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2-2.   
 
2-2-1.   
 

 
L-α-Dimyristoylphosphatidylcholine DMPC : M.W. = 677.9 , 

 : 23.9 Nippon Oil and Fast Co., Ltd., purity > 99%
 

 

 

Fig 2-2-1. Chemical structure of L-α-Dimyristoylphosphatidylcholine DMPC . 
 
 

 
-D-Glucopyranosyl-α-D- glucopyranoside monomyristate TreC14 : M.W. = 552.65

DOJINDO  
 

 
Fig 2-2-2. Chemical structure of -D-Glucopyranosyl-α-D- glucopyranoside 

monomyristate TrehaloseC14 : TreC14 . 
  

O

O

O
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2-2-2.   
 

DMPC TreC14
5% (WT-200-M, 200 W, 

28/45 kHz, 45 ) 45 , 1 ml/ ml
0.45 μm

37  

 

Fig. 2-2-3 Schematic representation of Trehalose liposome (DMTreC14). 
 

2-2-3.   
 

Fig. 2-2-4  
Dynamic light scattering 1)

 
Hydrodynamic diameter : d hy

ELS-Z, Otsuka electronics
He-Ne 632.8 nm 35 mW 90

(D) 1 Stokes - einstein
Boltzmann T 37 

 

d hy =    1  

Vesicle
DMPC

+
Sonication

45 , 1min/ml
Micelle
TreC14
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Fig. 2-2-4  Dynamic Light Scattering. 

 
2-2-4.  

 
 

[DMPC]=1.0 10-3 M, [TreC14] 
= 2.33 10-3 M 5 400 Cu

2% pH. 4 5
JEM1200EX at 8KV, JEOL 5
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2-3.   
 

2-3-1.   
DMTreC14 Fig. 2-

3-1 Table 2-3-1 DMPC DMTreC14 10 mol%, 50 mol% 100nm
250 nm DMTreC14 30 mol%

DMTreC14 70 mol% RES
100 nm  

DMTreC14 70 mol% 100 nm
RES
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Fig. 2-3-1  Time course of diameter (d hy) change for DMTre and DMPC in 5% 

glucose solution. 
 

[DMPC] = 1.0×10-3 M,   [TreC14] = 0.1~2.33×10-3 M. 
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Table 2-3-1  Time course of diameter (d hy) change for DMTreC14 and DMPC in 
5% glucose solution. 

 
Time (day) Sample 0 1 2 3 4 5 

dhy(nm) 

DMPC 174.1±11.2 179.1±17.4 146.3±8.8 152.1±13.2 144.9±15.6 183.7±15.1 

DMTreC14 

10 mol% 157.4±4.2 161.3 130.3 137.2±3.8 139.9±3.9 139.0±4.4 
30 mol% 192.5±52.2 194.6 80.7 152.9±58.7 240.8±26.6 319.1±46.2 
50 mol% 123.8±5.2 157.1 173.8 179.4±2.8 180.8±0.9 183.5±0.1 
70 mol% 90.1±1.6 86.1±3.1 85.4±3.8 89.1±3.2 86.6±1.6 85.6±1.6 

 
Time (day) Sample 6 7 14 21 28 35 

dhy(nm) 

DMPC 187.9±10.3 171.2±13.0 159.5±13.5 151.4±12.5 156.4±16.2 158.2±17.0 

DMTreC14 

10 mol% 140.7±1.8 132.1±3.0 121.7±9.7 127.4±6.3 128.5±1.9 132.7±3.2 
30 mol% 247.3±25.7 211.7±66.7 318.6±236.8 161.6±57.2 197.1±85.4 217.3±61.1 
50 mol% 187.6±4.1 194.0±3.7 207.7±11.2 225±7.6 235.0±1.4 248.8±8.2 
70 mol% 86.7±2.5 84.2±5.0 84.8±6.1 90.1±3.3 98.6±6.5 94.3±5.6 
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2-3-2.  
 

 

Fig. 2-3-2

100 nm
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Fig. 2-3-2  An electron micrograph of DMTreC14 70 mol%. 
Scale bar : 100 nm 

[DMPC] = 1.0×10-4 M,   [DMTreC14] = 2.33×10-4 M. 
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2-4.   
 

DMTreC14
 

 
1. DMPC DMTreC14 10 mol%, 50 mol% 100nm 250 nm

DMTreC14 30 mol%
 

2. DMTreC14 70 mol% RES 100 nm
 

 
3. DMTreC14 70 mol%

 
 

DMTreC14 70 mol% 100 nm

 
DMTreC14 70 mol% DMTre  
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3   in vitro in vivo 
 

 
3-1.   

 

pH

87)

3 88)

5
89)

 

4 5
5

1
2 5

QOL
quality of life  

100
3

Apoptosis DNA
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Autophagy

Autophagic cell death Necrosis

Caspase : Cysteine protease that cuts proteins 
after aspartic acid residues

12

DNA 4)  
DNA DNA

 
acute lymphoblastic leukemia : ALL, 

MOLT-4  in vivo
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3-2.   
 
3-2-1.   
 
 

DMPC TreC14 2-2-1  
 
 

 
1-palmitoyl-2-[12-(7nitro-21, 3-benzoxa- diazol-4-

yl)amino]dodecanoyl]-sn-glycero-3-phosphocholine NBDPC : M.W. = 856.05
Aventi polar lipids  

 

 

Fig. 3-2-1 Chemical structure of 1-palmitoyl-2-[12-(7nitro-21, 3-benzoxa- diazol-4-
yl) amino] dodecanoyl]-sn-glycero-3-phosphocholine NBDPC . 
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3-2-2.   
 

2-2-2  
 
 
3-2-3.   
 

DMPC TreC14
NBDPC 5%

WT-200-M, 200 W, 28/45 kHz, 45 45 , 1 min/ ml
0.45 μm

 
DMTre/ NBDPC : (70 mol% TreC14 /29m mol% DMPC /1m mol% NBDPC) 
 

 
Fig. 3-2-3 Schematic representation of trehalose liposome (DMTre/NBDPC). 

 
3-2-4.   

 

MOLT-4 90 % RPMI-1640/10 % FBS
37 95 CO2 5  

 
3-2-5.   
 

Jak3, Rag-2
BALB/c-R/J 90)  

24±2  55±10 %  12

  

Vesicle
DMPC
+

Sonication
45 , 1min/ml

Micelle
TreC14

Vesicle
NBDPC

+
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3-2-6.   
 

MOLT-4
WST-8 assay(Cell Counting Kitt-8, DOJIN) WST-8 assay91)

WST-8 2-[2-methoxy-4-nitrophenyl]-3-[4-nitrophenyl]-5-[2,4-disulfophenyl]-2H- 
tetrazolium,monosodium salt

WST-8
NADH 1-Methoxy-5-methylphenazinium methylsulfate

WST-8 formazan WST-8 
formazan

 
 
96 well SUMIRON MOLT-4 1.0×105 cells/ml 100 μl/well

24 10 μl/well
37 , 5%CO2,  95%, 48h 48 Cell Counting Kit-8 10 μl/well

2.5
VERSA max microplate reader, Molecular Devices 450 nm

 
5%

Amean , Acontrol (3-1)
 

Viability (%) = (A Mean / A Control )×100    (3-1) 

 

Fig. 3-2-4 Reaction scheme of WST-8.  

substrates NAD+

NADH 1-methoxy PMS
(oxidant)

1-methoxy PMS
(reductant)

WST-8
colorless

WST-8 formazan
Yellow

dehydrogenases

Cell

Pyruvic acid

N
N

N+ N

O2N

O2N

OCH3

SO3
--O3S

Na+

N
N

N N

O2N

O2N

OCH3

SO3
--O3S

Na+

H
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3-2-7.  DNA  
 

DNA PI Propidium iodide

Dichroic mirror : DM Bandpass filter : BP
Photmultiplier tube : PMT, 

Fig. 3-2-5
forward scatter : FSC Side scatter : SSC

PMT FSC SSC
Fig. 3-2-6 92)

 
PI DNA 10

24
DNA 93)  

100 mm dish 1.0×105 cells/ml 10 ml/ dish 24
37 , 5%CO2,  95%, 24h 24
0.1% Triton-X 100

RNase 1 mg/ml, SIGMA RNA
, 5 min PBS(-)

PI Fig. 3-2-7 DNA
EPICS® EX, Beckman Coulter DNA

Ar 488 nm, 15 mW FL3 605~630 nm
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Fig. 3-2-5 Principle of flow cytometer. 

 
Fig. 3-2-6 Structure of flow cell. 

  

FSC

FL4

BP BP BP BP

BP

SSCFL1FL2FL3

PMT PMT PMT PMT

PMT

PMT

DM

CytoFLEX

FSC : 

SSC : 
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Fig. 3-2-7 Chemical structure of propidium iodide. 

 
3-2-8.   
 

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

14 -2, 3, 6, 7, 8, 9, 10, 12
94)  

-3, -8, -9
PhiPhiLux CaspaLux (OncoImmunin, Inc) PhiPhiLux

-3(Green Fluorescence, PhiPhiLux-G1D2) CaspaLux -8 (Green 
Fluorescence, CaspaLux 8-L1D2) -9 (Green Fluorescence, CaspaLux 9-
M1D2) (DEVDGI IETDSG, LEHDG)

Fig. 3-2-8 -3, -8, -9
GI SG, DG 95-100)  

 
Fig. 3-2-8 Principle of PhiPhiLux and CaspaLux. 

N+

(CH2)3 N+ CH3

CH2CH3

CH2CH3

NH2H2N

IETD SG

CaspaLux®-8

IETD

DEVD LEH

DEVD GI LEH DG

PhiPhiLux CaspaLux®-9

SG 

GI DG 
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100 mm dish (1.0×105 cells/ml) 10 ml/ dish 24
(37 , 5%CO2,  95%) 24

3000 rpm, 3 min 50 μl (1.0×10-3 
M) PhiPhi Lux (10% FBS) CaspaLux (10% FBS) 37

45 PBS(-)

Ar (488 nm) 15 mW
FL1 (505 nm ~ 545 nm)

 
 
 

3-2-9.   
 

Bax
cytochrome c AIF

101-103) 3, 3’ –
dihexyloxacarbocyanin iodide (DiOC6(3), Enzo) Fig. 3-2-9

104)

10

DiOC6(3)
 

 
 

 
Fig. 3-2-9 Chemical structure of DiOC6(3). 

  

N+

O

C6H13

N

O

C6H13
I-
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100 m  dish (1.0×105 cells/ml) 10 ml/ dish 24
(37 , 5%CO2,  95%, 24h)

30 DiOC6(3) 40 nM (37 , 5%CO2,  
95%, 30 min) 30 3000 rpm, 3 min

PBS
DiOC6(3) 488 nm Ar 15 mW

FL1 (505 nm ~ 545 nm) DiOC6(3)
 

 
 
3-2-10.  
 

MOLT-4
 

100 mm dish 1.0×105cells/ml 10 ml/ dish
10 3000 rpm×3

PBS(-)

488 nm 15 mW
505~545 nm FL1 NBDPC  

 
3-2-11.  
 

Fig. 3-2-10

1, 
6-Diphenyle-1, 3, 5-hexatriene (DPH, )
105)  
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Fig. 3-2-10 Principle of fluorescence depolarization. 

 
MOLT-4

(F-4500, HITACHI)
1000 rpm, 5 min 1.0×106 

cells/ml HBSS DPH ([DPH] = 2.5×10-3 M, 
 : Tetrahydrofuran) (  : 2 μM) 37 7

35 HBSS 3 5.0×105 cells/ml
1 cm 2.5 ml

37 1 Control
106-111) DPH 357 nm 432 nm

(P : Fluorescence 
Polarization)  

Perrin-Weber (3-2) (P)  
P = (Ivv-GfIvh) / (Ivv+GfIvh)   (3-2) 

Gf = Ihv / Ihh   (3-3) 
 

Ivv Ivh

Gf (3-3)
Ihh Ihv

 
  

Polarization

Excitation : 357 nm
Emission  : 432 nm 

DPH
(1,6-diphenyl-1,3,5-hexatriene )

DPH is inserted into the 
membrane

Polarizer

P value is large
Polarization does not changeWhen the membrane 

fluidity is small, the swing 
of the DPH is small

When the membrane fluidity is 
large, the swing of DPH is large

P value is small
Polarization is eliminated

Polarization
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3-2-12.  
 

B (CT-B)
 

(Confocal Laser Scanning Microscopy : CLSM)
112)

113)  

1960 Aequorea victoria green fluorescent 
protein(GFP) 114-

117)

 
CT-B (GM1)

GM1
118, 121)  

 
CT-B 1.0×105 cells/ml

100 mm dish 10 ml/ dish 10min 
3000 rpm, 3 min

Blocking Buffer(1% BSA / PBS) PBS(-)
CT-B (10μg/ml) 30 PBS(-)
35 mm D-lysine Coated Glass Bottom Dish (MatTek)

 
488 nm Ar 510~570 nm
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3-2-13. 
 

 
BALB/c-R/J 

BD Bioscience MOLT-4 5.0 106 cells/body, 0.05ml
8 5 ml/kg 1 1

14 Table 3-2-1 22
 

 
 

Table 3-2-1 Dose of DMtre. 

 Sample 
Dose (mg/kg) 

DMPC TreC14 

1 Control (5% glucose)   
2 DMPC 3.4  
3 DMTre (30mol%DMPC/70mol% TreC14) 3.4 7.5 

 
 

3-2-14.  TUNEL  
 
3-2-13 10%

Wako
TUNEL DS-
Fi1, Nikon TS100, Nikon

DS-L2, Nikon  
 
TUNEL (TbT-mediated dUTP nick end labeling)121-123) 

PBS(-)
PBS(-)

Equilibration buffer  working strength TdT enzyme
37 , 1hour Working strength stop/wash 

PBS(-)
PBS(-) 3, 

3’-Diaminobenzin (DAB)
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3-3.   
 

3-3-1.   
 

DMTre MOLT-4
WST-8 assay  

 
DMTre MOLT-4 Fig.3-3-1~Fig.3-3-3

Table 3-3-1 DMTre DMPC MOLT-4
DMPC IC50 136.4 μM DMTre 1/2

40.9 μM  
DMTre MOLT-4
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Fig. 3-3-1 Inhibitory effects of DMTre on the growth of MOLT-4 cells. 
Data represent the mean ± S.E. 

[DMPC] = 0 ~ 1.0×10-4M,   [TreC14] = 0 ~ 2.33×10-4M 
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Fig. 3-3-2 Inhibitory effects of DMPC on the growth of MOLT-4 cells. 

Data represent the mean ± S.E. 
[DMPC] = 0 ~ 1.0×10-3M, 
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Fig. 3-3-3 Inhibitory concentration (IC50) of DMTre and DMPC on the growth of 

MOLT-4 cells. 
Data represent the mean ± S.E. (n = 4) 

Incubation time : 48 h. 
*p < 0.05 (DMPC) 

 
 
 
 

Table 3-3-1 IC50 vales of DMTre and DMPC on the growth of MOLT-4 cells. 
 IC50 (μM) 

DMTre 40.4 ± 7.1 
DMPC 136.4 ± 19.7 
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3-3-2.   
 

DMTre MOLT-4
PI assay  

 
DMTre MOLT-4 DNA Fig.3-3-4

DMTre MOLT-4 DNA DMTre 100 
μM 90 % DNA  

 
DMTre MOLT-4 DNA
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Fig. 3-3-4 Apoptotic DNA rate of MOLT-4 cells treated with DMTre and DMPC. 
Data represent the mean ± S.E. (n = 6) 

Incubation time : 48 h. 
*p < 0.05 (Control) 

 [DMPC] = 0 ~ 1.0×10-4M,   [TreC14] = 0 ~ 2.33×10-4M 
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3-3-3.   
 

DMTre MOLT-4

 
 
DMTre MOLT-4 Fig.3-3-5

DMTre MOLT-4 Control DMPC
MOLT-4 -3, -8, -9 70 ~ 80 %

 
DMTre MOLT-4

Fig.3-3-6 DMTre MOLT-4
Control DMPC MOLT-4

 
 

DMTre MOLT-4
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Fig. 3-3-5 Activation of caspase in MOLT-4 cells after the treated with DMTre. 
Data represent the mean ± S.E. (n = 5) 

Incubation time : 24 h. 
*p < 0.05 (Control, DMPC) 

[DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 3-3-6 Mitochondrial transmembrane potential ( Ψm) disruption of mitochondria 
membrane for MOLT-4 cells treated with DMTre. 

Data represent the mean ± S.E. (n = 5) 
Incubation time : 24 h. 

*p < 0.05 (Control, DMPC) 
 [DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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3-3-4.   
 

DMTre MOLT-4
DMTre

 
 

DMTre MOLT-4 Fig. 3-3-7
DMTre MOLT-4

Control DMPC MOLT-4
 

DMTre Fig. 3-3-8
DMTre MOLT-4 Control (P)

DMTre MOLT-4  
DMTre MOLT-4

Fig. 3-3-9 Control DMPC
MOLT-4 DMTre

MOLT-4  
 

DMTre MOLT-4
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Fig. 3-3-7 Fusion and accumulation of DMTre/NBDPC for the MOLT-4 cells. 

Data represent the mean ± S.E. (n = 6) 
*p < 0.05 (Control, DMPC) 
Incubation time : 10 min. 

[DMPC] = 0.9×10-4 M,  [TreC14] =2.33×10-4 M,  [NBDPC] = 0.1×10-4 M 
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Fig. 3-3-8 Increase in membrane fluidity of MOLT-4 cells after the treatment with 
DMTre. 

*p < 0.05 (Control, DMPC) (n = 7) 
 Incubation time : 10 min. 

[DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 3-3-9 Fluorescence micrographs of clustering formation on lipid rafts in MOLT-4 

cell membranes after the treatment with DMTre. 
Reaction time : 10min,  : Clustering point. 

Scale bar : 10 μm 
[DMPC]=1.0×10-4 M, [TreC14]=2.33×10-4 M. 
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3-3-5.  
 

 
in vivo

 
 

Fig. 3-3-10 DMTre
Control DMPC

Fig. 3-3-11 Control DMPC
DMTre

p < 0.05  
TUNEL

Fig 3-3-12 Control DMPC
TUNEL DMTre

TUNEL  
DMTre

in vivo  
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Fig. 3-3-9 Photographs of tumor in xenograft mouse models of ALL treated with DMTre 
after the inoculation of MOLT-4 cells. 

Scale bar : 0.5 mm 
[DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 

 
  

DMTreDMPCControl
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Fig. 3-3-10 Therapeutic effects of DMTre for xenograft mouse models of ALL after the 
inoculation of MOLT-4 cells. 

Data represent the mean ± S.E. (n = 3 ~ 6) 
*p < 0.05 (Control, DMPC) 

 [DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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Fig. 3-3-11 Induction of apoptosis in the tissue section of tumor of xenograft mouse 
models of ALL treated with DMTre. 

Scale bar : 50 μm,  Arrows and yellow : apoptotic cells 
[DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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3-4.   
DMTre

MOLT-4 in vitro  in vivo
 

 
 

1.  DMTre MOLT-4 DMPC 
IC50 136.4 μM DMTre 1/2 40.9 μM

 
 

2.  DMTre MOLT-4 DNA DMTre 
100 μM 90 % DNA  

 
3.  DMTre MOLT-4 Control DMPC MOLT-4

-3, -8, -9 70 ~ 80 %
 

 
4.  DMTre MOLT-4 Control DMPC

MOLT-4  
 

5. DMTre MOLT-4 Control
DMPC MOLT-4

DMTre MOLT-4 Control
(P) DMTre MOLT-4

MOLT-4 Control
DMPC MOLT-4
DMTre MOLT-4

 
 

6.  DMTre
TUNEL DMTre  in vivo  

 
DMTre MOLT-4  in 

vitro  in vivo DMTre MOLT-4
-3, -8, -9

DMTreC14 70mol% MOLT-4
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DMTre in vivo 
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4   in vitro in vivo 
 

4-1.   
 

tricarboxylic acid 
cycle TCA

CO2 CO2

3

I 3
70 m2 124)

 
2016

2)

125)

QOL(Quality of life)
DNA

DNA

DNA

 

126)
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EMT : epithelial to mesenchymal transition
127) ECM : 

extracellular matrix
MMP : Matrix metalloproteinase

MMP Zn2+ Ca2+ 25
MMP MMP

MMP ECM

128)

 
DMTre A549

in vitro 
in 

vivo
DMTre  
  



52 
 

4-2.   
4-2-1.   

 
DMPC TreC14 2-2-1 NBDPC 3-2-1

 
 
 

4-2-2.   
 

2-2-2  
 

4-2-3.   
 

3-2-3  
 

4-2-4.   
 

A549 10% FBS / DMEM
37 95 CO2 5  

 
4-2-5.   

 
3-2-5 BALB/c-R/J  

 
4-2-6.   

 
A549 3-2-6 WST-

8 assay  
96 well 2.0×104 cells/ml 100 μl/well 24

10 μl/well 37 , 5%CO2, 
 95%, 48h 48 Cell Counting Kit-8 10 μl/well 2.5

VERSA max microplate 
reader, Molecular Devices 450 nm  
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4-2-7.  DNA  
 

A549 3-2-7
PI assay DNA  

100 mm dish 1.0×104 cells/ml 10 ml/ dish 24
37 , 5%CO2,  95%, 24h 24
0.1% Triton-X 100

RNase 1 mg/ml, SIGMA RNA
, 5 min PBS(-)

PI DNA EPICS® EX, 
Beckman Coulter DNA Ar

488 nm, 15 mW FL3 605~630 nm  
 
 

4-2-8.   
 

A549
3-2-8  

 
100 mm dish 1.0×104 cells/ml 10 ml/ dish 24

37 , 5%CO2,  95% 24
3000 rpm, 3 min 50 μl (1.0×10-3 M)

PhiPhi Lux (10% FBS) CaspaLux (10% FBS) 37
45 PBS(-)

Ar 488 nm 15 mW
FL1 505 nm ~ 545 nm  

 
 

4-2-9.   
 

A549
3-2-9
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100 mm dish 1.0×104 cells/ml 10 ml/ dish 24
37 , 5%CO2,  95%, 24h

30 DiOC6(3) 40 nM 37 , 5%CO2,  
95%, 30 min 30 3000 rpm, 3 min

PBS
DiOC6(3) 488 nm Ar 15 mW

FL1 505 nm ~ 545 nm DiOC6(3)
 

 
 

4-2-10.  
 

A549

129)  
35mm Glass Bottom dish 2.0 104 cells/ml 2 ml/ dish

0, 15, 30, 45, 60, 90
488 nm

Ar 505~555 nm  
 
 

4-2-11.  
 

A549 3-2-11
 

1000 rpm, 5 min
1.0×106 cells/ml HBSS

DPH [DPH] = 2.5×10-3 M,  : Tetrahydrofuran  : 2 
μM 37 7 35 HBSS 3

5.0×105 cells/ml
1 cm 2.5 ml 37 1 Control

DPH
357 nm 432 nm  
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4-2-12. Scratch assay  
 

2

130) in vitro in vivo
131-133)  

Scratch assay

134) A549 Scratch assay
 

 
6well 2.5 105 cells/ml 2 ml/ dish 24

well monolayer
200 μl

PBS(-)
19 0 0

19 EVOS , Advanced microscopy group
A549

0 19
 

 
 

4-2-13.  
 

Cytoskeleton

135)  
3

Actin filament 7 nm

 



56 
 

 
35 mm Glass Bottom dish 2.0 104 cells/ml 2 ml/ dish 24

24 4%
0.5% Triton-X 100 Actin-stainTM 488 Fluorescent 

Phalloidin (Cytoskeleton) 1.0 10-4 M F-actin
A549

488 nm Ar
505~555 nm  

 
 

4-2-14.  invasion assay  
 

3

Invadopodia Fig. 4-2-1 136)

Inovadopodia
in vitro Invasion assay137-139)

Boyden Chamber assay140)

Insert Matrigel141) FBS
Matrigel Insert 8 μm

 

 
Fig. 4-2-1 Schematic representation of invadopodia. 

Matrigel BD BioCoatTM MatrigelTM Invasion Chamber (BD Biosciences) 
Insert Chamber 5  CO2, 37

2 8.0 104 cells/ml
450 μl 50 μl Chamber

10 FBS 5  CO2, 37

Invadopodia
ECM
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24 Control Matrigel Control insert
Insert Matrigel 100

30 0.1 Crystal Violet/100% 30
DS-Fi1, Nikon

TS100, Nikon DS-L2, Nikon
Fig. 4-2-2  

 
 

                   
 

Fig. 4-2-1 Schematic representation of invasion assay. 
 

Complete Medium

Cell (Non FBS Medium)
+DMTre

750μl ( Non FBS Medium) 

500μl ( Non FBS Medium) 

Insert

Chamber

Matrigel
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4-2-15.  MMP-14  
 
MMP MMP Membrane type-1 MMP(MT1-MMP : MMP14)

MMP MMP14
MMP14 MMP14

MMP TMP MMP
MMP 142)  

 
150 mm dish 1.0 104 cells/ml 30 ml/ dish 24

24
3000 rpm 3

4% Blocking Buffer (5% Goat serum/PBS(-))
Anti-MMP14 rabbit monoclonal 

antibody (abcam) Wash Buffer (5% Goat 
serum/0.01% Triton-X 100 /PBS(-)) Alexa Flior 
488 goat anti-rabbit IgG (Invitrogen) 1 
μg/ml 1:200 A549

4.0×10-5 M  
488 nm Ar

15 mW FL1 (505~545 nm)  
 
 

4-2-16. 
 

 
BALB/c-R/J, 7 , 

1.0 106 
cells/body 2 4-2-1 1
1 28 5 ml/kg Table 4-2-1 28

 
mm3     2 1/2 4-2-1 

  



59 
 

Table 4-2-1 Dose of DMTre. 

 Sample 
Dose (mg/kg) 

DMPC TreC14 

1 Control (5% glucose)   
2 DMPC 3.4  
3 DMTre (30mol%DMPC/70mol% TreC14) 3.4 7.5 

 
 
4-2-17.  TUNEL  
 

TUNEL in vivo
3-2-14  

 
 

4-2-18. 
 

 
BALB/c-R/J, 7 , 

3.5 105 cells/body
1 14 10 mg/kg

 
 
 

4-2-19.  HE  
 

HE  
 
4-2-18 10%

Wako
HE BZ-X700, 
KEYENCE BZ-X Analyzer 

KEYENCE  
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4-3.   
 

4-3-1.   
 

DMTre A549
WST-8 assay  

 
DMTre A549 Fig.4-3-1, Fig.4-3-2

Table 3-2-1 DMTre A549
DMPC IC50 437 μM DMTre 1/10 40.9 μM

 
DMTre A549
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Fig. 4-3-1 Inhibitory effects of DMTre on the growth of A549 cells. 
Data represent the mean ± S.E. (n = 3) 

[DMPC] = 0 ~ 1.0×10-4M,   [TreC14] = 0 ~ 2.33×10-4M 
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Fig. 4-3-2 Inhibitory concentration (IC50) of DMTre and DMPC on the growth of A549 
cells. 

Data represent the mean ± S.E. (n = 3) 
Incubation time : 48 h. 
*p < 0.05 (DMPC ) 

 
Table 3-2-1 IC50 of DMTre and DMPC143) on the growth of A549 cells. 

 IC50 (μM) 

DMTre 40.9 ± 1.0 
DMPC 437± 48.6 
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4-3-2.   
 

A549 PI 
assay DNA  

 
DMTre A549

DNA Fig. 4-3-3
DNA SubG1 DNA DMTre A549

DNA 200 μM 95 DNA
IC50 DNA

G0/1 DNA G0/1 DNA  
DMTre A549 G0/1 arrest
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Fig. 4-3-3 Cell cycle distribution in A549 cells treated with DMTre. 

Data represent the mean ± S.E. (n = 5) 
Incubation time : 48 h. 
*p < 0.05 ( Control ) 

 [DMPC]=0.1~2.0×10-4 M, [TreC14]=0.233~4.66×10-4 M. 
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4-3-3.   
 

DMTre A549

 
 
DMTre A549 Fig.4-3-4

DMTre A549 Control DMPC
A549 -3, -8, -9

-3, -8 50 ~ 80 %  
DMTre A549

Fig.4-3-5 DMTre A549
Control DMPC A549

 
 

DMTre A549
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Fig. 4-3-4 Activation of caspase in A549 cells after the treatment with DMTre. 
Data represent the mean ± S.E. (n = 5) 

Incubation time : 24 h. 
*p < 0.05 ( Control, DMPC ) 

 [DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 4-3-5 Mitochondrial transmembrane potential ( Ψm) disruption of mitochondria 
membrane for A549 cells treated with DMTre. 

Data represent the mean ± S.E. (n =3 ~ 5) 
Incubation time : 24 h. 

*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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4-3-4.   
 

DMTre A549

 
 

DMTre
Fig. 4-3-6 DMTre

30
DMPC  

DMTre A549  
DMTre Fig. 4-3-7 DMTre

A549 Control (P) DMTre
A549  

DMTre A549
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Fig. 4-3-6 Fluorescence micrographs of A549 cells treated with DMTre/NBDPC using 

confocal laser microscope. 
Scale ber : 20μm 

[DMPC]=1.0×10-4 M, [TreC14]=2.59×10-4 M, [NBDPC]=1.0×10-8 M 
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Fig. 4-3-7 Increase in membrane fluidity of A549 cells after the treatment with DMTre. 

*p < 0.05 ( Control ) (n = 3) 
 Incubation time : 10 min. 

[DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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4-3-5.   
 

DMTre A549
Invasion assay

Scratch assay
MMP-14

 
DMTre A549 Fig. 4-3-8 , Fig. 4-3-9

Control DMPC A549 Matrigel
DMTre A549

 
Fig. 4-3-10 ~ Fig. 4-3-13 Fig. 4-3-10

Control DMPC A549 2
DMTre A549 Control DMPC

A549
image- j Fig. 4-3-11 Control

100% DMPC A549
76.0% DMTre A549 52.1%
DMTre A549 Control 1/2

Fig. 4-3-12 Control
DMTre A549

 
DMTre A549 MMP-14 Fig. 4-3-13

DMPC DMTre A549 MMP-14
 

DMTre A549
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Fig. 4-3-8 Inhibitory effects of DMTre on the invasion of A549 cells. Photographs for 

invaded cells in the presence or absence of DMTre. 
Scale ber : 50μm 

[DMPC] = 2.0×10-5 M ~ 4.0×10-5 M,    [TreC14] = 4.66×10-5 M ~ 1.06×10-4 M 
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Fig. 4-3-9 Relative invaded A549 cells treated with DMTre. 

Data represent the mean ± S.E. (n = 3) 
Incubation time : 24 h. 

*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 2.0×10-5 M ~ 4.0×10-5 M,    [TreC14] = 4.66×10-5 M ~ 1.06×10-4 M 
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Fig. 4-3-10 Inhibitory effects of DMTre on the migration of A549 cells using wound 

scratch assay. 
Incubation time : 19 h. 

[DMPC]=4.0×10-5 M,   [TreC14]=9.32×10-5 M 
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Fig. 4-3-11 Relativearea of migration of A549 cells treated with DMTre for 19h. 
Data represent the mean ± S.E. (n = 6) 

Incubation time : 19 h. 
*p < 0.05 ( Control, DMPC ) 

 [DMPC]=4.0×10-5 M,   [TreC14]=9.32×10-5 M 
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Fig. 4-3-12 Fluorescence micrographs of A549 cells treated with DMTre for 24h using 
confocal laser microscope. 

Arrows : Invadopodia , Scale ber : 10μm 
[DMPC]=4.0×10-4 M,   [TreC14]=9.32×10-5 M. 
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Fig. 4-3-13 Relative expression values of MT1-MMP (MMP-14) in A549 cells treated 
with DMTre. 

Data represent the mean ± S.E. (n = 6) 
Incubation time : 24 h. 

*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 4.0×10-5 M,   [TreC14] = 9.32×10-5 M 
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4-3-6.  
 

 
DMTre A549

 
 
Fig. 4-3-14

 
Fig. 4-3-15 Control DMPC

14 DMTre
TreC14  

Fig. 4-3-16
DMTre

Fig. 4-3-17 Control DMPC 0.150 
g DMTre Control 1/5 DMPC

1/3 0.050 g DMTre  
TUNEL Fig. 4-3-18 Control

DMPC DMTre
DMTre

in vivo  
DMTre A549
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Fig. 4-3-14 Body weight change for subcutaneous lung carcinoma-bearing mice 

topically administered with DMTre. 
Data represent the mean ± S.E. (n = 4) 

[DMPC] = 1.0×10-3M,   [TreC14] = 2.33×10-3M 
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Fig. 4-3-15 Subcutaneous tumor volume for subcutaneous lung carcinoma-bearing mice 
topically administered with DMTre. 

Data represent the mean ± S.E. (n = 4) 
*p < 0.05 ( Control) 

 [DMPC] = 1.0×10-3M,   [TreC14] = 2.33×10-3M 
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Fig. 4-3-16 Photographs of subcutaneous tumor for subcutaneous lung carcinoma-bearing 
mice topically administered with DMTre. 

Scale bar : 5 mm 
[DMPC] = 1.0×10-3M,   [TreC14] = 2.33×10-3M 
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Fig. 4-3-17 Therapeutic effects of DMTre for subcutaneous lung carcinoma-bearing 

mice topically administered with DMTre. 
Data represent the mean ± S.E. (n = 3 ~ 6) 

*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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Fig. 4-3-18 Induction of apoptosis for A549 cells for subcutaneous lung carcinoma-
bearing mice topically administered with DMTre. 

Scale bar : 200 μm,  yellow : apoptotic cells 
[DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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4-3-7.  
 

 
DMTre A549

 
Fig. 4-3-19

 
14 Fig. 4-3-20

Fig. 4-3-21 Fig. 4-3-20 Control DMPC
DMTre

Fig. 4-3-21 DMTre
Control DMPC p < 0.05 DMTre

 
HE Fig. 4-3-22 Control DMPC

DMTre
BZ-X Analyzer Fig. 4-

3-23 Control DMPC 1212 23 mm2 1202
40 mm2 DMTre 916 41 mm2

DMTre
948 66 mm2

DMTre  
DMTre A549
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Fig. 4-3-19 Body weight change for lung on the orthotopic graft-bearing mice treated 
with DMTre. 

Data represent the mean ± S.E. (n = 8) 
[DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 4-3-20 Photographs of lung on the orthotopic graft-bearing mice of lung carcinoma 
intravenously administered with DMTre. 

Scale bar : 5 mm 
[DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 4-3-21 Relative lung weight of orthotopic graft-bearing mice of lung carcinoma 
intravenously administered with DMTre. 

Data represent the mean ± S.E. (n = 8) 
*p < 0.05 ( Control ) 

 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 4-3-22 Photographs of lung on the orthotopic graft-bearing mice of lung carcinoma 
intravenously administered with DMTre in histological analysis using the 
H&E staining. 

Scale bar : 100 mm 
[DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 4-3-23 Tissues are of lung on the orthotopic graft-bearing mice of lung carcinoma 
intravenously administered with DMTre. 

Data represent the mean ± S.E. (n = 4) 
*p < 0.05 ( Control, DMPC ) 

 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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4-4.   
 

DMTre
A549 in vitro 

in vivo

 
 
 

1.  DMTre A549 DMPC IC50

437 μM DMTre 1/10 40.9 μM
 

 
2.  DMTre A549 DNA

200 μM 95 DNA IC50

DNA G0/1 DNA
G0/1 DNA  

 
3.  DMTre A549 Control DMPC

A549 -3, -8, -9 -3, 
-8 50 ~ 80 %  

 
4.  DMTre A549 Control

DMPC A549  
 

5. DMTre
30

DMTre A549 Control (P)
DMTre A549

 
 

6.  Invasion assay Control DMPC A549
Matrigel
DMTre A549

Scratch assay DMTre A549 Control
DMPC A549
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image- j DMPC A549
76.0% DMTre A549 52.1%

DMTre A549 Control 1/2
Control

DMTre A549
MMP-14 DMPC

DMTre A549 MMP-14
 

 
7.  DMTre TUNEL

DMTre  in vivo  
 

8.  DMTre HE
Normal in vivo 

 
 
 

DMTre A549  in vitro
 in vivo DMTre A549

DMTre%
A549 G0/1 arrest

DMTre A549 A549
MMP-14

A549 DMTre in vivo 
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5   in vitro in vivo 
 

 
5-1.   
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Paget

5 Table 5-1-1  
 
 

Table 5-1-1  

0   
 2 cm  

 
a  2 cm  

2  5 cm  
b  2 5cm  

 

a  

2 cm

 

 
5cm  

 

b  
 

 
 

c  
 

 
 

  
 

QOL

3

Fig. 5-1-1 2) 
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Table 5-1-2  

  
HER2 Ki67   

 ER PgR 
A       

 
B  

HER2  
 
 

 
    

 
B  

HER2    
   

 
 

 
HER2     -  

 
    -  

 

1 TNFR1 Fas CD95 / 
APO-1 3 DR3 TRIAIL1 DR4 TRIAIL2 DR5

6 DR6
-8 c-Jun

JNK MOMP : mitochondrial 
outer membrane permeabilization AIF

4)

 

 in vivo
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5-2.   
5-2-1.   

 
DMPC TreC14 2-2-1 NBDPC 3-2-1

 
 

5-2-2.   
 

2-2-2  
 
 

5-2-3.   
 

3-2-3  
 
 

5-2-4.   
 

MCF-7  
ATCC MCF-7 90 % RPMI-

1640 / 10 % FBS 37 95 CO2 5
 

 
MDA-MB-453  

RIKEN BRC MDA-MB-453
90 % L-15 / 10 % FBS T EasYFlask™ Cell Culture 
Flasks 37 95  

 
 

5-2-5.   
 

3-2-5 BALB/c-R/J  
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5-2-6.   
 

3-2-6
WST-8 assay  

(MCF-7 : 8.0×104 cells/ml, MDA-MB-453 : 2.0×105 cells/ml) 100 μl/well
24 10 μl/well

(37 , 5%CO2,  95%, 48h) 48 Cell Counting Kit-8 10 μl/well
2.5 (VERSA 

max microplate reader, Molecular Devices) 450 nm
 

 
 

5-2-7.  DNA  
 

DNA 3-2-7
PI assay  
MCF-7 : 1.2×105 cells/ml, MDA-MB-453 : 2.0×105 cells/ml 24

37 , 5%CO2,  95%, 
24h 24 0.1% Triton-X 100

RNase 1 mg/ml, SIGMA
RNA , 5 min PBS(-)

PI DNA
Cyto FLEX, beckman coulter DNA

Ex 488 nm, 50 mW PE Em 585/42 nm
 

 
 

5-2-8.  TUNEL  
 

 
TUNEL (TbT-mediated dUTP nick end labeling)54-56) DNA

 
DNA 3’-OH

3’-OH TbT (Terminal deoxytransferase)
Fluorescein -dUTP
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Fig. 3-2-8  

 

Fig. 3-2-8 Principle of TUNEL assay. 
MCF-7 : 1.2×105 cells/ml, MDA-MB-453 : 2.0×105 cells/ml 35 mm Glass 

Bottom Uncoated Dish (Mat Tek) 2 ml/dish 24
(37 , 5%CO2,  95%, 24h) 24

10 30 PBS(-)
(0.1% , 0.1% Triron-X100) 2

PBS(-) In Situ Cell Death Detection Kit (TbT, fluorescein -
dUTP, Roche Diagnostics) 37 , 60
PBS(-) TO-PRO-3 (Invitroge) PBS(-)

(5% DABCO/Glycerol-PBS)
Ar (488 nm) He-Ne (633 nm)

 
 
 
5-2-9.   

 
3-2-8

 
MCF-7 : 1.2×105 cells/ml, MDA-MB-453 : 2.0×105 cells/ml 24

(37 , 5%CO2,  95%)
24 3000 rpm, 3 min 50 μl 
(1.0×10-3 M) CaspaLux 6-J1D2, PhiPhiLux-G1D2(10% FBS), CaspaLux 8-L1D2(10% 
FBS), CaspaLux 9-M1D2(10% FBS) 37
45 PBS(-)

Cyto FLEX, beckman coulter
Ex 488 nm, 50 mW

FITC Em 525/40 nm  
 

TdT enzyme 
+ 

Fluorescein-12-dUTP

Nucleosome sized 
DNA fragments
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5-2-10.   

 
3-

2-9  
MCF-7 : 1.2×105 cells/ml, MDA-MB-453 : 2.0×105 cells/ml 24

(37 , 5%CO2,  95%, 
24h) 30 DiOC6(3) 40 nM (37 , 
5%CO2,  95%, 30 min) 30 3000 rpm, 3 min

PBS
DiOC6(3) 488 nm Ar

15 mW FL1 (505 nm ~ 545 nm) DiOC6(3)
 

 
 

5-2-11  Cytochrome c  
 

c c 

c 
MOMP c 

c APAF-1
APAF-1- c APAF-1- c

-9
-9  

 
(MCF-7 : 1.2×105 cells/ml, MDA-MB-453 : 2.0×105 cells/ml) 24

(37 , 5%CO2,  95%)
24 4000 rpm, 3 min
Permeabilization Buffer 10 min, 4 Fixation Buffer 
Working Solution 20 min, Blocking buffer 5000 rpm, 
3min Blocking buffer 30 min, Anti-
Cytochrome c FITC Antibody Anti IgG-FITC 30 min

Blocking buffer PBS
Cytochrome c

488 nm Ar 15 mW FL1
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(505 nm ~ 545 nm) Cytochrome c  
5-2-12.  pJNK  
 

JNK c-Jun Ser63 Ser73
JNK LPS IL-1

MAPK SAPK : Stress-activated Protein Kinase
JNK JNK1-3 JNK1,2
JNK3 JNK

TRIAIL1
JNK c-Jun

AP-1 JNK MOMP
AIF  

 
(MCF-7 : 1.2×105 cells/ml, MDA-MB-453 : 2.0×105 cells/ml) 24

(37 , 5%CO2,  95%)
24 4000 rpm, 3 min
PBS(-) 10% 4 , 10 min PBS(-)

/2.5% -20 4 , 10 min 5% 
BSA+0.1% Triton® X-100 4 , 60 min PBS(-) 1 : 50

Anti JNK(G-7) Alexa Fluor® 488- conjugated Antibody 1 ml 60
, 4 Wash Buffer PBS(-)

pJNK
488 nm Ar 15 mW FL1

(505 nm ~ 545 nm) pJNK  
 
 

5-2-13.  
 

A549 4-2-10
 

35mm Glass Bottom dish MCF-7 : 1.2×105 cells/ml, MDA-MB-
453 : 2.0×105 cells/ml 2 ml/dish

0, 15, 30, 45, 60, 90
488 nm Ar 505~555 

nm  
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5-2-14.  
 

3-2-11
 

1000 rpm, 5 min
1.0×106 cells/ml HBSS

DPH [DPH] = 2.5×10-3 M,  : Tetrahydrofuran  : 2 
μM 37 7 35 HBSS 3

2.5×105 cells/ml
1 cm 2.5 ml 37 1 Control

DPH
357 nm 432 nm  

 
 

5-2-15.  Scratch assay  
 

4-2-11  
6well 2.5 105 cells/ml 2 ml/dish 24

well monolayer
200 μl

PBS(-)
19 0 0

19 EVOS , Advanced microscopy group
A549

0 19
 

 
 

5-2-16. 
 

 
BALB/c-R/J, 7 , 

50 μl 5.0
106 cells/body 5-1 1
1 14 10 ml/kg 15
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mm3     2 1/2 (5-1) 
 

Table 5-2-1 Dose of DMTre. 

 Sample 
Dose (mg/kg) 

DMPC TreC14 

1 Control (5% glucose)   
2 DMPC 13.6  
3 DMTre (30mol%DMPC/ 70mol% TreC14) 13.6 26.0 

 
 

5-2-17.  TUNEL  
 

TUNEL in vivo
3-2-14  
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5-3.   
5-3-1.   

 
DMTre MCF-7, NDA-MB-453

WST-8 assay  
 
DMTre MCF-7 Fig.5-3-1, Fig.5-3-2

DMTre MCF-7 IC50

DMPC 437 μM DMTre 1/10 40.9 μM
 

DMTre MDA-MB-453 Fig.5-3-3, Fig.5-3-4
DMTre MDA-MB-453

IC50 DMPC 1000 μM DMTre 45 μM
 

DMTre
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Fig. 5-3-1 Inhibitory effects of DMTre on the growth of MCF-7 cells. 
Data represent the mean ± S.E. (n = 3) 

[DMPC] = 0 ~ 1.0×10-4M,   [TreC14] = 0 ~ 2.33×10-4M 
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Fig. 5-3-2 Inhibitory concentration (IC50) of DMTre and DMPC on the growth of 
MCF-7cells. 

Data represent the mean ± S.E. (n = 3) 
Incubation time : 48 h. 

*p < 0.05 (DMPC) 
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Fig. 5-3-3 Inhibitory effects of DMTre on the growth of MDA-MB-453 cells. 
Data represent the mean ± S.E. (n = 3) 

[DMPC] = 0 ~ 1.0×10-4M,   [TreC14] = 0 ~ 2.33×10-4M 
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Fig. 5-3-4 Inhibitory concentration (IC50) of DMTre and DMPC on the growth of MDA-
MB-453 cells. 

Data represent the mean ± S.E. (n = 3) 
Incubation time : 48 h. 

*p < 0.05 (DMPC) 
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5-3-2.   

 
DMTre MCF-7, NDA-MB-453

DNA TUNEL
 

 
MCF-7 DMTre Fig.5-3-5 , Fig.5-

3-6  
DMTre MCF-7 DNA

100 μM 80 DNA
Control DMPC TUNEL
DMTre

 
MDA-MB-453 DMTre Fig.5-3-

7 , Fig.5-3-8 DMPC MDA-MB-453 DNA
DMTre TreC14 MDA-MB-453 DNA

TUNEL DMTre
TreC14 MDA-MB-453  

 
DMTre TreC14 DNA
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Fig. 5-3-5 Apoptotic DNA rate of MCF-7 cells treated with DMTre. 
Data represent the mean ± S.E. (n = 3) 

Incubation time : 48 h. 
*p < 0.05 (Control) 

[DMPC] = 0 ~ 1.0×10-4M,   [TreC14] = 0 ~ 2.33×10-4M 
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Fig. 5-3-6 Flurescence micrographs of MCF-7 cells treated with DMTre using confocal 

laser microscope. 
Reaction time : 48h    Scale bar : 10μm 

 [DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 5-3-7 Apoptotic DNA rate of MDA-MB-453 cells treated with DMTre. 

Data represent the mean ± S.E. (n = 3) 
Incubation time : 48 h. 

*p < 0.05 (Control) 
 [DMPC] = 0 ~ 3.0×10-4M,   [TreC14] = 0 ~ 6.99×10-4M 
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Fig. 5-3-8 Florescence micrographs of MDA-MB-453 cells treated with DMPC and 

DMTre using confocal laser microscope. 
Reaction time : 48h    Scale bar : 10μm 

 [DMPC] = 2.0×10-4 M,    [TreC14] = 4.66×10-4 M 
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5-3-3.   
 

DMTre MCF-7, NDA-MB-453

Cytochrome c pJNK  
 
MCF-7 Fig.5-3-9~ Fig.5-3-12

DMTre MCF-7 Control DMPC MCF-7
-6, -9 Fig.5-3-9 -6, -9,

40 ~ 80 % DMTre MCF-7
DMPC MCF-7

Control DMTre MCF-7
Control Fig.5-3-10

Cytochrome c Control DMPC
MCF-7 DMTre MCF-7
Cytochrome c Fig.5-3-11 DMTre
MCF-7 -8

pJNK
Fig.5-3-12 DMPC MCF-7 pJNK

Control DMTre MCF-7 pJNK Control
DMPC MCF-7  

MDA-MB-453 Fig.5-3-13~ Fig.5-3-16
DMTre TreC14 MDA-MB-453 Control DMPC
MDA-MB-453 -3,-6, -8, -9
Fig.5-3-13 -3,-6, -9, 40 ~ 80 %

DMTre MDA-MB-453
DMPC MDA-MB-453

Control DMTre TreC14 MDA-MB-453
Control Fig.5-3-14
Cytochrome c Control DMPC

MDA-MB-453 DMTre MDA-MB-453
Cytochrome c Fig.5-3-15

pJNK Fig.5-
3-16 DMPC MDA-MB-453 pJNK Control
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DMTre MDA-MB-453 pJNK Control DMPC
MDA-MB-453  

 
DMTre
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Fig. 5-3-9 Activation of caspase in MCF-7 cells  treated with DMTre. 
Data represent the mean ± S.E. (n = 3) 

Incubation time : 24 h. 
*p < 0.05 ( Control, DMPC ) 

[DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 5-3-10 Mitochondrial transmembrane potential ( Ψm) disruption of mitochondria 
membrane for MCF-7 cells treated with DMTre. 

Data represent the mean ± S.E. (n = 4) 
Incubation time : 24 h. 

*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 5-3-11 Cytochrome c release from mitochondria of MCF-7 cells and treated with 

DMTre. 
Data represent the mean ± S.E. (n = 3) 

Incubation time : 48 h. 
*p < 0.05 ( Control, DMPC ) 

[DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 5-3-12 Relative expression values of pJNK in MCF-7 cells treated with DMTre. 

Data represent the mean ± S.E. (n = 3) 
Incubation time : 48 h. 

*p < 0.05 ( Control, DMPC ) 
[DMPC] = 1.0×10-4 M,    [TreC14] = 2.33×10-4 M 
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Fig. 5-3-13Activation of caspase in MDA-MB-453 cells treated with DMTre. 

Data represent the mean ± S.E. (n = 3) 
Incubation time : 24 h. 

*p < 0.05 ( Control, DMPC ) 
 [DMPC] = 2.0×10-4 M,    [TreC14] = 4.66×10-4 M 
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Fig. 5-3-14 Mitochondrial transmembrane potential ( Ψm) disruption of mitochondria 

membrane for MDA-MB-453 cells treated with DMTre. 
Data represent the mean ± S.E. (n = 4) 

Incubation time : 24 h. 
*p < 0.05 ( Control, DMPC ) 

 [DMPC] = 2.0×10-4 M,    [TreC14] = 4.66×10-4 M 
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Fig. 5-3-15 Cytochrome c release from mitochondria of MDA-MB-453 cells treated with 

DMTre. 
Data represent the mean ± S.E. (n = 3) 

Incubation time : 48 h. 
*p < 0.05 ( Control, DMPC ) 

 [DMPC] = 2.0×10-4 M,    [TreC14] = 4.66×10-4 M 
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Fig. 5-3-16 Relative expression values of pJNK in MDA-MB-453 cells treated with 

DMTre. 
Data represent the mean ± S.E. (n = 1~3) 

Incubation time : 48 h. 
*p < 0.05 ( Control, DMPC ) 

[DMPC] = 2.0×10-4 M,    [TreC14] = 4.66×10-4 M 
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5-3-4.   
 

DMTre MCF-7, MDA-MB-453

 
MCF-7 Fig.5-3-19, Fig.5-3-20

DMTre MCF-7 Control DMPC MCF-7
NBDPC MCF-7

Fig.5-3-19 DMTre MCF-7
DMTre MCF-7 Control
Fig.5-3-20  

MDA-MB-453 Fig.5-3-21~ Fig.5-3-22
DMTre TreC14 MDA-MB-453 Control DMPC

MDA-MB-453 NBDPC
MDA-MB-453 Fig.5-3-21
DMTre MDA-MB-453 DMTre

MDA-MB-453 Control
Fig.5-3-22  
 

DMTre
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Fig. 5-3-19 Fluorescence micrographs of MCF-7 cells treated with DMPC/NBDPC and 

DMTre/NBDPC, NBDPC using confocal laser microscope. 
Scale bar : 20μm   Magnification : ×40   Reaction time : 60min 

[DMPC] = 8.7×10-5 M, [TreC14] = 2.33×10-4 M, [NBDPC] = 1.3×10-5 M 
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Fig. 5-3-20 Increase in membrane fluidity of MCF-7 cells after the treatment with 
DMTre. 

*p < 0.05 ( Control) (n = 3) 
 Incubation time : 10 min. 

[DMPC] = 3.0×10-5 M,    [TreC14] = 6.99×10-5 M 
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Fig. 5-3-21 Fluorescence micrographs of MDA-MD-453 cells treated with DMPC/ 
NBDPC and DMTre/NBDPC, TreC14/NBDPC, NBDPC using confocal laser 
microscope. 
Scale bar : 20μm   Magnification : ×40   Reaction time : 60min 

[DMPC] = .7×10-5 M, [TreC14] = 2.33×10-4 M, [NBDPC] = 1.3×10-5 M 
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Fig. 5-3-22 Increase in membrane fluidity of MDA-MD-453 cells after the treatment 
with DMTre. 

*p < 0.05 ( Control) (n = 3) 
 Incubation time : 10 min. 

[DMPC] = 3.0×10-5 M,    [TreC14] = 6.99×10-5 M 
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5-3-5.   
 
 

DMTre MCF-7
Scratch assay  

DMTre MCF-7 Fig. 5-3- 23
Control DMPC MCF-7 2

DMTre MCF-7 Control DMPC
MCF-7

Image- j Fig. 5-3-24
Control 44.0% DMPC 44.6% DMTre MCF-7
29.9%  

DMTre MCF-7  
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Fig. 5-3-23 Inhibitory effects of DMTre on the migration of MCF-7 cells using wound 
scratch assay. 

Incubation time : 24 h. 
[DMPC]=4.0×10-5 M,   [TreC14]=9.32×10-5 M 
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Fig. 5-3-24 Relative scratch area of MCF-7 cells treated with DMTre for 19h. 
Data represent the mean ± S.E. (n = 3) 

Incubation time : 24 h. 
*p < 0.05 ( Control, DMPC ) 

[DMPC] = 4.0×10-5 M,   [TreC14] = 9.32×10-5 M 
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5-3-6.  
 

 
DMTre MDA-MB-453

 
Fig. 5-3-25

DMTre  
Fig. 5-3-26 Control
DMTre

 
Fig. 5-3-27 Fig. 5-3-28

Control 0.110 g DMTre
DMTre Control 1/2

0.058 g DMTre  
TUNEL Fig. 5-3-29 Control

DMPC DMTre
DMTre

in vivo  
DMTre MDA-MB-453
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Fig. 5-3-25 Body weight change for xenograft model mice of human breast cancer 
treated with DMTre. 

Data represent the mean ± S.E. (n = 4) 
[DMPC] = 1.0×10-3M,   [TreC14] = 2.33×10-3M 
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Fig. 5-3-26 Subcutaneous tumor volume xenograft model mice of human breast cancer 
treated with DMTre 

Data represent the mean ± S.E. (n = 4) 
*p < 0.05 (Control) 

 [DMPC] = 1.0×10-3M,   [TreC14] = 2.33×10-3M 
 
 

  

0

50

100

150

200

250

7 9 11 13 15 17 19 21

Tu
m

or
 v

ol
um

e (
m

m
3)

Time(day)
Control DMTre



133 
 

 
 
 
 
 
 
 
 
 

 
 

Fig. 5-3-27 Photographs of tumor in xenograft mous models of human breast cancer 
treated with DMTre after the inoculation MDA-MB-453 cells. 

Scale bar : 0.5 mm 
[DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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Fig. 5-3-28 Therapeutic effects of DMTre for xenograft mous models of human breast 
cancer after the inoculation of MDA-MB-453 cells. 

Data represent the mean ± S.E. (n = 3 ~ 6) 
*p < 0.05 (Control, DMPC) 

 [DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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Fig. 5-3-29 Induction of apoptosis for MDA-MB-453 cells for s xenograft mous models 
of human breast cancer topically administered with DMTre. 

Scale bar : 200 μm,  yellow : apoptotic cells 
[DMPC] = 1.0×10-3 M,    [TreC14] = 2.33×10-3 M 
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Fig. 5-3-29 Schematic representation of a mechanism for apoptosis of cancer cells 

induced by DMTre. 
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Fig. 6-3-1 Hemolysis rate of red blood cells treated with DMTre. 

Data represent the mean ± S.E. (n =3) 
 [DMPC] =1.0 ~ 4.0×10-5M,   [TreC14] = 2.33 ~ 9.32×10-5M 
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Fig. 6-3-2 Photographs of tail of normal mouse administered with DMTre 

 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
Scale bar 2cm 
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Fig. 6-3-3 Body changes for normal mice intravenously administered with DMTre with 
two weeks. 

Data represent the mean ± S.E. (n = 4 ~ 8) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 6-3-4 Photographs of lung of normal mice intravenously administered with DMTre 
with two weeks. 

Data represent the mean ± S.E. (n = 4 ~ 8) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 

Scale bar 5 mm 
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Fig. 6-3-5 Photographs of heart of normal mice intravenously administered with DMTre 
with two weeks. 

Data represent the mean ± S.E. (n = 4 ~ 8) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 

Scale bar 5 mm 
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Fig. 6-3-6 Photographs of liver of normal mice intravenously administered with DMTre 

with two weeks. 
Data represent the mean ± S.E. (n = 4 ~ 8) 

 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
Scale bar 5 mm 
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Fig. 6-3-7 Photographs of kidney of normal mice intravenously administered with 

DMTre with two weeks. 
Data represent the mean ± S.E. (n = 4 ~ 8) 

 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
Scale bar 5 mm 
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Fig. 6-3-8 Photographs of spleen of normal mice intravenously administered with 

DMTre with two weeks. 
Data represent the mean ± S.E. (n = 4 ~ 8) 

 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
Scale bar 5 mm 
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Fig. 6-3-10 Hematological findings for normal mice intravenously administered with 
DMTre for two weeks. 

Data represent the mean ± S.E. (n = 4 ~ 8) 
 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 6-3-11 Hematological findings for normal mice intravenously administered with 

DMTre for two weeks. 
Data represent the mean ± S.E. (n = 1 ~ 8) 

 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 6-3-12 Hematological findings for normal mice intravenously administered with 

DMTre for two weeks. 
Data represent the mean ± S.E. (n = 1 ~ 8) 

 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 6-3-13  Biological findings for normal mice intravenously administered with 
DMTre for two weeks. 

Data represent the mean ± S.E. (n = 1 ~ 8) 
[DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 6-3-14  Biological findings for normal mice intravenously administered with 
DMTre for two weeks. 

Data represent the mean ± S.E. (n = 1 ~ 8) 
[DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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6-3-3.   
 

 

Fig. 6-3-15 DMTre DMPC
NBDPC  

Fig. 6-3-16 ~ Fig. 
6-3-21 DMTre DMPC 5

1  
DMTre DMPC

1
 

 
  



160 
 

 
 
 
 
 
 

 

 
Fig. 6-3-15  Fluorescence intensity of NBDPC in serum of normal mice after the 

intravenous administration of DMTre / NBDPC. 
Data represent the mean ± S.E. (n = 2) 

[DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
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Fig. 6-3-16  Fluorescence micrographs of brain section of normal mice after the 
intravenous administration of DMTre / NBDPC 

Scale bar 400 μm 
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Fig. 6-3-17  Fluorescence micrographs of lung section of normal mice after the 
intravenous administration of DMTre / NBDPC 

 [DMPC] =4.0×10-3M,   [TreC14] = 5.32×10-3M 
Scale bar 400 μm 
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Fig. 6-3-18  Fluorescence micrographs of heart section of normal mice after the 
intravenous administration of DMTre / NBDPC 

Scale bar 400 μm 
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Fig. 6-3-19  Fluorescence micrographs of liver section of normal mice after the 
intravenous administration of DMTre / NBDPC 

Scale bar 400 μm 
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Fig. 6-3-20  Fluorescence micrographs of spleen section of normal mice after the 
intravenous administration of DMTre / NBDPC 

Scale bar 400 μm 
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Fig. 6-3-21  Fluorescence micrographs of kidney sectioni of normal mice after the 
intravenous administration of DMTre / NBDPC 

Scale bar 400 μm 
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Fig. 7-1 Schematic representation of a mechanism for apoptosis of cancer cells induced 

by DMTre. 
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