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There are several obstacles in the effective gene delivery to cancer tissues and the
clinical trial of gene therapy is now on decline.

We, therefore, think that local administration of a gene may be more useful than
the systemic one. A local therapy is, however, limited to a particular cancer or a
particular stage of the cancer in terms of its usefulness.

Recent clinical trial revealed that the intraperitoneal administration of anti
cancer agents was more effective than the systemic administration for patients
with stage  ovarian cancer (New England Journal of Medicine, 2006).

The aim of our study is to develop a new intraperitoneal administration way of
siRNA. First, we developed experimental mice model corresponding to a human
stage  ovarian cancer. And then, we studied an effective way of peritoneal

administration of siRNA, using various cationic liposomes /n vitro and in vivo.
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1981 56

17
32 5885 10 258.2 17 3026
137.1 13 2799 105.2
Table 2-1
Table 2-1
1084 012 858.9 585 118 949.6 498 894 7724 1028 602 815.2
(1) 325885 | 2582 (1) 196577 | 3190 (1) 129308| =2002] (1) 320358 | 2539
) 173026 | 1371 (2) 83911 | 13621 (2 89115| 1380] (2 159625 | 1265
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(10) 14 415 114 | (7) 11018 17.9 | (15) 3397 5.3 (10) 13 444 10.7
10 7121 11.6
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2 295 18 25
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2.1

1981

cancer carcinoma

sarcoma
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2.2.1. Stage

Stage

Stage

Table 2-2

Stage

Table 2-2

Stage

Stage

Stage
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2.2.2.

90
5
50
Stage
90
10 15 Cisplatin
Stage
10 Cisplatin  Doxorubicin
Stage
20 25
Cisplatin CPT-11
Stage
10 Stage
Cisplatin
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2.2.3.

HNPCC

site-specific ovarian cancer

10
Lynch
1990 17921
BRCA1l 1994
17921
100 kbp
DNA/RNA
Eaton BRCA1
49 70 71%
52% 82%
Takano

site-specific ovarian cancer

10 BRCA1

ovarian cancer

11 12

BRCA1
BRCA2
BRCA
BRCA/Rad51
BRCA
p53

BRCA

20

BRCAl

Miki

germline DNA

24
BRCA
50
16% 42%
BRCA1
site-specific
RADS51 DNA
RING



BRCA2

13q12-13
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2.3.

DDS

125

20

22

2006

4

1990



2.3.1.

RNA RNA interference RNAI
RNA 1998 Andrew Fire Craig C. Mello

13 RNA dsRNA double strand RNA

RNA RNAI
dsRNA
knockout
RNAi 21 23 SiRNA MRNA

RNAI dsRNA

RNAI

dsRNA  siRNA duplex SiRNA
siRNA duplex

siRNA RISC RNA-induced silencing complex

MRNA

14

RecQ EGFR KNTC2 SIRNA
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2.3.2. RecQ

DNA RecQ
RecQ RecQ
RecQ
DNA DNA

Bloom Syndorome Werner Syndorome

RecQ RecQ1 DNA helicase Q1-like RecQL RecQL1

BLM Bloom Syndrome RecQ2 WRN Werner Syndrome RecQ3 RTS

RecQ4 RecQL4 RecQ5 RecQL5
Bloom Syndorome

Werner Syndorome Rothmund-Thomson Syndrome

15

DNA
DNA RecQ
12g12.1 RecQ1
[16]
BLM Bloom Syndrome 15926.1
Bloom Syndrom
Bloom Syndrome

BLM box DExH
DNA RecQ DNA ATPase ATP

24



DNA

WRN

8q12

SV40

RTS

8G24.3

EBV

ATPase

RecQ5

RecQ

RecQ5

RecQ

[17]

RecQ

RecQ

DNA

Werner Syndorome

RecQ DEAH Asp-Glu-Ala-His

DNA

WRN Nuclear Dots

Rothmund-Thomson Syndrome
DNA
ATP

RecQ

DNA

RecQ1

BLM WRN RTS

Helicase Domain

25



2.3.3. EGFR

Epidermal Growth Factor Receptor EGFR

170 kDa
HER1 ErbB1 1975 EGF
18] 1978 A431 170 kDa
o1 EGFR
erbB
EGFR
carcinoma
erbB EGFR erbB1l HER2 erbB2 HER3 erbB3
HER4 erbB4
EGF EGF transforming
Amphiregulin EGFR
EGFR EGFR erbB
cascade EGFR PI3K

Akt Ras MAPK

EGFR

26



EGFR

EGFR
EGFR [20]
(1] [22] EGFR
EGF Amphiregulin TGF-o HB-EGF
EGFR
EGFR
EGF EGFR
[23] [24] [28]
EGFR pl2 EGFR
200 kb 28 exon 27 intron [26]  Exon 16
exonl7 exonl8 28
exonl8 24 C exon25 28
EGFR 50
90 40 80 40 80 36
100 33 74 25 77 14 91
35 70 (271 EGFR
[28] [29] [30]

23.4. KNTC2 HEC HEC1
KNTC2 Kinetochore-associated (HEC Highly expressed in cancer protein)

18q11

NDC80

31

27



33

KNTC2

28

32
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3.1.

siRNA  Cationic Liposome  complex
SiRNA

Liposome  siRNA  coplex

2006 Armstrong Stage
[]
siRNA 2005 Sood
Lipsome(DOPC) EphA2 siRNA Complex nude
L] 2006
FAK siRNA
Liposome siRNA complex
Liposome siRNA  Anion
Coplex Anion
Cation  Liposome
siRNA
BRCA1 BRCA2 EGFR HER-2
neu MDR-1

30
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4.1.

in vitro

SiRNA

Virus

Liposome
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5.1.

5.1.1.
Caov-3 OV-90 OVCAR-3 ES-2 SKOV-3
ES-2
Table5-1
Table 5-1
Caov-3
OV-90
OVCAR-3
ES-2
SKOV-3

Amarican Type Culture Collection ATCC , Manassas , VA

34



5.1.2.

Caov-3 OV-90 OVCAR-3 Dulbecco’s Modified Eagle Medium
(DMEM, Sigma-Aldrich Chem. , Milwaukee , UK) 10% (FBS Tissue
Culture Biologicals , Tulare , CA ) (ANTIBIOTIC ANTIMYCOTIC

SOLUTION 100> STABILISED, Sigma-Aldrich Chem. , Milwaukee , UK)

L-Glutamine (Sigma-Aldrich Chem. , Milwaukee , UK) ES-2
SKOV-3 McCoy 1.5mM L-Glutamine A Medium 10%
(FBS Tissue Culture Biologicals , Tulare , CA ) (ANTIBIOTIC

ANTIMYCOTIC SOLUTION 100> STABILISED, Sigma-Aldrich Chem. ,
Milwaukee , UK)
Treated Non Pyrogenic Polystyrene 55 cm? 10
ml Corning, Oneonta , NY 175 cmz2 20 ml
2.0<10 cells/cm
37 50 CO
1 90 confluent
PBS , Tokyo , Japan ( phosphate-buffered
saline PBS ,
Tokyo , Japan ) PBS 0.25%
0.02 % EDTA (ethylenediamine-tetraacetic acid, Sigma-Aldrich Chem. ,

Milwaukee , UK)
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5.2.

Luciferase

Luciferase

5.2.1. D-Luciferin Luciferase

Luciferase

Luciferine

Luciferin

D-Luciferin

[]

D-Luciferin
Luciferase
Luciferase
Luciferase
Luciferase
Luciferase
D-Luciferin
Luciferase ATP

36

D-Luciferin Luciferase
Luciferase
Luciferase
Luciferin
Fig.5-1
Luciferase



lucilerase

) /@E}_{;Tm TP, Mg /C[s%jicmnmp
T oo N jpesa g

Fig.5-1 D-Luciferin
5.2.2. Luciferase Vector

Luciferase EGFP

EGFPLuc Clontech , Mountain View , CA  Fig.5-2

LC !L b,
HEVTK \

p|:|h_|| B EGFP

EcoR |
Sph e pEGFPLuc
Neo'  6.4kb
I nrifarmsa
f1 5VD
op-ﬁl->\°” poly A /
Fig.5-2 pEGFPLuc
Luciferase EGFP
EGFP
GFP PEGFPLuc Vector 2005

Lipofectamine 2000 Invitrogen, Carlsbad , CA
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3 APH3Z G418

C20HsN O H SO , CALBIOCHEM, San Diego, CA (Fig.5-3)
HO MH,
MH=
)
OH
x2 H,80,
MH—
OH e
Fig.5-3 G418
transfection
6well Plate Corning , Oneonta , NY ><10
1><10 cells well 24

well medium ml
Mg pEGFPLuc 500 pl opti-MEM GIBCO , Invtrogen ,
Carlsbad , CA

10 Il Lipofectamine 2000 500 gl opti-MEM

20

transfection

well ml

20

G418 mg ml mi

G418 mg ml ml
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CellBIND Surface 96well Plate Corning Costar 3300, Oneonta, NY

cell well

well plate
Luciferase assay kit , ,
Luciferase Luminescencer
JNR , , Tokyo , Japan Luciferase
wild type Luciferase
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5.3.

in vitro

1200 rpm
PBS 10 ml
1200 rpm

=10 1=<10

2.5ml

NEEDLE

Caov-3 OV-90 OVCAR-3 ES-2 SKOV-3 5

nude
cells 500 pl
nude
2 ml

40

BALB-nu nu

PBS 10ml

, Tokyo , Japan 25G

500 pl

Luciferase

TERMO



54.

D-Luciferin

MESURES , Paris , France

CCD

25mg ml
Al
Luciferin

Lusiferin

D-Luciferin

Luciferin

in vivo
Luciferase
Luciferase
BIOSPACE
Photon Photon

SBH Scientific , Ontario Canada

, Osaka , Japan
, Tokyo , Japan PBS
D-Luciferin SBH Scientific , Ontario, Canada 100

Luciferin

30

Protocol Photon

41



5.5. Liposome SiRNA
SiRNA
siRNA
Liposome Lipofectamine2000

X-tremeGENE siRNA Transfection Reagent

Invitrogen , Carlsbad , CA

in vitro

Liposome

RNAiFect Transfection Reagent

Lipofectamine2000

RNAiFect Transfection Reagent QIAGEN GmbH ,

Hilden , Germany X-tremeGENE siRNA Transfection Reagent Roche |,
Mannheim , Germany siRNA
Liposome
Protocol Liposome
Liposome
Liposome
siRNA Liposome
Liposome SiRNA
Liposome Liposome
Liposome
Protocol
Liposome SiRNA Luciferase
Luciferase siRNA
Luciferase siRNA SIRNA Tokyo , Japan
Sapporo , Japan
siRNA NS RNA NS Luciferase  siRNA
Liposome Protocol
Liposome 96 well plate 10 well

42



Transfection siRNA Liposome 1 100

Transfection 24 3500 cells  well

Liposome DNase RNase Free Water

250 ul - Opti-MEM 20 uM  siRNA ul
250 ul  Opti-MEM ul  Liposome
20
20 DMED 500 pl
100 pl  well
SiRNA 40 nM
48

43

SiRNA



5.6. Liposome SiRNA in vivo
invivo Liposome invitro 10 Liposome
siRNA
in vivo in vitro siRNA Liposome
siRNA600 pmol Liposome  pul
ml siRNA Liposome 50
Transfection 1.0 ml
, Tokyo , Japan 25G TERMO NEEDLE Luciferase
ES-2 ><10 cells 500 pl
Liposome DNase RNase Free Water
500 ul  Opti-MEM 100 uM ul
500 ul  Opti-MEM pl  Liposome
20
in vivo 2.5ml

, Tokyo , Japan 25G TERMO NEEDLE

ml

48 in vivo
5.6.1. siRNA
KNTC2 siRNA
5.6.
SiRNA

SIRNA

complex

siRNA-Liposome

SiRNA



5.7. SIiRNA Primer
siRNA  Primer

siRNA
Luciferase siRNA sence 5-ACAUCACUUACGCUGAGUACUUCGAAG-3
Luciferase siRNA antisence 5-UCGAAGUACUCAGCGUAAGUGAUGUAU-3
Luciferase Non Specific SiRNA sence
5-CCCUCUAGUCUAGCGAGAUAAUUCAAG-3
Luciferase Non Specific sSiRNA antisence

5-UGAAUUAUCUCGCUAGACUAGAGGGAU-3’

RecQ1l siRNA sence 5-GGAACUCAGAAGCAUGUAACT dT-3’
RecQ1 siRNA antisence 5-UUACAUGCUUCUGAGUUCC dT dT-3’
RecQ1 Non Specific siRNA sence 5-UUCUCCGAACGUGUCACGU dT dT-3

RecQ1 Non Specific sSIRNA antisence 5-ACGUGACACGUUCGGAGAACT dT-3’

EGFR 644 siRNA sence 5-GGCACGAGUAACAAGCUCAT dT-3

EGFR 644 siRNA antisence 5-UGAGCUUGUUACUCGUGCCdT dT-3'
EGFR 42833 siRNA sence 5-GGAGCUGCCCAUGAGAAAU AT dT-3
EGFR 42833 siRNA antisence 5-AUUUCUCAUGGGCAGCUCCdT dT-3’

EGFR Non Specific sSiRNA Ambion  Silencer Negative Control #1 siRNA

45



Primer
GAPDH Forward Primer 5-TGACCACAGTCCATGCCATC-3

GAPDH Reverse Primer 5-CCACCCTGTTGCTGTAGCC-3

Luciferase Forward Primer 5-GATGCACATATCGAGGTGGACAT-3’

Luciferase Reverse Primer 5-GCATACGACGATTCTGTGATTTG-3

RecQ1 Forward Primer 5-AAGCAGTGTTTAGAGGATTC-3

RecQl Reverse Primer 5-TTTATTTACCATTTCAGCAT-3'

KNTC2 EGFR Primer

46



5.8.

in vivo

Imaging

Real-Time PCR

vitro

Imaging

20ml

NEEDLE

Oneonta , NY

ISOGEN

20

SiRNA
RNA in
, Tokyo , Japan 21G TERMO
nude 2.5 ml
, Tokyo , Japan
, Tokyo , Japan
mm
15 ml Corning,
500 ul
, Ibaraki , Japan 1500rpm
80
RNA ISOGEN in vitro

a7



5.9. Invitro
5.9.1.

Cisplatin CDDP

Cisplatin 0.5 mg ml

100 uM medium
DMSO
mM uM  medium
DMSO 0.05
72
24 3500cells  well
96well plate
medium
Cisplatin 1 mM uM
72
MTT WST-8
5.9.2. siRNA
SiRNA
siRNA
siRNA siRNA 24
72 SsiRNA 5.5.

5.9.1.

48



5.10.

5.10.1. MTT assay
MTT assay

MTT  3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide

CisHi16BrN S MTT
Formazan
Fig.5-4
[1]
550nm
P -
[ NADH NAD* H [ )
e 1 -‘ ' L "'\-\._:.':'-:::-'
M=y~ ) M=
xh‘x o ~ .r’f:h\\1L i
iw}x i \ - M N - h__'-’/ = (u A e M M o
-\.N o - ///- II-..:I_.-- b\ ¥ M - - /:/ | I:r.
s ST
Br

MTT Formazan

34, 5-Dimethyl-2-thiazolyl)-2

S-diphenyl-2H tetrazolium bromide

Fig.5-4 MTT
MTT Fig.5-4 MTT

NADH MTT Formazan NADH NAD
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Formazan

Formazan

CellIBIND Surface 96well Plate Corning Costar 3300, Oneonta, NY

500 5000 cells well 24
well  medium 100 pal
siRNA 72 siRNA
48
PBS MTT Xenometrix , Allschwill , Switzerland 15 20 pl
1500 rpm 10 Formazan
, , 180 pl

SPECTRA MAX 190,
, , 550 nm

SiIRNA

50



5.10.2. WST-8

WST-8 MTT assay
MTT assay
Formazan MTT assay WST-8
Formazan MTT assay
WST-8 Cell Counting Kit-8
Fig.5-5 [
Bk EEE%E - —SO&N-‘JKA' "‘402

nE NAD* 1-Methoxy-PMS WST.-8 '
GR D i
HaCo "My
Bk 1% WSTSHIL 7

NADH 1-Methoxy-PMS WeT.g
CopH 1M gN &0 1 155=600.47

Fig.5-5 WST-8
WST-8 450nm

CellBIND Surface 96well Plate Corning Costar 3300, Oneonta , NY

500 5000 cells well 24
well  medium 100 pul
siRNA 72 SsiRNA
48
WST-8
, , 10 pl medium 90 pl

SPECTRA MAX 190,
, , 450 nm

SiRNA

51



10 mM uM medium
0.05

72 MTT WST-8
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5.11. RNA

siRNA RNA
in vitro
RNA Reverse Transcription PCR Polymerase
Chain Reaction Real-Time PCR
RNA ISOGEN , Toyama ,Japan

RNase-Free DNase
set QIAGEN DNase RNA
80 , Tokyo , Japan

TE TRIS EDTA Buffer Solution pH 8.0, Sigma-Aldrich Chem. , Milwaukee ,

UK RNA
1.5ml Sorenson Bioscience, Inc , West Salt Lake City , UT
RNA 2.5 100 % 10
M Sodium Acetate 1500 rpm
RNA

70 80

RNA DNA complementary DNA

cDNA cDNA PCR

TE RNA ND-1000 Spectrophotometer NanoDrop
Technologies , Wilmington , DE
600 pg RNA DNAse RNAse free Water ]

Buffer for Reverse Transcription 10> PCR Buffer 25 mM MqgCl

Solution Applied Biosystems , Lincoln Centre Drive Foster

53



City, CA Al NTP mix Applied Biosystems , Lincoln Centre Drive

Foster City , CA 1 Random Hexamers Applied Biosystems , Lincoln
Centre Drive Foster City , CA K1 RNase Inhibitor Applied
Biosystems , Lincoln Centre Drive Foster City , CA o Mubv

Reverse Transcriptase Applied Biosystems , Lincoln Centre Drive Foster

City, CA 8] 20 pal
PCR Thermal Cycler , Shiga , Japan
22 10 -42 15 -99 - oo
cDNA

54



5.12.
5.12.1. RT-PCR

5.10. cDNA Gene Amp PCR System 9700

Applied Biosystems PCR Applied Biosystems
51 56

Template ul )

Buffer for PCR ul

(25mM MgCl  Solution ul
> Total 20 pl

10><PCR Buffer ul)
(27~30 cycles)
Amp Taq DNA polymerase (5 U/ul) 0.125 pl
Primer mix (5 uM) 0.5ul
DNAse RNAse Free Water 16.375 ul /

5.12.2. Real Time PCR

Real Time PCR MRNA ABI 7500 fast real-time PCR
Applied Biosystems Real time PCR
GAPDH
\
Template ul
><PCR master mix 10 ul
> Total 20 pl
20><TagMan primer & probe ul
(40 cycles)
DNAse RNAse Free Water ul D

55



5.12.3. Western Blot
in vitro
dish medium
PBS dish
N-Brecht , Germany
PBS dish
15 mi

1500 rpm

RIPA Buffer

RIPA Buffer

10 % Noidet P40

10 % Na Deoxycholate

M NacCl

Halt Protease Inhibitor Cocktail Kit

M Tris HCI

15 ml

80

PBS

50 ul

100 pl

25

DNAse RNAse Free Water

ml

RIPA Buffer

Buffer

pl

SARSTEDT AG & Co. ,

Pierce Biology , Rockford , IL ul

673 ul

Protease Inhibitor

DNAse RNAse Free Water

80 Sample

1.5 ml

15000 rpm 10

RIPA Buffer

15

15

ml

30wl Sample

BCA Protein Assay Kit Pierce Biology , Rockford , IL



10 15 ug Apply Sample Buffer

Heat Block 65 15
10 PAG SDS-PAGE
30mA 1

Western Blotting
BIO-RAD TRANS-BLOT SD SEMI-DRY TRANSFER CELL BIO-RAD ,
Hercules , CA Transfer Buffer 20

Transfer buffer 20

0.8 mMA cm 1

Skim Milk TBS-T  Blocking

1
TBS-T 15
Skim Milk 500 2000
Over night
TBS-T 20
Skim Milk 500 2000
1
TBS-T 40
RecQ1
EGFR EGFR(1005):sc-03

57



(Santa Cruz Biotecnology, Santa Cruz, CA)
B-actin Monoclonal Anti-p-actin Clone AC-15 (Sigama)

anti-mouse (or rabbit) IgG-HRP (Santa Cruz)

ECL Western Blotting Detection Reagents GE Healthcare, Fairfield , CT

5.12.4.
5.7. 500 pl PBS 10
Auto Smear CF-120 Sakura, Tokyo , Japan MAS
, Osaka , Japan
10 10
Luciferase
30% ) ’
20
PBS 15
PAP PEN , Kyoto,
Japan Sapmle
PBS Skim Milk Sample 25
Skim Milk
PBS 100 Luciferase Anti-Luciferase Firefly , Affinity
Purified , San Leandro, CA 1
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PBS

ENVISION HRP 30

PBS

DAB+ 3,3-Diaminobenzidine Tetrahydrochloride Liquid System

5

DAB

Hematoxylin and Eosin  HE 20

MOUNT-QUICK
Kanagawa , Japan Sample

MOUNT-QUICK

59
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6.1.

6.1.1.
nude ><10 cells 500 pl
1
ES-2 nude
Fig. 6-1 Fig. 6-2 18 21
95
£ 85
75
65
55
0 5 10 15 20
day
Fig.6-1 ES-2 mouse
31
c»29 -
27
25 |
23
0 5 10 15 20
day
Fig. 6-2 ES-2 mouse

Fig.6-3
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Fig.6-4 65 66 6-7

ES-2

Fig. 6-3 ES-2

Fig. 6-4 ES-2
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Fig. 6-5 ES-2

Fig. 6-6 ES-2
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Fig. 67 ES-2
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6.1.2.

Luciferase ES-2
nude ><10 cells
Fig. 6-8 Luciferase OV-90
><10 cells Fig. 6-9

Fig. 6-8 ES-2
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Fig. 6-9 OV-90

Fig.6-8 Fig. 6-9 ES-2
OV-90
ES-2
6.1.3.
imaging
6.1.2. imaging
Luciferase ES-2
Fig. 6-10 < imaging
Luciferase
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Fig. 6-10 ES-2 imaging

day 14 Fig. 6-10
Luciferase
dayl4
imaging
Luciferase Fig. 6-11 imaging
Fig. 6-11
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4000000 y = 6502.4x

3500000 | R? = 0.9906
3000000
£ 2500000
o
2000000
1500000
1000000
500000
0
0 100 200 300 400 500
mm
Fig. 6-11 Luciferase n
Fig. 6-11 Luciferase
imaging Luciferase

Luciferase
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6.2. invitro
in vivo  Liposome in vivo
in vitro in vitro

Liposome siRNA  Liposome

6.2.1. Liposome
Liposome Liposome
SiRNA Luciferase
ES-2 Luciferase siRNA
Fig. 6-12 SiRNA in vivo

medium  siRNA

69



Fig.6-12
SiRNA 50nM S.D.= well +
RNAIi Fect RNAiFect Transfection Reagent
X-treme X-tremeGENE siRNA Transfection Reagent
NS=Non Specific SIRNA

Serum medium

Fig. 6-12 RNAIiFect Transfection Reagent SiRNA
Non Specific siRNA NS
RNAIiFect
Specific  siRNA
siRNA
Lipofectamine2000 NS

Specific SIRNA
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Lipofectamine2000 SiRNA

6.2.2. Liposome
in vivo in vitro
A B C
Table 6-1
Table 6-1
A B C
0.519 [ 0.744 | 0.714
mg ml
141 | 155 | 1.86
mg ml
Liposome A B C Luciferase
ES-2 Luciferase siRNA
Fig. 6-13 WST-8
Fig. 6-14
Lipofectamine2000 siRNA

71

Liposome



Fig. 6-13 Liposome

Liposome siRNA 40 nM Lipo Liposome
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6.3.4. Complex Charge
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6.3.5.
5.8. 5.12.4. Luciferase
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Table 6-3 Luciferase

80 50 80 10 50 |10

1 10 7 3 0 0

NS 2 4 2 2 0 0

3 4 1 3 0 0

1 15 0 5 5 5

siRNA 2 19 1 10 6 2

3 5 0 2 3 0

Table 6-3 Non Specific Luciferase siRNA X

0.0001

86
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6.4.4.
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Table 6-4 I1Cso
1Cs0 pg mi

Caov-3 17.44
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6.4.5. RecQlsiRNA
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6.4.6. RecQ Family siRNA
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6.6. KNTC2
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6.6.3. KNTC2
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