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Developing and standardizing experimental protocols using human iPS-derived cells to

predict adverse drug reactions in pre-clinical safety studies

Yuko Sekino®, Kaoru Sato, Yasunari Kanda, Seiichi Ishida

In this study, we have standardized experimental protocols to evaluate the possibility of using cells
differentiated from human induced pluripotent stem cells (hiPSCs) in the pre-clinical studies for the
drug approval processes. Cells differentiated from hiPSC, especially cardiomyocytes, neurons and he-
patocytes, are expected to be used as new pharmacological and toxicological assay tools. Current pre-
clinical test methods have limitations for predicting clinical adverse drug reactions. This is because of
the so-called ‘problem of species difference’. Drug-induced arrhythmia, cognitive impairment and hepa-
totoxicity which can't be predicted in pre-clinical studies are major causes of the high rate attrition of
new-drug candidates in clinical studies and of withdrawal of products from the market. The develop-
ment of new pre-clinical test methods using cells differentiated from hiPSCs would resolve these prob-
lems, in addition to solving the issue of “the replacement, refinement and reduction (3Rs)” of animal
experiments. From 2010 to 2011, we surveyed companies belonging to the Japan Pharmaceutical Manu-
facturers Association (JPMA) and academic researchers about the usage of differentiated cells in their
laboratories. We found that studies were performed using differentiated cells from different cell lines of
hiPSC with laboratory-specific differentiation methods. The cells were cultured in various conditions
and their activities were measured using different methods. This resulted in a variety of pharmacologi-
cal responses of the cells. It is therefore impossible to compare reproducibility and ensure reliability of
experiments using these cells. To utilize the cells in the drug approval processes, we need robust, stan-
dardized test methods to accurately reproduce these methods in all laboratories. We will then be able
to compare and analyze the obtained results. Based on the survey, the Ministry of Health, Labor and
Welfare funded our study. In our study, we standardize pharmacological methods among several labo-
ratories, including our laboratory, to develop robust tests, using the same lot of cells, the same culture
conditions, reference compounds, experimental protocols, and analysis methodology. In conclusion, to
standardize robust test methods, we need a consistent supply of high-quality differentiated cells. Fur-
ther, indexes to quantify the quality of the differentiated cells will be needed for their effective usage in
the pre-clinical safety studies.

Keywords: human iPS cells, pre-clinical study, safety pharmacology, standardization
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HALEITV, BROBIARIE S 0 5 e 2 3 ERE % 5
BTHIETHD. SOIFEMINI-RABELRER
DEBHRF AR ZEBEARBEO—2 & L GRIRT
5T lIZDonT, ZORENEUEEBRIET 5.

hiPSC#* & #53E 8 7= LIRS % B s o JEER AR R
BB THwL Z LI, BMEREOBEEOBELR
FRL7-b MERNAERCHEZOBESHEFS LT
5. BMERTRETFHTE 2VWEERGIIE, BIHLZ
SERMEAEENR, 20 EE) - BB R L omRBERE
E EYUFEELREFH L. INLICLD, FRRRRE
BB CcomMEtl, XoTidrooflis i fls
CENTBY, ZOBFEWEKITETD M. JEHR
RBRIZBWTI NS OFERISHTFITE 2 WEEIE,
EEHYEL N EOMEICHLEEDNLTWS., #2
T, hiPSCHIRMEMINL % FERRR B~ DFIFHIZH L T
&, FZEOMBEOERIIFEINTWBIERY TR <,
B E B @ “the replacement, refinement and reduc-
tion (3Rs)” ICHREEHMT 5. dDLIEKIC O
BEFBPFHUTE LI EPMHERTE S, FEERAR
CERABE Y -2V RER D T, BEHEKO
hiPSCHIRSLMEZ A WA Z LI LTS, BRA L
SFV—DORESPPEFINTVE. Z0LDIZ, 1FEA
& > [ P B 32 B 5 4 2 AShiPSCHH e LTI % Al v 7o 3
B ERRBROBBICECELERLTWA,

REFFRN AT 5 F K22, 23EEQRAEMEIC BV
T, HEMETEHRICHET 2 BEEELE L KFD
HT, EBRIChiPSCHRE O SLMIIBEZ H 28217 -
TVAHIRE,I LEREZNE L. ZOHE, FhZFh
DO FRE TRL HhiPSHD S MLFE L Ml %14 -
TV, AMEBEEIEL o720, Aoz
B, RIbEARLEY I RL > Tz, 3 5IFHT
DRELZ LD R 5T Wiz LEdoT, 2hb0EHk
H 5 Tl, hiPSC% 7 EEREROTHM % i+ %
ZEEARTRTH 7. 61T, hiPSCHR O LMIE
X, MEBERORBEEGOEVIIE > T, BHICR
HAHEHRMERERTIE LW OhE Lo FS
T, A4 IZhiPSCHIR Db % f v 7 f 2 38307
EURBEZHERTLITFHROL LT, TTRA—OERT
O bV EFEML T, BROMEECRUEAL R U
WEEZHNT, BA—bAEWICH 5 SUG % [/ — 08
WCIDMEITLC, EREROBHMERIITAZ L EL
7z,

BRI 2o Th 6, E—iPSHERA & 5FE X il ik
Mifa<—H— 7 o8 7 BRI L Y B b s iz oL
BB AFTEEE 2oz, #2T, INSLZFAL
THEROWERE L ERRZHEE LS, v MEENEE
PUREHI R DR 2 RE T 5 720 D PN EER

72

T, EEBTO b3 VOEREGICED) ho . EEBR
70 bV OEHEGCE L CE, I LT,
BERE BERAGUIRR, THFIT7V%80, VT
TELFBAL TS, LMo TIE, BHK
B T—WA, SEMEATFTIIVA, TAFIT VY
NRUPHALT S, 72, FEMBICODVWTIZY 72
CATAFITIX N ORI EH L. —HiZBw
T, EEMBABEEZAREICL T INEDET
nTwns,

b MEECOWE % W EE & 3 A FHMEE D W T,
DHHROBEICEEATEEEMILHE QTHE, M
MPADBAIZE YV F T AR & ZORREEmRE, IFEEM
DB IR RBBRREL L2 HMEHERELT A2
L& L7 BT, hiPSCHEOMEMM, O
PSR % A 7 B B S O BRI 2 3RS 5.

S, AFWRZMUMEFEZ 22 LATFHEINRE
Zehs, B—EBR7a b alicl s EREREZIINEL
WK 575y MR— AL EHNTHLERDSH. FITL
WA AW REBREIC BT, BRIZBUT 5 thor
ough QT (tQT) HRERF— ¥ L hiPSC#% H\:7-3Bx 7 —
7 OMBBRERIT T A Z L PSS BOEELRTEEL S
TH 9.

2. Wik

GIETRIE A R E L, ISR E KA L. BifEsd
BLATHF—N—1CLARENEEEFEIC2HBEL,
EFNFNOWROFEERTEALEL, BHREEAL
T TN, i ERELEATUPANVEREL, M
MHE N)F—Ya> A8 54 —) OLBEIREBZ
v, EETO b avoBEEicER L EBRT O
IOV THIREOERER L BT LICL
N, BLLERVHEHEIE, BrBHRSBELITY,
MRRETOEBREGOEZRELT, 70 Moy ziZi
At L7z, hiPSCHIROMFEMNL, Ol M
LT, FREFRIE LTS 3oL 2T
7z.

2-1.

A

TR ARSEANE L L 72 201B73 X 10F253G1 & M iPSHlAL
M W TBIGKRS - IR O S - figse il
(neurosphere) V ®fit5-% 3 ¥, neurosphere#* S D Hf
MR ML RIS R EOML 21T o 7.

fi#3 | 7zneurosphereidbasic fibroblast growth factor
(bFGF) FTI2HMFEREEZB I % o 7. TripLE
Select (Invitrogen) 12 & ¥ single celliZ L, 10° cells/
500 pl/well DB ETRY FN=F ¥/ 74 TaRTF

E PSSR AR 2 A 7oA O 1



v MPS/HMELMIE 2 FIH Lz EE Mo v MERE ERIGFHER O -

HRHEEAL 27

a—hL78well 254 FFx »/3— (Nunc) I3 L,
B27 supplement (Gibco) # & e bLiFERE M) V) B
AACEERE R T - 7z, R LiFE LT 1040 H

K38, picrotoxin (50 pM, 2 min), N-methyl-D-as-
partate (NMDA) (50 uM, 2 min), L-glutamate (L-Glu)
(100 pM, 2 min), adenosine- triphosphate (ATP) (100
uM, 2 min), High K" (80 pM, 2 min), Ionomycin (5
pM, 1 min) |2 & o TH U MIIRANCa> IREE £ % fura2-
AMANY T B4 A=Y ¥ 7Y % v TAQUACOS-
MOS/RATIOY A7 AT #fk, €& LA (Figl). &
\2, RS C40H IR RS, MAP2 (B¥iRze
#e<—7%—), PSD9 (¥ F 7 A%E,~~%—), synap-
sin I (¥ F 7 RHIE~ — 7 —) OFEBE RIEHMILEY
BT L 7-.

2 — 2. & MPSHIREBSR-LRIREZ v 7238 E O

DA

SRS & LT, Cellular Dynamics Internation-
aldt D LML (Cell® ; & v -5 @ 1089404) % F
WC, MY — MEERL, £aEE (Multiple elec-
trode array; MEA) Y A5 AI2X 0, MifsA/EAFLER
EiTo 7.

MEAY A7 4 & LTMED64 (777 Xy Fh{ L
Y5474y o) R MRREGO T VRO
M B & B g, BRI OWBRE DM E &
RN, A OB 55 R OHEEMBTICOWTIE, B
PECOFT b A b R O BT FEiERR T DREE V OfE R

—fbL7-@ 7o bavi@IizB IRy (Table 1),
INxlERE LT, HEOEHZHRICLY, EBS
O b I VOB T T TR 2B 2 . SRR
THEMALAEYE BUSREDE L L CIKclEH
E-4031 * IKSFHEH 7 o< ) — V&2 B/ 7=

2 - 3. & b ORIT IR 2 v 7oL O

A

b b e R AT SE MR & Ve 72 3 BRE O L 0 7
WIZ, WIEEERE LT, HepG2Milaz H T, FEE7—
Y OBBVERMER L 7. HepG2il i % 3G %, acet
aminophen (25 mM and/or 5 mM) F 7:120.1 %$DMSO
(vehicle) —EMIfEERH, Mizmt, I bar U7
RN, MR R, HERRE, BLA ML Az flE
L7z, T MRIPSHE K H sk iEHE e oo fFMERE A~ o b D F8 £
& L T, CYP1A2, CYP3A4 B % i& ¥4, CYP1AZ,
CYP2B6, CYP3A4 » i1z T+ F B M %2 & 12
CYP1A2, CYP3AAR:FFEIHEIEL HE L 7.

(i BE)

B BRI B\ T E VR 3 T & A A B SR AT 3Ry
I BB EEOBEIE 2 LIRS A RB IS 7-. BEE
KE X Y v MPSHIFLHSE neurosphere £ % i AN
7o, BEKFEL MTA #HUY) b L7z. Neurosphere
LT, afbEAaMITH 500, EVERME
r AT R T B R B K 0 2345 1 H31 HICHEE
FBRIEGL LB EIN. A by 28 TIVIZTGESET B8
NEIVACE SRR T LR ELTE SR @ N

hups%M§ﬁ&HJk¥$%k%&§ i aE Sl ST O
2 A AT ///
ntan 55}

g

@ T JENFET
D MRN o free

ﬂ} ™1 uMm't'F

LGl ¥ L-Glu = L-Glu
| @ LM ET

@ TIX (1aM)RETF &P (100 uM) > 1-Glu (100 pM) > GABA (100 M} > Highk® [B0 mha}
AP {100 uM) > L-Glu {100 pM} > GABA [100 uM} 3 Picrotoxin {50 M} - HighK* {80 mht}
&P 100 pM - L-Glu {100 uM} > GABA (100 uh) > HighK* (B0 mht}

L-Glu 3 APS+ L-Giu 5 CROX+APS+L-Glu > Highk*

|- SR «

(1cc P

=Tujt (MR, GRP (7R MOIH A F), =tc

== PSD35, drebrin @A A LB HDIY5R YUY

HERE R = MAPZ (MPR AR, t=u (SA3)
HFTAMMaIE = synepsini, VGLUTL etc.

372 Rl oRE

LFTAER

=33 FAMHAT by F TARMT —b— 0 EL XFE

(BB TPCR array (= L HHTRIRIRIRHT |

Fig.l. & MPSHilaER#EMAOS 77 2ARBEEFMET AN VLA A=T 2 TEOTO AN
3 F T ABEANOH ERS IR OBE L O ST 0, IV I UBEBESEEOBIBN ZBHREAS, tH%EVFT
ZBEEERPERIGEL TV A DR RED 2 220 OFE T T P I VT, FIINMDABIZ VS I VREERORBEHRT L2 Lo

WHEBRA VN5,
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Table 1. SHFHE TORBRERILBOADICERL FAETO N

SMeCHMIEE S RER LTy — MRICEE L CHRANEEI BN 2 5T 2 ERTEICOVT, SHHRHTERERE LRT
B72002, MRHBO T VEROMIERE & AN, £ SBa~oMaoMIBEE L HERAN, 2R RO T, Sl
M CRFEARE, —%A, ZELEAT+ A, BHHEH) TERBEGERIETAIERHERIRET Y, EMERT T F 2L OR
LR, (P25 3 A 5 BEAE)

KIEH k=3 FEMO ESlO)
iCell INA 7Bz 6mlu?L— D27 My v ofiaEE %R IS
6-well 7L — MIIBHE | = VICESICHETE Bzl LTl
FUA v Ea AR A Y v b LG
N—3 gy (B THRbRESEBRN wash#UEEE (2 - 3E)
TV vFax—a YHRIZEE (158 |48 RIZL %
MECH?) & LTk
A R WE (EBEES2 - 7HM) & LTS | CDIE5 - 7 A%
BHETE 30,000 cells/2 uL/ 70—
A FREHERALLZT Y IO, BEAHEES
= e Ry ir s
25 @ E-4031 0,1, 3,10, 30, 100 (nM)
il @ Chromanol 293B 0,1, 3,10, 30 (uM)
0 B [ 1041,/ R B
WE CREREE, EBHoA) & LT |BEELEHZL 0 GEMTETET5
BHAAE %) 37 Zpre-warm$ A 2 & ikt icE
.
e , RHO0M FIRIEHZRD S 2 #E %KY
i 7= & RS ORI % F08% 9 5. BT AL COBRREZMNET 5.
iR B FER A rFar—7—HNOWUEP», Fxv Tk
HELER
FPDcF (Fredericia’s correction) & L T |BPM, FPDbREER (R
FHAEE g (FFH) OOnMOFEH|ATFPDFH A
AWBIERE
Peak to peak Ist peakidi@ L, A4, KIVwFhya
BT S 4 e 4 S 2nd peakid R VL (A F L), H—¥
BRT—5RA b — 7 & LCHEC & JUET
ERORZKRT. IS e BEDPBR I N A RS
AT EREE (%) vs before (GEiRINEE)
WER KT L-a, FPDERERL
s,
BEOIA TR L, BEOHEKT.
BEBEEOHZ FLIHIO
EAD-ike (+) : 2nd peak fil # I extra
BRI peak S HIIR T 5
HR-like (+) : BELHRIEILT A
EER#L (n) 5 6 EBHERET
Migay b #1202320
#H 6% A K
BT s () t\)fl(;z?{i%nil (Ca blocker), Pilsicainide (Na |4 EBIOMRZH T 2 CTEMZHET

DD EWERBRPREL T D, EBICHERL MR BYFTABICEB LT, YFTABRE TOBIERK

EFRTHETEH— M7 L—T7 LEHELL. REFMT 5 LT, HBEYWEOFRMZERICHTHH
ERSEFHNTARBREMYTLILEDHILTW

3. WIRER b BRERRKEFLVHEE I N -MHEZHEE Neuro-
3 - 1. b MPSHURBRMRHINGZ v 7B ik o sphere ; 201B7 & 253G1HI3E) 2 & #iEM L % /L&
DA L2 BRAEERTLZ LRI LA, T, 3 CICH

RAPEE - FEB2 O MHEmKREREREE TS FERTERAIIRIC £ THMEL TV A TG IS DV T H [ERED
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