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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.
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253G1

Differentiation Day30

[ (]

MNMDA: 50 ph NMDA 2 min
Glu: 100 uM glutamate 2 min
ATP: 100 uM ATP 2 min

High K*: 80 mM 2 min

lono: 5w ionomycin 1min

Fig.3. sMt55E30H H D253G1 R H#EMRDCa2 L&

Day 10 PSEIET&21 D, Day40
FT LGl G T 2.

NMDA Glu ATP lono
Picro — T Highk® |

Picro=0; NMDA n=0; Glu n=53

. oy |
ATP n=D; HighK n=57 o fﬂﬂffﬂgl—,:.“

Jeldfura2 AM%Z & ) 2 A73253G1 Bk AEsHL o SR i s e et fg. A3 13 22 MIIBANCa™ IBE D b L — 2 %2777, L-Glu
B I UHighKICO ARG ERL, ATPICHT IS BE SN e h o7z, ZOSRMEFEIONEA»S5H S5bh, 40HHF
TEALD - 72. ATP, NMDA X pictrotoxinlZ it Z /R HILIE D S b e h o 7-.

201B7

MAP2/PS0A5

253G1

MAP2/PSDA5

Fig4. 9Mt55840H B D201B7H KU253GIERMZMBOMAP2, PSD95 —ERE &
FEAE201B7 B R AR EMING, A713253GT Bk AhEMING.  201B7 B kA AL TIEPSDIS D FEBAMHIRZSE D 2 v 7 b #8512 5k
L, Y7 F VS IERITE A -7z — 75253 GLHBRMHEEMINE TIZPSDISA 7 7 2 ¥ —IRICHER L T 7z,

— M EREARL LT L. SMEH L 722 2T B
VAT A EFighllnd. Mg/ BN (Field potential;
FP) 3MIFaN CRLER S N A IG B BAL O M5 WA — 3
L, LEMICE>TEONLET LRAKOEILZ ek
LHENBTELY. fE5 T, Figbllmd LI, 7 b
T A B E— T h HIGE BRI BIE I NS A
VY ADOE—27 FTORMTSH AFPDIE, LEMICE
JAQTHIMEICHYT 5. 2OV AT A%HWT, FPD

B X OB O M % 1T 72
HIPBAEOHRTH - & B L L ORI END VI
T E 24T > TW B T —HF A (Za— NV CVEr
W) THRHLTWBERT O N 2V 235 (S
ok a3V EER L7z

BN SN Twb e MNPS  ESHING H k05 3 i
Zi&, 4%%dH 5 (Table 2). KiEIZAFHEZ LM
fal LTIk 2MEOWWRmD D 555, W —iPSHIFLE 2



v MPS/LMIE 2 FIH L7230 b N REERAA & USRIl OB YE - Bkl 31

MAP2fsynapsn1/PSDos

253G1

1225 a0 HLIRE. #ERR BN L,
PEDE5, synapsini i AT 2 AR D .

Fig.,5. PME5EE40H H D253G1HRHFZMEOMAP2, synapsinl, PSD95, =ZE$& &%
FEEx408EHIMERIE CTH 5. HIdZFD A4 vty POIKRKTH 5. synapsinl D 3 7 F VSPSDISD 7 5 A ¥ — L2554 LT
WALBT PR SN, Y F T AFERE VF T ABEPEREL TV I EAURIBE N,

A.
Field  *]._FPP
Potential >
@iy

Fig6. 2B ®B> AT LICK BFPDOEIE

QT Interval
= - LN
Ar o | SN——
I A
I \
I \
I ANN e \

(A) Zlal, ZEEBIATFLELT, MED64A A5 4 (TLVT77 Xy B AL ZUF 474y 7 HREH) 2.
(B) % HEM Y A7 HIZBF BField Potential @ & (FPD) 1ZQTRIFEICH ST 5.

Sl — L&t T S ik~ — A — & VS B HL
2 & D HBEE SN ERIE T, AoMlE s — b ok
W2 LT Al (G(CELL, CDIt) #HwC%kk7no
FaNDORELE T 7. TR, FT—y OB E
15 72120, FHUEEE 2 71 O Ml o 3R 16 %55 i A Ik
WIWCEEL LM THLZ D bh ol X512, T
BB T L 72iCELL T, BB s L <
IKr L EAIE-4031 R IKsFHEA] 7 1~ — bt e $12QT
LEZFRTH Ehbhrolz (Fig?). WK, T
—¥ A, EEEUFCOMICET 2% TR 7V — T 2 AER
L, 78 b3 VIREALD 720D &b 2T 72

& 2%, ICELLOSEM MR & oWffeitik < b Big
SNz EBTO N aVIEEMSESTH Y, SHE
B OWFFEE e T oAb O Mg o 3B 2 ik 3 2 |k
THMTH % LHWr SNz, NEDORFZEIZEIL TWw b
SHEMFEATA TV ALERADPRET AT T b an
FEAT LI EED. T2, ReVSEEIEA % M
UCHiZe ik 2 5 o728 25, BIRRFZHLE L
T, RERBFEEGZOHRBICOFET O M avzEA
LTI otz T, WEH~OEHRILM 21T
STRER, BB TI AT T+ — AT h b7z,

3 = 3. b MEHIHSRIF LRI 2 P v 7238k L O e



32 3 IRV VST T S SO 5 A ) 451317 (2013)
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Al AN Gz N
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