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1  
 

(
) (

) 1-3)

4-6)

 

3D
in vitro in vivo

FCM

HL  
 

1980
1
25 %(4 1 ) 15 %(7 1

) 7)

(Cancer)
(BC460 375 )

( : Carcinos)
(Cancer)

8)

( )
9)



2 
 

160 180
10)

 

11, 12) 1

2

( )
3

13, 14)  

2
1940 ( 1 ) 15)

1970 1980

(Table1-1)16, 17)  

( , : 
®) 18)

DNA
DNA

DNA
DNA

DNA
DNA DNA
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19)  
 

 
( )  

1) 4)  
1) 1 10 mg (0.2 mg/kg)

1 1 4 6 7 10
1 2 3  

2) 1 20 mg (0.4 mg/kg)
1 1 2 3 7 10

1 2 3  
3) 1 20 30 mg (0.4 0.6 mg/kg)

1 1 3 18
1 2 3  

4) 500 mg/m2( )  
 

 
5) 1) 3)  
6) 1 1 25 50 mg/m2( )

2  
7) 1 40 mg/m2( ) 8 30 mg/m2( )

20 1
500 mg/m2( )  

 
( ) 

 
8) 

1 60 mg/m2( ) 
1 1 20

1 4 500 
mg/m2( )  
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Table 1-1  

 

     

 
 

 

S

DNA RNA

 

 

 

 

DNA

DNA

RNA

 

 

 

 

DNA

DNA

 

 

 

 

( ) 

 

 

 

 

 

(CD33

) 

 
 

 

 

 

 

 
 

 CD20

 

 

  
(Vascular Endothelial  

Growth Factor: VEGF)
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(Multidrug Resistance: MDR)
1 20) MDR (

)
1-3, 21)  

 
 22)

( )  
 

 22-24) DNA

(dihydrofolate reductase, DHFR)

 
 

 22, 25)

CYP
 

 
 22, 26)

DNA
DNA ( )

5-
FU  
 

 22, 27)

(GSH) S- (GST)
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 22, 28)

-3- (PI3K) Akt
mTOR  

 
MDR1

(P-gp; MDR1) MDR-associated protein(MRP)  
29) MDR1 ATP-

binding cassette(ABC)
ATPase 30,31) ATP

ATP 32-35)   MDR1
(DOX)

36) 1970
1980 MDR

MDR1 1981
Verapamil(VRP)

37)

38-42) 1989
VRP MDR1(P- )

42) VRP

VRP 1 3
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( )

John E. Dick

CD34(+)/CD38(-) ( )
1994 43) 1997

44) 2000

(Table1-2)45, 46)

47)  
 

Table 1-2  
    

 
CD44+ , CD24-/low 
ALDH+ 

 CD90+, CD133+ 

 
CD133+, EpCAM+ 
CD44+,CD166+ 

 
CD44+, CD24+, ESA+ 
CD133+, EpCAM+ 

 CD44+ 
 ABCG2, CD133+ 

 
EpCAM(CD326)+, CD133+ 
CD13+, CD44+, CD90+ 

 CD20+, ABCB5+ 
 CD34+, CD38- 

 
CD44+, CD177+ 
CD133+ 

 CD44+ , CK5+,CK20- 
 CD44+ 
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48)

49)

( )
( )

 
 

(Hybrid 
Liposome: HL) 50,51) ( )

52-56) HL
(Drug Delivery System: DDS)

HL
57-59) HL in vitro60,61) in vivo62,63)

HL

64)

65-69) (Fig.1-1)
4

(Fig.1-2)
HL

HL  
 

 HL  
 (Fas)  
  
 DNA  
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in vitro in vivo

4
2 3D in vitro

in vivo

3

HL
4  
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Fig.1-1 HL  

  

 
 
 
  

+
Sonication

300W, 45℃Vesicle
90 mol %

DMPC

Micelle
10 mol %
C12(EO)23 Hybrid liposomes

[HL]
O

O CH O
P
O

O O
N
+-O

ODMPC

O
( CH2CH2O )23H

C12(EO)23

( )

Fusion 

 

  

Fas 

Caspase-8 

Caspase-9 Caspase-3 

Fragmentation of DNA 
PARP 

Bid 

 

Mitochondria 

Cytochrome c 

Accumulation 

Fig.1-2 HL 69) 
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2 in vivo  
in vitro  

 
2-1  
 

1-3)

ABC (ATP-binding 
cassette transporters; ATP

) ABC
ABCB1 MDR1

70) MDR1

71,72)

MDR1
73)

in vitro

CYP
74,75)

 
2D

76,77) 2D
78) (in vivo )

(3D )
79) 3D

ECM

3D
3D 3D

3D in vivo
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3D Cellbed®

3D 80, 81)

Cellbed (HepG2 ) 3D
82)

Cellbed 3D 2D HIF1-
α MDR1
2D 3D

(Fig.2-1) 3D
Cellbed in vitro

 
in vitro 3D

in vivo 3D in vivo
 

 

 
Fig.2-1 2D 3D  

  



13 
 

2-2  
 
2-2-1  

1)  
HepG2

 
 
2)  

HepG2 Minimum Essential Medium(MEM)
Table 2-1

1 0.22 μm
MEM MEM

90 % (Fetal Bovine Serum: FBS, Hyclone) 10 %
(MEM:FBS=9:1)  

 
Table 2-1  MEM  

H2O ( ) 1 L 
Minimum Essential Medium (MEM) 9.5 g/L (1 ) 
NaHCO3  2.2 g 
HEPES 5.7 g 
Penicillin 63 mg 
Streptomycin 100 mg 
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2-2-2  
 
1)  

 
 

Minimum Essential Medium (MEM) GIBCO 
< >(NaHCO3)  

HEPES DOJINDO 
Penicillin  
Streptomycin  

  Fetal Bovine Serum (FBS) Hyclone 
 

Ca, Mg free Phosphate buffer saline ; PBS(-)  
(KCl)  
12 (Na2HPO4 12H2O   

(NaCl)  
(KH2PO4   

 
 

Trypsin GIBCO 
EDTA 2Na (C10H14N2Na2O8 2H2O) DOJINDO 
 

( ) 
Trypan Blue  
 

 
  

Dimethyl Sulfoxide (DMSO) (CH3)2SO   
 

 
( ) (NaClO)   

(Fine Clean CL)  
 

 
20%   

(C2H5OH)  
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IP  

 
 (Doxorubicin, DOX) 

(MW: 579.99)  

 
Fig. 2-2 DOX  

 
 

(Verapamil, VRP) 
 (MW: 454.602)  

Fig. 2-3 VRP  
 

Cell Counting Kit-8 DOJINDO 
 

 
10 %   
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2)  
dish (35mm, 60mm, 100mm) BD FALCON 
plate (24 well, 96 well)  

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

(30,50, 100, 200, 300, 500mL)  
(30, 40 mL)  

(9, 15, 20, 27mL)  
0.22μm (sterivex-SVGP 01050) MILLIPORE 
0.20μm (MILLEX SLFG 025LS) MILLIPORE 
0.22μm (MILLEX SLGS 033SS) MILLIPORE 
0.20μm (DISMIC-13cp020AS Cellulose Acetate) ADVANTEC 

 (1, 5, 10 mL) TERUMO 
 (26, 27 G) TERUMO 

(Burker-Turk)  
 MATSUNAMI 

  
(1.2mL )  

  
Pipetman (10, 200, 1000μL)  GILSON 
Finnpipette (10, 50, 200, 1000μL) Thermo 
8  Thermo 

 Thermo 
(15mL)  
(50mL) Corning 

(5, 10, 25, 50mL) Corning 
  
  

  
  

  
  

  
  

  
( )  



17 
 

3)  
(HV110) HIRAYAMA 

(TYPE-A) DALTON 
(PURE SPACE PS-100)  

(BH2-RFCA)  OLYMPUS 
(MDF-392AT) SANYO 

CO2 (MCO-175) SANYO 
(TE300) NIKON 

(SLI-170D) EYELA 
pH (MP-220) METTLER TOLEDO 
pH ( ; pH4, 7, 10)  

(AB204-S) METTLER TOLEDO 
(MOV-212F)  SANYO 

  EYELA 
 Molecular Devices 

(F-2000) HITACHI 
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4)  
 

 
180 180

( 60 120 )  
 

( ) 

120℃ 45 ( 30 15 )
5 L  

 
 

(MEM) PBS(-) 0.05%Trypsin-EDTA
0.22 μm (sterivex-SVGP 01050)

( )

0.22 μm (MILLEX SLGS 033SS) 0.20 μm
(MILLEX SLFG 025LS)  
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2-2-3  
 

(Ca Mg free Phosphate buffer saline: PBS(-))  
(NaCl)8.00 g/L

(Na2HPO4 12H2O) 2.88 g/L (KH2PO4)0.20 g/L
(KCl)0.2 g/L (1L) 3

0.22 μm (sterivex-SVGP 01050)  
 

0.05%Trypsin-EDTA  
0.05%Trypsin (0.5 g/L) EDTA 0.53 

mM (0.1972872 g/L) 40 2%Trypsin-EDTA
2%Trypsin-EDTA 25 mL

-80  
0.05%Trypsin-EDTA 25 mL PBS(-) 975 mL

1 0.22 μm (sterivex-SVGP 01050)
-20 4  

 
0.3% (w/v)Trypan Blue  

0.3% PBS(-) ( )
0.22 μm (MILLEX SLGS 033SS)  

 
DOX  (Stock solution: 10 mM) 

DOX 10 mM
0.22 μm (MILLEX SLGS 

033SS) 100 μL -20
PBS(-)  

 
VRP  (Stock solution: 200 mM) 

VRP DMSO 200 mM
0.22 μm (MILLEX SLFG 

025LS) 100 μL -20
PBS(-) 100 μM

DMSO 0.05 %  
 

70 %  
99.5 % 700 mL 300 mL  



20 
 

 
 

20 % 5 mL 70% 1 L
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2-2-4  
 

1)  
PBS(-) 0.05% Trypsin-EDTA

37
PBS(-)

PBS(-)
0.05% Trypsin-EDTA 37 3

Trypsin
1000 rpm 3

0.05% Trypsin-EDTA

0.3% Trypan Blue
( ) 3.0×106 cells/mL

20 % DMSO(DMSO
) 1 1 (

DMSO 10%) 1mL -80
(-210 )  

 
2)  

37

10
1000 rpm 3 DMSO

10 mL

0.3% Trypan Blue
5.0×104 cells/mL

100 mm 10 mL  
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2-2-5  
 

1)  
HepG2 6

PBS(-) 0.05% Trypsin-
EDTA 37

PBS(-) PBS(-)
Trypsin-EDTA 37 3

Trypsin-EDTA Trypsin

1000 rpm 3
1 2 mL

(25 μL )
0.3% Trypan Blue 

( ) 1
5.0×104 cells/mL

100 mm 10 mL 37
CO2 5.0%

 
 
2) ( ) 

0.3% Trypan 
Blue

10 1mm×1mm
( ) ( )
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2-2-6  Cellbed®  
 

1)  
Cellbed®

 
 

2) Cellbed®  
Cellbed® 1 μm

8 g/m2 7~8 μm 95 %

100 %

Cellbed®

80-83)  
 
 

 
Fig.2-4 Cellbed® 

  

Cellbed (Scale bar)
(1mm) (100μm)
(50μm) (20μm)

1mm 100μm

50μm 20μm

Cellbed

HepG2, Day 7, 

HepG2, Day 7, 
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2-2-7 Cellbed® HepG2  
 

1) Cellbed®  

24 well plate well  (Cellbed®

96 well plate Cellbed® )
well 70% well

※

well 70%
1.5 PBS(-)

2  
 
2) HepG2  

2-2-5 1)
2-2-7 1) Cellbed® 24 well plate

3.0×105cell/well (Cellbed® 96 well plate 5.0×104 
cell/well) 37℃ CO2 5.0%

48h MEM
7  
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2-2-8  HepG2 (Doxorubicin) 50%  
 

1) WST-8 assay  
Cell Counting Kit-8(WST-8) Fig. 2-5 Fig. 2-6 WST-

8(2-[2-methoxy-4-nitriphenyl]-3-[4-nitrophenyl]-5-[2,4-disulfophenyl]-2H-5-
tetrazolium, Monosodium salt)

(dehydrogenase) WST-8 Formazan 
WST-8 Formazan WST-8 Formazan 

(λ=460nm)  
 

(%) = [1 (Amean/Acontrol)] ×100  
Amean : DOX WST-8 Formazan  
Acontrol : DOX WST-8 Formazan  
 

Fig.2-5 Cell Counting Kit-8  

 

Fig.2-6 WST-8  
  

Substrates

Cell

Dehydrogenases

NAD

NADH

Electron Mediator Reduced From

Electron Mediator

WST-8

WST-8 Formazan

Coloeless

Orange
Color

O2N

N
N

N N+ SO3-

SO3-

O2N

OCH3

O2N

N
N

N N+ SO3-

SO3-

O2N

OCH3

N

Reducing

WST-8 WST-8 Formazan
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2)  
monolayer 96 well 2000 

cell/well Cellbed® Cellbed® 96 well plate 5.0×104 cell/well
Monolayer Cellbed®

7 DOX(0.1 μM 100 μM) 100 μM 
Verapamil 48
WST-8 180μL 20μL well 30 min 100 
μL/well 96 well multi plate

50 % (50 % inhibitory concentration: IC50)
WST-8 assay  

 
 

 
Fig.2-7 WST-8 assay  
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2-2-9  HepG2 (Doxorubicin)  
 

 
24 well plate 3D (Cellbed) 3.0 105 cells/ well 

(0.5 mL) 7 2 1
7 DOX WST-8 assay

well  
WST-8 assay

HepG2 monolayer
WST-8 assay

 
 

 
Fig.2-8 WST-8  

 
  

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0 20 40 60 80 100 120 140 160

(-)

( 104 cells)
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DOX  
DOX 50 μM (90 % MEM: 10 % FBS, 1 % NEAA)

24 well plate 1 well 500 μL 1 hr (5 % 
CO2 ) 5% CO2

PBS(-) VRP 100 μM well
600 μL 30 ( 600 μL) VRP 100 μM

180 (0, 15, 30, 60, 90,120, 150, 180 )
DOX

VRP
MEM  

500 μL (F-2000)
Ex= 448 nm Em= 562 nm 5

MEM
Cellbed 0 min (

) Blank
DOX DOX

DOX well WST-8 assay
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2-2-10 ( ) 
 

 NOD/ Scid/ Jak3-
KO(NOJ) 5 NOJ NOD

Scid T
B NKT Jak3 NK

83, 84)  
( 24 2 ℃ 55 10 % 12

)
 

 

 
Fig.2-9 NOD/ Scid/ Jak3-KO(NOJ)  
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2-2-11  
 

 
HepG2 MEM (10 % FBS, 1 % NEAA )

PBS(-)
5.0 107cells/ 100 μL

(900 μL: 100 μL= 
: (5.0 107cells))

( )
5.0 107cells/ mL  

NOJ
1 100 μL (5.0

106 cells/ body) NOJ

(Fig. 2-10)
28

 
 

( ) 2 =  

 

 
 

Fig.2-10  
( ) 
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(DOX) (VRP)  

 
28 7, 14, 21 (Fig. 2-10)

Table 2-2 VRP (i.p.)
25 mg/kg (VRP

) DOX (i.v.) 1 mg/kg
(DOX )

DOX DOX 1, 3, 5 mg/kg
VRP DOX 85-90)  

 
Table 2-2  

  i.p. i.v. 

1 (Control)   
2 VRP  VRP 25 mg/kg  
3 DOX   DOX 1 mg/kg 
4 VRP+DOX  VRP 25 mg/kg DOX 1 mg/kg 

 

 
 

Fig.2-10  
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2-2-12  In vitro in vivo MDR1  
 

 (HE ) MDR1
3D Cellbed( 9

) 28 10 %

HE MDR1 (IgG 
Isotype )  
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2-3  
 
2-3-1 DOX IC50  
 

(HepG2 ) DOX IC50 WST-8 
assay (2D ) (3D , Cellbed

) VRP (VRP ) (VRP )
IC50 Table 2-3  

VRP DOX IC50 2D 5.18 μM
3D 55.7 μM 3D DOX

IC50 VRP
(100 μM, Fig. 2-12) 1.0 μM 2D VRP

IC50 0.6 μM 3D 2D
HepG2 MDR

VRP
Cellbed 3D in vitro
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Table 2-3 VRP HepG2 DOX IC50  
 

 
 

 
Fig. 2-12 VRP  

(A)2D VRP(-) 100 %  (n=4) 
(B) 3D VRP(-) 100 %  (n=4) 
 
  

Culture DOX IC50 (μM)

2D VRP (-) 5.18 1.76

2D VRP (+) 0.60 0.08

3D VRP (-) 55.7 3.87

3D VRP (+) 1.00 0.07

0
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2-3-2  3D DOX  
 

2D MDR1
3D MDR1 73,82)

(Cellbed ) HepG2 (DOX)
(VRP)  

DOX 50 μM 1 VRP
DOX Fig.2-13 30

VRP DOX VRP
DOX  

VRP Cellbed 3D
MDR1 DOX VRP

 
 

 
Fig.2-13 VRP HepG2 DOX  

S.D. (n=5), *p < 0.05 (vs. VRP(-)) 
 
  

0.0
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*
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2-3-3   
 

HepG2 NOJ 500 106 cells/body
(Fig.2-14) (Fig.2-15) 7

7 13

29
29 (

) 2143.5 mm3 1.16 g
(Fig.2-16) (Fig.2-17)  
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Fig.2-14  

 
 

 
Fig.2-15  
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Fig.2-16  

 
 

 

Fig.2-17  
 
 

  

1.16
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2-3-4  DOX  
 

HepG2 NOJ Fig. 2-18
Normal ( 1

) Fig.2-18 Control DOX 1 
mg/kg

DOX 3 mg/kg DOX 5 mg/kg DOX
(T , ) Control vs. 

DOX 3mg/kg 20 (20 days, 22~26 days)
Control vs. DOX 5mg/kg 9

Control
23 1

 
HepG2 NOJ Fig.2-19

28 Control DOX 1mg/kg
DOX 3mg/kg DOX 5mg/kg DOX

Control DOX (T , 
) Control vs. DOX 1 mg/kg Control vs. DOX 

3 mg/kg 28 Control 
vs. DOX 5 mg/kg 17 DOX

DOX 5mg/kg
23 n=2  

28 Fig.2-20
Fig.2-21 Control(DOX )

DOX (T , )
Control vs. DOX 3mg/kg Control vs. DOX 5mg/kg

DOX 3mg/kg 5mg/kg DOX

 
DOX

( ) ( )
VRP

DOX 1 mg/kg  
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Fig.2-18 DOX  

 
 
 

 

 
Fig.2-19 DOX  
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Fig.2-20  DOX  

 
 

 
Fig.2-21 DOX  

 
  

Control

DOX 1 mg/kg

DOX 3 mg/kg

DOX 5 mg/kg 1 cm

0.98

0.76

0.59

0.25

0.00

0.50

1.00

1.50

Tu
m
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t (
g)

Control (n=4)
DOX 1mg/kg (n=3)
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*

*

Error bar S.D.
* p < 0.05 vs. Control



42 
 

2-3-5 DOX  
VRP  

 
28 Fig2-22

Control( ) VRP(25 mg/kg) DOX(1 mg/kg)
VRP+DOX 4 28

Control
 

DOX VRP
Fig.2-23 Control 1564.9±370.5 mm3

VRP 1571.5±390.5 mm3 DOX 1562.6±594.3 mm3

VRP+DOX 942.4 264.4 
mm3 Control
40 %  

28
Fig.2-24 Fig.2-25

VRP+DOX
Control(1.55 g 0.36 g) VRP+DOX (1.07 g 0.26 g)

 
DOX

VRP
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Fig.2-22  

Dose: VRP 25 mg/kg, DOX 1 mg/kg 
 

 
 

 
Fig.2-23  

Dose: VRP 25 mg/kg, DOX 1 mg/kg 
 

**p < 0.01 (vs. Control) 
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Fig.2-24  

Scale bars: 1 cm 
 

 
Fig.2-25  

Dose: VRP 25 mg/kg, DOX 1 mg/kg 
*p < 0.05 (vs. Control) 
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2-3-6  In vitro in vivo MDR1  
 

in vitro(3D ; Cellbed ) in vivo( )
MDR1 Fig.2-26

(HE )
in vitro Cellbed 3~4

(A, E) IgG Isotype MDR1
(B, F) MDR1

MDR1 (C, G)
MDR1 (D, 

H Fig.2-27) MDR1
Cellbed 3D (in vitro)

in vivo  
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Fig.2-26  In vitro in vivo MDR1  

A, E: HE  
B, F: Isootype IgG 
C, G: MDR1  
D, H: C G  
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2-4  
 

(HepG2 ) 3D
2D MDR1 73, 82)

Cellbed 3D HIF-1α

 
1

Cellbed 3D
in vitro in vivo

 
 
1. (HepG2 ) 2D (DOX) IC50

2D
 

 
2. Cellbed 3D DOX IC50

3D MDR1
 

 
3. MDR1 VRP DOX IC50

DOX 3D DOX 
IC50  

 
4. DOX (1 mg/kg)

DOX
 

 
5. VRP DOX

 
 

6. MDR1 in vitro(3D ) in vivo MDR1
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in vitro in vivo Cellbed 3D

in vivo
 

(in vivo)

in vivo

Cellbed 3D
in vivo MDR1

in vitro  
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3  
 
3-1  
 

1

1990 43, 44)

2000
45, 46)

( )

(Fig. 3-1)5)

91)

ABC 5, 6) ABC
ABC

QOL
 

Napabucasin BBI608 92) STAT3 β-

Ⅲ
93)

( )
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(FCM) CD13, CD90, CD133, CD326 (EpCAM)
94-96)

in vivo
96) ABC

( Doxorubicin, DOX)
 97)  

CD
94-96,98) CD Cluster of differentiation CD

CD

CD

 
 CD133 

CD133
Prominin-1 5 1

2006 CD133(+)

CD133
CD133

 
 

 ALDH (Aldehyde dehydrogenase) 
ALDH

ALDH

CD133
 



52 
 

 CD90 
Thy-1 CD90

T

(
)

CD90(+)
 

 
 CD44 
CD44 -

CD44(+)
CD133 2 CD133(+)/CD44(+)

CD44(+)
 

 
 CD13 

CD13

( CD13 ) CD13(+)
ABC

CD13(+)

 
 

 EpCAM (CD326) 
EpCAM (Epithelial cell adhesion molecule) CD326

EpCAM

Wnt β
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CD133(+)/EpCAM(+) in vitro in vivo

CD133  
 

HL 50,51)

(DOX) HL
5 %
HL in vitro

in vitro in 
vivo 60-63,65-69)

64)

 
DOX

DNA
RNA DNA RNA

(HepG2 )
DOX HL

(CD133+/ EpCAM+)
HL

HL(HL/NBDPC)
FCM  

 
Fig.3-1   
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3-2  
 
3-2-1  
 
1)  

HepG2
 

 
2)  

HepG2 DMEM(Dulbecco's 
Modified Eagle Medium) ( 100)

30 MEM
90 % (Fetal Bovine Serum: FBS, Hyclone) 10 %

(DMEM:FBS=9:1)  
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3-2-2  
 
1)  

 
 

DMEM(Dulbecco's Modified Eagle Medium)  
( 100)  

Fetal Bovine Serum (FBS) Hyclone 
 

 (HL) HL 
 

L-α-dimyristoylphosphatidylcholine (DMPC)   

 
 

Polyoxyethylenelauryl ether  (C12(EO)23) SIGMA 
 

 
 

 
 

1-palmitoyl-2-{12-[(7-nitro-2-1, 3-benzoxadiazol-4-yl) amino] dodecanoyl}-sn- 
glycero-3-phosphocholine (NBDPC) Avanti Polar Lipids 
 
5%   

 
Caspase-3  
CellEvent™ Caspase-3/7 Green Detection Reagent Invitrogen 

  

CH3(CH2)11 O (CH2CH2O)23 H 

DMPC 

M.W. =677.9 

C12(EO)23 

M.W. =1199.5 
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 ( ) 
Bovine Serum Albumin (BSA) SIGMA 

(Ca, Mg, , HBSS)  
FcR Blocking Regent, human Milteny Biotec 
Anti-human EpCAM-FITC antibody Milteny Biotec 
Anti-human CD133-PE antibody Milteny Biotec 
Anti-human CD133-PE-Vio770 antibody Milteny Biotec 
Anti-human mouse IgG1-FITC antibody Milteny Biotec 
Anti-human mouse IgG2b-PE antibody Milteny Biotec 
Anti-human mouse IgG2b-PE-Vio770 antibody Milteny Biotec 
 

 
DifcoTM Agar Noble  

2.5        GIBCO 
FBS Hyclone 

 
 

Calcein-AM solution DOJINDO 
 

2-2-2  
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2)  
  

  
 Beckman Coulter 

 Beckman Coulter 
 SSI Bio 

 
2-2-2  

 
 
3)  

(WT-200M)  
(ELS-8000)  

CytoFLEX Beckman Coulter 
 

2-2-2  
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3-2-3 HL HL/NBDPC  
 
1) HL  

HL 90 mol% L-α-dimyristoylphosphatidylcholine (DMPC)
10 mol% C12(EO)23 5%

(45℃ 300W 1 min/mL) (Fig.3-2) 0.20 μm
(DISMIC-13cp020AS Cellulose Acetate)

(25℃) 1
 

 

 
 
  

+
Sonication

300W, 45℃Vesicle
90 mol %

DMPC

Micelle
10 mol %
C12(EO)23 Hybrid liposomes

[HL]

Fig.3-2 (HL)  
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2) HL (HL/NBDPC)  
L-α-dimyristoylphosphatidylcholine (DMPC)

C12(EO)23 1-palmitoyl-2-{12-[(7-nitro-2-1,3-benzoxadiazol-4-
yl)amino]dodecanoyl}-sn-glycero-3-phosphocholine (NBDPC) 89 mol%: 
10 mol%: 1 mol% 5 %
0.20 μm (DISMIC-13cp020AS Cellulose Acetate)

(4℃) 1
(Fig. 3-3) 
 

 

Fig. 3-3 HL (HL/NBDPC)  
 

+
Sonication

300W, 45℃Vesicle
[DMPC]

Micelle
[C12(EO)23]

HL/NBDPC

+
Fluorescence vesicle

[NBDPC]

10 mol %1 mol %89 mol %
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3-2-4  
 
2-2-4  
 
 

3-2-5  
 

2-2-5  
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3-2-6 DOX HL  
 
1) (HepG2 )  

HepG2 100 mm dish 2.0×104 cells/mL 10 mL
37 ℃ 5 % CO2 48

DOX HL DOX HL
48

(FCM) (Fig. 3-4)
dish

 
 

 

 
Fig. 3-4 HepG2 DOX HL  

  

0 4d2d1d 3d

Control

HL

HL

DOX※1

HL

DOX 

14d

HL※2

FCM
※2: HL

50, 100, 150, 200 μM

※1: DOX
0.001, 0.01, 0.05, 0.1 μM
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2) (Hc )  
 

Hc 24 well plate 5.0×103 cells/well 500 μL
37 ℃ 5 % CO2 48

DOX HL DOX HL
48 (Fig. 3-5)

well  
 

 
 

Fig.3-5 Hc DOX HL  
  

0 4d2d1d 3d

Control

HL

DOX※1DOX 

HL※2
※2: HL

50, 100, 150, 200 μM

※1: DOX
0.001, 0.01, 0.05, 0.1 μM
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3-2-7 (CD133+/EpCAM+)  
 
1) 99-101) 
 

(Flow Cytometer) FCM
FCM 1 1 1 1

1 (Forward Scatter: FSC)

(Side Scatter: SSC) ( )
SSC

(Photomultiplier Tube: PMT)
(Dichroic Mirrors: DM)

(Band Pass Filter: BP) PMT
(Fig.3-6)  

 
  

FSC SSC

FL1 PMT FL3 PMT

FL4 PMT

FL2 PMT

BP

BP BP BP

DM DMDMDM

(FSC): 

(SSC): 

Fig. 3-6 FSC SSC  
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2) (CD133+/EpCAM+) FCM  
 

DOX HL 1.0 106 cells
0.5 % BSA/HBSS (1 mL) 3000 rpm, 4 min, 
4℃ 0.5 % BSA/HBSS 90 μL FcR Blocking

10 μL (4℃) 10 min Blocking
( : EpCAM CD133) 10μL

(4℃) 10 min 0.5 % BSA/HBSS 1 
mL 0.5 % BSA/HBSS 1 mL

(40 μm )
CytoFLEX(488 nm ) FCM  

Isotype Isotype 0.1 %

( ) 2
( FITC PE Band pass filter)

( )
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3) HepG2 CD133/EpCAM HL/NBDPC FCM
 

 
HepG2 100 mm dish (2.0 105 cells/ dish) 37 ℃ 5 % CO2

48 HL/NBDPC
(25 200 μM) DMEM (10 % FBS )

37 ℃ 5 % CO2 1 HL/ NBDPC
5 %

3-2-9  
HL/NBDPC (HL ) FITC CD133

PE EpCAM PC7 3
Isotype Isotype 0.1 %

FITC, PE, PC7
 

ⅰ: CD133(+)/ EpCAM(+) ⅱ: CD133(+)/ EpCAM(-) ⅲ:CD133(-)/ 
EpCAM(-) ⅳ: CD133(-)/ EpCAM(+) 4 HL/NBDPC

HL (Fig.3-7)  

 
Fig.3-7 HL/NBDPC CD133 EpCAM 3  

Treatment in 37 ℃ 5 % CO2 incubator 
for 1 hour

DMPC
NBDPC …Detected on FITC channel
C12(EO)23

The cells recovered from culture dish

Cancer stem cells marker staining
CD133 … Detected on PE channel
EpCAM … Detected on PC7 channel

ⅰ: CD133(+)/ EpCAM(+)
ⅱ: CD133(+)/ EpCAM(-)

EpCAM

CD
13

3

ⅰ

ⅳ

ⅱ

ⅲ

ⅱ
84 %

75 %

32 %

34 %

ⅰ

ⅳⅲCo
un

ts

NBDPC

ⅲ:CD133(-)/ EpCAM(-)
ⅳ: CD133(-)/ EpCAM(+)
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3-2-8  
 

Caspase(Cysteine aspartic acid protease)
(pro-caspase)

Caspase Caspase-
2, 3, 6, 7, 8, 9, 10, 12

Caspase-3 CellEvent® Caspase3/7 Green Detection Reagent (invitrogen)
Caspase-3 Caspase (

) (
) DEVD

( ) Caspase-3 DNA
(Fig.3-8)  

HepG2 100 mm dish (2.0 105 cells/ dish) 48
HL 24 48 50, 100, 150, 200 μM

3000 rpm, 3 min
1 106 cells CellEvent® Caspase3/7 Green Detection Reagent

37℃ 30 min FITC (525/40 
Band pass filter ) FCM  

 

 
Fig.3-8 Caspase-3  

 
  

DEVD peptide DEVD peptide

Nonfluorescent

DNA

D E V D

Fluorescent

Caspase-3
Activation
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3-2-9 ( ) 102) 
 
1)  

(Soft agar colony formation assay)

( ) in vitro
(Fig.3-9) (

)

( )
 

  

 

Fig.3-9  
  

7~10 7~10

(0.33% Agar )

(0.5% Agar )
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2)  
 

2 DMEM  
450 mL DMEM 1 (12 g) Penicillin 58.8mg Streptomycin 

100 mg HEPES 3.57 g NaHCO3 1.2 g 3 pH7.2
7.4 500 mL

1 0.22 μm
4℃  

 
2  

HepG2 2 DMEM FBS 4:1
 

 
1 %(w/v) Agar  
10 mL 1 %(w/v) Agar 10 mL 100 mg

Agar 15 120℃
60℃

( )
 

 
0.5 % Agar  

2 1 % Agar
40℃ (

)  
 
0.33%Agar  

0.5 % Agar 1:2 (
:0.5 Agar 1:2) 1.8×104 cells/300 μL

0.5 % Agar 600 μL 1.8×104 cells/900 μL
0.33 % Agar  
 

5 μM Calcein-AM  
Calcein-AM solution(MW:994.86 1 mg/mL) 5 μM

1 mL 9.995 mL HBSS Calcein -AM 5 μL
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3)  
 

48 well plate 0.5 % Agar 350 μL Base Agar
Top Agar 0.33%Agar 50 μL

1000 cells/ well 37 5 % CO2

9 (Fig.3-10) 9 Top Agar
5 μM Calcein-AM

imageJ
( )

20 80 μm 5700 μm2

 
 

 

Fig.3-10 48 well plate  
 

  

1 6well

0.33%Agar
(50μL)

0.5%Agar
(250μL)

0.33%Agar
0.5%Agar
(600μL: 2)

(300μL: 1)
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4) Calcein  
 

Calcein-AM Calcein 4
(AM )

Calcein-AM
Calcein ( ) Calcein

( ex=490nm em=515nm)
(Fig.3-11)  

Calsein-AM

 
 

 
Fig.3-11 Calcein  

  

R=CH2OCOCH2

OCOCH3

N

CO2RRO2C

OH3COCO

N CO2RRO2C

O

O

COOH

O

N

CO2HHO2C

OHO

N CO2HHO2C

Calcein - AM

Calcein

Esterase

Green 
Fluorescence
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5) imageJ  
 

 
1. File  
2. Open  

TIFF
 

 
( JPEG ) 

 

 

 
pixel mm

 

 
1. ( ) File  
2. 

 

 
 

 

Scale bar  
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3. Analyze  
4. Analyze 1 Measure Results

 

5. Results Length ( ) 1mm  

 
6. Analyze 7 Set Scale  
7. Set Scale  

 

8. Results Length mm
Area mm2  

Length =630pixel =1mm (1000μm)  

Length 

 

 ( ) 

 ( ) 

 
 

 

OK  
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1. Image 2 Adjust 4
Threshold  

2. Threshold Color  
  

3. Saturation Brightness  
Saturation 30 40  
Brightness  

 

 

 

 

  

Adjust  Threshold 
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1. Analyze 2 Analyze Particle

 
2. Analyze Particle

 
3. 0.0057mm2
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4. Results Results
 

5. 2 Summarize Results  
Mean ( ) SD ( ) Min ( ) Max ( )

 
6. 3 Distribution Parameter

Area OK  
7. List  
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3-3  
 
3-3-1 DOX HL

 
 

(HepG2 ) (Hc ) DOX
HL Fig.3-12 Fig.3-12A Fig.3-12B

DOX HepG2 Hc
(0.001 0.1 μM) Control (DOX )

DOX
DOX

HL 50 200 μM
Hc (Fig.3-12D) HepG2

(Fig.3-12C) HL
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Fig.3-12 DOX HL HepG2 Hc  
(A)HepG2 DOX 48 h  (n=4) *p <0.05 (vs. Control) 
(B) Hc DOX 48 h  (n=4) *p <0.05 (vs. Control) 
(C) HepG2 HL 48 h  (n=4) *p <0.05 (vs. Control) 
(D) Hc HL 48 h  (n=4) *p <0.05 (vs. Control) 
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3-3-2 HL HepG2  
 

HL HepG2 Caspase-3
Fig.3-13 Caspase-3 HL

HepG2
HL

200 μM HL 48
(Fig.3-12D) HL HepG2
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Fig.3-13 HepG2 HL Caspase-3  

 
  

Ce
ll 

co
un

t

Florescence intensity [-]

24 h

HL 150 μM HL 200 μMControl

Negative 
control: 
0.03%

8.2 % 31.4 %

26.8 % 50.2 %

1.9 %

1.5 %

12 h
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3-3-3  DOX HL  
 

CD133 EpCAM
DOX HL FCM

Fig.3-14 DOX
CD133(+)/EpCAM(+) HL

CD133(+)/EpCAM(+)

(DOX) DOX

HL
CD133(+)/EpCAM(+)
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Fig.3-14 DOX HL HepG2 CD133(+)/EpCAM(+)  
(A) DOX 48 h CD133/EpCAM  
(B) DOX 48 h CD133(+)/EpCAM(+) (n=4)  

*p <0.05 (vs. Control) 
(C) HL 48 h CD133/EpCAM  
(D) HL 48 h CD133(+)/EpCAM(+) (n=4)  

*p <0.05 (vs. Control) 
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3-3-4  DOX HL HepG2  
 

DOX HL HepG2
Fig.3-15 HepG2

DOX HL
Fig.3-15A Control

Fig.3-15A B DOX 0.001 0.05 μM
0.1 μM

(Fig.3-15B)
DOX HepG2

HL Control
(Fig.3-

15C) HL HepG2
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Fig.3-15 DOX HL HepG2  
(A)  ( : : )  

Scale Bars: 200 μm 
(B) DOX 48 h  (n=4) *p <0.05 (vs. Control) 
(C) HL 48 h  (n=4) *p <0.05 (vs. Control) 
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3-3-5  HepG2 CD133/EpCAM HL  
 

HepG2 CD133 EpCAM
HL HL 

(HL/NBDPC) HepG2
HL/NBDPC Fig.3-16

HepG2 CD133(+)/EpCAM(+) CD133(-)/EpCAM(+)
CD133(+)/EpCAM(-) CD133(-)/EpCAM(-) 4 (Fig.3-17A)

HL/NBDPC Fig.3-17B
CD133(+)/EpCAM(+) CD133(-)/EpCAM(+) 2

HL CD133(+)
EpCAM(+)

CD133(+)/EpCAM(+) HL
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Fig.3-17 HepG2 CD133/EpCAM  

HL/NBDPC  
(A) HL/NBDPC 1 h (i):CD133(+)/EpCAM(-), (ii): CD133(+)/EpCAM(+),  

(iii): CD133(-)/EpCAM(-), (iv): CD133(-)/EpCAM(-) 4 HL/NBDPC  
HL/ NBDPC 200 μM, 1 h  

(B) HL/NBDPC  (n=3) 
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3-4  
 

HL
HL HepG2

 
 

 

1. DOX (HepG2 ) (Hc )
HL HepG2 Caspase-

3  
 

2. HL HepG2 CD133(+)/EpCAM(+)
DOX

CD133(+)/EpCAM(+)  
 

3. DOX
HL HepG2

 
 

4. HL HepG2 CD133(+)/EpCAM(+)
 

 
 

HL
 

HL

HL
103)
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104)

HL
HL
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4  
 

11, 12)

QOL(Quality of life)

( 65 21% )
105)

 

10
(Fig.4-1)

106)

( )
( )  

1
dish(

plate) (2D )
2D

2D

2 3

3 5

( )

3 7
Ⅰ ( ) Ⅱ ( )
Ⅲ ( ) (= )

1 2
9 17

(in vitro)
(in vivo)

Fig.4-1  



90 
 

MDR1 73, 82)

(in vitro)
(in vivo) in vivo

(in vitro)
 

2
( )

74,75)

1 2
(3D )

 

Replacement( ) Reduction( )
Refinement( ) 3R

3R 1959 Russell Burch

107,108) EU 2013 3
109)

(Registration, 
Evaluation, Authorization and Restriction of Chemicals REACH)

(Toxic Substances Control Act TSCA)

……

Refinement

3R

Replacement Reduction

Fig.4-2 3R  
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110, 111) 1973
2005 3R

2014

112,113) ( )
( )

 

2000
48)

49)
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2 3D in vitro

in vivo
in vitro

(HepG2 ) (2D ) (DOX)
IC50 2D

Cellbed (3D ) HepG2 DOX
IC50 DOX

2D MDR1
3D MDR1 in vitro

MDR1 VRP
in vitro DOX IC50

Cellbed 3D in 
vitro

 
in vitro in vivo

in vitro
(HepG2 ) (DOX)

(VRP)
DOX (1 mg/kg, i.v.)

DOX
VRP(25 mg/kg, i.p.) DOX(1 mg/kg, 

i.v.)
 

MDR1 in vitro(Cellbed 3D
) in vivo( ) in vitro in vivo

MDR1
Cellbed 3D (in vitro) (in vivo) MDR1

MDR1 ( )

3D
 

 
3

HL HL
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(DOX) (HepG2 )

CD133 EpCAM HL
 

DOX HL HepG2 Hc ( )
DOX 0.001 0.1 μM

HepG2 Hc DOX
HL 50

200 μM HepG2
Hc HL

HL

 
HepG2 CD133(+)/EpCAM(+)
DOX HL FCM DOX
HepG2 (0.001 0.1 μM)

HepG2 CD133(+)/EpCAM(+) DOX
HL (50 200 μM)

HL

HepG2 DOX HL
DOX 0.001 0.01 μM

DOX
0.001 μM

HL
HL 200 μM

 
HL(HL/NBDPC) HepG2 HL

CD133 EpCAM 3 FCM
HL/NBDPC 25 200 μM 1
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