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1

dish ( )
in vitro

( )

(Fig.1-1)

Fig.1-1

1766
1) (PET)

(3D)
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3)-22)

23) 24) 25)

26)

27)-40)
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(F ig.1-2)

Fig.1-2 41)

(in vivo)

8-15

41),42)

43)

Fig.1-3 CYP

Fig.1-3
44)

CytochromeP450 C
YP3A4 30
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(
) (in vitro) 45)-51)

(in silico) 52)-56)

in vitro

4 57)

( 0-7 )
(14 -28 ) (90 ) (6-12

) Fig.1-4

Fig.1-4 57)

58)

Table 1-1 (
) (

) (
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Table. 2

( )
1
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62)-64)

65)-69)

70)

71)-75)

76)-79)

80)

81)

82)

(ECM) 83)
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90)

90)

90)

91)

(ECM) 24)

ECM

92)

93)-95) ECM

dish

ES iPS ECM
96),97)

Cellbed® ECM
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( )
(2 ) 1)

(HAp)
2)

3) Cellbed®

6 2
(HAp10% HAp20% HAp30%)

76) HAp
3

4

5
Cellbed®

ECM 6
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2 HAp (HAp 10% 20% 30%)
 

 
2-1

98)

(3D)
99)-101)

3D

76) (SB)

(HAp)
80) (HAp)

(PIVKA- )
102)

HAp 10 20 30
(HAp10% HAp20% HAp30%)

CYP3A4 ( )
PIVKA- ( )

CYP3A4
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2-2

2-2-1

1)  

Human normal hepatocyte Hc cells, 
Fig.2-1) DS  

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

2)
PBS

(NaCl)
(KCl)
12 (Na2HPO4 12H2O)

(KH2PO4)

Trypsin-EDTA GIBCO BRL

Fig.2-1  ( ) 
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Trypan Blue

((CH3)2 SO) [DMSO]

NaClO
Fine Clean CL

(CH3CH2OH)

D-MEM/F-12
D-MEM/F12 GIBCO
HEPES DOJINDO

(NaHCO3)
Penicillin( G )
Streptomycin( )

(Fetal Bovine Serum FBS) Hyclone
Human-acidic FGF

(CH3(CH2)2COONa)( ) SIGMA

(OHC(CH2)3CHO)
t- ((CH3)3COH)

3)
(ECLIPSE-TE300) Nikon

(OLYMPUS BH-2) OLYMPUS
DALTON
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CO2 (MCO-175) SANYO
(Table-top 510)

(AD135-S/FACT) METTLER TOLEDO
pH (MP220) METTLER TOLEDO

(RFP343RB) ADVANTEC
(RFO585DA) ADVANTEC

(HV-110) HIRAYAMA
(SLI-170D) EYELA

(NDO-600ND) EYELA
(RP-2000) EYELA

(1,2,5,10,20mL)

(sterivex-SVGP01050) MILLIPORE
(DISMIC-13CP Cellulose Acetate) ADVANTEC

Magnetic stirrer(SR550) ADVANTEC
SLGC (Burker-Turk)  

(1.2mL )
(BICELL)

Thermo
( 35,60mm) FALCON
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2-2-2

1)
(Hc ) DMEM/F12 Human acidic 

FGF FBS Table 2-1

Table 2-1 (D-MEM/F12)
Reagents Concentration
D-MEM/F12
HEPES
NaHCO3

Penicillin
Streptomycin
FBS(Human acidic FGF )

12.0[g/L]
3.57[g/L]
1.2 [g/L]

58.8[mg/L]
100 [mg/L]
100[mL/L]

2)

D-MEM/F12 Human acidic FGF FBS
9 1

D-MEM/F12
850mL DMEM/F12 1 (12g) Penicillin 58.8mg Streptomycin 

100mg HEPES 3.57g NaHCO3 1.2g 3 pH7.2
900mL 1

4

Human-acidic-FGF 0.1 FBS
-acidic-FGF (5000rpm 1min 4 )

1mL
(5000rpm 1min 4 ) FBS 500mL

4
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Ca Mg free Phosphate buffer saline( PBS)
(KCl) 0.02g (NaCl) 8.00g

12 (Na2HPO4 12H2O) 2.88g
(KH2PO4) 0.20g 1L 3

20
4

Trypsin-EDTA
Trypsin (0.5%)-EDTA(5.3mM) 100mL PBS 900mL

( Trypsin- 0.05%)
20

4

( ) PBS 0.3%(w/v)
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2-2-3

1)
180 180

60 120

2)

120 45 30 15
5L

3)
DMEM/F12 PBS 0.05%Trypsin-EDTA

sterivex-SVGP01050
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2-2-4

1)
Hc 35mm dish 4

DMEM/F12 FBS(Human-acidic FGF ) 10%(v/v)
PBS Trypsin-EDTA 37

PBS PBS
0.05%Trypsin-EDTA 1mL

1.5
1mL Trypsin

800rpm 1

5mL

5×104 cells/mL
35mm

1 2mL 37 CO2

5.0%

2)

10 1mm×1mm
( ) ( )
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2-2-5

1)
PBS 0.05%Trypsin-EDTA 37

PBS
PBS

0.05%Trypsin-EDTA 2mL 1.5
2mL Trypsin Trypsin

800rpm 1
1mL

2.0×106cells/mL

20%DMSO 1:1
1mL

4 BICELL
80 BICELL

( 210 DMSO

2)
40

DMSO 10
800rpm 1

DMSO 10mL

1×105cells/mL
35mm

1 2mL
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2-2-6

1)
Table2-2

(HAp:10%)

(HAp:20%)

(HAp:30%)

Table2-2

(cm3/g)

/ -

2.62 340 840
2.17 340 840
2.07 340 840
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2)

HAp
- -TCP)

Al2O3 [ 98.8%]
C3H6N6

HAp(HAp -TCP( )=1:1.5 ) 10%
20% 30% 1cm

1200 HAp

(Fig.2-1)

 

Fig.2-1
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2-2-7

1)

TM  
Hc TM

( GOD 103))
 

 
  

60 M pH 7.1  5.3 mmol/L 
 

 
 ( ) 0.13units/mL 

 (GOD) 9.0units/mL 
 (POD) 0.65units/mL 

4-  0.50mmol/L 
2.7units/mL 

 
 200mg/dL 

 
 500mg/dL 

 
60 M (pH 7.1  5.3 mmol/L)

(VERSA max)  

2)

-D- -D-
-D- H2O O H2O2

H2O2
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96 well plate

5
505nm 600nm

 
 

 

TM

60 M (pH 7.1  5.3 mmol/L)
0.13 /mL  (GOD) 9.0 /mL

0.65 /mL 4-  0.50mmol/L
2.7 /mL L

5
( 505nm 600nm)

3) 
monolayer

4) 

(mg/dL)

1 1
Hc monolayer

(106cells/dish)
(107cells/cm3)
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2-2-8

0.1g
120 20

35mm 0.1g 
1.0×105cells/dish 2mL CO2

dish
dish

4 2 1
2.2g/L 1 1 2

1.0×107cells/cm3

2-2-9
0.1

120 20

35mm 0.1 1.0×105cells/dish
2mL CO2

dish dish

4 2 1
2.2g/L 1 1 2

6 ( 1mM) 8

1.0×107cells/cm3
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2-2-10 P-450

1)

Rifampicin(C43H58N4O12)
Benzyloxyresorufin Moleculer Probes
Resorufin Moleculer Probes
Probenecid(C13H19NO4S) Sigma
Dicumarol

-glucuronidase+Arylsulfatase Roche
Ethyl alcohol (C2H5OH)

(CH3COOH) 
(CH3COONa) Sigma

(F-2000) HITACHI
VORTEX(G-560) Scientific Industries
pH Meter METTLER TOLEDO

2)
(0.1M Sodium acetate buffer)

0.1M
pH 4.5

-glucuronidase
0.1M sodium acetate buffer(pH4.5) -glucuronidase 300Fishman

units Arylsulfatase 2,400Roy unit

P-450
Benzyloxyresorufin(BROD) DMSO 1mM stock solution

Dicumarol (NaOH)
10mM stock solution 20mL
Benzyloxyresorufin Dicumarol

HCl pH7.2 7.4
CYP3A4 pH
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3) 104)

Benzyloxyresorufin( ) CytochromeP-450
isozyme(CYP3A4) Resorufin( )

( )
Dicumarol Resorufin( )

Resorufin( )
( )

-glucuronidase Arylsulfatase
Resorufin( )

Resorufin( )

Fig.2-2
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4)

14 Hc

( L) CO2

24 ( L)
(

) 35mm
P-450

2mL 30 CO2

1.5mL
( )

glucuronidase Arylsulfatase
glucuronidase Arylsulfatase 0.5mL 37 2

2 Resorufin Ethyl alcohol 4mL
3000rpm 10min 2mL

( 550nm 600nm) Resorufin
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2-2-11 ELISA PIVKA-

1)

PIVKA-II PIVKA-

( )

( )
PIVKA-

10% 0.05 - -

HRP 10 40E.U./mL

2,2´ - -(3- -6 ) ( )

2mmol/L

1% 0.9%

Finnpipet (8 ) DS
TUBE MIXER
ELISA (3801-096) IWAKI
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2)

10mAU/mL 500mAU/mL 1
Q 1mL TUBE MIXER

4 ( 4 1
)

1 Q 4mL
L TUBE MIXER

32 0.9% 80mL ( TUBE 
MIXER L
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3)PIVKA-
( )

EIA PIVKA-
PIVKA-

PIVKA-
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2-3 ELISA

PIVKA

PIVKA-

PIVKA

PIVKA-
HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRPHRP

( 405nm)
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4) PIVKA- ELISA

PIVKA-

2

37
37 24

1 ×5

HRP

25
25 1

1 ×5

25
25 1

96well ELISA

( 405nm)
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( )
30

1 405nm

“0”

“READ” ( 2 3 )
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2-2-12 (SEM)

1)

Sodium Cacodylate (C2H6AsO2Na)
Glutal aldehyde Solution (OHC(CH2)3CHO)
t-Butyl Alcohol ((CH3)3COH)

(C2H5OH)

t- (VDF-21S t-BuOH FREEZE DRYER)
VACUUM DEVICE

AS ONE
(GCD 050XA) ULVAC

(ION SPUTTERING DEVICE) [JFS 1500] JEOL
(SCANNING MICROSCOPE)[JSM-6301] JEOL

2)
0.2M

1.60g Milli-Q 25mL 1N HCl
pH7.4 Milli Q 25mL

17.5 %
70% 2mL Milli-Q 6mL 17.5 %

8mL
(0.1M 1% pH7.4 )

25% Milli-Q 4.6mL
5.0mL

(0.1M 2% pH7.4 )
17.5 % 8 Milli-Q 4.2mL

5.0mL

99.5% Milli Q 70 80 90 95
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3) (SEM) 105)

(
)

SEM ( )

SEM Fig.2-4 SEM
( )

( )

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2-4
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4) SEM

35mm
1mL 1mL

1

2mL 2

2mL
10 100%

60 (20 ×3 ) 100%
t- WARM

100% t-Butyl Alcohol
1:1 3:7 t-Butyl Alcohol 100% 15 30

t-Butyl Alcohol 100% 20 30 30
0

COOL

5 EVAC ON
t-Butyl Alcohol

WARM 30
WARM-COOL EVAC OFF

SEM
70 2
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2-2-13

1)
(ERA-8900) ELIONIX

SEM (ESC-101) ELIONIX

2) (3D-SRA) 106)

HAp
(ERA-8900) ERA-8900 4 (SE)

4 SE

SEM

0° 75°

Fig.2-5

Fig.2-5 3D-SRA 3D
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3)

SEM SEM
(ESC-101)

(ERA-8900)

(Fig.2-6)

Fig.2-6



34 
 

2-2-14

1)

Rodamine Phalloidin Invitrogen
TO-PRO3 1mM solution in DMSO Invitrogen

DABCO, PBS/Glycerol 1:1 SIGMA

35mmGlass Bottom Dish(uncoated)  MatTek
(STC ST) Leica

2)
Rodamine Phalloidin/methanol

methanol 1.5mL

DABCO(1,4-Diazabicyclo-[2.2.2]octane)5g PBS100mL
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3)
Fig.2-7

(objective lens)

Fig.2-7
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4)

2-2-12 4)

-PBS 2 2

PBS 1mM TO-PRO3 Stock S 6.6mM Rodamine 
Phalloidin Sock S -PBS

30

PBS 2 2

35mmGlass Bottom Dish

5) Rodamine Phalloidin/ TO-PRO3
Channel 1 Rodamine Phalloidin

543nm(He-Ne Laser) 554nm 573nm

Channel 2 TO-PRO3
633nm(He-Ne Laser) 642nm 661nm
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2-3

2-3-1 HAp 10% 20% 30%

 
HAp10% 20% 30% (Hc ) (SB 

treated cell) 14 Fig.2-8
 

Fig.2-8 Hc  

Hc 2.17 × 107 cells/cm3 0.78 × 107 cells/cm3

HAp20% Hc
1.0 107cells/cm3

 
 

HAp 10% 
HAp 20% 
HAp 30% 
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2-3-2 HAp 10% 20% 30%  
 
 

CYP
107) CYP3A4  

Fig.2-9 Hc CYP3A4  
 
 
 

Hc CYP3A4 Fig.2-9
HAp20% CYP3A4 HAp

HAp20% CYP3A4 1.49 0.28 
pmol/106cells/min CYP3A4 (1.95

1.24 pmol/106cells/min)104)  
 
 
 
 
 
 
 

HAp 10% 
HAp 20% 
HAp 30% 
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2-3-3 HAp 10% 20% 30%

(PIVKA- )  
 
 

(PIVKA- )
Fig.2-10  

 
 

0

5

10

15

20

25

30

Hc cell SB treated cell

PI
V

K
A

-
pr

od
uc

tio
n

(m
A

U
/

10
6 c

el
ls

/d
ay

)

HAp10%
HAp20%
HAp30%

 
Fig.2-10 Hc PIVKA-  

 
 
 

HAp20% PIVKA- (16.5 mAU/106 cells/day)
(Fig.2-10) 2100 mAU/106 cells/day108)

10-30%HAp
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2-3-4 SEM HAp 10% 20% 30%

HAp10% 20% 30% SEM
Fig. 2-11  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2-11 HAp SEM  

Fig.2-11 HAp10% HAp10% 20% 30%
 

 
 
 

10%

20%

30%
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2-3-5 HAp 10% 20% 30%
 

HAp10% 20% 30% Fig.2-12
Fig.2-13  

 
 
 

 

 
Fig.2-12 (n=120) 

 

 
HAp10% HAp20% HAp30%

HAp (Fig.2-12)  
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Fig.2-13 (n=120) 

 
 
 
 
HAp10% 20 30 m HAp20% 30
40 m 70 80 m HAp30% 30- 100-

HAp20% 70 80 m
35%  
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2-3-6

Fig.2-13
653~702nm
558~617nm  

Fig.2-14  
 
 
 

Fig.2-14 Hc HAp20% HAp30% HAp10%

 
 
 
 

10%HAp

20%HAp

30%HAp

Transmission Transmission FluorescenceFluorescence

Hc cell SB treated cell
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2-3-7 Hc SEM  
 
 

HAp SEM
Fig.2-15  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Fig.2-15 HAp 4000 SEM  
 
 

HAp20%
109)

 

2.5 μm

10%HAp 20%HAp

2.5 μm

30%HAp
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2-4  
 

(HAp10% HAp20% HAp30%)
Hc

CYP3A4 ( ) PIVKA- ( )

CYP3A4 HAp20%
CYP3A4 (1.49±0.28 

pmol/106cells/min) CYP3A4
(1.95±1.24 pmol/106cells/min) PIVKA-

2100 mAU/106 cells/day

HAp20%

HAp20% 30 70
70 50-

35%

80-150 μm110)-112)( 40-75μm)

CYP3A4 HAp20% 50-80μm

SEM

HAp
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3

3-1

1 in vitro

111)

112) 113)

90)

90)

4

170 nm~1300 nm

(Hc ) (
)
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3-2  
 
3-2-1  
 

1)  
BIOPREDIC International (Human 

Cryopreserved Hepatocytes)(Lot:HEP187082)
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 

2-2-1  
 
 
 
 

 
 
 
 

 
(Human Cryopreserved Hepatocytes) 

Fig.3-1 ( ) 
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2)  
Additives for hepatocyte culture medium (1.6mL) ADD222   BIOPREDIC 
Additives for hepatocyte seeding medium (12.7mL) ADD221  BIOPREDIC 
Basal hepatic cell medium (100mL) MIL600       BIOPREDIC 
Basal hepatic cell medium (500mL) MIL700       BIOPREDIC 
Thawing medium without additives for hepatocytes (100mL) MIL261 

BIOPREDIC 
Long term culture medium for human hepatocytes,10X (55mL) 

BIOPREDIC 
2-2-1  

 
3)  

24 well multi plate       BD BioCoat 

2-2-1  
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3-2-2  
1)  
  Table3-1~4  

 
 
 

Table 3-1 (Thawing medium) 
Reagents Concentration 
Leibovitz 15 medium with Glutamax - 

 
 
 

 
Table 3-2 (Seeding medium) 

Williams E medium with Glutamax - 
Penicillin 
Streptomycin  
Bovine insulin 
Fetal calf serum 

100 IU/mL 
100Ǎg/mL 

4Ǎg/mL 
10% v/v 

 
 
 
 

Table 3-3 (Incubation medium) 
Williams E medium with Glutamax  
Penicillin 
Streptomycin 
Bovine insulin 
Hydrocortisone hemisuccinate 

100 IU/mL 
100Ǎg/mL 
4Ǎg/mL 
50ǍM 
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Table 3-4 (Long-Term culture medium) 
Williams E medium with Glutamax   

10 mM 
 

50Ǎg/mL 
100 ng/mL 
10Ǎg/mL 
4Ǎg/mL 

0.5 mg/mL 
5Ǎg/mL 
10ǍM 

100 nM 
2 ng/mL 
20 ng/mL 
5Ǎg/mL 
10ǍM 

100 ng/mL 
1Ǎg/mL 
10ǍM 

HEPES:2-[4-(2-Hydroxyethyl)-1-piperazinyl]
ethanesulfonic acid 

Gentamicin 
Epidermal growth factor 
Insulin  
Glucagon 
Bovine serum albumin 
Linoleic acid 
Hydrocortisone 
Selenium 
Cholera toxin 
Liver growth factor 
Transferrin 
Ethanolamine 
Prolactin 
Somatotropin 
Thyrotropin-releasing factor 

 
2-2-2  

 
2)  

(Seeding medium) 
Basal hepatic cell medium (100mL) MIL600 Additives for 

hepatocytye seeding medium (12.7mL )ADD221  
 

Basal hepatic cell medium Long term   
 culture medium for human hepatocytes,10X(55mL) Basal hepatic  
  cell medium (500mL) MIL700  

 
2-2-2  
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3-2-3  
2-2-3  

3-2-4  
2-2-4  

3-2-5  
1) ( ) 

40

37 Thawing medium(30mL)
Thawing medium(1mL)

1000rpm 1 DMSO
2mL Seeding medium 950μl

1.5mL
50μl

0.4 106cells/mL
Seeding medium 24 well plate 1well 0.5mL

 
2-2-5  

3-2-6
2-2-7  
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3-2-7  
 

(Fig.3-2) 300Ǎm
200Ǎm 2 1mm

 
 
 
 

 
 
 
 

Fig.3-2  
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3-2-8
 

114),115) (Fig.3-3)
(2

30kV)

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig3-3  
 

170nm~1300nm
 

 
 

V 

 

 

 

V 

CCD 

 (2  30kV) 2
V  
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3-2-9
 

1)
 

15mm 14mm 13mm

 
 

70% 24 well multi plate 
 

 
UV 70% 500μL

1.6×104cells/well CO2  
 

4 2 1
2.2g/L 1 1 2  

 
2)  

 
15mm 14mm 13mm

 
 

70% 24well multi plate 
 

 
UV 70% 500ǍL

1.6×104cells/well CO2  
 

4 2 1
2.2g/L 1 1 2  

 
6 1mM
8  
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3  

14mm
70% 

24 well  multi plate UV
 

70% -PBS 3
1.6 104cells/well CO2  

4 2 1  
2.2g/L 1 1 2  

4)  

14mm
70% 

24 well multi plate UV
 

70% -PBS 3
1.6 104cells/well CO2  

4 2 1  
2.2g/L 1 1 2

 

6 1mM
8  

5)  
14mm

70% 24 well 
multi plate UV  

70% -PBS 3  
1.6 104cells/well CO2

 

Rifampicin 10 M  
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3-2-10 P-450  
 
1)  

2-2-10  
2)  

2-2-10  
3)  

2-2-10  
4)  

24 well multi plate P-450 CO2

30 450ǍL
( )

ǃ glucuronidase Arylsulfatase
ǃ glucuronidase Arylsulfatase

150ǍL 37 2 2 Resorufin
Ethyl alcohol 1.2mL 3000rpm 10min

1.8mL ( 530nm
590nm) Resorufin  
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3-2-11  (SEM)  
 

1)  
2-2-12  

2)  
2-2-12  

3) (SEM)  
2-2-12  

4) SEM  
 

0.5mL 1  

 
0.5mL 2  

 
(70% 80% 90% 100%)

0.5mL 10
100% 60 (20 3 ) 100%

t-
WARM  

 
100% t-Butyl Alcohol

1:1 3:7 t-Butyl Alcohol 100% 15 30
t-Butyl Alcohol 100% 20 30 30

0
COOL  

 
5 EVAC ON

t-Butyl Alcohol
WARM 30

WARM-COOL EVAC OFF
 

 
SEM

70 2  
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3-3  
3-3-1 

 
 

(Hc )
14 Fig3-4

 
 

 
 

Fig3-4 Hc  
15mm,14mm Hc 15mm +

Hc n=1 14mm + 13mm
+ Hc n 3 n=2

 
 

Hc 1.10 107cells/cm2 0.44 107cells/cm2
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