
論文 / 著書情報
Article / Book Information

題目(和文) pH応答性高分子ミセル型ナノメディシンの乳がんリンパ節転移への治
療応用に関する研究

Title(English)

著者(和文) 千田司

Author(English) Tsukasa Chida

出典(和文)  学位:博士(工学),
 学位授与機関:東京工業大学,
 報告番号:甲第11556号,
 授与年月日:2020年6月30日,
 学位の種別:課程博士,
 審査員:西山 伸宏,上田 宏,小畠 英理,三重 正和,三浦 裕

Citation(English)  Degree:Doctor (Engineering),
 Conferring organization: Tokyo Institute of Technology,
 Report number:甲第11556号,
 Conferred date:2020/6/30,
 Degree Type:Course doctor,
 Examiner:,,,,

学位種別(和文)  博士論文

Type(English)  Doctoral Thesis

Powered by T2R2 (Science Tokyo Research Repository)

http://t2r2.star.titech.ac.jp/


 

 

 
 

 
 

pH
 

 
 
 
 
 
 
 
 
 

 

  



i 

 

 
 

JST

COI

AMED P-CREATE

 

 

 

 

 

 

  



ii 

 

 
ALNM  axillary lymph node metastasis   

Asp  aspartic acid     

AUC  area under the concentration-curve   

BAFA1  bafilomycin A1  

CLSM  confocal laser scanning microscopy  

CT  computed tomography    

DACHPt (trans-l-1,2-diaminocyclohexane)platinum(II)  

DCM  dichloromethane     

DDS  drug-delivery system    

DLS  dynamic light scattering    

DMF  N,N-dimethylformamide   N,N-  

DMSO  dimethyl sulfoxide    

DOX  doxorubicin     

D-PBS  Dulbecco’s phosphate-buffered saline 

EPI  epirubicin     

EPI/m  epirubicin-loaded pH-responsive polymeric micelle  

pH  

EPR  enhanced permeability and retention effect  

FBS  fetal bovine serum    

GFP  green fluorescent protein    
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Glu  glutamic acid     

GPC  gel permeation chromatography   

H&E  hematoxylin and eosin staining   

HER2  human epidermal growth factor 2/neu 

HIF  hypoxia-inducible factor    

1H-NMR proton nuclear magnetic resonance spectroscopy 

 

IC50  50% growth inhibitory concentration 50 %  

IVIS  in vivo imaging system   in vivo  

MMPs  matrix metalloproteases      

MRI  magnetic resonance imaging   

MTT  3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide  

NCA-BLA N-carboxyanhydride of β-benzyl L-aspartate  

PDI  polydispersity index    

PEG  polyethylene glycol 

RES  reticuloendothelial system   

ROI  regions of interest    

RPLC  reversed phase liquid chromatography  

TME  tumor microenvironment    

TNBC  triple negative breast cancer   

VCAM-1 vascular cell adhesion molecule-1  

VEGF  vascular endothelial growth factor   
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Figure 1-1. Schematic representation of enhanced permeability and retention effect (EPR 

effect) [37]. 
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Figure 1-2. Formation of doxorubicin loaded unilamellar liposome (Doxil®)[45]. 
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DDS  

 

 

Figure 1-3. Schematic image of albumin-bound formulation of paclitaxel (Abraxane®) [51]. 

 

1.4  

1.4.1  

[55,56]



11 

 

[57]

[57]

DDS

Kataoka

2 III

[58]

 

nm - [59,60]

[60]

[61,62]

[60]

[60]  

EPR

PEG-b-poly(amino acid) [59,60,63]

PEG-b-poly(amino acid) DOX EPI SN-38

(trans-l-1,2-diaminocyclohexane)platinum(II) DACHPt

/



12 
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[59,60]
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(glutamic acid Glu)
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Figure 1-4. Schematic representation of polymeric micelles prepared from polyethylene 

glycol-b-poly(amino acid)[59]. 
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Figure 1-5. Formation of doxorubicin conjugated pH-sensitive polymeric micelle[74]. 
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pH
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2.1  

pH

[1,2] tumor microenvironment TME pH 6.7

[3,4] pH 5.5 pH 4.5-5.5 [5]

-

[1,2] pH

pH epirubicin-

loaded pH-responsive polymeric micelle EPI/m
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EPI/m EPI polyethylene glycol

PEG - poly(aspartic acid) poly(Asp)

- [6]

EPI poly (Asp) Scheme 2-

1 [6]  

[9] EPI/m

[6,10–14]

- PEG-b-poly(β-benzyl L-aspartate) PEG-

b-PBLA

[12] EPI/m

EPI

EPI 20 wt% [13]

[14]  Harada poly(Asp)

[6,14] EPI/m

pH

Harada

 

EPI/m in vitro
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EPI/m

pH

triple-negative breast cancer TNBC MDA-MB-231-

luc-D3H2LN[15] EPI/m

in vitro

 

 

 

Scheme 2-1. Formation of epirubicin loaded polymeric micelles (EPI/m) incorporating acid 

cleavable linkage. 

 

2.2

2.2.1 

N-Carboxyanhydride of β-benzyl L-aspartate NCA-BLA  

Tokyo Japan α-Methoxy-ω-aminopropylpoly ethylene glycol MeO-

PEG-NH2 Mw= 12,000 Tokyo Japan
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Dichloromethane DCM dimethyl sulfoxide DMSO

N,N- N,N-dimethylformamide DMF

Tokyo Japan epirubicin hydrochloride EPI

HCl Chiba Japan

fetal bovine serum FBS LysoTracker® deep red Hoechst 33342 Thermo 

Fisher Scientific Waltham, MA, USA Roswell Park Memorial Institute 

RPMI  1640 Sigma-Aldrich St. Louis MO USA  3-(4,5-

Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide MTT

Kumamoto Japan

Osaka Japan  

 

2.2.2

TNBC MDA-MB-231

Tokyo Japan MDA-MB-231

MDA-MB-231-luc-D3H2LN PerkinElmer Waltham MA

USA 10 %FBS RPMI1640 37 5 % CO2

 

 

2.2.3 EPI

EPI PEG-poly(Asp) PEG-b-[PBLA-co-poly(Asp-Hyd-EPI)]

[12,14] Scheme 2-2

MeO-PEG-NH2 NCA-BLA DCM DMF [DCM/DMF 

= 15/1 v/v ] MeO-PEG-NH2

40 NCA-BLA 35 ℃3 . 
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[ /  = 3/2 v/v ]

PEG-b-

PBLA PEG-b-PBLA DMF 20

Hydrazine anhydrous 3

PEG-b-PBLA PEG-b-

[PBLA-co-poly(Asp-Hyd)] PEG-b-[PBLA-co-poly(Asp-Hyd)] DMSO

30 EPI HCl

sephadex LH-20 Sigma-Aldrich

2 cm 15 cm EPI HCl 

2

Spectra/Por Regenerated Cellulose Membrane1 molecular cut off 6,000-8,000 Da

/ PEG-b-[PBLA-co-

poly(Asp-Hyd-EPI)]  
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Scheme 2-2. Synthesis route of epirubicin conjugated poly(ethylene glycol)-b-poly(aspartate) 

block copolymers (PEG-b-[PBLA-co-poly(Asp-Hyd-EPI)]). 

2.2.4

Mw/Mn gel 

permeation chromatography GPC   

[GPC ] 

TSK-gel G3000HHR G4000HHR Tosoh co., Inc., Tokyo, Japan

10 mM DMF 

0.8 mL/min 

25 
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PEG-b-PBLA PBLA PEG-b-[PBLA-co-poly(Asp-

Hyd)] -

proton nuclear magnetic resonance spectroscopy 1H-NMR

PBLA DPPBLA PEG -OCH2CH2-: δ = 

3.5 ppm PBLA -CH2C6H5: δ = 7.3 ppm

. PEG-b-[PBLA-co-poly(Asp-Hyd)]

1H-NMR

-COCH3: δ = 1.8 ppm

 

 

[1H-NMR ] 

 400 MHz 

DMSO-d6 

64  

 25  

 

2.2.5 EPI  

PEG-b-[PBLA-co-poly(Asp-Hyd-EPI)] EPI

reversed phase liquid chromatography RPLC

PEG-b-[PBLA-co-poly(Asp-Hyd-EPI)] 10 mg 0.1N

0.1N 10 mL 1 mL 0.1N

50 mL 30 1

EPI
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EPI HCl 10 mg

10 mL 1 mL 50 mL

10 μL RPLC EPI

PEG-b-[PBLA-co-poly(Asp-Hyd-EPI)] EPI

 

 

EPI wt%  

[EPI HCl mg ]/{ PEG-b-[PBLA-co-poly(Asp-Hyd-EPI)] mg }

/ 100 

 

[RPLC ] 

 254nm  

  TSK-GEL ODS-80TM TOSOH  

40  

 /4 mM pH3.0 3/2  

 

2.2.6 EPI/m  

PEG-b-[PBLA-co-poly(Asp-Hyd-EPI)] 10 mg/mL 10 

wt%

polyvinylidene fluoride PVDF  Millipore Millex  pore size

0.22 μm Merck Darmstadt Germany  EPI/m

EPI

80  
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2.2.7 EPI/m  

EPI/m polydispersity index PDI Zetasizer Nano ZS 

Malvern Instruments; Worcestershire, UK dynamic light 

scattering DLS  

 

[DLS ] 

 633 nm 

  25  

 1 mg/mL 

 

EPI EPI/m 1mL 2.2.5

 

 

2.2.8 in vitro  

pH NaCl 4

[16]  

1. 150 mM NaCl 10 mM pH 7.4  

2. 20 mM NaCl 10 mM pH 6.9  

3. TME 150 mM NaCl 10 mM pH 6.7  

4. 70 mM NaCl 10 mM pH 5.5  

EPI/m EPI 20 μg/mL 37 

2 1 mL

EPI 2.2.5
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%  

[ EPI μg/mL ] / 20 100 

 

2.2.9  

3 × 106 cells/dish MDA-MB-231-luc-D3H2LN 175 cm2

37 5 %CO2 24

Dulbecco’s phosphate-buffered saline D-PBS ( ) 1

EPI 10 μg/mL EPI/m RPMI1640 25 mL

37 5 %CO2 0.05 % 

Trypsin-EDTA

300 g 5 4 0.1M

pH 7.4 1 mL

5,000g 5 4

 

EPI released EPI released 

EPI EPI EPI total EPI

released EPI 50 μL

125 μL 1 v/v% Triton X-100/D-PBS( )  25μL

5,000g 5 4 75 μL

2 μg/mL /20 mM pH 7.4  

75 μL total EPI 50 μL

130 μL 1N 20 μL 1

1 v/v% Triton X-100/D-PBS(-)  25μL
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5,000g 5 4 75 μL

2 μg/mL /25 mM pH 3.0  

75 μL EPI HCl 5 mg

100 mL 2 mL 50 

mL 50 μL RPLC

EPI

EPI  

 

released EPI pg/cell  

[EPI HCl mg ]/2,500 / 

4/ cells  

 

total EPI pg/cell  

[EPI HCl mg ]/2,500 / 

4.5/ cells  

 

[RPLC ] 

 488 nm 560 nm  

 TSK-GEL ODS-100V TOSOH  

40  

 /25 mM pH3.0 3/7  

 

2.2.10  

6 × 104 cells/well MDA-MB-231-luc-D3H2LN Lab-
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Tek 8-well chambered coverglass Thermo 5 %CO2 24 37 

 D-PBS (-) 1

EPI 5 μg/mL EPI/m 1 mL 37 5 %CO2

24 EPI/m

D-PBS ( ) 2

LysoTracker® deep red Hoechst 33342

confocal laser scanning microscopy CLSM Zeiss LSM780 Carl Zeiss

Oberkochen Germany EPI/m LysoTracker® deep red Hoechst 

33342 488 633 405 nm  

 

2.2.11 pH  

3 × 106 cells/dish MDA-MB-231-luc-D3H2LN 175 cm2

37 5 %CO2 24

Dulbecco’s phosphate-buffered saline D-PBS ( ) 1

10 ng/mL Bafilomycin A1 BAFA1 RPMI1640 25 mL 37 

5 %CO2 1 BAFA1

EPI 10 μg/mL EPI/m 10 ng/mL 

Bafilomycin A1 RPMI1640 25 mL 37 5 %CO2 24

0.05 % Trypsin-EDTA

300 g

5 4 0.1M pH 7.4 1 mL

5,000g 5 4  

EPI released EPI released 
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EPI EPI EPI total EPI 2.2.9

H+-ATPase BAFA1 free EPI

10 μg/mL EPI HCl

 

 

2.2.12 in vitro  

EPI/m MDA-MB-231-luc-D3H2LN MDA-MB-231

50 % 50% growth inhibitory concentration IC50 MTT

5,000 cells/well/50 μL MDA-MB-231-luc-

D3H2LN MDA-MB-231 96-well plate 37 5 %CO2

24 EPI/m

free EPI 50 μL 37 5 %CO2 48

72 5 mg/mL MTT 10 μL

37 5 %CO2 2.5

100 mg/mL 100 μL 37 

5 %CO2 24

595 nm

- IC50  

 

2.3  

2.3.1 EPI  

EPI PEG-b-[PBLA-co-poly(Asp-Hyd-EPI)] MeO-PEG-NH2 

Mw= 12,000 MeO-PEG-NH2
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NCA-BLA PEG-b-PBLA GPC Figure 2-1

PEG-b-PBLA Mw/Mn = 1.07

PBLA DPPBLA
1H-NMR 

Figure 2-2 PEG -OCH2CH2-: δ = 

3.5 ppm PBLA -CH2C6H5: δ = 7.3 ppm

DPPBLA 39   

  

 

Figure 2-1. Gel permeation chromatography of PEG-b-PBLA (column: TSK-gel G3000HHR, 

G4000HHR; eluent: DMF containing 10 mM LiCl; flow rate: 0.8 mg/ml; temperature: 25 °C; 

detected signal: refractive index). The obtained molecular weight distribution (Mw/Mn) of the 

polymer was shown in the figure. 

 

22 24 26 28 30 32

Retention time (min)

Mw/Mn = 1.07



48 

 

 

Figure 2-2. Proton nuclear magnetic resonance spectra of PEG-b-PBLA in DMSO-d6 at 

25 °C. The spectra was obtained at 400 MHz and accumulated 64 times. 

 

- PEG-b-PBLA 

PEG-b-[PBLA-co-poly(Asp-Hyd)]

1H-NMR

1H-NMR Figure 2-3 1 15

PBLA

20
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Figure 2-3. Proton nuclear magnetic resonance spectra of PEG-b-[PBLA-co-poly(Asp-Hyd)] 

in DMSO-d6 at 25 °C. The hydrazide group was labeled with acetic anhydride for quantification 

of the introduction rate. The spectra was obtained at 400 MHz and accumulated 64 times. 

 

PEG-b-[PBLA-co-poly(Asp-Hyd)] DMSO EPI HCl

PEG-b-[PBLA-co-poly(Asp-Hyd-EPI)] EPI

RPLC 0.1N EPI HCl

EPI EPI 20 wt%

1 EPI 10 

molEPI/molpolymer  

 

2.3.2 EPI/m  

EPI/m PEG-b-[PBLA-co-poly(Asp-Hyd-EPI)] 10 wt%

DLS

Z 55 nm PDI = 0.09

Figure 2-4   
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Figure 2-4. Size distribution of EPI/m determined by dynamic light scattering measurement 

(Laser wavelength: 633 nm; temperature: 25 °C). 

 

2.3.3 EPI/m in vitro  

EPI/m pH

pH 3.0 pH 7.4 pH 7.0

[6]

pH 7.4, 150mM NaCl TME pH 6.7, 150mM NaCl

pH 6.9, 20mM NaCl pH 5.5, 

70mM NaCl EPI/m Figure 

2-5 pH pH

pH 7.4 EPI pH 7.4
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te

ns
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pH 6.7 pH 5.5 EPI/m

TME pH 6.7

Scheme 2-3  

 

 

Figure 2-5. in vitro pH-triggered drug release profile of EPI/m. Released EPI was measured by 

reversed phase liquid chromatography. Data are presented mean ± SD (n=3). 
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Scheme 2-3. Controlled release system of epirubicin loaded micelles (EPI/m) incorporating 

acid cleavable linkage 

 

2.3.4 EPI/m  

EPI/m

EPI/m

MDA-MB-231-luc-D3H2LN

in vitro  

EPI/m EPI

EPI 10 μg/mL 

EPI/m MDA-MB-231-luc-D3H2LN

EPI

EPI EPI EPI 2
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EPI/m EPI released EPI released EPI

EPI EPI total EPI

 

Figure 2-6 MDA-MB-231-luc-D3H2LN EPI/m

released EPI total EPI

EPI/m EPI

 

 

 

Figure 2-6. Intracellular EPI amount in MDA-MB-231-luc-D3H2LN cells at 1h, 4h, 8h and 

24h after addition of EPI/m 10 μg/mL on an EPI basis. EPI/m was quantified as total drug 

concentration from micelle (released drug and polymer conjugated drug in micelle, total EPI) 

and released drug from micelle (released EPI) by reversed phase liquid chromatography. Data 

are presented mean ± SE (n=3). 
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EPI/m
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Figure 2-7. Intracellular localization of EPI/m at 24 h after the addition of the micelles to MDA-

MB-231-luc-D3H2LN cells observed by confocal laser scanning microscopy. Nucleus and 

acidic organelles were stained by Hoechst 33342 and LysoTracker® deep red, respectively. 

Confocal images showing a) nucleus, b) phase contrast, c) acidic organelles, d) released EPI 

from EPI/m and e) a merged image of a), c) and d).  
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EPI/m

pH

 

 

a)     b) 

 

Figure 2-8. The effect of a proton pump inhibitor on the intracellular EPI amount in MDA-

MB-231-luc-D3H2LN cells. Cells were incubated for 24h with free EPI or EPI/m 10 μg/mL on 

an EPI basis. a) Intracellular amount of EPI/m. EPI/m was quantified as total drug concentration 

from micelle (released drug and polymer conjugated drug in micelle, total EPI) and released 

drug from micelle (released EPI) by reversed phase liquid chromatography. b) Intracellular 

amount of free EPI quantified by reversed phase liquid chromatography. Data are presented 

mean ± SE (n=3). * < 0.05 was determined by Student’s t-test. 
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2.3.5 EPI/m in vitro

EPI/m MDA-MB-231-luc-D3H2LN parental cell line MDA-

MB-231 MTT EPI

EPI/m free EPI

48 72 MTT

 

EPI/m free EPI

Figure 2-9

EPI

[19,20] EPI/m

released EPI  
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a)     b) 

  

Figure 2-9. The Growth inhibitory effects of EPI/m and free EPI on triple negative breast cancer 

cell lines. MDA-MB-231-luc-D3H2LN or MDA-MB-231 cells were cultured with various 

concentrations of EPI/m or free EPI. After 48 and 72 hours, cell proliferation was measured by 

MTT assay. Results represent the mean ± SD of three experiments performed in triplicate. a) 

Dose-dependent inhibitory effect of EPI/m and free EPI on MDA-MB-231-luc-D3H2LN. b) 

Dose-dependent inhibitory effect of EPI/m and free EPI on MDA-MB-231.
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released EPI EPI/m

released EPI

EPI/m

 

 

Table 2-1. 50 % growth inhibitory concentrations (IC50) of EPI/m and free EPI against MDA-

MB-231-luc-D3H2LN or MDA-MB-231 were determined by MTT assay. Cells were treated 

with several concentrations of EPI/m or free EPI for 48hours and 72 hours. Data are presented 

as mean ± SD (n=3). 

 

 

2.4  

EPI/m pH

in vitro

EPI/m TME

EPI/m

pH

EPI/m

Samples IC50 (μg/mL)

48h 72h 48h 72h

EPI/m 5.1 ± 0.28 0.88 ± 0.055 6.1 ± 2.6 2.5 ± 0.57

free EPI 0.91 ± 0.048 0.45 ± 0.018 1.2 ± 0.36 0.73 ± 0.12

Ratio (EPI/m/free EPI) 5.6 ± 0.54 1.9 ± 0.19 5.1 ± 2.1 3.4 ± 0.25

MDA-MB-231-luc-D3H2LN MDA-MB-231
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[2]  [3,4]

ALNM



66 

 

 [2]

[5]

[6] [7]

[8]

[9]

pH epirubicin-loaded pH-responsive polymeric micelle

EPI/m [10–12] TNBC ALNM

 

ALNM

TNBC EPI/m in vivo
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D3H2LN

[13]

ALNM in vivo  IVIS

MDA-MB-231-luc-D3H2LN MDA-MB-231 EPI/m

ALNM free 
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3.2  

3.2.1  

fetal bovine serum FBS Thermo Fisher Scientific Waltham, 

MA, USA Roswell Park Memorial Institute RPMI 1640 Sigma-

Aldrich St. Louis MO USA Matrigel basement membrane matrix

Corning Corning NY USA  VivoGlo

Promega Madison WI USA

Osaka Japan  

 

3.2.2  

TNBC MDA-MB-231

Tokyo Japan MDA-MB-231

MDA-MB-231-luc-D3H2LN PerkinElmer Waltham MA

USA 10 %FBS RPMI1640 37 5% 

CO2 BALB/C  BALB/C nu/nu

4 Charles River Japan Kanagawa Japan 1

Kawasaki, Japan Tokyo, Japan

 

 

3.2.3  

EPI/m 2

EPI 2 mg/mL 10 wt% stock solution
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80

10 wt%  

 

3.2.4  

ALNM TNBC [13]  

MDA-MB-231-luc-D3H2LN 2 × 106 cells/50 μL Dulbecco’s phosphate-

buffered saline D-PBS ( ) 1:1 BALB/C

16-21 g/body 5

MDA-MB-231

 

 

3.2.5  

MDA-MB-231-luc-D3H2LN

 

V a b

 

 

V mm3 = [a mm  b2 mm ]/2 

 

MDA-MB-231-luc-D3H2LN IVIS

PerkinElmer

MDA-MB-231-luc-D3H2LN 

VivoGlo /D-PBS( ) 150 mg/kg
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1 IVIS MDA-MB-231-luc-D3H2LN 

Living Image software PerkinElmer

regions of interest ROI

photon counts per second photons/sec

1 5

5

 

 

3.2.6  

3.2.4 MDA-MB-231-luc-D3H2LN 

20 4 n=6 

free EPI 10 mg/kg EPI/m EPI 10 

mg/kg 20 mg/kg 10 wt% 1

3

ALNM  

 

3.2.7.  

2 two-way 

analysis of variance two-way ANOVA P 0.05
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3.3  

3.3.1 MDA-MB-231-luc-D3H2L

 

ALNM

MDA-MB-231-luc-D3H2LN

TNBC MDA-MB-231

subclone [13]

in vivo [14–19]

[15]

 

MDA-MB-231-luc-D3H2LN

MDA-MB-231 2 × 106 cells MDA-MB-231-luc-D3H2LN

MDA-MB-231

Figure 3-1

MDA-MB-231-luc-D3H2LN

MDA-MB-231

Figure 3-1 a Figure 3-1 b

 

MDA-MB-231-luc-D3H2LN MDA-MB-231

[13]

matrix metalloproteases
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MMPs

[20] MDA-MB-231

[21] MDA-MB-231-luc- 

D3H2LN

 

MDA-MB-231-luc-D3H2LN

IVIS

Figure 3-1 c Figure 3-1 a

[13,22]

[22] Figure 3-1 a c
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a)      b) 

   
c) 

 
Figure 3-1. Primary tumor growth after orthotopic inoculation of human-derived triple-

negative breast cancer cell lines. 2 × 106 cells of MDA-MB-231-luc-D3H2LN or MDA-MB-

231 were inoculated into the left abdominal mammary gland of female nude mice. Primary 

tumor growth was measured by a vernier caliper and an in vivo imaging system. Results 

represent the mean ± SE (n = 8). a) Comparison of primary tumor growth between MDA-MB-

231-luc-D3H2LN and MDA-MB-231. b) Comparison of body weight change between MDA-

MB-231-luc-D3H2LN and MDA-MB-231. c) Time course of the bioluminescence signal 

derived from MDA-MB-231-luc-D3H2LN primary tumor. 
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3.3.2 MDA-MB-231-luc-D3H2L

 

MDA-MB-231-luc-D3H2LN 

IVIS IVIS

5

Table 3-1  

4

8 8

6 75 %

MDA-MB-231-luc-

D3H2LN

[23]
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Table 3-1. Time course of metastasis formation in mice having MDA-MB-231-luc-D3H2LN 

orthotopic breast cancer primary tumor. 2 × 106 cells of MDA-MB-231-luc-D3H2LN were 

inoculated into the left abdominal mammary gland of female nude mice. Metastasis formation 

of the tumor-bearing mice was evaluated by an in vivo imaging system. 

 

 

MDA-MB-231-luc-D3H2LN 

ALNM EPI/m

EPI/m

ALNM

In vivo

ALNM IVIS 3 EPI/m

[11] ALNM

ALNM EPI/m

5  

 

left right both
7 0/8 0 0 0 0
14 0/8 0 0 0 0
21 0/8 0 0 0 0
28 2/8 2 0 0 0
35 2/8 2 0 0 0
42 3/8 1 0 2 0
49 5/8 0 2 3 2
56 6/8 1 0 5 2

days after
inoculation

(day)

incidence of
metastasis other

sites
axillary lymph node

location of metastasis
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3.3.3 MDA-MB-231-luc-D3H2LN

EPI/m  

ALNM TNBC

EPI/m ALNM

MDA-MB-231-luc-D3H2LN 3 10 wt% 

free EPI 10 mg/kg EPI/m

EPI 10 mg/kg 20 mg/kg 1 3

ALNM IVIS

Figure 3-2 3  

EPI/m 10 mg/kg

black squares in Figure 3-2 a

20 mg/kg 10 mg/kg

white squares in Figure 3-2 a

EPI/m Figure 3-2 b free EPI

[11] 10 mg/kg EPI/m

white triangles in Figure 3-2 a  
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a)       b) 

  

Figure 3-2. Inhibitory effect of free EPI or EPI/m on primary tumor growth in MDA-MB-231-

luc-D3H2LN orthotopic breast cancer primary tumor model mice. a) Relative orthotopic breast 

cancer primary tumor growth in mice treated with 10% sucrose (control), free EPI 10 mg/kg, 

EPI/m 10 mg/kg or EPI/m 20 mg/kg on days 0, 7 and 14 (black arrows). Data are presented as 

mean ± SE (n=6). † > 0.05, * < 0.05 and ** < 0.01 were determined by two-way ANOVA test. 

b) Changes in relative average body weight of mice. Data are presented as mean ± SE (n = 6). 

No significant body weight loss i.e. 20 % within 1 week was observed in any of the mice 

during the experiment. 
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free EPI ALNM

Figure 3-3 a free EPI
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3.3.2 ALNM

IVIS Figure 

3-3 b EPI/m

Figure 3-3 a free 

EPI
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Figure 3-3 free EPI
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[9] EPI/m

ALNM
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a) 

 
b) 

 

Figure 3-3. Inhibitory effect of free EPI or EPI/m on spontaneous ALNM development. a) 

Relative average photon flux from spontaneous ALNM in mice treated with 10% sucrose 

(control), free EPI 10 mg/kg, EPI/m 10 mg/kg or EPI/m 20 mg/kg on days 0, 7 and 14 (black 

arrows). Data are presented as mean ± SE (n=6). † > 0.05 and ** < 0.01 were determined by 

two-way ANOVA test. b) Bioluminescent images of mice each four treatment groups at day 35. 
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epirubicin EPI

hypoxia-inducible factor HIF

[1]

in vivo

[2,3]
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in vivo
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Enhanced Permeability and Retention effect EPR [4]

[5–7]

Makino (trans-l-1,2-diaminocyclohexane)platinum(II) DACHPt

[8]

cyclic Arg-Gly-Asp cRGD

[8]  

3 pH EPI epirubicin-loaded pH-responsive 

polymeric micelle EPI/m

triple negative breast cancer TNBC

axillary lymph node metastasis ALNM

EPI/m ALNM free EPI

EPI/m ALNM EPR

pH

pH 6.5-7.2

[9,10] EPI/m

 

EPI/m ALNM

3 TNBC EPI/m
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EPI

EPI/m  

 

4.2  

4.2.1  

fetal bovine serum FBS Hoechst 33342 Alexa Fluor

 647 N-hydroxysuccinimidyl ester Alexa 647 NHS ester Thermo Fisher Scientific 

Waltham, MA, USA Roswell Park Memorial Institute RPMI 1640

Sigma-Aldrich St. Louis MO USA DyLight 488 conjugated tomato 

lectin Vector Laboratories Burlingame, CA, USA Matrigel basement 

membrane matrix Corning Corning NY USA  VivoGlo

Promega Madison WI USA

Osaka Japan  

 

4.2.2  

TNBC MDA-MB-231

MDA-MB-231-luc-D3H2LN PerkinElmer Waltham MA USA

MDA-MB-231 green fluorescent protein GFP

MDA-MB-231/GFP Cell Biolabs San Diego CA USA

10 %FBS RPMI1640 5 % CO2 37 

BALB/C  BALB/C nu/nu 4
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Charles River Japan Kanagawa Japan 1

Kawasaki, Japan

Tokyo, Japan  

 

4.2.3  

EPI/m 2 In vivo

EPI 2 mg/mL 10 wt% stock solution

10 wt% stock solution 80 

Alexa 647 EPI/m N PEG-b-poly(β-

benzyl L-aspartate) PEG-b-PBLA [11]

PEG-b-PBLA dimethyl sulfoxide DMSO

1/6 Alexa 647 NHS ester 50 3

sephadex LH-20 Sigma-Aldrich

2 cm 15 cm

Alexa 647 NHS ester

2 Spectra/Por Regenerated Cellulose Membrane1 molecular cut 

off 6,000-8,000 Da / Alexa 647

PEG-b-PBLA  

Alexa 647 PEG-b-PBLA EPI

2 Alexa EPI/m

1/1 2
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4.2.4  

MDA-MB-231-luc-D3H2LN TNBC 3

Alexa 647 EPI/m

MDA-MB-231/GFP 3 TNBC

 

 

4.2.5  

BALB/C 16 21 g/body 5 MDA-

MB-231-luc-D3H2LN 2 × 106 cells/50 μL

20 2 15

EPI 25 mg/kg free EPI EPI/m

1 8 24 48 96

5,000g 5

4 3

Dulbecco’s phosphate-buffered saline D-PBS ( )

5,000g 5 4

EPI released EPI released EPI EPI

EPI total EPI released EPI

50 μL 125 μL 1 v/v% Triton X-100/D-

PBS( )  25μL

5,000g 5 4 75 μL 2 μg/mL

/20 mM pH 7.4  75 μL
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total EPI 50 μL 130 μL 1N

20 μL 1 1 v/v% Triton X-100/D-

PBS( )  25μL 5,000g

5 4 75 μL 2 μg/mL

/25 mM pH 3.0  75 μL EPI

HCl 5 mg 100 mL 2 

mL 50 mL

50 μL reversed phase liquid 

chromatography RPLC EPI

EPI

free EPI total EPI

 

 

released EPI % dose/mL  

[EPI HCl mg ]/2,500 / 

4/5 

 

total EPI % dose/mL  

[EPI HCl mg ]/2,500 / 

4.5/5 

 

released EPI % dose/g organ  

[EPI HCl mg ]/2,500 / 

4 D-PBS( ) /5 
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released EPI % dose/g organ  

[EPI HCl mg ]/2,500 / 

4.5 D-PBS( ) /5 

 

[RPLC ] 

 488 nm 560 nm  

 TSK-GEL ODS-100V TOSOH  

40  

 /25 mM pH3.0 3/7  

 

4.2.6 Alexa 647 EPI/m  

BALB/C 16-21 g/body 5 MDA-

MB-231-luc-D3H2LN MDA-MB-231/GFP 2 × 106 cells/50 μL

3 EPI 50 mg/kg Alexa 647 EPI/m

24

DyLight 488 conjugated 

tomato lectin Hoechst 33342 1/1 30

confocal laser scanning microscopy CLSM Nikon A1R ECLIPSE FN1 Nikon

Tokyo Japan Alexa647 EPI/m DyLight 488 conjugated tomato lectin

Hoechst 33342 640 489 404 nm

662.5–737.5 500–550 425–475 nm
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4.3  

4.3.1 EPI/m  

EPI/m EPR

EPI/m TNBC

TNBC

EPI 25 mg/kg free EPI EPI/m

1 8 24 48 96

EPI RPLC EPI/m EPI

EPI EPI 2

2

EPI/m EPI released EPI released EPI EPI

EPI total EPI Figure 

4-1  

free EPI squares in Figure 4-1

total EPI circles in Figure 4-1 96

released EPI triangles in Figure 4-

1 total EPI EPI/m
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Figure 4-1. Plasma clearance of EPI in mice having orthotopic breast cancer primary tumor at 

1h, 8h, 24h, 48h and 96h after injection of EPI/m or free EPI at 25 mg/kg on an EPI basis. For 

EPI/m, both of total drug concentration (released drug and polymer conjugated drug in micelle, 

total EPI) and released drug from micelle (released EPI) were quantified. Data are presented as 

mean ± SE (n=3). 

 

EPI

RPLC Figure 4-2 EPI/m EPI

black bars in Figure 4-2 free EPI white bars in Figure 4-2

EPI/m EPI

diagonally striped bars in Figure 4-2 24
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96 free EPI  
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Figure 4-2. EPI concentration in orthotopic breast cancer primary tumor resected 1h, 8h, 24h, 

48h and 96h after injection of EPI/m or free EPI at 25 mg/kg on an EPI basis. For EPI/m, both 

of total drug concentration (released drug and polymer conjugated drug in micelle, total EPI) 

and released drug from micelle (released EPI) were quantified. Data are presented as mean ± 

SE (n=3). ** < 0.01 was determined by Studentent’s t-test. 
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Figure 4-3 AUC

1 % EPI

AUC

EPI/m

 

 

 

Figure 4-3. Changes in the area under the concentration-curve (AUC) ratio of release EPI and 

total EPI from EPI/m in primary tumor or plasma. Data are presented as mean ± SE (n=3). **< 

0.01 was determined by Student’s t-test. 
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4.3.2 Alexa 647 EPI/m  

EPI/m

EPI/m

[12] / [13]

EPI Alexa 647

Alexa 647 EPI/m  

EPI/m EPI

EPI RPLC 0.1N

EPI EPI

EPI 14 wt% 20 wt% 2

EPI

Alexa 647

dynamic light scattering DLS

Alexa 647 EPI/m Z 53 nm PDI = 0.13

55 nm PDI = 0.09 Figure 4-4 EPI

Alexa 

647 EPI/m  
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Figure 4-4. Size distribution of Alexa 647 labeled EPI/m determined by dynamic light 

scattering measurement (Laser wavelength: 633 nm; temperature: 25 °C). 

 

4.3.3 Alexa 647 EPI/m  

Alexa 647 EPI/m TNBC

MDA-MB-231/GFP Alexa 647
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Figure 4-5. Fluorescence microscopic images of the orthotopic breast cancer primary tumor 

excised from the mouse 24 h after injection of Alexa 647 labeled EPI/m (red). Tumor cells were 

visualized by using of a green fluorescence protein expressing cell line (MDA-MB-231/GFP, 

green). The cell nuclei (blue) were stained with an injection of Hoechst 33342. Confocal images 

showing the distribution of Alexa 647 labeled EPI/m a) in tumor tissue and b) around tumor 

cells. 

 

MDA-MB-231-luc-D3H2LN

Alexa 647 EPI/m

DyLight 488 conjugated tomato lectin Hoechst 33342 1/1

30 Figure 4-6

Alexa 647 EPI/m Figure 4-6 c

Figure 4-6 a 100 μm EPI/m

arrows in Figure 4-6 d free EPI

[13,14] EPI/m free EPI

 

EPI/m MDA-MB-231
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pH 6.8 magnetic resonance 

imaging MRI [15,16] pH

[17] EPI/m

 

 

 

Figure 4-6. Fluorescence microscopic images of the orthotopic breast cancer primary tumor 

excised from the mouse 24 h after injection of Alexa 647 labeled EPI/m (red). Perfused blood 

vessels (green) and the cell nuclei (blue) were stained with an injection of DyLight 488 

conjugated tomato lectin and Hoechst 33342, respectively. Confocal images showing a) Blood 

vessels, b) Nuclei, c) Alexa 647 labeled EPI/m and d) a merged image of a), b) and c). 
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4.3.4  

EPI/m TNBC

EPI/m free EPI

EPI/m

ALNM

 

[18] HIF

[19,20] MDA-MB-231 HIF

lysyl oxidase LOX [3,21]

HIF HIF

[1–3] in vitro

0.2 μM

in vivo

[2] 5 HIF

[2]  

EPI/m 3

Figure 4-2 free EPI

0.1 %dose/g organ EPI/m

10 mg/kg 0.3 μM

EPI/m
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axillary lymph node metastasis ALNM

triple-negative breast cancer
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ALNM TNBC pH epirubicin

EPI EPI/m free EPI 2

ALNM 0.2 mm ALNM

free EPI EPI/m 0.2 mm

ALNM EPI/m EPI/m

ALNM

 

 

5.1  

axillary lymph node metastasis ALNM

16

[1] 1970 ALNM

Halsted

radical mastectomy [2] [1] i) 

/ [3] ii) 

[4,5] iii) 

[6]
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[7] / 2 mm

ALNM [8]

0.5 mm computed 

tomography CT / ALNM

[8] CT 0.2 mm

ALNM

[9,10] ALNM  

ALNM

[8] ALNM

[8]

® ALNM

[11]

triple negative breast cancer 

TNBC epirubicin EPI

[8]

[12–14] TNBC

 

EPI pH epirubicin-loaded pH-responsive polymeric micelle

EPI/m free EPI

[15] EPI/m ALNM



108 

 

3

EPI/m TNBC ALNM

4 EPI/m

ALNM 3

ALNM EPI/m ALNM

4

ALNM EPI/m

EPI/m ALNM free EPI

ALNM

 

TNBC MDA-MB-231-luc-D3H2LN[16]

ALNM EPI/m

ALNM 2

EPI/m free EPI  

 

5.2  

5.2.1  

fetal bovine serum FBS Thermo Fisher Scientific Waltham, 

MA, USA Roswell Park Memorial Institute RPMI 1640 Sigma-

Aldrich St. Louis MO USA Matrigel basement membrane matrix

Corning Corning NY USA  VivoGlo

Promega Madison WI USA

Osaka Japan  
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5.2.2  

TNBC MDA-MB-231

MDA-MB-231-luc-D3H2LN PerkinElmer Waltham MA USA

10 %FBS RPMI1640 5% CO2 37

BALB/C  BALB/C nu/nu 4 Charles 

River Japan Kanagawa Japan 1

Kawasaki, Japan

Tokyo, Japan  

 

5.2.3  

EPI/m 2

EPI 2 mg/mL 10 wt% stock solution

10 wt%  

 

5.2.4  

MDA-MB-231-luc-D3H2LN 96-well plate

2,000-20,000 cells/well/50 μL n = 4 300 μg/mL VivoGlo

/D-PBS( ) 50 μL in vivo  IVIS

PerkinElmer

Living Image software PerkinElmer photon 

counts per second photons/sec
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5.2.5

 

ALNM

MDA-MB-231-luc-D3H2LN 1 × 106 cells/10 μL Dulbecco’s 

phosphate-buffered saline D-PBS ( ) 1/1 BALB/C

16-21 g/body 5

ALNM IVIS 3

ALNM

6 × 105 photon/sec 2 × 106 photon/sec

ALNM ALNM

4 7

IVIS ALNM

 

 

5.2.6  

5.2.5 ALNM

10 % 5 μm

hematoxylin and eosin H&E

ALNM  
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5.2.7  pH  

5.2.5 ALNM ALNM

ALNM ALNM

4 n=4 

free EPI 10 mg/kg EPI/m EPI

10 mg/kg 20 mg/kg 10 wt% 1

3 ALNM ALNM 5

n=4 free EPI 10 mg/kg EPI/m

EPI 10 mg/kg 20 mg/kg 25 mg/kg 10 wt% 

1 3

ALNM

IVIS  

 

5.2.8.  

2 two-way 

analysis of variance two-way ANOVA P 0.05
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5.3  

5.3.1

 

MDA-MB-231-luc-D3H2LN

ALNM MDA-MB-231-luc-D3H2LN

triple negative breast cancer TNBC

[16] ALNM [16–22]

[16,21,23] ALNM

ALNM

[24] 3

ALNM

 

ALNM

[25]  

MDA-MB-231-luc-D3H2LN 

1 × 106 cells/10 μL 16-21 g/body 5

IVIS

Table 5-1 2
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8

7 88 %

MDA-MB-231-luc-

D3H2LN

 

7 7

IVIS 7 6

Figure 5-1 ALNM

 

 

Table 5-1. Time course of metastasis formation after footpad injection of MDA-MB-231-luc-

D3H2LN. 1 × 106 cells of MDA-MB-231-luc-D3H2LN were inoculated into the left forepaw 

of female nude mice. Metastasis formation of the tumor-bearing mice was evaluated by an in 

vivo imaging system. 

 

 

  

left right both
7 0/8 0 0 0 0
14 1/8 1 0 0 0
22 4/8 4 0 0 0
29 7/8 7 0 0 0

days after
inoculation

(day)

incidence of
metastasis

location of metastasis
axillary lymph node other

sites
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a) Before primary tumor resection    b) 7 days after resection 
(primary tumor)  (metastasis)   (residual metastasis) 

 

Figure 5-1. Representative images of the mouse having spontaneous axillary lymph node 

metastasis detected by an in vivo imaging system. a) Bioluminescent images of the mouse 

before primary tumor resection. Metastasis was imaged by masking the primary tumor. b) 

Bioluminescent image of the mouse seven days after resection of primary tumor. Yellow arrows 

indicated the location of spontaneous axillary lymph node metastasis. 

 

5.3.2  

ALNM 0.2 mm

[9,10]

ALNM

2  

MDA-MB-231-

luc-D3H2LN

(Figure 5-2) 20,000 cells R2 = 0.9963
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Figure 5-2. Calibration curve of the bioluminescence intensity against the number of cells for 

MDA-MB-231-luc-D3H2LN cells. 2,000 to 20,000 cells were seeded in a 96-well plate, 50 

μL of 300 μg / mL luciferin solution was added to each well, and then photon counts of each 

well were measured by an in vivo imaging system. Data are presented as mean ± SD (n = 4). 

The result of the approximation by the least squares method suggests that the photon count 

per cell is approximately 150 photons/sec. 

 

ALNM

2 ALNM

6.2 × 105 photon/sec 2.4 × 106 photon/sec

Table 5-2 Figure 5-2 ALNM

4.1 × 103 cells 1.6 

× 104 cells Table 5-2

ex vivo IVIS ALNM

H&E ALNM Figure 5-3

ALNM 0.1-0.2 mm 0.2 mm
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Table 5-2  

1 × 106 cells

[26] Table 5-2 ALNM

ALNM

0.2 mm 2.0 mm

[27] Figure 5-3 6.2 × 105 

photon/sec ALNM

[28] 2.4 × 106 

photon/sec ALNM

ALNM early-stage 

ALNM ALNM mature-stage ALNM

ALNM 0.1 0.2mm IVIS

6 × 105 photon/sec 4000 cells

ALNM 0.2mm IVIS

2×106 photon/sec 16000

 

 

Table 5-2. Summary of the state of axillary lymph node metastasis in this study.  

 
a Measured by an in vivo imaging system. Data are mean ± SE (n = 16). b Results calculated from the 

calibration curve shown in Figure 5-2. c Results obtained by H&E stained metastatic lymph node 

sections shown in Figure 5-3. 

 

photon counts (p/s)a cell number (cells)b size (diameter)c stage

6.2 × 105 ± 5.2 × 104 4.1 × 103 ± 3.4 × 102 0.1 - 0.2 mm early-stage ALNM

2.4 × 106 ± 3.5 × 105 1.6 × 104 ± 2.3 × 103 > 0.2 mm mature-stage ALNM
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a) 

 
 

b) 

 

Figure 5-3. Representative images of the two states of axillary lymph node metastasis defined 

in this study. a) Representative image of the mouse having axillary lymph node metastasis with 

luminescence intensity of approximately 6 × 105 photon/sec detected by an in vivo imaging 

system. The metastatic lesion of the excised metastatic lymph node was identified by 

bioluminescent measurement and H&E staining of ordered section. The H&E staining image 

indicated the size of metastasis was 0.1-0.2 mm. b) Representative images of the mouse having 

axillary lymph node metastasis with luminescence intensity of approximately 2 × 106 

photon/sec detected by an in vivo imaging system. The metastatic lesion of the excised 

metastatic lymph node was identified as described above. The H&E staining image indicated 

the size of metastasis was over 0.2 mm. 
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5.3.3

 

2 ALNM

EPI/m ALNM ALNM

10 wt% free EPI 10 mg/kg

EPI/m EPI 10 mg/kg  20 mg/kg

1 3 ALNM IVIS

ALNM EPI 25 mg/kg EPI/m

 

ALNM

ALNM Figure 5-4 a

ALNM

Figure 5-4 c

ALNM free EPI

EPI/m Figure 5-4 b  

ALNM free EPI

EPI/m ALNM Figure 5-5 a

EPI/m free EPI EPI

10 mg/kg EPI/m EPI/m

EPI 20 mg/kg 25 mg/kg 4

3 ALNM

Figure 5-5 c EPI/m

ALNM

Figure 5-5 b   
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a)                       b) 

  
c) 

 

Figure 5-4. Efficacy of free EPI or EPI/m against the early-stage ALNM growth after primary 

tumor resection. a) Relative photon flux from the early-stage ALNM in mice treated with 10% 

sucrose (control), free EPI 10 mg/kg, EPI/m 10 mg/kg or EPI/m 20 mg/kg on day 0, 7 and 14 

(black arrows). Data are presented as mean ± SE (n=4). ** < 0.01 was determined by two-way 

ANOVA test. b) Changes in relative average body weight of mice. Data are presented as mean 

± SE (n = 4). c) Bioluminescent images of mice each four treatment groups at day 40.  
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a)                       b) 

    
c) 
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Figure 5-5. Efficacy of free EPI or EPI/m against the mature-stage ALNM growth after primary 

tumor resection. a) Relative photon flux from the mature-stage ALNM in mice treated with 10% 

sucrose (control), free EPI 10 mg/kg, EPI/m 10 mg/kg, EPI/m 20 mg/kg or EPI/m 25 mg/kg on 

day 0, 7 and 14 (black arrows). Data are presented as mean ± SE (n=4). ** < 0.01 was 

determined by two-way ANOVA test. b) Changes in relative average body weight of mice. Data 

are presented as mean ± SE (n = 4). c) Bioluminescent images of mice each five treatment 

groups at day 40.  
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6.2  

6.2.1  

fetal bovine serum FBS Hoechst 33342 Alexa Fluor

 647 N-hydroxysuccinimidyl ester Alexa 647 NHS ester Thermo Fisher Scientific 

Waltham, MA, USA Roswell Park Memorial Institute RPMI 1640

Sigma-Aldrich St. Louis MO USA DyLight 488 conjugated tomato 

lectin Vector Laboratories Burlingame, CA, USA Matrigel basement 
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Osaka Japan  

 

6.2.2  
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Kawasaki, Japan

Tokyo, Japan  
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ECLIPSE FN1 Nikon Tokyo Japan Alexa647 EPI/m

DyLight 488 conjugated tomato lectin Hoechst 33342 640 489
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TNBC

EPI/m ALNM free 

EPI

 

 

 

Figure 6-1. Comparison of drug concentrations in plasma between the orthotopic breast cancer 

primary tumor model and the residual mature-stage axillary lymph node metastasis (ALNM) 

model at 1h, 8h, 24h, 48h and 96h after injection of EPI/m or free EPI at 25 mg/kg on an EPI 

basis. For EPI/m, both of total drug concentration (released drug and polymer conjugated drug 

in micelle, total EPI) and released drug from micelle (released EPI) were quantified. Trends in 

the orthotopic breast cancer primary tumor model were quoted from chapter 4. Data are 

presented as mean ± SE (n=3). 
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Figure 6-2. Drug concentrations in metastatic lymph node (LN) and contralateral healthy LN 

at 1h, 8h, 24h, 48h and 96h after injection of EPI/m or free EPI at 25 mg/kg on an EPI basis. 

EPI/m was quantified as total drug concentration from micelle (released drug and polymer 

conjugated drug in micelle, total EPI). Data are presented as mean ± SE (n=3). † > 0.05, * < 

0.05 and ** < 0.01 were determined by Student’s t-test. 
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Figure 6-3  
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a) 

 
b) 
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Figure 6-3. The microdistribution of Alexa 647 labeled EPI/m in the metastatic lymph node. a) 

Fluorescence microscopic images of the metastatic lymph node (LN) excised from the mouse 

24 h after injection of Alexa 647 labeled EPI/m. Perfused blood vessels (green) and the cell 

nuclei (blue) were stained with an injection of DyLight 488 conjugated tomato lectin and 

Hoechst 33342, respectively. The metastatic lesion of the excised metastatic lymph node was 

identified by bioluminescent measurement and H&E staining of ordered section. b) 

Quantification of the fluorescent intensity from the micelle within the metastatic lesion and in 

the non-cancerous region of the excised lymph node. The regions on interest were created from 

five independent areas of each region shown in magnification images from white dotted square 

in a). Data are presented as mean ± SE (n=5). ** < 0.01 was determined by Student’s t-test. 
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Figure 6-4. Released EPI concentration from EPI/m in metastatic lymph node (LN) and 

contralateral healthy LN at 1h, 8h, 24h, 48h and 96h after injection of EPI/m on an EPI basis. 

Data are presented as mean ± SE (n=3). * < 0.05 was determined by Student’s t-test. 
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Figure 6-5. Changes in the area under the concentration-curve (AUC) ratio of release EPI and 

total EPI from EPI/m in metastatic lymph node (LN) and contralateral LN. Data are presented 

as mean ± SE (n = 3). * < 0.05 was determined by Student’s t-test. 
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Figure 6-6. Comparison of the area under the concentration-curve (AUC) between released EPI 

concentration from EPI/m (released EPI) and free EPI concentration in metastatic lymph node 

(LN) and contralateral healthy LN. The AUC were calculated from each drug concentrations at 

1h, 8h, 24h, 48h and 96h after injection of EPI/m or free EPI at 25 mg/kg on an EPI basis. Data 

are presented as mean ± SE (n=3). * < 0.05 and ** < 0.01 were determined by Student’s t-test. 
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