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Generation and culture techniques of human iPS cell-derived
hepatocytes for application to pharmacokinetic/toxicokinetic studies
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Summary

The liver plays important roles in metabolism, detoxification, and bile formation and secretion in humans. Now, various models, such as

animals, human hepatocytes, hepatic microsomes, and hepatocarcinoma cell lines, are used in drug pharmacokinetic studies. But there are

some problems such as species differences, a difficulty in obtaining fresh human hepatocytes, lot-to-lot variations, and decrease of hepatic

functions during in vitro culture. Recently, induced pluripotent stem cells (iPS cells) were generated and expected for not only regenerative

medicine but also drug development studies. Thus, human iPS cell-derived hepatocytes would provide a valuable model for various

applications involving hepatic pharmacokinetic and toxicokinetic studies. However, the cells are functionally immature. We have investigated

a hepatic differentiation of human iPS cells with a focus on extracellular matrix (ECM) and culture techniques. Here, we review effects of

ECM and the techniques on functions of hepatocytes cultured in vitro.
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Fig. 1. Generation of human pluripotent stem cells and their potential



Sakai et al.

“" Human

" Endodermal F S " Hepatocyte- ™
\_iPS cells / _cels Neg PERIESES, g " _!iEe -
| | | VPA | ]
| ActivinA | DMSO | HGFOSMDEX | |

Day 0 Day 5 Day 12 Day 19 Day 22 Day 25

Fig. 2. Schematic of the protocol for the differentiation into hepatocytes from human iPS cells
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Activin A, 100 ng/mL; dimethyl sulfoxide, (DMSO), 1%; valproic acid, (VPA), 2mM; hepatocyte growth factor, (HGF),
10 ng/mL; oncostatin M, (OSM), 20 ng/mL; dexamethasone, (DEX), 100 nM
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Fig. 3. Generation of 3-demensional cell sheets by using a

temperature-responsive hydrogel (A) and fibronectin-gelatin
nanofilms (B)
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F; supplied Oz flux (mol-Oz/s/cm?)
D ; diffusion coefficient of oxygen (cm?/s)

Estimated O, |
concentration Z ; depth of diffusion path {cm)
atcelllayers | @ ; surface cell density (cell/em?)

a; cellular oxygen consumption (mol-0,/s/cm?)

Fig. 4. Oxygen supply to the static cultured hepatocytes in the plate bottom*”
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Ay FEEETOZ. WMBELT, 27— >a—F+«
U URTCPS 7L — b &igd 5 &, MUNEEE A

RELZEHELTNRD Y. ZoZEns, HERRS
B P AR VI 32 B2 1T &K o CHilfE & 41T B AT REMEAY
FEABND.

Zv MFIiEZ TCPS YL —h ETa 7))l > M
LTHEELESGS, K[URSTD S OBEERAE DO
FEMBEET, BMBEWHBEEZWZTIENTERD
2, —H T, PDMS 7L — NMIBJ 2 HMEAE L0 D
MR Abha A, MR BEEE Z 50T kE S T &R
BINTWDE®, LENST, A >Fa—F—HNOEE
FIREZFRIE BT & REICHEYICHET S5 &
T, FHEOBEHERETRICHRET 2 T EMNHEEIC
2% (Fig. 4). = Z 7T, Xiao 5131 >F a2 X—=¥—HNOD
EEEEZE 5%, 10% HL<IE20% ELTHY R v F
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BEzTN, Ty MU E5R T 2 MR SRR E O R
FEToRY. TORE, 10% R T TR L AR

T, MO ECHEAEDHERE, AGFEROUERD LN
EMEE Ry N bEEINTZ LU, 5% #EE
BETTRAELZMEL, Mgt TcEaiREDE
HRERBLIERNZ EnS, 2 ha2 R 7 THRR
WETORDDO T HBBEEGDLIENTET, HEW
RFEfTo>TNWD T ENBZA SN, T 51T, TCPS &
PDMS IE T3 R ZRHE (7T v I X)) ITEWED S
=%, TCPS 7L — h TORETIHHFKMR#H L x> T
N5 ZEHRI N ERNOFIRIC BT 2 FAEED,
FIk zone Tl 13%, &k zone TIZS%U FRETH B Z &
DHILGNTNS O, LEN->T, BEBREOTREZES
U282, in vivo IS WEREE R CORMla =%
AEEICL TS0 EEbN 5.

Cho 513, Z v MYMUFHIILICEE = 2 #6485 L7eht s
R TH 2 3T3-2 Ml & L BEEZ 1T, 60 mm
T4 v aNTOENENOMERFREEE (Fillakks
3T3-R2 M DEIGZ 1:9 (), 1:3 (), 9:1 (&)
CHEEAK 2, 7, 10, 14HBE) 21H 725 THFHAE
OELICBEL TRFL TW3 . Z0kEE,
MEEELDREEICBWNT, FHilakkoEEngEin
Wiz, F7z, ALB /MbELL, HEEHEICBE®RRL, (K-
HEEEIZB W TR S 72 0 OB Sl 2R L
. REGHAEL I0HEHZRESE, ThTholk
FBEETOEVIRD SR> 7. HHliaiEE < o
REHEL, BWREEEE T 2REERD. Tk
M7 4 —F =ik 0 DNz &3, BEARFHEA
WOAD DEEFZENRINL, THITHE-> T, FFEEEDM
LITBENDEEZEZ SN S.

Fad, b NIPSHIES S HFHIEA DS LD ERITH
WTHRFRZMEOEN S G T 5 2 & T, FREN
Y —H—DO mRNAFEHEBEN EFTHENIHRERT
W5 (REET—F). TOXDITEBEECEFEE
EEBTHIET, WFHfaoaEm Ed L <IZEMET
HHERERI 2 R CE SR B 5.

5.%&%

AEFHTIE, & b iPS Mifa, S MO b OFIR
&, M OMEE & HI 4 5 X 5 e RF i ECM 1T
DNTIHRRTER. M T®IcLSE, ECMIZT TS
oo e UTHIRaZ SR 2508 H 0, BIET
BHEEAEOMZHS TWa. ECM O B0E DL O
JHEDMAEDAE 2L S ® 2 2 &2 8HICES, M
JEOEFIBHAL TWSBENH L. £z, GEEETL
IR kL, BRI & el O it 2 R EDIT/HE

LizbDTHD. LML, invitro THAb - g IN-AF
MRS, ARNOFHE S REOHEERTICE S T
BRAOHEIRTH S, Texid, ENZIFHEOME - 5
BIEOBFEITI, EERN O OEE F ORI
DD OBREEZ KO MR S BENNETH D EE
ATCWS. Inmsd, EENOFHIRLIZE Y in vitro
TOME - BEBEEHL L, HEWERED X UM%z
B ELAEIEIERHBRITBHALT, EHERB RS
{EEMOERE | T A 7 ) — = > 70 HAIME AT D A
HZZXLDFEHICERR L TW ZEZ2HEL TS 5ITHF
WEEDTNEZN.

6. HEE

AR EZEITTDICH > THBITENTE D T4
TR R AR AR A FRHRIR IR A0 GRS
REEFEEMIIE > —) SAITEBEL KT
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