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Fig. 1-1 Schematic representation of cationic liposomes. 
 
 
 

C12(EO)21 2C14ECl
(DMPC/C12(EO)21/2C14ECl) (Fig. 1-1)  

(PS) 3~7 30))

(CA19-9)

(Fig. 1-3)
in vitro in vivo

31,32)

33) in vivo
34)

2
35) CL

(Fig. 1-2)  

7
2

3
4

5  

Lipid Cationic Lipid Cationic LiposomeSurfactant

+ +
300W

Sonication

Cationic liposome Cationic lipid PEG Surfactant Phospholipid 



 
 
 
 
 
 
 
 

 
Fig. 1-2 Representation for antitumor mechanism for cationic liposome (CL). 
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Fig.2-3 Time course of dhy change for cationic liposomes composed of 87mol%DMPC, 
5mol%C12(EO)21 and 8mol%2C14ECl in 5% glucose solution at 37°C. 
DMPC [DMPC]=1.0×10-2M 
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Fig. 3-6 Fluorescent intensity of GM1 for CCD-33Co and HCT116 cells. 

*: p < 0.05 (vs. CCD-33Co cells). 
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Fig. 3-7 Fluorescent intensity of PS for CCD-33Co and HCT116 cells.  
* p < 0.05 (vs. CCD-33Co cells). 
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Fig. 3-8 Zeta potential of HCT116 and CCD-33Co cells. 

* p < 0.05 (vs. CCD-33Co cells). 
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Fig. 3-9 Viability of DMPC, HL21 and CL on the growth of CCD-33Co cells 



 
 
 
 
 
 
 
 
 

 
 
Fig. 3-10 50% inhibitory concentration(IC50) of DMPC, HL21 and CL on the growth of 

HCT116 and CCD-33Co cells. Data represent the mean ± S.D. 
* p < 0.05 (vs. CCD-33Co cells.) 
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Table 3-1 50% inhibitory concentration (IC50) of DMPC, HL and CL on the growth of 

HCT116 and CCD-33Co cells. 
 

Sample 
50% inhibitory concentration (mM) 
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[C12(EO)21]=0.038±0.0058 
[2C14ECl]=0.0613±0.0094 

Data represent the mean ± S.D. 
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Fig. 3-10 Activation of caspase-3, 8, 9 in HCT116 cells after the treatment with CL. 

HL : [DMPC]=11.4mM, [C12(EO)21]=0.60mM. 
CL:[DMPC]=11.4mM,[C12(EO)21]=0.67mM, [2C14ECl]=1.06mM. 

  

Caspase-3 Caspase-9

HL

CL

Control

Caspase-8

HL21 

Control 

CL 



3-3-4  
 

CL HCT116
Fig. 3-11  

Control HL21
CL CL  

CL HCT116
 

  



 
 
 
 
 
 
 

 
Fig. 3-11 Fluorescence micrographs of CT-B-labeled HCT116 cells treated with CL for 

10 min. 
HL : [DMPC]=11.4mM, [C12(EO)21]=0.60mM. 
CL : [DMPC]=11.4mM,[C12(EO)21]=0.67mM, [2C14ECl]=1.06mM. 
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Fig. 3-12 Body weight change in xenograft model mice treated with CL after 

subcutaneous inoculation of HCT116 cells.  
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Fig. 3-13 Suppression of tumor growth in xenograft model mice treated with CL after the 
inoculation of HCT116 cells. 
* p < 0.05 (vs. CCD-33Co cells.) 
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Fig. 3-14 Photographs of tumor in xenograft model mice treated with CL after the 

inoculation of HCT116 cells. Scale bar 1.0 cm 
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Fig.3-15 Tumor weight of xenograft model mice treated with CL after the inoculation of 
HCT116 cells. 
* p < 0.05 (vs. Control.) 
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Fig. 3-16 Micrographs of subcutaneous tumor in xenograft model mice treated with CL 

using TUNEL method. 
Arrow: apoptotic cells. Scale bar 0.5cm, ×200. 
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Fig. 4-1 Schematic representation of cationic liposomes including NBDPC. 
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P =(Ivv-GfIvh)/(Ivv+GfIvh)…(1)         Gf=Ivh/Ihh…(2) 

 
 

Fig. 4-2 Principle of fluorescence depolarization method. 
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Fig.4-6 Fluorescent intensity of GM1 for BxPC-3 and normal pancreatic cells. 
*p < 0.05(vs. normal pancreatic cells). 
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Fig.4-7 Fluorescent intensity of PS for BxPC-3 and normal pancreatic cells. 
*p < 0.05(vs. normal pancreatic cells). 
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Fig.4-8 Zeta potential of BxPC-3 and normal pancreatic cells. 
*p< 0.05 (vs. normal pancreatic cells). 
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Fig. 4-9 Zeta potential of BxPC-3 at 1 and 3 hour after 
addition of CL. 
*p< 0.05 (vs. Control(0)). 
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50 (IC50 : 50% Inhibitory 

Concentration) Fig.4-10 ,Table 4-1 DMPC
HL CL

IC50 < 1000mM
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Fig. 4-10 50% inhibitory concentration (IC50) of CL on the growth for BxPC-3 and 
normal pancreatic cells. 
*p < 0.05 (vs. DMPC). 
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Table 4-1 50% inhibitory concentration (IC50) of DMPC, HL and CL on the growth of 

BxPC-3 and normal pancreatic cancer cells. 
 

Sample 
50% inhibitory concentration (μM) 

BxPC-3 Normal pancreatic cancer 

DMPC [DMPC]=756±17 [DMPC]> 1000 

HL21 
[DMPC]=587±35 

[C12(EO)21]=30±1.8 
[DMPC] > 1000. 

[C12(EO)21] > 1000. 

CL 
[DMPC]=348±11 

[C12(EO)21]=20±0.63 
[2C14ECl]=32±1 

[DMPC] > 1000 
[C12(EO)21] > 1000 
[2C14ECl] > 1000 

Data represent the mean ± S.D. 
  



4-3-3  
 

(BxPC-3)
(NBDPC) CL /NBDPC
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CL /NBDPC 5 (Fig. 

4-12,)  
CL BxPC-3
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3h 2h 1h 

Fig. 4-11 Fluorescence micrographs of BxPC-3 cells treated with DMPC, HL21 and CL 
for 1, 2, 3 h. 
Scale bar : 200μm. 

CL: [DMPC]= 0.67mM, [C12(EO)21]= 0.004mM, [2C14ECl]= 0.0064M, 
 [NBDPC]= 0.034mM. 
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Fig. 4-12 Fluorescence micrographs of BxPC-3 cells treated with DMPC, HL21 and 
CL . 
Scale bar : 50μm. 

CL: [DMPC]= 0.67mM, [C12(EO)21]= 0.004mM, [2C14ECl]= 0.0064M, 
 [NBDPC]= 0.034mM. 
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Fig. 4-13 Fluorescence micrographs of normal pancreatic cells treated with DMPC, HL21 and 
CL . 
Scale bar : 50μm. 

CL: [DMPC]= 0.67mM, [C12(EO)21]= 0.004mM, [2C14ECl]= 0.0064M, 
[NBDPC]= 0.034mM. 
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Fig. 4-14 Fluorescence micrograph of BxPC-3 cells treated with CL for 24h 
using TUNEL assay. 
Scale bar : 50μm. 
Magnification: 40 
CL: [DMPC]= 0.7mM, [C12(EO)21]= 0.004mM, [2C14ECl]= 0.0064M. 

TUNEL 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4-15 Apoptotic DNA rate for BxPC-3 cells treated with DMPC, HL and 
CL for 48h. 
*p < 0.05(vs. Control, DMPC). 
CL: [DMPC]=0.7mM, [C12(EO)21]= 0.04mM, [2C14ECl]= 0.064mM. 
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Fig. 4-16 Mitochondrial transmembrane potential (Δψm) disruption of mitochondria 
in BxPC-3 cell treated with CL for 48 hours. 
[DMPC]=0.7mM, [C12(EO)21]=0.04mM, [2C14ECl]=0.064mM. 
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Fig. 4-17 Activation of caspase-3, -8, -9 in BxPC-3 cells treated with CL for 48h. 
Scale bar: 50μm. 
[DMPC]=0.7mM, [C12(EO)21]=0.04mM, [2C14ECl]=0.064mM. 
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Fig.4-18  Change in membrane fluidity for BxPC-3 cells treated with CL for 24h. 

Data represent the mean ± S.E. 
 

*p < 0.05(vs. Control). 
[DMPC]= 2.0×10-2 M, [C12(EO)21]= 1.05×10-3 M, [2C14ECl]= 1.15×10-3 M. 
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Fig. 5-1 Schematic representation of invasion assay. 
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Fig. 5-2 Schematic representation of MT1-MMP (MMP14). 
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Fig.5-3 MMP2 activation mechanism by MT1-MMP 
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5-2-8 ELISA MMP MMP9  
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Fig. 5-4 Schematic representation of MMP. 
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F Acti-stain 488 Fluorescent Phalloidin
CL (BxPC-3)

Fig. 5-5 Control DMPC
HL

CL  
CL BxPC-3 Scratch assay

ImageJ
 

Fig. 5-6
24

CL Control

Fig. 5-7 CL
BxPC-3

 
 

BxPC-3
 

  



 
  

FITC TO-PRO3 Overlay 

Control 

DMPC 

HL21 

CL 

Fig. 5-5 Micrographs of BxPC-3 cells treated with CL for 24h using confocal laser 
microscope. 
Scale bar: 20 μm. 
CL: [DMPC] = 0.2mM, [C12(EO)21] = 0.012mM, [2C14ECl] = 0.018 mM. 
Arrow: pseudopodium. 



  

HL21 CL 

Control DMPC 

Fig. 5-6 Inhibitory effects of CL on the migration of BxPC-3 cells using wound scratch 
assay. Blue line indicate initial wound area ; orange line demarcate 
migrating cells after incubation for 24h. 
Scale bar: 250 μm. 
CL: [DMPC] = 0.2mM, [C12(EO)21] = 0.012mM, [2C14ECl] = 0.018 mM. 
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Fig. 5-7 Relative scratch area of BxPC-3 cells treated with CL for 24h. 
*p < 0.05 (vs. Control, DMPC, HL). 
CL: [DMPC] = 0.2mM, [C12(EO)21] = 0.012mM, [2C14ECl] = 0.018 mM. 
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Fig. 5-8 Inhibitory effects of CL on the invasion of BxPC-3 cells. 

Magnification ×20. 
[DMPC]= 0.1m M, 0.2m M, [C12(EO)21]= 0.0057m M, 0.011mM, 
[2C14ECl]= 0.009m M, 0.018 M. 
Scale bar : 50μm. 
Arrows : invasive cells. 
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Fig. 5-9 Relative invaded cell number of BxPC-3 cells treated with CL for 72h.  

Data represent the mean (n=4-8) ± S.E. 
*p < 0.05(vs. Control, DMPC). 
[DMPC]= 0.1m M, 0.2m M, [C12(EO)21]= 0.0057m M, 0.011mM, 
[2C14ECl]= 0.009m M, 0.018 M. 
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Fig. 5-10 Relative expression values of MT1-MMP(MMP14) in BxPC-3 cells treated 

with CL for 24h. 
Data represent the mean (n=3) ± S.E.  
*p < 0.05(vs. Control, DMPC). 
[DMPC]= 0.1m M, [C12(EO)21]= 0.0057mM, [2C14ECl]= 0.009m M. 
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Fig. 5-11 Relative expression values of MMP2 in BxPC-3 cells treated with CL for 24h 

Data represent the mean ± S.E.  
*p < 0.05(vs. Control). 
[DMPC]= 0.1m M, [C12(EO)21]= 0.0057mM, [2C14ECl]= 0.009m M. 
 

 
 
 
 
 
 
 
 
 

0

20

40

60

80

100

Control DMPC HL21 CL

Re
lat

ive
 e

xp
re

ss
io

n 
va

lue
 

of
 M

M
P2

 (%
 o

f c
on

tro
l)



 
 
 
 
 
 
 

Fig. 5-12 Relative expression values of MMP9 in BxPC-3 cells treated with CL for 24h 
Data represent the mean ± S.E.  
*p < 0.05(vs. Control) 
[DMPC]= 0.1m M, [C12(EO)21]= 0.0057mM, [2C14ECl]= 0.009m M 
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6-2-6  
 

(5.0×106 cells/body) 7

50μl(Dose for DMPC = 33.9mg/kg) 1 1 28
5-1

 
 

 
6-2-7 TUNEL  
 

CL in vivo TUNEL
 

7 28

PBS(-)
PBS(-) 3-3’-diaminobenzine(DAB)

Nikon DS  

6-2-8  
 

(Balb/c-R/J, , 9~13 )
24±2°C 55±10%

 
(5.0×106 cells/body)

 
 
6-2-9  
 

(5.0×106 cells/body)

10mg/kg(Dose for DMPC = 203mg/kg) 1 1 28
 



 
  



6-3  
 
6-3-1  
 

CL in vivo
 

Fig. 6-2
Control

 
Fig.6-3

Control 448mm3 DMPC 454mm3 HL21
396mm3 CL 125mm3 Control

CL  
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Fig. 6-2 Body weight change in xenograft mouse model of pancreatic cancer 
treated with CL after the inoculation of BxPC-3 cells. 
Data represent the mean (n=5) S.E. 
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Fig. 6-3 Tumor volume change in xenograft mouse models of pancreatic cancer 
treated with CL after the inoculation of BxPC-3 cells. 
*p 0.05 (vs. Control). 
Data represent the mean (n=5) S.E. 
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Fig. 6-4 Photographs of tumor in mouse models of pancreatic cancer 
treated with CL after the inoculation of BxPC-3cells. 
Scale bar: 1cm. 
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Fig. 6-5 Tumor weight of xenograft mouse models of pancreatic cancer treated with 
CL after the inoculation of BxPC-3 cells. 

*p<0.05(vs.Control). 
Data represent the mean (n=5) S.E. 
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Fig. 6-6 Micrographs of subcutaneous tumor section in xenograft mouse models of 
pancreatic cancer treated with CL using TUNEL method. 
Circle: apoptotic cells. 

Scale bar: 0.1cm. 
Magnification: 40. 
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Fig. 6-7 Body weight change in peritoneal dissemination model mice of pancreatic cancer 
treated with CL after the inoculation of BxPC-3 cells. 
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Fig. 6-8 Mesentery weight in peritoneal dissemination model mice of pancreatic 
cancer treated with CL after the inoculation of BxPC-3 cells. 

*p < 0.05 (vs. Control). 
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Fig. 6-9 Number of tumor nodules on mesentery in mice treated CL after the 
inoculation of BxPC-3 cells. 

*p < 0.05 (vs. Control). 
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Fig.6-10 Photographs of mesentery in mice treated CL after the inoculation of BxPC-3 
cells. Scale bar : 1cm. 
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