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Fig. 1-3 Schematic representation of hybrid liposomes. 
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90 mol% DMPC/10 mol% C12(EO)25, Hybrid liposomes (HL)
5% ( )

(ULTRASONIC-CLEANER, WT-200-M, 200 W, 28/45 kHz)
(45 °C, 1 mL/min)

( 0.20 μm, DISMIC-13CP, ADVANTEC)
(25 °C)  
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(HL/ICG)
ICG(1 mol% 4 mol%) HL
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2-2-4  
 

(dhy : Hydrodynamic Diameter ) (ELSZ-0, 
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633 nm 10 mW 90°  
(D) (1) (Stokes-Einstein) (dhy )  

 

dhy=κ T / (3 π η D ) 
 

κ Boltzmann T η
25 °C  
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Fig. 2-1
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Fig. 2-1 Time courses of dhy change for HL at 25 °C. 
Data represent the mean (n=1~4) ±S.E. 
[DMPC] = 2.0×10-2 M, [C12(EO)25] = 2.33×10-3 M. 
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mol% ICG 4~10 nm 1
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ICG 4 mol% RES

(89 mol% DMPC/10 mol% C12(EO)25/1 mol% 
ICG, HL/1 mol% ICG) HL/1 mol% ICG Fig. 2-3
DMPC/1 mol% ICG 150 nm 1
HL/1 mol% ICG 15 nm 1  

HL/ICG (RES)
100 nm 89-92) 1

 
 

 
 
 
 
 
 
 
 
 
 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig. 2-2 Time courses of dhy change for HL/4 mol% ICG at 4 °C. 
Data represent the mean (n=1~3) ±S.E. 
[DMPC] = 2.0×10-2 M, [C12(EO)25] = 2.33×10-3 M, [ICG] = 9.30×10-4 M. 
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Fig. 2-3 Time courses of dhy change for HL/1 mol% ICG at 4 °C. 
Data represent the mean (n=1~3) ±S.E. 
[DMPC] = 2.0×10-2 M, [C12(EO)25] = 2.25×10-3 M, [ICG] = 2.20×10-4 M. 
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3-2-3  
 

WiDr ( )
HCT116 ( ) WiDr MEM (Gibco 
BRL)+10% Fetal bovine serum (FBS; HyClone Laboratories Inc.)+1% Non essential 
amino acid (NEAA; Gibco BRL) HCT116 RPMI1640 (Gibco BRL)+10% 
FBS (HyClone Laboratories Inc.) 37 °C CO2 5% 95%
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RPMI1640/10% FBS - 5
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(  : 0.20 μm, DISMIC-13P, ADVANTEC)
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3) 0.1% 37 °C, 3 24G
 

4) 1000 rpm/3 min RPMI1640
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WST-8 kit

1-Methoxy-5-methylphenazinium methylsulfate
NADH

WST-8 formazan WST-8 formazan
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WST-8 assay

 
 
 
 
 
 
 
 
 
 

 
1) 5.0×104 cells/mL 96 well plate 

(Nunc) 0.1 mL 24  
2) 10~1000 μM HL 10 μL/well 48  
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3-2-7 TUNEL  
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3’-OH TUNEL (TdT-mediated dUTP nick end 

labeling) 3’-OH Terminal Deoxynucleotidyl 
Transferase (TdT) Fluorescein-dUTP Fluorescein-
dUTP

HL (WiDr) TUNEL
 

 
 

1) 5.0×104 cells/mL
2 mL 24

 
2) (200 μM) 48

 
3) HBSS(gibco) 10% 2 mL

30  
4) HBSS (0.1% 0.1% 

TritonX-100) 1 mL 2  
5) HBSS 50 μL TUNEL (Terminal deoxytransferase 

fluorescein-dUTP) 37 °C 60  
6) HBSS TO-PRO-3 100 μL 20  
7) HBSS 1 mL HBSS (Leica)

Ar (488 nm) He-Ne (633 nm)
(FITC : 491~521 nm, TO-PRO-3 : 640~700 nm)

DNA 3’-OH  
  



3-2-8 PI assay DNA  
 

HL (HCT116) DNA PI assay
 

 
Propidium Iodide  
Propidium iodide(PI) Thermo Fisher Scientific 500 μg/mL

PBS(-)  
 
 
 
 
 
 
 
 
 

 
1) (HCT116) 5.0×104 cells/mL 60 mm Dish (Falcon)

4 mL 24  
2) HL 100~600 μM

48  
3) 3000 rpm/3 min  
4) PBS(-) 0.1~1×106 cells/mL

 

5) 3000 rpm, 2 min  

6) 500 μL RNase 250 μL PBS(-) 250 μL
 

7) 900μL
( )  

8) PI 100 μL ( ) 10
(CytoFLEX, Beckman Coulter)  

  

Propidium Iodide(PI) 
Ex : 535 nm 
Em : 617 nm 
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2) 1000 rpm/5 min HBSS 1.0×106 

cells/mL  
3) DPH(2.0 mM) 1 μL/mL ( 2.0 μM) 37 °C 35

 
4) 3000 rpm/5 min HBSS(10 mL)

3 DPH  
5) HBSS 2.5×105 cells/mL  
6) 2.5 mL F-7100 37 °C

 
7) HL 60 HL 100μM

300
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10 °C

 
 

 
(HCT116) PBS(-) (BD Bioscience) 1 9

(1.0×108 cells/mL)
Control DMPC

HL BALB/c-R/J
26G 0.05 mL(5.0×106 

cells/body) 10 °C
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WiDr 2 (3-
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HL 2 HL 2.5 mL/kg (DMPC Dose : 
34 mg/kg) 1 1 14

 
 

(mm3)= (mm)× (mm)× (mm)×0.5    (3-1) 
 
  



 
 

HCT116 HL 10 mL/kg(DMPC Dose : 136 mg/kg)
1 1 28
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Fi1, Nikon) (DS-L2, Nikon)
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Fig. 3-1 50% inhibitory concentration (IC50) of DMPC and HL on the 
growth of WiDr cells for 48 h. 
Data represent the mean (n=6 )±S.E. 
*p<0.05(vs. DMPC). 
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Fig. 3-2 50% inhibitory concentration (IC50) of DMPC and HL on the 
growth of HCT116 cells for 48 h. 
Data represent the mean (n=3) ±S.E. 
*p<0.05(vs. DMPC). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

0

200

400

600

Normal colon cells HCT116 cells

IC
50

, [
D

M
PC

](μ
M

)

*

Fig. 3-3 50% inhibitory concentration (IC50) of HL on the growth of colon 
carcinoma (HCT116) cells and normal colon cells for 48h. 
Data represent the mean (n=3) ±S.E. 
*p<0.05(vs. Normal colon cells). 
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Fig. 3-4 Fluorescence micrographs of cancer cells (WiDr) after the treatment with HL 
using TUNEL assay for 24h. 
Scale bar : 20 μm. 
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Fig. 3-5 Apoptotic DNA rate of HCT116 cells treated with HL for 48h. 
Data represent mean (n=4) ±S.E. *p<0.05. 
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(P : Fluorescence Polarization)
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(Fig. 3-7)  
HL HCT116

 
 
 
 
 
 
 
 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig. 3-6 Time course of fluorescence polarization (P value) change for DPH-labeled 
HCT116 cells after the treatment with HL. 
[DMPC]=100 μM. 
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Fig. 3-7 Increase in membrane fluidity of HCT116 cells after the treatment with HL. 
Data represent the mean (n=4) ±S.E., * p<0.05(vs. Control, DMPC) 
[DMPC]=100 μM. 
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Fig. 3-8 Suppression of tumor volume in xenograft model mice topically treated with 
HL after the subcutaneous inoculation of WiDr cells. 
Data represent the mean (n=7) ±S.E. *p<0.05. 
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Fig. 3-9 Suppression of tumor weight in xenograft model mice topically treated with 
HL after the subcutaneous inoculation of WiDr cells. 
Data represent the mean (n=7) ±S.E. *p<0.05. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig. 3-10 Photographs of tumor in mice topically treated with HL after the 
subcutaneous inoculation of WiDr cells. 
Scale bar: 5 mm. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig. 3-11 Micrographs of tumor in xenograft model mice after the treatment with HL 
using TUNEL method. 
Arrows : apoptotic cells. 
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Fig. 3-12 Relative cecum weight of orthotopic graft model mice treated with 
HL after the inoculation HCT116 cells to the cecum. 
Data represent the mean (n=5) ±S.D. 
* p<0.05(vs. Control). 
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Fig. 3-13 Photographs of tumor in orthotopic graft model mice treated with HL after the 
inoculation of HCH116 cells to the cecum. 
Circle : tumor. 
Scale bar : 1 cm. 
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Control DMPC HL Normal 

Fig. 3-14 Micrographs of the tissue section of tumor in cecum of orthotopic graft model 
mice after the treatment with HL using HE stain. 
Scale bar : 1 mm. 



 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
  

Control HL DMPC 

Fig. 3-15 Micrographs of the tissue section of tumor in cecum of orthotopic graft 
model mice after the treatment with HL using TUNEL method. 
Arrows : apoptotic cells. 
Scale bar : 100 μm
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 (DMPC) PEG (C12(EO)25)
90 mol% DMPC/10 mol% C12(EO)25 (WiDr, 
HCT116) in vitro in vivo 

 
 
1. DMPC WiDr IC50 205 μM HL IC50 110 μM

HL DMPC WiDr
 

 
2. DMPC HCT116 IC50 648 μM HL IC50 272 μM

HL IC50 522 μM
HL DMPC (WiDr, HCT116)

 
 
3. WiDr HL TUNEL

HL TUNEL
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(DMPC) (C12(EO)25) (ICG) 2-2-1
 

 
 

2'-(4-Ethoxyphenyl)-5-(4-methyl-1-piperazinyl)-2,5'-bi-1H-benzimidazole, 
trihydrochloride, solution, (Hoechst 33342 Solution)
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2-2-3
 

 
 
4-2-3  
 

3-2-3  
 
 
4-2-4  
 

3-2-4  

Ex : 350 nm 
Em : 461 nm 
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4-2-6
 

 
in vitro HL/ICG (WiDr, HCT116)
(EVOS ®FL Cell Imaging System) HL/ICG

 
 

 
 

1) 5.0 ×104 cells/mL 2 mL
(MatTec) 37 °C 5% CO2 24

 
2) 150

 
3) Hoechst 33342 Solution (17.6 μM) 30

 
4) 

EVOS Light Cube Cy7 (Ex : 710/40 nm, Em : 775/46 nm)
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4-2-8

 
 

in vivo (WiDr, HCT116)
HL 3-3-5 HL/ICG

(WiDr, HCT116)
HL/ICG in vivo 

(AEQUORIA ; )  
3-2-10 WiDr
HL/ICG WiDr

12 HL/4 mol% ICG 0.05 mL/body
in vivo 775 nm

845 nm  
HCT116 HL/1 mol% ICG

HCT116 28 HL/1 mol% ICG 10 mL/kg
in vivo 775 

nm 845 nm  
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HL/4 mol% ICG (86 mol% DMPC/10 mol% C12(EO)25/4 mol% ICG) WiDr
Fig. 4-1 ICG

WiDr DMPC/ICG HL/ICG
ICG HL/ICG
HL/ICG  

ICG 4 mol%
ICG 1 mol% HCT116

HL/1 mol% ICG (89 mol% DMPC/10 mol% 
C12(EO)25/1 mol% ICG) HCT116 Fig. 4-2
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Fig. 4-1 Fluorescence micrographs of colon carcinoma (WiDr) cells after the 
treatment with HL/4 mol% ICG for 3h. 
Scale bar : 50 μm. 
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Fig. 4-2 Fluorescence micrographs of colon carcinoma (HCT116) 
cells after the treatment with HL/1 mol% ICG for 3h. 
Scale bar : 50 μm. 
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Fig. 4-3 Fluorescence micrographs of normal colon cells after the 
treatment with HL/1 mol% ICG for 3h. 
Scale bar : 50 μm. 
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Fig. 4-4 Long term accumulation of HL including ICG into the tumor of the xenograft 
model mice at 12 days after the subcutaneously inoculation of WiDr cells. 
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Fig. 4-5 Long term accumulation of HL including ICG into the tumor of the orthotopic 
graft model mice at 4weeks after the inoculation of HCT116 cells. 
Scale bar : 1 cm. 
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Fig. 5-1 50% inhibitory concentration (IC50) of HL on the growth of 
MDA-MB-453 cells for 48 h. 
Data represent the mean (n=4) ±S.E. 
*p<0.05(vs. DMPC). 

0

200

400

DMPC HL

IC
50

, [
D

M
PC

] (
μM

)

*



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

0

20

40

60

80

100

0 100 200 300 400 500 600

A
po

pt
ot

ic
 D

N
A

 r
at

e 
(%

)

DMPC (μM)

HL

DMPC

*

***
*

*

Fig. 5-2 Apoptotic DNA rate of MDA-MB-453 cells treated with HL for 48h. 
Data represent mean (n=4) ±S.E. *p<0.05. 
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Fig. 5-3 Time course of fluorescence polarization (P value) change for DPH-labeled 
MDA-MB-453 cells after the treatment with HL. 
[DMPC]=100 μM. 

0

0.05

0.1

0.15

0.2

0.25

0 100 200 300

P
va

lu
e 

(-)

Time (sec)

Control
DMPC
HL



 
 
 
 
 

 
 
 
 
 
 
 
 
 
  

0

0.05

0.1

0.15

0.2

0.25

Control DMPC HL

P
va

lu
e 

(-)
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Fig. 5-5 Tumor volume change of xenograft model mice treated with HL after 
inoculation of MDA-MB-453 cells to the mammary gland. 
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Fig. 5-6 Relative tumor weight of xenograft model mice treated with HL after 
inoculation of MDA-MB-453 cells to the mammary gland. 
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Fig. 5-7 Photographs of tumor in orthotopic graft model mice treated with HL 
after inoculation of MDA-MB-453 cells to the mammary gland. 
Scale bar : 0.5 cm. 
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Fig. 5-8 Micrographs of tumor section of mammary gland in orthotopic graft model 
mice after the treatment with HL using TUNEL method. 
Arrows : apoptotic cells, Scale bar : 100 μm. 
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Fig. 5-9 Fluorescence micrographs of MDA-MB-453 cells after the 
treatment with HL/ICG for 3h.  
Scale bar : 100 μm, [DMPC]=100 μM. 
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Fig. 5-10 Fluorescence micrographs of normal breast cells after the 
treatment with HL/ICG for 3h. 
Scale bar : 100 μm [DMPC]=100 μM. 
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Fig. 5-11 Fluorescence photographs of orthotopic graft model mice treated with HL/ICG 
at 4weeks after inoculation of MDA-MB-453 cells to the mammary gland. 
Circle : tumors, Scale bar : 1 cm. 
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