 1990) , AFRERRIZ I\ T Terfenadine 1K T TdP % FIE S 72 SR FEIZUTV T FPDe
IER SH- LB 2 B, RiHR I Terfenadine @ QT MIPRIER U 27 #F /L v hILIE
i APD 7 v A KV EUNCFHME R RE TH D LB R b,

Chromanol 293B (T I FEEHIT, FPDec ZiER L, £ OBIImBE CHITH & RoT,
ZOREFITE N ES AR O A S T AT INJ303 <0 INJ282 % #Ffl L 72 BE
& —F L Tz (Clements ©.,2014) , FPDey 13 I ICso & A% Td - 72 Z & 7> 5, Chromanol
293B IZ L % FPDc IER Iy FREZ N LIAEHTh D L &2 b,

Verapamil {3 hERG F ¥ F/ABLEMEME AT 52, Ca”' F v F/VHEER LR 6,
Redfern 52X 2% & 2D TdP ALY A7 (MBS GBS NLHFAITHS (Redfern 5. 2003 ;
Kramer 5, 2013), Verapamil |5 FIIC FPDe & %84E L. Ca® F v R/LBHE A hERG F

¥ RPLFIC K D BB EH 2l L7 L B bz, L EDORIRD O AFHERIC X
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15 5T AL B YRS RITERIR B 2 B L7 R TH D LB A b,

3-5. /&

t bk iPS Hife H R O ABIE & MEA OFAA GO L 23R 2% L, FPDe O&1{bEs
K OREENRBRBE G O L A H8EE & 32 2 & C, FARR R M QT MIRERSEAHIR Y 22 %
A TR 2R B R T D E B Z DT, ARG R I % ] T A A S L OSRAI RO
PEOWF I b sk AR 0 = v MEZENNS < ERBORRMETHMETIEE LT
{LFTREZRFHIR T D L& 2 BT,
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Fig. 2. Comparison of drug-induced effects on FPDc and FP waveforms in each testing facility. Percent change in FPDc induced by
A) E-4031, B) moxifloxacin, C) flecainide, D) terfenadine, E) chromanol 293B, F) verapamil, and G) aspirin in 10 facilities. The
concentration inducing 10% FPDc prolongation (FPDcjo) at each facility and incidence of abnormal FP waveforms for each
concentration of the tested compound for each facility are shown. Yellow-filled boxes represent the incidence of EAD or TA-like
waveforms in the tested samples; red-filled boxes represent the incidence of beating arrest in the tested samples. When field
potentials were not obtained because of flattened unclear second peaks, they are indicated as ‘Flat.
waveform was observed. Gray-filled boxes indicate ‘not tested’. *: FP were unstable, and second peaks could not be analyzed
because of deformed waveforms, and no EAD or TA-like waveform was detected for 1 uM terfenadine in Lab H.

Table 2. FPDc, for FPD-prolonging drugs at each testing facility.

L)

indicates that no abnormal

Drug Lab A B C D E F G H I J Mean + S.D. D G

Lot # 1 1 1 1 1 1 1 1 1 1 1 2 3
E-4031 (nM) 2.0 12 22 2.5 2.0 2.3 2.0 3.0 3.7 6.1 27 £ 14 2.7 2.6
Moxifloxacin uM)  11.0 20.0 14.8 20.1 15.1 19.8 16.5 15.9 16.9 13.2 163 + 3.0 18.5 17.9
Flecainide uM) 022 0.11 0.17 0.16 0.17 0.20 0.13 0.14 0.15 0.21 0.17 + 0.04 0.16 0.24
Terfenadine uM)  0.11 0.07 0.06 0.27 0.11 0.05 0.10 0.23 0.12 N.C. 0.13 £ 0.08 0.04 0.25
Chromanol 293B (uM) 8.6 15.4 8.2 153 8.6 13.4 6.6 7.8 38.1 13.4 135 £ 92 19.1 2.8

Abbreviations: FPDc; field potential duration corrected by Fridericia's formula, FPDcjo; concentration inducing 10% FPDc
prolongation, N.C.; not calculated. iCell cardiomyocytes Lots #1; 1091313, #2; 1033176, and #3; 1093227.
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Fig. 3. Reproducibility of drug-induced effects on FPDc and FP waveforms of iCell cardiomyocytes in 2 facilities. Percent change in
FPDc induced by A) E-403 1, B) moxifloxacin, C) flecainide, D) terfenadine, E) chromanol 293B, F) verapamil, and G) aspirin from
2 independent laboratory experiments. The incidence of abnormal FP waveforms is also shown in the table for each concentration of
the tested compound in each experiment. Yellow-filled boxes represent the incidence of EAD or TA-like waveforms in tested
samples. Red-filled boxes represent the incidences of beating arrest in the tested samples. When field potentials were not obtained
because of flattened, unclear second peaks, they are shown as ‘Flat’.
Gray-filled boxes indicate ‘not tested’. *: Second peaks were unstable because of excessive increases in beat rate and could not be

analyzed for 100 nM verapamil in lot number 3 in Lab G.
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Table 3. Comparison of multi-electrode array in combination with human induced pluripotent stem cell-derived cardiomyocytes (MEA with hiPSC-CMs) outcomes with the existing information relating

to drugs.
Drug £ System Ton channel GP papillary Dog telemetry Monkey telemetry Human plasma/serum concentration ~ TdP risk category MEA with hiPSC-CMs
Endpoint hERGICs, Ca,1.21Cs, Na,1.5IC5y  APDgEC;,  QTc ECy QTc ECyy ETPC hCqr or hCrgp Redfern  CredibleMeds ~ FPDc, MCgap/ra
E-4031 Total (nM) - - - - 19.2 3.1 35 12-27 - - 2.7 10
f, - - - - 0.31 - 7 - 0.81 -
Free (nM) ~ 5-20 - - 7 6 - 1.1 3.7-8.4 2.2 -
Moxifloxacin Total (uM) - - - - 20.4 (12% prolongation) - 8.2-153 - - 1 16.3 100
f, 42-86 173 1112 - 0.71 - - - 0.79 -
Free (uM) - 14.5 - 4.5-11.0 - 12.9 -
Flecainide Total (uM) - - - - No effect >5.2 - 0.96-1.9 - 3 1 0.17 1
f, - - - - - - - - 0.78 -
Free (uWM)  1.0-3.9 27.1 4.1-6.2 5.6 - - 0.38-0.75 - 0.13 -
Terfenadine Total (nM) - - - - 120 7.6 3.3-9.7 91-121 2 1 125 >1000
f, - - - - 0.02 - - 0.03 0.053 -
Free (nM)  20-200 200-930 1300-2000 >20,000 2.4 - 0.10-0.29 2.7-3.6 6.6 -
Chromanol 293B  Total (uM) - - - - - - - - - - 13.5 >100
f, 0.88
Free (uM)  224-622 - - - - - - - 11.9 -
I ICs
1.8-10.7
Verapamil Total (nM) - - - - No effect >15 mg/kg No effect 250-810 - 5 - Shortening  >100
Free (nM)  100-800 52-200 6600-32,500 46,000 - - 25-81 - -
Aspirin Total (uM) - - - - - No effect 2.5-122 - - - No effect  >100
Free (uM)  >10,000 - - >10,000 - - 5.0-623 - -

Abbreviations: hERG; human ether-a-go-go-related gene, Ca,1.2; voltage-gated Ca*’-channel, Na,1.5; voltage-gated Na* channel, GP; guinea pig, APD; action potential duration, ETPC; effective
therapeutic plasma concentration, hCqr/74p; plasma concentration reported to induce QT prolongation or TdP in humans, TdP; torsade de pointes, CredibleMeds; CredibleMedsWorldwide, FPDc; field
potential duration corrected by Fridericia's formula, FPDc;o; concentration inducing 10% FPDc prolongation, MCgap/ra; minimum concentration inducing early after depolarization and/or triggered
activity-like waveforms, f,; unbound fraction in human plasma or iCell maintenance medium.
TdP risk categories by Redfern are as follows: 1, repolarization-prolonging anti-arrthythmics; 2, drugs that have been withdrawn or suspended from the market in at least one major regulatory territory due
to an unacceptable risk of TdP for the condition being treated; 3, drugs that have a measurable incidence of TdP in humans, or for which numerous case reports exist in the published literature; 4, drugs
for which there have been isolated reports of TdP in humans; 5, drugs for which there have been no published reports of TdP in humans.
TdP risk categories by CredibleMeds are as follows. 1, drugs with known TdP risk; 2, drugs with possible TdP risk; 3, drugs with conditional TdP risk; 4, drugs to be avoided by congenital Long QT.
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p=11
=

4-1. J¥
F3FITB T, B b iPS MRS L & MEA OFAAA DI & D REliR A5 L,
F AT RN BALARETH D T L &R Lz, ABETIE, AL THHEHL TN D MEA v~
2T L TdHDHMED64 (1 well #A 7, TAT 7 Ay RYA T 47 497) &, BRKT
FICHWBR TS MEA VAT A ThHhDH MEA60/2100 (1 well/6 well & - 7, MultiChannel
Systems, Germany) 33X Maestro (12 well/48 well % 7, Axion Biosystems, USA) @ 3
FED MEA ¥ AT AZNE N TH b 3@ G4 O RHMRG 3R 2 beige U | BRI 75 2 2R3

DL EBICERER EOBBEREZALNITL LS L,

728 3 EOME CTIIAALRIC &5 QT MMRIER AR Y A 2 O BR T HRIPEA R
MeSh7-— T, b b iPS AlfEH SR OA IS BN EAL O 4 T D D I, 307 X
— A A =R —Eh (1) ARV E VD KRR OREE A L, TAUCERT 5#kE
JEFENL D S0 B RBIENRE & W o IC BRI TR A ZEENER SN TR Y | {LEWRTE
li~DOFENRE S TS (Hartman &, 2016), & 2T, & b iPS fllfgd kO Az
ETIAMBIC L VBIR L, ZOMENREEHR L, AR OMELMIET o2& L

776

4-2. FPDc)o 8 X ORI T A R S O MEA B 2R 72 Lk

3FED MEA & A7 2 (MED64, MEA60/2100 35 X Y Maestro) (22T, E-4031, Moxifloxacin,
Flecainide. Terfenadine 33 & O Chromanol 293B (2%} % £-##25 D FPDcy, & Lhigt U 7= f5 5 %

Fig. 4 (2R LT2, ZALAWD FPDc g OFEFERMZEIL 1.4 05 495 TH 72, 728, FPDcy &
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Fig. 4. FPDc,o in MEAs of MED64, MEA60/2100, and Maestro and hERG ICs.

NN 2 B 2 o/ NREE 2 3 FREOMERH TH L7584 Table 4 1TR L72,
E-4031, Flecainide, Moxifloxacin 3 & UF Chromanol 293B T B 72 2R 751X 2 B 7e )
S 723, Terfenadine (2351 T MEA60/2100 DA CARIENREEILTE A DTz, £ O IEHE R
KT ARBCTH D728, iCell DML L Maestro DFALAAIHIZ LY Terfenadine D RIERIE
HAEaBRE LIy MELH D7D, BEOEORIERT 5 ARV EE X bz

(Gilchrist &, 2015 ; Qu &, 2015), F7-. Terfenadine DERIENRNE 1350 HINEEE CIIMH
FTOZEPE LW EBER SN TEBY ., b & iPS ML AHINIZ ISV T, Terfenadine 13
12 B LA E O REFHEIIRERIC L 0 £ ORI S D & WO MEDRH 5 (Guo B,
2011), L72L. AEID 35D MEA 3 27 ADFEBR T 1k a—/W IO H0 b S 10 455
FEORBRE TH Y, BRERFF O DRIV EF 2 bz, MiashEALEIZE

BEOLRETHDEIR BT (V2 —OFREDEWIZ LY ., Terfenadine 1 % ORI E
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PEETAZ 2N B B, 1 Hz TIX T 4 V¥ — ORI LY B e — 7 ONLE O T i
PEOBFIME —27 20 9 5 Z LR MEIN TS (Asakura B, 2015), L7zh3->7T, LL
BEORBRTIIN LT 4V H—O5M% 1 Hz 5 0.1 Hz ISE—3 52 & & L, Fiz,

% 3 HICBWTH B (MED64) PO RNFENRIEBLE E D ftiax FZERAR R &k ~72 X9
2, B O ERERENP RV | NEIRFEERE BT s FAEHn A A+ Th
52 EBFKO—DEEZ bz, &R ORFENRERE X MED64 Tl FPDeyp @ 2.1 725
14.0 5 DY EE TR S, MEAG60/2100 TiX 0.6 705 10.7 FORE TR Sz, Lizaio
T, NENRERIE Y 2 8T 5 720 OFRBRIRE 1L, FEREA O, 85 1k s L O
PEEEN I HNRWRY D72 < &6 FPDeyg D 15 S £ TRETHMENRH D L EZ DN
720

UL b DFE R D> & REENREEIE Y O B2 (VI s 22 03— O K T A B, T DIERE

RIFRNI AR TH 505, dkx OISO REAEE 2 i Z&2nX 5, Xyt

T 4 B =5 ALEW ORFEITIR U TR R O SR E O EF OB E AT D LN
bbHLEZ LN,
Table 4. MCgap/ra at each test-site.
Drug MED64 (109 MEA60/2100 (5) Maestro (1)
E-4031 (nM) 10 (4% 3(2) 10 (1)
30 (1) 10 (2)
100 (1) 30 (1)
>10° (4)
Flecainide (uM) 0.3 (1) 0.3(2) 1(1)
1(4) 1(3)
3(D)
>1 or >3 (4)
Terfenadine (nM) >300 (2) 30 (1) >300 (1)
>1000 (6) 100 (1)
>3000 (1) 300 (1)
>10,000 (1) >300 (2)
Moxifloxacin (uM) 100 (3) 30(2) >100 (1)
>100 (7) 100 (2)
300 (1)
Chromanol 293B (uM)  >100 (10) >30 (1) >100 (1)
>100 (4)

MED64, MEA60/2100, and Maestro: Multi-Electrode Array Systems: AlphaMED Scientific, Multichannel Systems, and Axion
BioSystems, a: Numbers of test-sites tested. b: Numbers of test-sites detected EAD/TA. c¢: No EAD/TA detected even at maximum
concentration tested at each test-site.
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Ry BANAINAT 4V H—54% 0.1 Hz IZZE% L, MED64 & MEA60/2100 T 6 {L&W
(Astemizole, Cisapride, Pimozide, Quinidine, Thioridazine 33 & 0" Bepridil) % iENEFAM L
7B % Fig. 51278 L7z, FPDcjo DI =TV T olbE s 3HEUNER Y | 5{LEY
(Astemizole, Cisapride, Pimozide, Quinidine 35 J X Thioridazine) o> E&HRARIY I A Ji
#, Astemizole (10 fZLLN) #FRE . 3fELLND#ETH 7, £7=. Bepridil iZ MED64 Tl 3
uM CTARIEAREEIIE 232~ 540, MEA60/2100 TiX 1 pM % TRl L ARFEIREER I 13 2 B A7
Mol EBEREDOEICLDEEZ LN, $2, v ATFA A Fy xMEHEZ R
3% Amiodarone ILifi MEA CAHRIENRBRIZIZIZA DL oTo, TIUHOFERN G ARG
1L MEA OBEFRIZEAD 53 QT MIFRER Y 2 7 B L UM REARY A 7 2@l tx %

ZEDNIREE I LT,
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Fig. 5. Relationships between FPDcy and concentrations at which arrhythmia occurred in MED64 or MEA60/2100 systems, or
rabbit Langendorff models. -: No arrhythmia in rabbit Langendorff models, except for E-4031, astemizole, and cisapride. In MEA
systems, arrhythmia did not appear in terfenadine (MED64) or bepridil (MEA60/2100) groups.

4-3. b b iPS AT H SR U A A O A S O RE U

b N iPS MR SR OIS L O X OLER &2 MBS CEE LR A Fig. 6 12
R LTz, B b APS AR H Sk O A AR O AR o — MRl L7e 7 0L SR & ik L CLER
MHED T OREFIMEZ R E | TENREZETH Y . ENICRRATH D Z EBHA LN E 2o
oo T 9 LToAEEROAR R 1 3 BUE (R IR B OIR LRI I DIFE | & 2 WITBUERIEO AR
BI—PEIZ LDV = b U —MEREIROAE CRT SITORDBLEEDNH D, BICHE ST

WA ERIEIRBEA OB S & WD o TR e RBWE L R TE 2D &, 2B D K iPS Ml
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ROFHAELE N ES MUK H R DAL ORI L 7 1 7 7 A ST~ DRSS A T
A e T HEFIPHFE D Go/No-go HIWHZ B L 52 &N HDH LEZ BT, LIZh»> T,
DA V== 73R & LT ElE 2 BRT 5720, tkx 2O LG %

P L. AFHESRIC K DEER TR Z R T 2 0ERH D LB R DI,

Rabbit left ventricular hiPS-CM (2D-sheet)

Fig. 6. Histological evaluation of rabbit left ventricu! uscle and two-dimensional cultured hiPSC derived-cardiomyocytes using
transmission electron microscopy. hiPSC derived-cardiomyocytes show poor T-tubule organization and less cardiac fiber alignment
oriented in the same direction as compared with adult Rabbit ventricle.

4-4. /NE

AREIZHT, B N iPS M H R DAL & MEA v A7 A DFAAGHEIC X 5 3HlR I,
MEA O#fEA i3 FPDe DZIZ LV QT MMIER U A 7 & T4 5 AleetE 4~ L7z,
Ly L—05C. REENRBRI AR IR B IS X— oG W TS AR A b, Ry'LT
A VE =, BRI, BENE Vo ER EOBBEARLETHLEEZ LR
7o F£72. & b iPS Al f R OIS OREIERIRBMED B B2 & 722 0 | FHIEEA A~ O SUSHE
WA T A% 52 D8R S, RHlR OA AT Z RS 721213 S 512% < OFHAl

ZAHIT D MER DD EEZ BT,
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955 B OOFLR 7R QT MMRER I L OMEREAR U A 7 fHlEIZ AT 72

Ry

B4 BT T, MEA OMERFIZZFHME L. & b iPS Mifa i k.Offiin & MEA OFE2
HhRIC L 2FR I FOREREZ R LIz, £72. & b iPS MR RO AR AR DO ARZED S |
BIEGIHIBPEIC 351 5 & b iPS ML R Ol & MEA OFHAG I & 2 2 atEaHiliEk
Bk L LCORMMELZRT DI E 51 < DILEMREOLENH D LB 2 b,

b b iPS I F SR O AFRIEIE Ina, Teats I Lios Ik, Tke Ixs (CBE30 DA A 0 F v FIL DB A
mENTEY (Ma b, 2011), & b iPS Ml RO M2 AW IZEHERIT e MIRT 5k
A2 DAL OB EANEME AT 5 2 LIS TWVWD, Ll Zhabo
MIREIZFEHL L TV D LA A F v R RIS 2 BB BUS T H 3 I CHESL S
TRV, £ ZTARBIE TR ORI DRk % 7oA A 2 F ¥ R AR D FUS
el U, ARFHER 25 G R 22 BRI 2 2 T3 2350k & L CEtl g+ %
N Y

F72, /T MELEAR APD 7 > £ A 1X hERG LIS DA A2 F % Tkt T HEM %24
FERCRME 2 2 3 AfREZe, WS SNT-BRR Th 208, Z ORI LA WREAm RFI
B LREOERMERFREZELC L Z L BIEMIN TS (Omata H, 2005), £ Z T, & b iPS
ARG F R DAL & MEA OFLAE DRI L 25HER T, E/VE Y MELEAT APD 7 v A
THERMEL 702 6 FEDOREFN 2 AT 5 & & bIZHIRAGE & OB 21TV AFH R O H
JRE 2R LT,

B#IZ, hERG F ¥ FVEICINZ T Na'F % RS0 Ca®' F ¥ RS oA 40 F ¥ %

PATET D IREIER 2 A9 % 6 oA 2 AR TR L, ARHE%R2 QT R R & X
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OMEARIENR Y 27 2 QERIC PRI DR/ & L TEYINE D iR 2Z & & LT,

5.2, LA A T AR IR R B B

REBROFHA A F ¥ RNV FEERHEFEIC L D v R iPS Ml ik i o s,
FPD. FPDc O #5I5 FIRHE D> & D23 Is L O TE 5% A % Table 5 35 L O Fig. 7 |27
L7,

Bay K8644 I3 Iy IHVE(LAIT, EAE v MgHOlEZ W27 v A 128V T APD ER
TER 2SS S TR Y (Barandi 5., 2010) . AFHIERIZISVT FPD 35 KUY FPDe DIER 73
H BTz, Mibefradil (X Ieyr B RO I FREHITH Y . ELE > MOEHLE MLEMICZE
W APD FAEME AN A ST Y (Bénardeau B, 2000 ; Martin &, 2000) , AFEAf % (C
BT 1uM LV FPD 3 L N FPDe DA DT, 55 3 EOMBHIHB W T Ca”' F ¥ R/
P53 XL OVhERG T RV EVER %A 3 % Verapamil 73 FPD 35 X ONFPDe Z 40 S ¥ 5 2
EDHERESNTE Y, Ca BT A RS2 MRt Lz & B 2 b,

NS1643 I3 I, iHHEALAI TH Y BTy b T 70 RATZHERLDRLUYFLELEY = v Y
BEARIZ VT APD FAE(EH A s STk Y (Lu 5. 2008 ; Lu ., 2013), AFHERIZIH
T FPD OFIMEN N HALTz, 7235, FPDe (ZITREN - LR > 7223, 30 uM T FPD @
BIfE & & BB OBEE BN (80.8%) 37 HALTI Y | Fridericia DAHIERIZ L 2 FPD
DHHEDRRF53 T o T ATREMEDSHER STz, Ikare IEPELAITH 5 Leveromakalim 1%, ¥
YX¥T7 5 RV TG T APD 24T 2 2 ENHESTEY (Lu &, 2008), AGE
i/ 23T FPD 3 X O FPDe D& - B 4172, Ouabain (X Na'/K'-ATPase FHFEHAIT,
QT MIMBEMEAHREZNTEY (Guo B, 2011), AFHHERIZIHVT FPD X O FPDe D4
#f A3 A B 4L 72, Ouabain (X Na'/K'-ATPase PHFF1Z L 0 AN Na 2B 2 0 S &,
Na'/Ca*"-exchanger % [H# L 7= #& 8. AN Ca® O AL 5 IR EME KB i OE ML %

FlxZ L, FPD Z &M L7 L HEER S NT-, &5 3 EOMFHNI BN T, Ik, FLEFITH 5 E-4031
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R0 Ixs P AT 8 % Chromanol 293B (X FPD 36 X UNFPDe ZIER SH 5 2 & g8 LT 0 |
ki Ikion Ikach & VYo 72 KIEFAREISEIC RT3 2 BT A ERHE L e 2o 7o b O D ARGHA
R K EBRICKTT 2 B EOICRIATETH D L B bz,

Isoproterenol (ZFEEINYT F LTV o B ZAMAIFIELTH Y . & b ES M kO Ml
Z M7z Clements b O & AR, ARHIRICISW THEEL 21 S 72 (Clements 5|
2014), ZD7288 I% BHEHEAITH Y (Marshall 5., 1993) . AFEHRICEB W THEMA KT S
Wiz, BaCl I Ix, FREAITH V. B A BN S, ZReERIC R 2 3551 5UG 258 512
Rt Uiz, — 05, MBI O OF o iaB R Ic 2 b2 5 2 534 (KB Ca’ i O
i3 1Tk o THELL Tz, KBRS Ca’ BHiaHIC L 0 MBI~ DR ER A LN
IEFE72 RS IX R CH 523, Guo B Harris 51 & b iPS A H Sk DB AL L2 330 T Verapamil
<2 Nifedipine & VY5> 72 Ca™ F v F/LBLER CTRBICHEEOBEMNMNA A BN D Z & 2 A LT
BY ., ZOMEBBEINT., {EBEMNMOEMIZ XL BFEARMAEIBRLE E TORRM 23 FHE L7z
72 ThHhHEELEL TS (Guo b, 2011 ; Harris 5., 2013),

ABEIOFHMIZ LV | & R iPS MG R ORI A LS O B P R R E I e B 2 52 5
£ A2 F x FARZREOTWEIC K LIS T2 2 EAvr&hiz, LaL, Mk

K EHC Ca” BHAREITERAIC L o> THEBELZ T 5720, MB~OFBROMRICITE
BEPRETHLEEZ BN, N THAREB, AEG L b iPS Al RO A %f
T okk & 2R FANT £ 5 SOSICEE T 2 1E8IT, AIERERSIC T 2 BRI L E M DB x

THFTD=OICEHRERE D EEZ BN,
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Table 5. Effects of various ion channel/receptor modulators on the indicated assay parameters.

Tested drugs MEA with hiPSC-CMs
Name Pharmacological Expected effects |FPD FPDc Beat rate Waveform
activities (>10%) (>10%) (>10%) changes
Bay K8644 I, activator QT prolongation |13 nM 13 nM 1 1000 nM >1000 nM
Mibefradil Icar and I, inhibitor QT shortening L 1uM 1 1uM 1 uM Arrest 3 uM
NS1643 Ik, activator QT shortening 130 uM >30 uM 130 uM >30 uM
Levcromakalim Iy arp activator QT shortening 1uM 1 1uM 1uM Arrest 3 uM
Ouabain Na*/K*-ATPase inhibitor QT shortening 10.1 uM 103 uM >1uM Arrest 0.3 pM
Isoproterenol B adrenergic agonist Beat rate increase | | 3 nM 13nM 13 nM >100 nM
ZD7288 I;inhibitor Beat rate decrease |10.1 pM >1uM 10.1 uM >1uM
BaCl, Ik inhibitor Beat rate increase || 100 uM >100 uM 130 uM >100 uM

MEA, multi-electrode array; hiPSC-CMs, human induced pluripotent stem cell-derived cardiomyocytes; FPD, field potential
duration; FPDc, FPD corrected by Fridericia’s formula; Ica, L-type Ca** current; Ic,r, T-type Ca2+-current; It, funny current; Ixarp,
ATP-sensitive inward rectifier K'-current; Ik, rapid component of the delayed-rectifier K'-current; Ix;, inward rectifier K'-current; 1,
increased; |, decreased.
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Fig. 7. Effects of ion channel/receptor modulators on field potential duration (FPD), FPD corrected by Fridericia’s formula (FPDc),
and beat rate. The mean + standard error of the mean of the percentage changes in beat rate, FPD, and FPDc in the presence of the
indicated drugs are shown (n = 4-5). The inset Tables indicate the incidence of abnormal FP waveforms at each concentration of the
test compound. Red-filled boxes represent the incidence of beating arrest. ‘-’ indicates that no abnormal waveform was observed.
"NS1643 at 30000 nM induced 2™ peak flattening in 2 out of 4 samples and these samples were not analyzed.
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5-3. BEAF DIEFRRETAlli % TR & 7 2 A D A

E MZBEWT QT MRZER L, ABIKMEHZA T2 Z /Mo TN D H0D, E/b
T MALEARS APD 7 v B A TEEOV A7 BHAREETH S 6 FEOHA] (Quinidine,
Cisapride, Thioridazine, Astemizole, Bepridil 5 & T Pimizide) (2% % FPDc D2 L3I KL
UMM BN 28 % Fig. 8 (TR L, BHEWD FPDe)o ROAMEENRERB AR H D die /N 2

(MCgaprma) % E/LVE v MELEARG APD 7 > & A £54: (APDg ECyo) . & NI 2 fx i i
H S (hC ) « QT FHIFRAE R 5 D S (hCqr) 36 & OF TP FEAERF D LA H I 2 (hCorap)
& bl U725 A Table 6 (2R L7z, A TOHEH|T FPDe DIER 36 X ORI RERIZ I 23 7 &
AL WTHOIEA S % D FPDeyo 1T E/VE » FELIAR) APD 7 > 2 A @D APDgy ECyo (2~ 100
&L FIKIREE Cd 572, Quinidine @ FPDejg 13 hCppax ° hCor (Z XN E DD QT Mk
ZDH DR THE LR T2 2 EAHE SN THEY . MCpapra 1X hCrep £ R TH 572,
Cisapride, Astemizole 35 J U} Pimozide ® FPDcy 3 KUY MCgap/ra IE hCiaxs hCor X° hCrgp &
[EAEDOETd - 7=, Bepridil @ FPDc g lE hCpax & Y HAKDY > 7225, MCpapra I hCrap & [715%
T - 7=, Thioridazine ? free FPDc g I3 hCpax X° hCor (2 HE VME Td - 7223, Thioridazine
Dt MY T FEGERIT 99.81-99.87% & IEFITE < | total IREED IR HAT 72 L 2 A,
FPDcio (X hCpax X° hCor LRI ThH o7z, ZALH DIEANZIU T, FPDejg & hCpy DIEFELL
1% 0.020 2> 1.5 {5 DOHiPH, FPDcjy & hCor PIEFE I 0.12 75 14 {5 OHIPH, MCpapra &
hCrap DIEFELLIE 038 205 3.6 EOHMHTH VY | HRIMAEHIRIE & OBTEI R S 7z,

ZNHORER B B N APS M b ORI & MEA OFAGOEIT QT MRIER Y 2 7
BLOMEARKENRY A7 %2y LB APD 7 v A LV EERSRHL, 51
FPDc=X° MCgapra PMEIE hCpaxs hCor. hCrep LT HIE TH o722 L2 D . AFHI R
(TEEAF D FERRIR TR LA~ TERIRICHR T 2 QT MIFRIER B L OMEREEIRY 2 7 23572

IR TRITATREZRAHIER TH D L B BT,
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Fig. 8. The effects of drugs associated with a high to intermediate risk for torsade de pointes (TdP) on field potential duration
corrected by Fridericia’s formula (FPDc) and waveform abnormalities. The mean + standard error of the mean of the percentage
change in FPDc in the presence of the indicated drugs are shown (n = 4-5). The concentration of each drug that induced 10% FPDc
prolongation (FPDc)¢) and the incidence of abnormal FP waveforms at each test concentration are indicated in the Table, where
yellow-filled boxes show the incidence of early after depolarization (EAD) or triggered activity (TA)-like waveforms in the assay. ‘-
indicates that no abnormal waveform was observed. Gray-filled boxes indicate ‘not tested’. “Cisapride at 100 nM induced 2" peak

8 50- -e- Quinidine
a. 407 -+ Cisapride
w5 304 -# Thioridazine
9 20 -* Astemizole
g 104 ~- Bepridil
K= . .
S - - Pimozide
ES 104 1 10 100 1000 10000
nM

-20- O

c d FPDcyq Concentration (nM)

el " total (nM) 1 3 10 30 100 300 1000 3000

Quinidine 4 95 - - - 1/4 4/4

Cisapride 4 7.8 - - - 3/4 ¢

Thioridazine 4 480 - - 114 4/4

Astemizole 5 22 - - 3/5 5/5

Bepridil 4 620 - - - 3/4

Pimozide 4 18 - - - 4/4

flattening in 1 out of 4 samples and the sample was not analyzed.

Table 6. Comparison of multi-electrode array in combination with human induced pluripotent stem cell-derived cardiomyocytes
(MEA with hiPSC-CMs) outcomes with the existing information relating to drugs that are not detected with adequate sensitivity by
guinea pig action potential duration (gpAPD) assays, but prolong the QT interval in humans and show high to intermediate torsade

de pointes (TdP) risk.

>

Drugs Unit MEA with hiPSC-CMs  opAPD’ Exposure in human” Exposure multiple””
FPDcyy MCgaprra APDgy ECyy hCpax hCqor AhQTc hCrgp FPDc;y FPDcjy MCeapr
free free free free free MCprax  /hCor /MCrgp
[total] [total] [total] [total] [total]

Quinidine nM 66 210 6800 920-3200 560-4900 78 ms 460-4900 0.02 0.12 0.45
[95] [300] [6160-21580] [3700-32674] [3082-32674]

Cisapride nM 2 25 200 2.6-4.9 22-6.0 25 ms Not available 0.41 0.9 N.C.
[7.8] [100] [130-245] [110-300]

Thioridazine nM 5 11 7000 0.49-3.4 0.364.3 22 ms 2.9-14 1.5 14 3.6
[480] [1000] [378-1780] [278-2267] [2267-7286]

Astemizole nM 0.12 0.53 >10000 0.20-0.26 Not available 170 ms™" 1.1-18 0.45 N.C. 0.46
[2.2] [10] [5.9-7.7] [35-545]

Bepridil nM 1 48 >100000 2.3-7.6 Not available Not available 1213 0.13 N.C. 0.38
[620] [3000] [1000-3300] [5402-5784]

Pimozide nM 0.19 1 >10000 0.090-0.54 0.095-0.13 17-24 ms Not available 0.34 2 N.C.
[18] [100] [9-54] [9.5-13.2]

" Data on gpAPD and exposures in human were obtained from the references.

** To calculate the exposure multiple, the highest values of free hCy,.x and the lowest values of free hCqr and hCrgp were applied.
" Data was obtained from the TdP report.

FPDcy, concentration prolonging field potential duration by 10%; MCgapra, minimum concentration inducing early after
depolarization and/or triggered activity-like waveforms; hCp.x, maximum plasma concentration in humans; hCqr/tep, plasma

concentration reported to induce QT prolongation or TdP in humans; AhQTc, the degree of QTc prolongation in human.
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5-4. < NVFAF 2 F x 2/AEAE DR

SYNTFAF T ¥ FAEHETH 5 6 HEHDEA| (Fluoxetine, Amiodarone, Tolterodine,
Vanoxerine, Alfuzosin 3 X O" Ranolazine) (Z%f3 % FPDc M2k Is K O/ EBALREAS
{E% Fig. 9 (278 L, M) D FPDc1g=° MCiapa & A A2 F ¥ K/ D ICs, hCpnx 3 & TN hCor
&bl U 72 % Table 7 127R L7,

Fluoxetine 13 Iy, FHFE IR Ie, BEEEMHZA L. TdP (ZIT LA EHE STV RN

(Wenzel-Seifert &, 2011), AFHA123 T Fluoxetine /& 3 uM T FPDc Z 4545 L. R
FER I BN 72 02> 72, Amiodarone X7 7 A I PRI L. Ik ks lea B LN
I, ZFHET 5, BERICBWT QT BIREZIER S 525, @ TdP FEIE Y A7 1% 0.7%FLE &
WS TWD (Kodama 5, 1996 3 X 08 2000), A EIORKEFHIFVI T, Amiodarone 1A
IR EEATIT T FPDe % 10%2A FIER S W72 b OO, ZOERITEIRE CBITH &2 b | AR
FRIEBIL A B o Tz,

Tolterodine I I, 3 & W Iy DBEENEH A L. thorough QT ik TH 7 22 QT [ % ik
ESEDZERMEINTND (Kang B, 2004 ; Malhotra &, 2007), A RIOHAEIZINT
Tolterodine (X hCqr (2T T FPDe A IER L @il B 12 3\ CAEEIRER I & 4506 L 72,
Vanoxerine /X hERG v R/ HEFEIZM X, Ca,1.2 B X Na, 1.5 Fv FAEEHEZA L,
Vanoxerine | Phase 2 BRARFBRICIWVTHAE 72 QT MIRIEREZ L7 b oo, \EERLME R
AN MIBRBNIRINSTZZ LD ARBFZETIL TdP F84 U X 7 DMEWIEA & & 2 5 2
fT-7= (Obejero-Paz &, 2015 ; Segaard H. 1990), AFEAMi>RIZI3\ T Vanoxerine |% FPDc
IR U727y, — )7 TR & B2 0 R =236 1T 2 M il B2 AN IRER I T
ZAGE L7z, IT4F Vanoxerine |ZEREAI OB A AT 5 BT 2 BAKRBRIZEH N T TdP
T ARENROFAEDNEERE SRS IES (Piccini B, 2016) 72, ARFHl%
2 &0 R A2 R LR e — 8T b 2 B2 b,

Alfuzosin 13 T FUEERNTINZ. I IEVELAER 24 L, thorough QT #XBA T QT [ 4 8¢ Jig
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IIER S5 2 LA ST % (Lacerda ©.,2008) , ARG R 12351 T Alfuzosin £ FPDe
AR L, NENRBREIEZ B L2, ZOREIXWT IS hCouy & H#E LT 70 520 LD
B TH D | BRI & Tl L Cu 72, Ranolazine 3 Iy, FHER L O v FREMEAZH L.
QT [l % JEEE AR R BRI L OGRS CTIER SH 50, v EIC LY I KIFTED Ca™ 4 —
W= — REJFD S5 2 L TED TP FAE Y A7 FERWEEH & & 2 53TV % (Chaitman
5 2006 ; Darpo & 2015), A EIO#HAIZIN T, Ranolazine 1% hCp ([ZITVWVEE T FPDe %
MER U, AIEARERICIY & 25t L7=, Alfuzosin 33 X OF Ranolazine ORISR D O FF4y
s KON TdP 4V A7 1% 595 Ina IEME(LE K OTHEIER S E B O FEBRSAE Tl +4
VZREA S AL72 0o T ATREME S R S VT2, & O IEREZRJRIANIZARIIZA, & | iPS AllEH .0
fhiiRe &> D NT e b ES MR Bk U i Al o0 AR B 23 B3 5 ATREMEAY 8> %, Hartman & X2
Keung St b iPS Hf A OATHIIIE T, 2385 <. SRV E WD REAa A L, FriLESE
NEDSST RN AR > TV 5 & LT % (Hartman 5, 2016 ; Keung &, 2014), £7z,
Jonsson Hixt k ES M R OAHHIILIZ ISV T, Na' T ¥ RV ORBUIERE I N TN D H O
D, FIEBEN DSBS RBNAR > TV D 72 KIS O F ¥ FARRIEMALIREICH 0 | 1F
A ETEHE LS T2 S LTS (Jonsson H, 2012), Ziub 0t & —E LT,
Vaidyanathan 513 I, 285 A L7z iCell DAHAIEIZ IV T v B X O I, 23T 5 Z & 23R
£ 1L T % (Vaidyanathan 5, 2016),

A, Ando HIZ LY iCell Ll & MED64 MEA A7 ADFAGHEIZ LY 60 LG
W FHWTAEREEAR Y A7 FRIOANY T —3 g VRBRGE RS S, ORFRFRIPEN
RENTZ (Ando B, 2017), AWFFEDOFERIL, HBCRO b OREAE L7125 2 TkEMz
9% Z & T, Ando OIS & [FIER, EEMBEAMCEWOMEANENRY 2 7 TR~

IFRETH D LB R BT,
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8 504 -0- Fluoxetine
o 404 -&~ Amiodarone
%5 301 -+ Tolterodine
S, 204 -¥- Vanoxerine
& 10- -0~ Alfuzosin
: .
O 0- - Ranolazine
X
°7 104

-20- [ |

c d FPDc4qo Concentration (nM)

ompoun " total (nM) 3 10 30 100 300 1000 3000 10000 30000
Fluoxetine 4 >3000 - - -

Amiodarone 5 460 - - -

Tolterodine 4 31 - - 1/4 4/4

Vanoxerine 4 19 - - - 4/4

Alfuzosin 4 990 - - - - 4/4
Ranolazine 5 2900 - - - 3/5 ¢

Fig. 9. The effect of drugs with multiple ion channel effects and a wide range of torsade de pointes (TdP) risks on field potential
duration corrected by Fridericia’s formula (FPDc) and waveform abnormalities. The mean + standard error of the mean of the
percentage changes in FPDc in the presence of the indicated drugs are shown (n = 4-5). The concentration of each drug that induced
10% FPDc prolongation (FPDc)) and the incidence of abnormal FP waveforms at each test concentration are indicated in the Table,
where yellow-filled boxes show the incidence of early after depolarization (EAD) or triggered activity (TA)-like waveforms and
red-filled boxes represent the incidence of beating arrest. N.C.: not calculated. ‘-’ indicates that no abnormal waveform was
observed. Gray-filled boxes indicate ‘not tested’. “Ranolazine at 30000 nM induced 2™ peak flattening in 2 out of 5 samples and
these samples were not analyzed.

Table 7. Comparison of multi-electrode array in combination with human induced pluripotent stem cell-derived cardiomyocytes
(MEA with hiPSC-CMs) outcomes with the existing information relating to drugs with multiple ion channel effects.

Drugs Unit MEA with hiPSC-CMs  Jon channel effects” Exposure in human” Exposure multiple””
FPDc MCeap/TA ICso hCiux hCor AhQTe FPDc FPDc)
free free free free /hCax /hCqr
[total] [total] [total] [total]

Fluoxetine nM >1400 Arrest hERG 700, 8.7-29 Not available Not available  >47 N.C.
[>3000] 4500 Ca, 1.2 5400, [145-485]

[10000] Na, 1.5 >30000

Amiodarone nM <0.46 Arrest hERG 860, <0.1-0.8 Not available Not available  <0.58 N.C.

[460] <10 Ca,1.2 1900, [775-3874]
[10000] Na, 1.5 15900

Tolterodine nM 1.1 3.6 hERG 17, 0.26-2.1 22 12ms 0.53 0.52

[31] [100] Ca,1.2 143, [7-58] [58.4]
Na, 1.5 >1000

Vanoxerine nM 0.21 1.1 hERG9.3, <3.7-83 <3.7-83 32-61 ms >0.026 >0.059

[19] [100] Ca,1.216.2, [366-831]  [366-831]
InaF 34.6, INa1 85.2

Alfuzosin  nM 740 22000 hERG 13900, 5.6 10 8 ms 130 74

[990] [30000] Ca, 1.2 >10000, [56] [100]
Ina L activation 300

Ranolazine nM 1300 13000 hERG 11400, 700-2100 1900 13 ms 0.61 0.68

[2900] [30000] Ca, 1.2 296000, [2000-6000] [5380]

Na, 1.5 5000-21000
" Data on ion channel effects and exposures in human were obtained from the references.
™ To calculate the exposure multiple, the highest values of free hCyy,y and the lowest values of free hCqr were applied.
FPDcy, concentration prolonging field potential duration by 10%; MCgapra, minimum concentration inducing early after
depolarization and/or triggered activity-like waveforms; hERG, human ether-a-go-go-related gene; Ca,l.2, voltage-gated
Ca*'-channel; Na, 1.5, voltage-gated Na* channel; gpAPD, action potential duration in guinea pig papillary muscle; hCpgx, maximum
plasma concentration in humans; hCqr, plasma concentration reported to induce QT prolongation in humans; AhQTc, the degree of
QTc prolongation in human; N.C., not calculated.
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