005 00717 A

A S R B R A &

A 2B et BE IR BN HEE AT SR 3R 56

(23 AT AE I AE 2 4Z 0 & L7~ Allin one 7234 R L AHEHHYSiRNA T U N Y
— AT A EDBATREIEDRZ ] [T AT

YR 1 TR RS =

TENEE AE AL

FRE18 (2006) 4 H



I. KFERFFERE
(DS AT AR ZHEH9 & Lz Allinone 7 /34 A2 L AHEFHIsiRNA TV N Y — AT A E WA
TBEIE OB B4 5058

0. Zabrses s
1. Ago2-siRNA BAIZ X 2B OFEICET T 5 Mat
AHE L 6

2. SiRNAEARX v U7 OBRF & MM~ siRNA B AT 55
EBH 11

M. IR OFIITICRET 5 —&E# 15

IV. BFZepkEoFI4TH - B 16




RAFZBR R MBI (B2 e B AR B ERT S 3 3E)
IR

[N AT AE IS 2429 & U7z All inone 7 /34 AW X B EHH siRNA F U N Y — 3 25 A
& B ATEEIEORZ ) [ BHk5E

EEHTEE AR L EERFEREBEIAN (A AR - Bh#iE

WFREER  AFTAENE 2 REALT 2 A N GBI siRNA 2@ RADZEA U, R o 1E ik oo
FICER< BI5- LTV % RISC(RNA-induced silencing complex) DFEER 2 Hlhl S8, FEREAICHIAE (7
RNE—VR) BHFEIELEICL Y BPAFHEMEOWEL T RADBKEES ER IS %
BB ABFIEOBRBE L TN ERR LY 257V ) —2 25 5 (Allinone 7731 &) OB %5
BFESEDENARNEOEL BN TH D, RNEENEL, ORISC LS D—2>TH D Argonaute2
(Ago2)iZxtd 5 siRNA Z§&FH L. THEMIBPICEATS = LI X D HIBZEDFENETE N E D
. QHIEN~D siRNA BAZENE < | invivo AN FEER ¥ v U 7 OB, @FAHEMEIC
P HBINAYT U ) —BRIE OREEE, (CBHT 2 MET 51T o 72, RISCHERS T CTH B Ago2 12595
SIRNA ZAlfEIC A LTz & 2 A, BHERMMENFTESND Z LR SN, LER-T, Fix
PABETRE LIRS IE LN ENRFEIES Nz, £/0. siRNA F U Y — |28 L= 80
FA=y 7 VR =B ILOFHE sIRNA-D F A= 7 VR Y — 2EEHEREEZ RH L, 2hb
DY RV — DIIEHIREED b MNESEHIRNEZ R (HUVEC) 128\ T HE V- Ago2 knockdown 33
L OMIMIEEFHE Lz, & bic, MIRNEIEA AT L7 fE 5, HIIE ~0 siRNA OB X O
BN TOESEOMRERERTEZ HIET 530S, RNAI DEORR(ILE2 13205 FCEETHL 2 LR
B, [FIRFEATRCHT A MBI 2 a0k 7 v — T IC BT AR bt TR 0 . FiAEmg
R T7F K APRPG 5 L UWT MT1-MMP SLiAOF FAMERH L E 2o TE TS, ZD K 5 7k
BEMFTHTFA =y 7 VRV — L% EHM L, Ago2 12615 siRNA % B4 M58 P B 8 A 4
DT LR, BAFAENE ZERE Lz Allin one 7734 ZADFIRE~ L BERE = L RIS Nh S,

A BFEEH X9 HEBIRET U ) —HRIE OREEE, ([CBIT D%
BAFENE ZEKT 5 MERNEMEBNIE f&ETok,

SiRNA Z @ RAVICEA L, MR OMEFEDOHERHC

B< BE L TW3 RISC(RNA-induced silencing ~ B. #FFET1L

complex) D FEHL 2 i) =&, FERAVICHIRRIE (7
RE—VR) ZFEIES L8 ) BSAFAM
BFOWEEE ZNIZEY BADEBER2ERSEH
DHHOPRRIEORRBE EZNEEHA LD D
T UNY— 25 b (Allinone 5754 2) DA%
RBEIEHEPEMEOEZDHMTH S, K
1L, ORISC #AER D —2>CTH D Argonaute2
(AgOITXIT B siRNA ZF&FH L, Zh&HEmIC
BATHZ LICEDMBEOHFEENETEnE
5 0>, @HIEAN~D siRNA EA LR )3 F < L in vivo
JSHDFTREZR ¢ V) T OBFE. @03 AF A E Iz

(1) Knockdown ZIZROEN

N/P % 2L & 8T GFP & 5 W it luciferase (&
%195 siRNA L HAEEREZHK ST, In vitro IZ
B 2EAFME S UTHT-1080 b MMRHESEPINE
B o wild type B X Y GFP & & % Bk
(GFP/HT-1080 #Bj) % FV Mz, U AR Y — A /siRNA
BAUHE 10% MIETEIE T AR A % 22— |
L. siRNA #EA L7, GFP & /X7 B DR NKH
% WM luciferase TP % ) E L, knockdown (2 J2 5
WOREEB Uiz, 2 b —/U{Zd in vitro T

VY siRNA 3 AZh % 779" Lipofectamine2000 %



Wi,
(2) MR MERER

MRREMENL MTT HRIC K> TEME L 7=, =2 b
17—/ W{Z X Lipofectamine2000 % FAV 7z,

(3) HmpaNEhREMEAT
SIRNA % FAM T&H B5\WNM& U R Y — A% DD T
JEAZF L7z siRNA/Y R Y — A AR EZ TR L=,
HEH%E HT-1080 & 5\ ik HUVEC M A L,
R L — SR TR LT,

(4) Ago2 IZx19 5 siRNA DEA

Ago2 IZxd 5 siRNA % R4 OALTT % v T
HT-1080 & % VX HUVEC HHFAIZE A L 7=,
Knockdown #h#}X RT-PCR I CilMli L7z, =212 b
71—/ siRNA & L Cid GFP % & W i luciferase 12
9% siRNA & Ve, 2288, =y br—/ L RBR
& L CB-actin ® RT-PCR % i L 7=,

(5) Ago2-siRNA #E AZ X 5 Apoptosis D5

Caspase-3 {HEMHEDOHIEIIHROFX v hEAWT
17T > 7=, Apoptosis 7 EIRWIZE L Tid flow
cytometry (FCM) % N THeFt L 72, Propidum
iodide (PI) CHZ & Yett 9™ 5 L [AIIFIC, annexinV %
FAVNT phosphatidylserine (PS)%& Jufa 4 2 FIC LV,
Ago2-siRNA B A DRI 72 apoptosis 75EIR,
Ze Tz, Anexin V I early apoptosis 0D, PI i late
apoptosis DENEI~——Th b,

(6) A& PN EZ IR~ DAL,

In vitro (Z381T 2T AEMEDET LV E LT, & b
R ERIRN B (HUVEC) % vz, HUVEC
V% bFGF, VEGF, IGF-1, EGF, 2% FBS % 27¢ EGM-2
BHIWCCHEELE, RIDIFF IRy —A
(PCL)¥E 72135t MT1-MMP HUiic TEM L3t
B Y AR Y — Az L, MEfICE Y ATz
URY—AE8CRELEES LTERIMEL
770

C. WFEHER

(1) RISCHIIIZ LB 7 H b — 25

(1) HT1080/Ma % v =it

Ago2-siRNA % Lipofectamine20001Z X © HT1080
WAL L 2 A, BEE 7/ mRNA R O RN /205
b L ROAIIEHIE IR B S e, RETOREE
v Z OHIEEETEMIH] i Zapoptosis 2 I LT Uis
DTHDLIEPHLMNE o7z,

(II) HUVECHifa % v /-fat

Preliminary 22 f§ . Cl1x & % 28, HUVECD 53
HT1080 & v # DsiRNA/liposomet & iz k. 5 JE
Fe R B A 21112 < W, @Ago2-knockdown
(2 & DapoptosisiiFENIR R HN D, T EIRE
iz,

(2) siRNA/VU R Y — b4 5t
(1) TFL-3% fV iz gy

TFL-3 % HeLa # Jid & 3 v T 15nM 2L E o
luc-siRNA £ % & A L 7212+ 4y 72 luciferase gene
knockdownZh R %R L7z, —J5. GFPZ&E 35 H
HT1080#1R 2 FV 7= 5 Cik, 120nMEL LD GFP
WX DsiRNAZ B A LR+ 4k
knockdownZh B85 Lo 7=,

WNT, LD EVRNAIGHR Z ST 572012,
T B A TR Tz, Bex IRRRE BN 2 T
siRNA & TFL-3 & 1B &7 % B vortexing % il 2. 5
720 CHALSIRNA R & /2 U ORNAIS) R 2 #fE =
WL ENTELZEERHLE, B REZL
2. GFPLEFRBARICB T, LIRTOALS Trig
<RNAIBRDBE SN2 03 23mMIic B W T, B
BRI DAL CrEm VO RNAIBHER NS STz, Lz
2T, KARBRBANS X, D EOsiRNATEVRNAI
RDELNDAREMERE W &2 in vivors
DISM b AR T THDB EEZBND,

(I) RV BFA YR —APCL)Z -6
&t

Fk % 14RO PCL % N/P % 18~30 £ TL{L &
T siRNA & B4 L. PCL/SIRNA a4 L
Too EORER, BIFEMN 120~160 nm, ¥ —& FE
PL3+30~+50 mV D PCL/siRNA ARSI &
iz, LU 7245 PCL/SIRNA 4% BLF 0 5%
W,

PCLDO~NWS—fEE L LTDOPE & =2 L 25 1
—/V & L PCL/siRNA #4K D N/P H78 24 eq.
DTV THRARD RNAL IENE bz, 1
& #I3 Lipofectamin2000 & [FAFEE THh - 7,
PCL DEANRE L LTCDPPC &L a L X5 m— L%
A L725A1C b knockdown EIEE ST, ki
HOICBIER LR, A MEAL 48 BER TR b
i S AN BE S,

(3) HERRNEhREARAT
HT1080 ¥ X OVHUVEC {28\ T, TFL-3 % fi\»



e E ., MIRNBITHE O siRNA O£ T RY
—LBHDWNETA Vb EEBZONDLFIH
X ZIWCEET2HEARE N LSRR SN, F
7z PCL ZHWicHra. EA 24 FEf# IV T
K¥R53 D PCL/SIRNA 8GR H MERE A & e
~OBATE KA, MIREICB O TR ES
EDREE L TSR RER S,

(4) FrA & ~DEE1L

MT1-MMP (ZHZHE LTz U AR Y — AT i & N &
MR AR 2 R D HERNICNEL S h b
T EMERLE,

D. &%

RISC #p¥453+Tdh D Ago2 IZxMd 5 siRNA %
HRIZE A L, Ago2 & > 237 DFEHL% knockdown
5L THIRBENRFEINSD Z EAHREH
7o ZOMBIFEILAVF—T =0 VK inSe off
target BN RIC L D2 H DO TR, Ago2 D
knockdown {[ZHFREIIRBR TH D Z L BRIB SN
oo TOTEND, KEETRRE LIAEEGE
FIETHZ LB TEIE,

F7z, siRNA 7 YUY —IZ# LR 74 =
v 7 YR Y — A(FTL-3, PCL)E L O siRNA- Y
FA=v 7 VR —LESEERIEE R L,
siRNA HEFENE AIZ Lipofectamine2000 23V &
NDGEEDRLZVN, MRFCRIN OTFEIC &
V., invivo )6 HIXARTFEETH B, Tex DFH D F
A= 27 VARV —IIX Lipofectamine2000 ZPLEk
T HEV sIRNA BAZhERE RO & [FRIFIC, flfFE
MEDRD TIRWE L3R Sz, $£/2, HiiEE
B EIRIEOFRIHIZ X Y | #5F knockdown £
ZEFEOFIEL AT 5-10 FEDD 2R T
T, mvivo IS LTV L edizik, Bk
EERWVEAGRRNATH D, Lo, K
DR U7 & 5k R L UC, invivo /il
FIHEZR All in one 773 ABARA[FETH D L& X
LD,

RN EN BRI DR, = RV —h - 5 Y
VLD BRI ~D siRNA Off H#Fe, 8 L
HMIE AN TOEEEOMBERTEA, RNAI Z1E 0
PR Z NI D ECEETHL Z ERREBREH
2o BIBEICBIL Tik, 74 VY — AT siRNA O

B E D D72, BERIKTERICEINT X h 52
TF RAN—Y—%EH Liz PEG V VgE5HY
B L, Wi 2 TETH S, PEGIZ LD
EMEMILT SA ADOMPHBELE D 51201
WETHD, —FT, T4 —ANTOD siRNA
DBEHNNE~ A F AHAERT D REMERFE VW, T
NRA R DRI F FRAR—Y—EH PEG U v
FEEFEREHAALZ & T, B E 7 ) 7
TEHLOEHHSND,

ERl~ b 72X pudasF 7 —¥ 18
(MT1-MMPHZIER(L LTz U AR Y — BT & N
MR s WBRM 2R, & 5B NE
fbandZ L 5B LE, o, Tkx i3>
7T—UT 4 AT VA EE AW zin vivorSA F 8
=W RY . FAELEICEWEREZ B
FEDNTF K (Pro-Arg-Pro’2 &) #EHTW5,
BOFHITF A= 7 VR —2BZNEDY
v RCEMf L. in vivo COEREMEIZ DV THaEt
EHRIBT D TETH D,

E. #5im

Ago2 X 87 O3EBL%E knockdown §5 Z & T
AREDNFEIND Z ERHER SRz, £, K
EEDOKRETT [Allin one 7734 2 ) O EEAB L
dLid siRNA BARDFA=v 7 VRV — A,
DENTCREADFALNE 2oz, SBIT, FHEm
BRRETF N APRPG 5 L UL MT1-MMP #i
KOFHEMBERSFELTOHEAESB S,
Lo TETWD, ZDOX D IpHEEENESF Tl F
F=y 7 YR —AEEML, Ago2 X715
siRNA Z B MENEMIBICEATLZ Licky,
DA ZFER L Uiz All in one 5754 2D
A~ R LD EHHSN S,

F. GEEEfAERRIESH
L

G. HrFezE

I f3CER

(1) Li, W., Ishida, T.,, Okada, Y., Oku, N., Kiwada, H.,
Increased gene expression by cationic liposomes
(TFL-3) in lung metastases following intravenous
injection. Biol. Pharm. Bull., 21, 701-706 (2005)




(2) Shimizu, K., Asai, T., Fuse, C., Sadzuka, Y,
Sonobe, T., Ogino, K., Taki, T., Tanaka, T., Oku, N.:
Applicability therapy  to
drug-resistant tumor: Suppression of drug-resistant
P388 tumor growth with neovessel-targeted liposomal
adriamycin. Int. J. Pharm., 296, 133-141 (2005)

(3) Ichikawa, K., Hikita, T., Maeda, N., Yonezawa, S.,
Takeuchi, Y., Asai, T., Namba, Y., Oku, N.:
Antiangiogenic photodynamic therapy (PDT) by using
long-circulating liposomes modified with peptide

of anti-neovascular

specific to angiogenic vessels. Biochim. Biophys. Acta,
1669, 69-74 (2005)

(4) Shimizu, K., Asai, T. and Oku, N.
Antineovascular therapy, a novel antiangiogenic
therapy. Expert Opin. Ther. Targets., 9, 63-76 (2005)
(5) Nguyen, L.T., Ishida, T, Kiwada, H., Gene
expression in primary cultured mouse hepatocytes
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Biol. Pharm. Bull., 28,
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1472-1475 (2005)
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expression n mouse liver following
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324-334 (2006)

2. FRFEE

(1) BTHMZ . FIOL—RE, EAIEA. B,
JERE ik, EEREIL, B EA  HAMEENL
MR Y R Y — M K 5 G A 4 e
h HARTEFRE 1258 ), 200543
A

() WRIFEIG, EHMEE, B EA R 3R
FDWHUBGHT AE IERE B ARKEAE 125
F4 ER), 2005434

(3) ‘EERL—ER, ATEE | EAKIAS, IS,
WEpsEnlh, BE OB, E ¥, 1 OEA EE
A A BRI PR ) AR Y — Al LB
AR B 21 BIHAR DDS %4 (BI%) 2005
F£7H

(4) BERL—ER, ATEEZ ., EAREN, B,
BHAEI, HEIEIL, B OEA  EETAE M S
AT R ) AR Y — A DRINENEE PET T
FODBAERR F 1 EBUREEFERRS GER)
20054%8H

(5) WREESIE, BRB—F. BEEE, HHEEL,

¥R 5475 : Metronomic Chemotherapy (2381 % L4
FAEMECETIME & 44 5 AARZRES Y
EXfRke (fal) 200541 1A

(6) RZERER, TMRA, AHAEIL, BHEILE
vrmT7F A7 7 I F& BV Metronomic
Chemotherapy (28152 F¥ L E H AU R
Y= LOGERMROE 44 B A AREES

WIESCE RS (#a)) 200541 1 A

(7) BAEUER, IR E, AEEIL, BEEILE
Studying the mechanism overcoming P-gp mediated
MDR cells by doxorubicin-containing

transferring-modified liposomes. #5 27 [l 45 ([ & 3K
YVORBEER v ARY YL (FH) 200541
1A

(8) WiREETE, BIMEE, B EA : JEEH A
BHEEREOR M ZORETT BAKRS R
XEplE (4iE) 200541 24

(9) HERK, BEE, N ra Yatwl
A T ER, A EEL, BREIAE © Argonaute?
wHERY & L7z siRNA 12K 5 apoptosis ODF5E [
THRE BASERZS 21 2 (&R) 200
643 H

(10) NV onm YaB<wUA, AHEIL, Soares
Luis AL, H.ERB, BMEIEEE, PHoER, 454
H. BRHTLE : Setting TFL-3 formulation parameters
for siRNA use in functional genomics studies, H A<3K
Al 2142 (@R) 2006434

(1) BHEE, &FHE, AHEL, FHEEE AR
Fogh, JGMTL, BRALE : R e s rE AR
TF RAR—=Y—EH PEG iV RV —L0HK
BT 2 Eh, BASRARIY 2 21 2 (S0
200643 H

(12) WEMRIR, HEE. AHEEL, HAE—, 4
HMF, BREGLE « s X T ) —~< (B16BL6)
~OEIIHIEET PTEN A X% doxorubicin
DR MR RIC B4 DM, AAEZSE 126 4
& () 200643 A

(13) =), M ELRREK, Jose M. Barichello, 4 H
Hok, WEARE—. RIS, M, BREELE
AT A=y 7 VR —bic L 58 ETFEA
BHEIZBIT D X7 V—= v JBRE, BARIERS
#1265 (lls) 200643 A

(14) BREE—, 8SARGT. EILmis, aHEEIL.



SRAGAE, T, FEESE, BEA : RYDF
F YR —= L& HH siRNA 5 U Y —
VAT ADRER, BARIEFERE 126 F8 (IUA)
200643 A

H. FEMPERED HFE - BRI
mL



JEAE SR A s R B G (B 2RO Setm R R B T HEE AT 0 S 2E)
SRR E

Ago2-siRNA B AIZ L 5B OFEEICEE T 5 M

Sy R A BN FEEKFERERTAVAN LA AR IR - Bh S
Jose Mario Barichello [ERHEst &% — « RENMFICE

WREE  AFEHIMICI VT, RISC K DO—>TdHh 5 Argonaute2 (Ago2)iZxtd % siRNA
EREF L. ZHEMIEPNICEAT S Z IS D IESFE IR E I 0, & BICiTMEaP~D
SIRNA AR E < in vivo JRAIZ DR 2% v U 7 O3, £/, MIAPHE AL O siRNA O
BRICBH DMt 51T o 70 9, Ago2 IZXF9 2 siRNA Z AP EA T HHE T Ago2 @ mRNA 73
knockdown =415 7> RT-PCR #: CEMli U7z, #XEF L7z siRNA O—->CREZE 7 knockdown ZhEL 23 22
S, IRWT, Ago2 knockdown I& X 2 HSEIZ DT, MTT assay 35 CHEER Lz & = A, BBV VA
NOPER RS STz, LALORERNS, AFECRE U LERENEET T N TE R, i,
BET LTeHi7= 2% % U 710 855 RNAL DR ERFT LTz & A, MIIRFHENE BIE< 2305\ RNAL 21 R
EHET DT ENRENT, Fl, KRED siRNA 28R MHESE S siRNA-D F 4=y 7
Y — MER WKL b R Ui, 2T BI3AEE invivo ~ L% 5 L CIFICEE 2 MAT
HHEFEZOND, 4%, BaxBRH LIS ETEREE L LT, in vivo )i EEEZ All in one
THRAADORFEEHEL T FETH D, £z, MIBHNEREITORE, =0 RY—Ah - 54
V= I b HIE ~D sIRNA O IETRAS RNAI IR OB % 1305 L CHRIGER TH D Z L2
RSN, S, ZOHEEREE 7 Y T L, $hE X HMEIZ siRNA 2T 53 A5 A& RE D
BIFIZRAIA I, Allinone T/3A ADBREZED TN FETH D, Sbic, B~ ) 7 XA %
B 777 —8 1 BMTI-MMPHUARIE Uz U AR Y — A P M i OB A 2 5 b L
PWICHTE L ESND Z L R LT BOF I F A= 7 VR — b 2N bD Y H v RCEML.,
in vivo THAEMBFIZERBELZ R THE I MRFTL T D, LIEDHEEDD Ago2 D knockdown 2 &
2 AARESE & B AEMAE ~OBIRIGT VR~ AT AZEME SELEICL Y . BEHHIR A TEEE OB
HEREBETE L0 LHFHENS,

A. WFEEW

RISC(RNA-induced silencing complex) il o>
AFICELSEboTWa L & b, EEANICHE
LTWDZ N7 HEETH D, RISCI, MmN
TSiRNAZ I Y A A, = OsiRNA & F840 2B %]
ZEFOMRNAZ BESRHICOIlT L, # 2R O3EH,
ZHIHT 5, L L, RISCOBFERITESNTE
D, OsiRNAZFRNIZEET S Z & TRISCE 1Y
B x5, QORISCHERR & > /37 12k DsiRNA %
BAT S Z Lic ko TRISC%H knockdownd %, =
L XD HIFRNRISCE 2 il L, MR O Rl
ZBEEXTHR M=V RAERFETEX DO TIERND
EEZ T, T T, TONHRDEIE AT,
Fo, BT A=y s - URY—Aid, Ml

B L ORERE RO EDN O | B ARSHTEE 7R
vector & L THIfF SR S TWnwa, L,
SIRNAD ¥ U7 & LCOMmETIEd 72\, TFL-3
IR LV SN B G TEARD T
F=y 7 YRV —ATHY, BEn vito TO#E
B8 AHvectorE LTI SN TWBR, 5%
+43in vivo~D BN FRETH D, T, KV
WY —h% [AllinoneT /84 A | OB & (rEf;
I, BRA BRI DR EIT o7,

Flo, RO TV ARY — 2T AR EAHE
T 5 ET, ERICEBETHD B2 LA/
N7 DSIRNAOENEEIZ B U CaoC B EE T i
W2 RET 2 BEA Lo, S HIC, PAFEME ~
DREFRBYRSIRNAT U XY — %2 RBHT R, A



BAEMEICRERICHE L TV D ER~ R Y 7
A2 AHnTnT 7 —E 1 BHMTI-MMPICxd 5
T/ R—F AR Ty VTR EML, £Om
BN BB R B B L Cin vitto CIRET L7z,

B. #igEHik
(1) Knockdown %hE8 R
N/P % 2L &TC GFP $ 5\ luciferase (2
X942 siRNA & HEREZTEHR ST, Tn vitro IZ
P 5 A ML & LCHT-1080 & hiEEPIiE
A D wild type F8 X O GFP % TF ¥ Bl #k
(GFP/HT-1080 #flifiil) 2 AV 7z, U AR Y — A/siIRNA
HAEEE 10% MIHHFAE T T4REEA o F 23— kK
L. siRNA Z#8 A L7z, GFP & /%7 BOHLEDH
%W luciferase 11 2 JIE L | knockdown 12 & %
Wb EEBEH Uz, 22 b —/LZiE in vitro TF
VY siRNA # AN % 7R 7 Lipofectamine2000 %
Wz,
(2) MRz
AMIAEIEE MTT MRIC K> TRl L2, =2 b
7 — /U {Z 1 Lipofectamine2000 % FHV Mz,
(3) HHBENEREAZYT
siRNA % FAM THOEIREM L 72 siRNA/Y R Y — A
Bakzif L, B6M4% HT-1080 H 5V
HUVEC M2 &AL, #ERV—F BT
THIE LT,
(4) Ago2 IZxt3 % siRNA DA
Ago2 IZXx4 5 siRNA % FlA4 DAL % HWT
HT-1080 #HAZIZE A L 7=, Knockdown %hZ L
RT-PCRIE TRl L7z, = b r—/LsiRNA & L
T GFP & % Wi luciferase 12X 3 5 siRNA %
VW, ek, =Y bu—/LERRE L CBactin D
RT-PCR % i L 7=,
(5) Ago2-siRNA EA|Z X 5 Apoptosis DFfiE
Caspase-3 IEMHEDHIEITHROF v & HWT
1T = 72, Apoptosis FHERPICE L CTix flow
cytometry % FHVNTHRET L7z, Propidum iodide C
Miadetd4 5 LERFIZ, annexin V 2 T
phosphatidylserine % 4t 4 4 % HF |2 K v |
Ago2-siRNA E A% DFEIEFRY7R apoptosis FELIRI
Z 37z, Anexin V | early apoptosis @, PI i late
apoptosis DTIEIN~Y—I—Th D,
(6) I A& W BRI~ DIERIE,

Invitro IZB T AFAEMEDETNVE LT, B b
Js B URPN FZ MBI (HUVEC) % Fvhiz, HUVEC
i3 bFGF, VEGF, IGF-1, EGF, 2% FBS % &2 EGM-2
BEilz ChE3& U7z, BT MT1-MMP HriRiz CIEA L
7DD VAR Y —AZFHE L, MEmicEi A Ei
e UARY — L% DID OERAEEEE L TEERT
fli L7z,

C. WroimER

(1) RISCHIHIZ L DT A h— AHE
(1) HT1080fl@ % Fv 7=

Ago2-siRNA % Lipofectamine2000{Z & ¥ HT 1080
WA L, Ago2-mRNA &% PCRIETHIE LT,
Control& U TV /= luciferaselZ %3 % siRNA G
Ago2-mRNAFBLEIT BT/ <, Ago2-siRNA%
e BRIZ TS 72 mRNA B ORI 72 380 D3 e Ra
SN, TDOT Ehb, Foa BERERLTICsIRNAL
Ago2iB a3 HL & BINAY I Zknockdown 3™ 2 = & 23
sl STz,

DUV, Ago2-siRNADNE A X A7z BRI oo 14
FEYEDEAVIC OWTIRET Lz, E9, MlaEmEic
W 5 2 5 siIRNAJRE Ot 2372 72, siRNA
BT LI E O R S vz, L
L. unrelated-siRNA (luciferase) {2 VT & )i
WIHEEE R BRI N, 202 ik, Ago2
knockdown{Z . 2 5 B 1) 70 e 8 Sl [ 4k 4
T HI0E, BEREOSIRNAZ AT 5N HEE
THhOZEERRTHIODTHD, ZDZEMD
 FEROFER R MRS A FHE LIz < 2.5 M
DSIRNAZ RFHCAW D EE Uiz,

S BT, AMfeEREE ORI 2SI B U TR
L7z, Jooofist & A4k iZunrelated-siRNA (luciferase)
ERWIESEAE TH->Th, MR ICRER H
LT EBRENT, LrL, FDO—FT,
Ago2-siIRNAZ A L7z BAICI T, & BICHL
AR AR SETE I S ELER ST,

RUNT, 2L B OARYESEEIH] A apoptosis & A
LTHECZ S DTHD0MRF L7z, Apoptosisidi
AR ERTELDIBEAZTHDHIN, —fRKIC
caspase 7 7 X U IR T H L F R ED@EETHE
BRREERIETERMONTH VD, T T,
Ago2-siRNAE A 1% o il i PN caspase-3 1 12D\
THEI LT, FE5E., siRNAB AL, Ago2-siRNAL



A8WF [ 128> Teontrol & L T [ v/~ unrelated
siRNA(luciferase) & LL# L C &V caspase-3 1% 1 4
FHETDENG o T,

S biz, flow cytometryZ VT, Ago2-siRNA
12 & D apoptosisiF BRI A RET L, FEH, HIE
L7 T ORI T, Ago2-siRNAZ A L
7256 0 J7 i3 unrelated-siRNA (luciferase) - A L
T AT EE~NT, apoptosisFhiE A3 m VO BN FE X
iz, SBIT, Ago2-siRNADEAIZ LY, JIE L
7o~ C O Tearly apoptosisZ3FHE X TV
5T LRI,

(II) HUVECHEREZ FAV /= it

D3 A ET A LA 123 VORI C 0D Ago2-siRNA A
(X DB (apoptosisihE) FEELOF M4 FER
% T2 OHUVECE AW TS 21T - 7=,

PreliminaryZ2 5 5 Cld & % 3, Lipofecamine2000
Z U, 125mMOAgo2-siRNAZEA L= L = A,
HUVEC® J52SHT1080 1 ¥ H DsiRNA/ Y R Y — 2
BEEICL DIEBRNZEBEZ TN, @
Ago2-knockdown | & % apoptosisiFs H 233 < .5
nd, TERRSIIE,

(2) siRNA/D R Y — ML T

Luciferase mRNA{Z 59 % siRNA(luc-siRNA)Z
X % luciferase ¥ BlknockdownZ F51E & L. L5
BT o T KR OMES L LT, Fx/izluciferase
ODreporter geneZ MIfIZE AT Z2HENLETHY |
MR & o Tldreporter gene & siRNA®D 2 D % 45
HECER L CEASRDZE LRy, Bohiz
& R Diartifact T B AIREME LB X Bz, LasL
et BB LR R CRhoRE2/HHLEDLE T
WIRD o Teledh, Rt/ KRR ERA Lz, L
L. S0 50E O & b GFPZEFBIHT1080
RPEE IS Shva/2), —EoRe ¢tz

DHREAE & AT L“C*ﬁnﬂ‘%ﬁo 7o

TFL-3 id HeLa #il 8 {2 3 v T 15nM 2L E o
luc-siRNA & % & A L 7= BRI +4) 72 luciferase gene
knockdownZ R %774 Z <‘: Boinoilz, —7F . GFP
L TEFEHHT1080/H 8 % FA VO 725 CIE, 120nM L
_EDGFPIZT DsiRNAZEA LR id+5 7%
knockdownZ MG H AL & RS o T,

WNT, XD EORNABYE 25T 5 -l
T R I, KR 2 IR & N 2 o f 2
siRNA & TFL-3 % 1BA 9 2 B vortexing & 1 2. %

7oV CHALSIRNAR & 72 ) ORNAIZ) B % e hs &
DHIENTEDHZEERMULE, B R&Z L
2. GFPREFHMIZB T, LIRS Tlia
SRNABIENG IR0 2 72300MIZ B\ T, %
BARIOWTT T ORNAIZNENE Sz, LR
2T, KRBT, D EDOsiRNATEORNAI
NEPEHE LN D AREMENE N L2 D, in vivors
DA G FRERILEFTHDH L EZ BND,

(3) HREANENRESRAT

HT1080 3L U HUVEC 128\, Ml LT
%D siRNA OZLITmy RY—LHB0ET 4
VIS —LEEZONDANVHTRTICERET A
MAENT & DIRIR Sz,

(4) P& ~DEaL,

MTI1-MMP IZERE LT ) AR Y — ST & N 2
MRS OBAE 2D, MBRNICHELSN D
T EERHER L,

D. %%

L EDFERS . Ago2Zknockdownd % = L
THIBLDIEF MDA N E I, ZORERE L
Tapoptosis % 1 L 7 58\ Nl A £ FE A1) 20 50 3 45
LNNDZENHALNERD, x BRELHE
MPRRETHLIER RSN, 4%, invivoT
BHLRREEZEL DT, siRNA/Y R Y — 18
BRI X D IR R e MRS SE I R 2h B A TR
D 7 B L, Ago2-knockdown!Z B[R L 7= #l
BRODEFRBEL I DL RN FERE LT
WS<ENPEETHDL EEZLND,

U%ﬂt%@ﬁ%%?ﬁﬁﬁNM%%ﬁ%%%ﬂé

HEEE R 2 X, siIRNADOKR G826
ﬁéTbﬁﬂm<\£éﬁ®ﬁﬁ%ﬁ%ﬁ®ﬁf
bEFTHLEELZOND, Fi, HEME~D
=TT 4 T RER TN vivoTh BV
RPELNDFREMEREWEEZ b, 5% DR
BRSNS,

BE ., TREOER & 72 DmRNA TN T2 &
DEWVEZHD2HDODO—EEBHRILL TEY & 3
7 DreplacementiZFH5 L TCWEh D EEZ HILD,
L7cio T, ARBRFO—ED & 37 35,
Ol ZFREE LTH ¥ U 7 ORES & 51 Lk
FERL T, EREGET 04 2 knockdown|Z
Wbz b TRERS, Lo T,



RNAZNR Z R SRR O T <z 15 & B
& LT 5B oo Mz AV EREOE
PR TICRT T HSiRNAZEA L CHERHADE
EERFTT 500, HDWIEERL BV L S 24
RBETFERERGGEE A CRHTRETHD
LB bh s,

—fRiZ, WFA=v 7 VR — L LpDNADOKE
BEEFR S DB, pDNAITE AR RS T
BN Tz HagitationZEm & S T& 7=, LAL,
SiRNADI5E 1T L Aagitationd 5 & & THasd T
DETEHVRNAIGIRZES Z R TEDHZERN
Dhole, LEBR-T, ZhETOpDNAX v U
7 B3 IZ 15 & U7z know-how 23 ¢ L & siRNA
Xy UTBARKICHEN TX 20 TlEhneE s
A %o 5 siRNAF v U 7 2 B3 LT LT,
PDNAZF ¥ U 7RO Rz E 2 Do b,
AN EHET TR MALMLERS S EBbivs,

AIRABRBIT ORI, = FY—2 - F1 Y
= B B I ~ DO siIRNA D i HEFEAS, RNAI
RO E I D L CHERERETHB L
BRENT, 5%, ZOREREEEZ VT L, %
R HIREICSIRNAZ BT 5V AT LB 0T
WA AL, All inone 5284 A DTS~ & 7T
TWFETH D,

E. f‘n?@

AEFEOHRET G, DAgo2-siRNA EAIZ K
Y apoptosis &I L7-MIfAEAFEINLDZ L.
Q@FMEDMIE < K EE D siRNA TE LV RNAL ZhE
ERET DITT LA TGTHEIEZ/D L ATE
D&, @FAMmMENEMIE~DOER(LAEH
IS5 &, BWRENZ, 5%, Ago2 @
knockdown & & AHERESE & 05 AT A A ~ D%
RT YV NY) = AT A EFRE SEHHEICE
V., BEHRIBAIRFIEORE~NLHER TS D
DEHIFFEND,
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2. FRFER

(1) WEHEEsieE, BE—2, B2REEE. mHEIL,
% I 545 : Metronomic Chemotherapy & 35 1) 2 IfiL %
BAEREFCHET DB B4 48 B AREESP
MESERRS (RlL) 20054114

(2) BEEE, BRI, AHEIL, BEILE
vru 73 A7 7 I K& Mz Metronomic
Chemotherapy (282 RF YL EL U HAU R
Y= LhOJAROBT 4 4B BARFEES
FIMERERS (Rl) 200541 14

(3) EHERIE, IHEE, FHHEEIL, BEILE
Studying the mechanism overcoming P-gp mediated
MDR cells by doxorubicin-containing

transferring-modified liposomes. 55 2 7 [HIZE{KE &
Y OMENEM T R T L (ER) 200 54
114

(4) HERK, BEREE, N)ou Vabv]l
A, WIEFHE, AEELL, BRHELLE  Argonaute2
ZIERY & L7z siRNA 1T X D apoptosis (DF5ET [
TOMEL BARIEAIFR2 142 (&R) 200
643 H

G) NUru va¥<wUAd, BHEEIL, Soares
Luis A.L., FH_ LRk, BRI, /IR, i
&, BRMH5LE ; Setting TFL-3 formulation parameters
for siRNA use in functional genomics studies, H A<
AE&2 1442 (&R) 200643 H

(6) WER, &¥FE, AHE#EL, FHREE AR
sk, FGHE, BEHELE : FEF YL E o E AL
TF RAN—P—EF PEG i) RY —bDHF
FMECBE o5, BAEHIFES 2 12 (&R)
20064 3A°

(7) ERRIA, BEE, AEEL, BARE—-, %
MEE, BREAE @ RSB A 5/ —~ (BI6BL6)



~OFEIIFEIEET PTEN EAZ X% doxorubicin
DIFSEMEIETRIC BT 15T, BASRESE 126
Fx (i) 2006434

(8) =I5, W EIREK, Jose M. Barichello, A H#&
Bh WEARTE—. RIS —, ZGHhIE, BRESAE ¢ B
HAOFA =7 VR —bIC L 5BBETFEAD
RICEHT DRI Y —= 0 FHRE, AP E
1264% (i) 200643 A

(O) MHE—, SARET. BIHME, FHEIL,
BREGLE, PR, BEBSF, BEA : RY hF
VR —LEHNTZHH siRNA U Y —
VAT AOER, AARIEERE 1 2 64EE (IlR)
200643H

H. AR BERMED HRE - BeRRI
2L

10



A, WFEEE

B A R S R B & (W 2P BRI R B I E AT S 28)
SRR E

SiRNA EAH ¥ v U 7 OB & LB N AL ~D siRNA E AT 585

SRS B S FERSIR PR BRI SRR AT

WRER AE, PAFAME A#IE L Lz Allinone 723 ADRN—2R L 72 % siRNA A
Xy UTOBREEEHBE L, cetyl-polyethylenimine (cetyl-PEI) Z I L7=R U HF4 U
AV —2Ah (PCL) B L7, &WIC PCL DIEEMALI LT PCLSIRNA A RO
Nitrogen/Phosphate (N/P) k&t L7z, PCL IZ X % siRNA #EAZH T, HT-1080 b ki
FRNEMD D GFP ZZEFHUIRIC GFP 12§ % siRNA 2EH AL, GFP ¥ /37 O3
I UCHBIZh R 2R L=, 2 OFEE, PCL O~ R—[EE & LC DOPE & 2 LA
7 u—/L & L, Nittogen/Phosphate (N/P) % 24eq. & U7k F£549 150 nm @ PCL/siRNA
BERICBWTRRO RNAL ZIRAELNE. O, HREEERIBESh N7,
PCL/siRNA A% HT-1080 MIICEA U CHIRNEIEZ RAT U7- iR, 24 REE%IZIER
IRy DA DS & MR AT L, M I W TS0 B A R DSRRE L T
SERFPEE SN, Bk L7 &ET, RFROBEMIEN ST Th D RNA FFEY 1 L
VU AN (RISC) #5272 H Argonaute2 1249 % siRNA # PCL 12 X > T HT-1080
MRICBA LT, £ORER, ARG LB O siRNA OOE DIZENR /) v o X o
DIHERR S 4L, Argonaute? ([ZX9 5 siRNA OEFIREICE - 7=, WIZHAME ONEHlaD
A rrEFNE LUTHEERREDO v MERFIRN MR (HUVEC) %AV, PCLICX
% siRNA B AZhZ % 3l L 7. Argonaute2 (2B 3 2 MFHI S5 - C GAPDH 2%t 5 siRNA
PCLICE»TEALLEZ A, GAPDH ORVERAR ) v 7 X7 USRSz, AEHE
DEFTT TAll in one 773 X ] DEARFHERS & 72D siRNA EAH PCL OEN T2 EAZh
WM 6 & Tp o T [ARFEATENC T A M E o9 28200k 7 m — 7 Il A R b HED T
BY, FAMERERY~TF B APRPG 8 L UL MT1I-MMP HiROFHERH B E > T
TS, ZOL D iR 7 C PCL Z{&fifi L, Argonaute2 {Z%H9 5 siRNA % H A4 M
WEMIICEBATHZ &2 LY, PAFAENE R L Lz Allin one 7734 A DA~ &
BRHZEBHFFCED.

5357000 Fy FMEMZEEEMR L T

RNA #FEY A Lo v @AW (RISC) 12X
% siRNA Z## LS A A G HRAT S o
2 7z BA%S L, miRNA FREMEEOHEL N LIS A
A M BRI 2o iR EE, N AORHE, KOUn T
RIE OMBIESE 2 6 MCT 5. FHEER, £
7 siRNA OEAICE ML LIeRY hFA VR
V=2 (PCL) DRFIFENSET L. T HIC IR
AFTENE ZHER & L7z All in one 7734 A] @
FACE IRy & 7 D siRNA A PCL 2 B3 L,
BATAERPICI W TR 72 siRNA A % F28]
T 57D PEG EMRHTAMAE ~ DR M & fF
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HTHD. AW THZ cetyl-polyethylenimine
(cetyl-PEI) 2 L7~ PCL 1%, 9 2 3 F DNA
DEAX ¥ VT & LT, invitro KO in vivo 1281
HENTZEAZREPALNE 2o TND., 2T,
WIEE T E 9 PCL 28 siRNA OE A AHET
HDEDOERENT, VIR—Z—8zTFD/) v
o o ROMBEFEERE & L met & Ei
L, PCL OgEMALE & O PCL/SiRNA #ARD
N/P % Fei{b Ule. & O iR AME 2 7T
LN T2 e2HWE L, PCL BLV
siRNA OMBHNEIEEIC DWW TR L. —F5 T,



KRAFFEDFEMIEA YT TH D RNA FEY A L
U TEAEW (RISC) #RL 4 v 732 ' Argonaute2
X9 % siRNA OEF|ZRET B2, FEH
SIRNA D/ v 7 F 0 UEREFM LTz, S HITAR
WHIE DIFRHINE C & 2 B A M E N~
SIRNA A ZFHE T A7, £/ hres
Jb & LT HUVEC % Vv, PCL #HWiEon
SIRNA AR & fEt L7z,

B. #WisEk

(1) PCL/siRNA #&ED7

cetyl-PEI 33 L OVRE (DOPE %) #RA, B
#L, TE WS CKRIL7. PCL OERIEE L LT
I DOPE £/l DPPC #HW, & HIa b AT
—NEBLbDEEERVLOER L. PCL
DORLTRITZ I A M V—a VB> THE
L72.PCL DR FREB IO, B ¥ — 4P A
— (MALVERN) % MW CHIE L7z, cetyl-PEI @
Nitrogen 33 & 0" siRNA @ Phosphate DLt (N/P) %
FEEEIZ PCL & siRNA %A L, PCL/GSIRNA #H4E
R L.

(2) /w7 &0 OGN

FRL DR 54 PCL % Ji#itk, N/P L B{L&W
C GFP {Z%17 5 siRNA L EAKREZRARS -,
A e bricBiTAEA ML L CHT-1080 &
bk MEZE PN OBE M IR o0 GFP % E 3% HL B
(GFP/HT-1080 i) % FAv>, PCL/siRNA AR
Z 10%IMIEFEF T 4 BRfA v F2—F L,
SiIRNA %3 A L7z, 4 PCL/siRNA A4S BT
IREFRYIC GFP & X O EIEL, / v 7
EO AL DO RERE L, Z oD RLHE
L LTRNAIZIRAZHEL, BBEsdzie L
JTo. a2 he—niZidA v E heilB0nTE N
SIRNA EAZNE %77 Lipofectamine2000 % >
7z,

(3) AR

S B UNEEFM U REICBITS
PCL/siRNA #A RO HREMEIZ -2V C, TetraColor
One™ % v /= MTT & kEc k- CEfi L=,
=1 b —)L{Z)d Lipofectamine2000 % AV 7z,
(4) RN BIEEARAT

PCL % DiD, siRNA % FAM T 2 BEAOGER L7~
PCL/siRNA A& REZFRE L7z, EHEE% HT-1080
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MR EAL, HESRL—P =A%y VEEMET
TH % OFMBNEIRBZ fiEHT L7, #%1X DAPTIZ T
S L, %, MY, F7MieBs BEd
% PCL B X O siRNA &N -2t Lz,

(5) Argonaute2 {Zx}9"% siRNA DA

il L7z PCL IZ & % siRNA ALz T
Argonaute2 125195 siRNA % HT-1080 A A
U7c. {#fli siRNA 2 6 FREAEL, /v o &80
BhRE R U=, A8, 16, 24 BRI
NVERBL, /v XU % E RT-PCR I &
S TRl L7, =2 b —/LsiRNA & LTl GFP
12395 siRNA 2 v/, 7o, = hm— 3
Bk & L CB-actin ¢ RT-PCR % FHE L /-.

(6) MLE PR~ siRNA A

A hailBiaEEnEnEsTrE L TR
N RN B A (HUVEC) % V2. HUVEC
1% bFGF, VEGF, IGF-1, EGF, 2% FBS % &1 EGM-2
Bri o THERR L7z, Boi{k L7z PCL IZ X B siRNA
OBV T GAPDH I X5 siRNA &3 A
L, BA 24, 48 Wik, /v o7 Zo R E D
TRABTR YT 4 TR K> CRMiiLTz, =
¥ hmr—/L siRNA & LTIk GFP (25%9 % siRNA
- LAY o

C. Wiz

(1) PCL/siRNA 41k

FRx T2t PCL % N/P % 18~30 % TZ&(L &%
T siRNA L EA L, PCL/siRNA AR Z T L7,
EORER, BFEEMN 120~160 nm, ¥ — & BALH
+30~+50 mV @ PCL/siRNA & E NI S 17z,
FHEL U724 PCL/SIRNA BAKE LLT 03RRI
W,

(2) 7 v 7 B0 RO

PCL D~ —fl8E & L CDOPE & 2 L AT 11—
N L, PCL/SIRNA #ERD N/P LA 24 eq.
DFAITB VTR KD RNAL 21EBE B, #1
il Zh =R 1% Lipofectamin2000 & [RFRE CTH o 7.

PCLOEARIFE L LTDPPC L a L AT — L%
FERLIEHBACL ) v 7 B UPN R s, &
PRI LR LRI, A EAL 48 WOk
b S S EMPBE S .

(3) HHpaEERRER

PCL i = v hu—a kL CTHWIE



Lipofectamin2000 & bl U -CHIBAEEMEMEV 2
ERHAGMNE TR0 TR, BRbEVHIRESRL
7= PCL/SiRNA & MRIZ IV CHEBA M 1381 52
SN o Tz,

(4) i PNEDREARAT

FIRRANEIRE OMEPT X, FeliSc(f (PCL D~ JLs3—
JEEZ &L LT DOPE &b xFu—LaHAL,
PCL/SiRNA #EEED N/P HR 24 eq.d5AE) 128
WCEM L7z, EA 24 REEZICB W TRES O
PCL/siRNA &K MBS & MBRE ~DBAT
R Z, MEIZRB IR AN E AR A R
LW RTINS n T,

(5) Argonaute2 {Z%9 % siRNA DEA

RT-PCR IEIZ K- CRMliL7= & 2 A, {4l siRNA
DOEDIT ) v 7 B0 PRS-, B-actin @
Ny RIZEL 2d ol S5 GFP IZxt1 5
SIRNA Tk EB 22 Tl &b,
Argonaute2 @/ v 7 XU IR TH D Z LR
HoEMMhElroilz,

(6) A PN R MR~ siRNA A

DITAR LTy T 4 B X o Tl L
& A, GAPDH OFERNR ) v 7 X0 R
ENTo. GFPIZHT 5 siRNA & AWV EEEITii/
v I XU AT T Badyo e, Baactin DNV NI
NN W AW 3% =V EVA vl full

D. #%

LR L0, siRNA OE A FE(L L7z PCL
%, BORNOEEEE WO EREEEEE TS
ZEPFE s, A B b rIZBWTIE, PCL
DAV NR—EE L LTDOPE & a2 AT a— L%
fEM L, PCL/siRNA #HEED N/P LS 24 eq. The

RO RNAIZIERDBPELND ZERHOENE R0

DPPC & 2 L AT m—/ L HEARNEHE & L7z PCLIZ
BOTH RNAI ZIRBPELNTNWDHZ b, 1
VERADOSAOERIZIE L Y ZER PCL Z3&# IR
THIELARETHD EBXOND. 2 EEOLIE
ik L7= PCL/SiIRNA & RO MMIEPNEIRE 2 HME8
=2y VEEIREEICCRT LT 2 A,
LB IZB W THEEERPREEL T <ERF & FH
HI %zé ENRTER., BV RNAI DR EED
72O, fRELC siRNA ZZIRAICT U XY —
L, RISC OEHRERTHLENH D2, ZOFE
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MRITASBORKFHICHOERATHDEEZLD
N5, TsiRNA ZH# U728 A i i 5y 7
NA A |DEEARFIEER Sy & 72 D siRNA E A PCL
DORRFICKRII Lz, £ 2 TIROMFREELE LT
1) Argonaute2 / w7 # U VIR OBETR LW 2)
SiRNA #5385 ¥ U 7 ~ O A M E R RBIEOF 528
HiFohd. £2C, Argonaute2 J v 7 Z L%
RO & LT 210 h, S%EFRICHNT
V< siRNA DRSO EZ EfE L7-. 2 LT PCL
%mbwmmNA%%ALtF%:@%mﬁ®Ut

RN ) v 7 B URHEER S L. S8
%m I Argonaute2 J v 7 X0 L DFHFIZ DT,
HNREETEREBR B L OV TUNEL TRIC K A7 &R b —3
AR ORBEHE D T &, miRNA FREiE o
WREEN LT AR P— 28NS ARG L
TN EEZTVD. I siRNA #B#F v U 7~D
B i R B O 5B LT E TN A
~OEARRETH 5 NENIC OV THRET S
EZAMNOR L. SN, A4S N R
DET NV E LTEHEHER T % AL
7= HUVEC % i\ \/=. PCL iZ & - T GAPDH (T %}
9% siRNA 8 A U-FESR, /v 7 50 kA
ST ARFEFMIRTH 2N MR & 23 A
TlL siRNA BADEEG IR/ D & L AR &
e, PCLICE T/ v 7 XU URARETH D
ZEBH BNl o T S BITEREI TN IS
AT L CE 2B E ML E Fr A~ 7"F K APRPG
B LU MT1I-MMP Hiff %A L7z PCL OB
Y, PCLICIEGH A M Fe B % 5 LT
STETHS.

AAEEDRRHTT TAllin one T /34 A | DOFEAKRBH
#0 & 7% siRNA EAJ PCL OB 72 B AZIR
W BINERofc. PCL 2 WD Z & CHE M
~OEANFBETHAZ ERHALNERY, 35
(21 Argonaute2 (ZX14" 2% siRNA DEEFINERE L
le. —J5T, HiEMERRITF B APRPG B
L UHLMTI-MMP JLiEDH RIERH B L 2o T
TS, 2D XD RHREM ST PCL ZEAfi L,
Argonaute2 (2% 5 siRNA % H 4 M2 PN B2 A
BATHZEIZLY, BAHALEZENE L



All in one 7 /31 ADFNRA~ L LN D Z L S
TX 3.
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Increased Gene Expression by Cationic Liposomes (TFL-3) in Lung
Metastases Following Intravenous Injection
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We recently showed that size, not surface charge, is a major determinant of the in vitro lipofection efficiency
of pDNA/TFL-3 complex (lipoplex), even in the presence of serum. In this study, the effect of lipoplex size as a re-
sult of interaction with serum proteins on in vitro lipofection and the relationship of this with ir vive lipofection
was examined in a murine lung metastasis model. As previously described, the pDNA to lipid ratio (P/L ratio) af-
fected both the size and zeta potential of the lipoplex. In vitro studies also indicated that transgene expression in
B16BL6 cells was largely dependent on the size of the lipoplex, both in the absence or presence (50% (v/v)) of
serum. An in vivo lipofection experiment showed that predominant gene expression in lungs occurred only in
tumor-bearing mice, not in normal mice. Based on the in vitro study, this tumor-related gene expression was not
related to lipoplex size in the presence of serum (50% (v/v)), suggesting that the size alteration, as the result of
interactions with serum proteins in the blood stream may not play an important role in the case of systemic in-
jections. In addition, the efficient gene expression in tumor-bearing lung was not related to the progression of
hung metastases. The area-specific gene expression in tumor-bearing lungs, which was largely dependent on the
P/L ratio of the lipoplexes, was observed by fluorescent microscopy. Although the underlying mechanism for the
area-specific transgene expression is not clear, it may be related to the interaction of lipoplexes with tumor cells,
vascular endothelial cells under angiogenesis and normal cells in the lungs. The possibility that TFL-3 is a useful
utility to the targeted delivery of pDNA to lungs and tumor-related lipofection is demonstrated. This result sug-
gests that area-specific gene expression in lung metastases may be achieved by controlling the physicochemical

properties of the lipoplex, i.e. the P/L ratio.
Key words

Gene therapy, a promising medical technology against
many diseases, has some potential for the treatment of cer-
tain types of serious cancer such as lung cancer.? During the
past 15 years, more than 400 clinical studies in gene therapy
have been evaluated and almost 70% of these studies were in
the area of cancer gene therapy.”” However, even though
much clinical research has been carried, the validity of this
treatment has not been confirmed.?

The key for successful gene therapy in the treatment of
cancer is the technology used for gene delivery, in which tar-
geted gene delivery to a tumor is achieved. For this purpose,
many studies have been directed toward the development of a
useful vector system. Vectors for gene therapy can be catego-
rized into two groups: viral and non-viral vectors. The viral
vectors mimic the properties of viruses that naturally infect
cells and transfer their genetic materials, resulting in a highly
efficient gene transfer. They have, however, some limitations
which include difficulty for production and toxicity (in par-
ticular immunogenecity).” Non-viral vectors based on
(poly)cationic lipids, liposomes, and polymers form nega-
tively charged natural and synthetic DNA. It is generally be-
lieved that the positive charge on the vector/DNA complex
ensures its binding to the cell membrane because of the nega-
tive charge on the cell membrane and it then enters the target
cells. Although the gene transfer efficiency of non-viral vec-
tors is less than that of their viral counterparts and is also
transient in nature, these systems are likely to present several
advantages including low-cost and large-scale production,
safety, lower immunogenecity, and the capacity to deliver
large gene fragments.

A cationic liposome, TFL-3, composed of a cationic lipid,
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DC-6-14, with helper lipids dioleoylphosphatidylethanol-
amine (DOPE) and cholesterol (CHOL), showed a higher
lipofection efficiency in dividing or non-dividing cells in
vitro, even in the presence of serum®® and in vivo.” Gen-
erally, gene fragments in complexes formed with non-viral
vectors are easily and quickly degraded in the presence of
serum.'? An electron microscopic study showed that gene
fragments/TFL-3 complexes (lipoplexes) retained their mor-
phology in the presence of serum.® This may account for the
high gene transfer activity in serum-containing media and
in vivo. Based on the above discussion, TFL-3 would be ex-
pected to be a superior non-viral vector that could be system-
ically injected.

In vivo lipofection, the transgene expression would occur
as a function of the distribution of the lipoplexes. In addition
to the physicochemical properties of the component lipids,
the colloidal properties of lipoplexes such as their stability in
plasma, pharmacokinetics and biodistribution are major de-
terminant factors achieving the highest transgene and tissue
specific expressions.'" =" Organ distribution can be modu-
lated by varying the lipid-to-pDNA ratio or the size of the
lipoplexes.'>

With the aging of society in the 21st century, the incidence
of cancer is expected to increase. The morbidity rate of lung
cancer has been rising particularly rapidly, and a pressing
countermeasure is necessary.'® Lipoplexes usually accumu-
iate largely in the lung, although the distribution changes
with time: lipoplexes are found in the lung shortly after intra-
venous injection but eventually accumulate in the liver after
24 or 481.""'®) This is because the lipoplex form aggregates
in the blood stream, and is captured in the first capillary en-
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countered. If the pDNA could be quickly transferred from
lipoplexes to pulmonary endothelial cells after being cap-
tured in a capillary of the lung, an enhanced transgene ex-
pression might be obtained. In a lung with a tumor, a more
extensive gene expression would be observed because of the
angiogenesis of vessels and the proliferation of cells in the
tumor area.

The focus of this study, therefore, was on the in vitro char-
acterization of lipoplexes (pDNA/TFL-3 complex) and the
relationship between their characteristics and in vitro or in
vivo transgene expression. For this purpose, we employed a
line of highly lung-metastatic melanoma cells, B16BL6, to
study in vitro transgene expression efficiency and a murine
lung metastatis model to examine in vivo efficiency.

MATERIALS AND METHODS

Materials TFL-3 composed of O,0’-ditetradecanoyl-N-
(o-trimethylammonioacetyl) diethanolamine chloride/DOPE/
CHOL (1/0.75/0.75, mol/mol) was a generous gift from the
Daiichi Pharmaceutical Co. Ltd. (Tokyo, Japan). The lu-
ciferase assay kit and cell culture lysis reagent (CCLR) were
purchased from Promega (WI, US.A.). Plasmid DNA
(pDNA) pCAG-Luc3 encoding the firefly luciferase, was pur-
chased from Nippon Gene (Toyama, Japan). A pDNA encod-
ing the green fluorescence protein (GFP) gene, gWIZ-GFP
was obtained from Gene Therapy Systems, Inc (CA, U.S.A.).
pDNA was amplified in E. Coli JM 109 and purified by
means of a QIAfilter Plasmid Mega Kit from Qiagen
(Hilden, Germeny). LipofectAMINE was purchased from In-
vitrogen (CA, U.S.A.). Fetal bovine serum (FBS) was pur-
chased from GIBCO BRL (NY, US.A). Opti-MEM 1
medium was purchased from Life Technologies (MD,
U.S.A)). Other cell culture regents were obtained from Nissui
Pharmaceutical Co. Ltd. (Tokyo, Japan). All other reagents
were of analytical grade.

Cell Line and Animal BI16BL6, a murine melanoma
cell line, was cultured in DMEM medium supplemented with
10% heat-inactivated FBS, 10mmM glutamine, 100 units/ml
penicillin, and 100 gg/ml streptomycin in a 5% CO, air incu-
bator at 37 °C. Six-week-old male C57BL6 mice, 20—22 g
in weight, were purchased from Japan SL.C (Shizuoka,
Japan). They had free access to water and rat chow, and were
housed under controlled environmental conditions (constant
temperature, humidity, and a 12 h dark-light cycle). All ani-
mal experiments were evaluated and approved by the Animal
and Ethics Review Committee of Faculty of Pharmaceutical
Sciences, The University of Tokushima.

Preparation of pDNA/TFL-3 Complex (Lipoplex)
Lipoplex was prepared by gently mixing the appropriate
amount of pDNA into TFL-3 with different lipid concentra-
tions (2.5 pm or 25 pim) to obtain the desired pDNA to lipid
ratio. The pDNA to lipid (P/L) ratio was varied from 0 to
150 g pDNA per total lipid (mol) in liposomes, correspond-
ing to a mol ratio of 0—2.8X107°, The lower lipid concen-
tration was for in vifro use and the higher concentration was
for in vivo use.

Characterization of the Lipoplex The particle size and
zeta-potential of the resulting lipoplex in 9% sucrose solution
with or without 50% (v/v) serum were determined using a
laser particle analyzer and a laser electrophoresis zeta poten-
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tial analyzer device, NICOMP 380 (Particle sizing system,
CA, US.A).

In Vitro Transfection B16BL6 cells were plated in 12-
well plates at a density of 1.5X10° cells/well. After an over
night pre-culture, the first 200 ul of Opti MEM or serum was
added to a well of a 12-well plate, then 200 ul of lipoplex
(2.5 ug pDNA/ml) was immediately added. After 1 h of lipo-
fection, the lipoplex was removed and the wells were washed
twice with cold phosphate buffered saline (PBS, pH 7.4).
Appropriate medium supplemented with 10% heat-inacti-
vated FBS was then added and the cells were cultured for a
further 23 h. For the luciferase assay, after removal of the
medium, the cells were lysed by the addition of 400 ul of
CCLR. The cell lysate was collected and centrifuged (2 min,
20000Xg, 4 °C) to give a clear supernatant for the assay. The
luciferase assay was carried out according to the manufactur-
er’s recommended protocol (Promega, WI, U.S.A.). The pro-
tein content in the clear supernatant was determined with a
DC protein assay kit (Bio-Rad Laboratories, CA, U.S.A.).
The data are expressed as light counts/min/mg of protein.

In Vivo Transfection To induce pulmonary metastases,
murine B16BL6 melanoma cells (5X10*cells/mouse) were
intravenously injected with 0.2 ml of PBS(—) via the tail vein
of a C57BL/6 mouse. At the indicated day after the inocula-
tion, lipoplex was intravenously injected via the tail vein.
The dose of pDNA for injection was fixed at 30 y1g. At 24h
after the injection, the lungs were removed from the mouse.
To dissect, the lung was homogenized followed by three
freeze-thaw cycles in 1 ml of CCLR. The resulting tissue ho-
mogenate was then centrifuged (10min, 20000Xg, 4°C).
The clear supernatant was subjected to the luciferase assay as
described above.

Fluorescent Microscopic Study Lipoplex containing
pDNA encoding the green fluorescence protein (GFP) gene,
gWIZ-GFP (30 g pDNA/mouse), was intravenously injected
into a B16BL6-bearing mouse via the tail vein. At 24 h after
in vivo lipofection, the lungs were removed from the mice,
immediately embedded in 4% CMC embedding compound
(FINETEC Co., Ltd., Tokyo, Japan), frozen in liquid nitro-
gen, and stored at —80°C. Frozen lung sections (100 um
thick) were made using a cryostat by the routine procedure.
The sections were directly examined using a Zeiss LSMS in-
verted confocal laser scan microscope (Carl Zeiss, Germany)
without any fixation. GFP was imaged using 488 nm for exci-
tation and 510—530 nm for emission.

Statistics All mean values are expressed as the
mean*S.D. Statistical analyses were performed using
GraphPad InStat software (GraphPad Software, CA, U.S.A.).
The level of significance was set at p<<0.05.

RESULTS

Effect of P/L. Ratio on Size, Zeta Potential and Trans-
fection Efficiency of the Lipoplex The size of the lipoplex
was examined for varying ratios of pDNA to lipid of TFL-3
liposomes (P/L ratio) in the absence of serum (Fig. 1A). The
mean size of the original TFL-3 before preparation of the
lipoplex was approximately 150 nm. Complexing of lipo-
somes with an increasing amount of pDNA, up to 80 P/L
ratio, resulted in a dramatic increase in the size of lipoplex.
At a P/L ratio of 80, the largest size lipoplex was obtained.
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Fig. 1. Effect of P/L Ratio on Size, Zeta Potential and Transfection Effi-
ciency of the Lipoplex

pDNA/TFL-3 complexes (lipoplexes) were prepared, as described method in Materi-
als and Methods. The average size (A) and zeta-potential (B) of the resulting lipoplex
were determined. Luciferase activity (C) in B16BL6 cells following lipofection (1 ug
of pDNA) was determined, as described in Materials and Methods. Filled column,
pDNA/TFL-3 complex; open column, pDNA/Lipofec AMINE (LA) complex. Data rep-
resent mean£8.D. (r#=3).

This can be attributed to extensive, uncontrolled aggregation
and fusion between lipoplexes due to their loss of surface
charge. Conversely, the complexing of greater amounts of
pDNA with liposomes resulted in a decrease in size.

Complexing of an increasing amount of pDNA with
cationic liposomes led to a decrease in the initial zeta poten-
tial value of the liposome (approximately +28mV) (Fig.
IB). Lipoplex with a 80 P/L ratio, which has a neutral calcu-
lated charge, had almost a neutral in a zeta potential measu-
ment (approximately +2mV). A further increase in the
amount of pDNA in the lipoplex resulted in net negative zeta
potentials.

B16BL6 cells were transfected using lipoplexes prepared
with different P/L ratios. The transgene efficiency of the
lipoplex changed. dramatically with a change in P/L ratio
(Fig. 1C). A lipoplex, at 80 P/L ratio, showed the highest effi-
ciency, almost same as that of LipofectAMINE, which was
used as positive control. At this ratio, the size of the lipoplex
was at a maximum, but had almost a neutral charge. The
lower lipofection efficiencies of all other lipoplexes were not
due to cytotoxicity toward the treated cells, since all the
lipoplexes tested showed no detectable cytotoxicity, as evi-
denced by the trypan blue exclusion test (data not shown).

Effect of P/L. Ratio on Lipoplex Size and Transfection
Efficiency in the Presence of Serum It is well known that
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Fig. 2. Effect of P/L Ratio on Size and Transfection Efficiency of the
Lipoplex in the Presence of Serum

pDNA/TFL-3 complexes (lipoplexes) were prepared, as described in Materials and
Methods. The average size (A) of resulting lipoplex were determined after incubation
in the presence of 50% (v/v) serum for 15min at 37°C. Luciferase activity (B) in
BI6BL6 cells following lipofection (1 g of pDNA) was determined in the presence of
50% (v/v) serum according to the method described in the Materials and Methods. Data
represent mean*3.D. (n=3).

serum has an inhibitory effect on lipofection efficiency. After
its systemic administration, the lipoplex immediately en-
counters serum proteins in the blood stream. Hence, a study
in the presence of serum is thought to be very important for
the prediction of lipofection efficiency in vivo. Here, the ef-
fect of serum was investigated on lipoplex size and lipofec-
tion efficiency. For all experiments, the concentration of
serum was fixed at 50% (v/v) in the incubation medjum.

As expected, the presence of serum resulted in a dramatic
alteration in lipoplex size compared to the absence of serum
(Fig. 2A). The P/L ratio needed to give the largest lipoplex
size was shifted from 80 to 20 in the presence of serum,
compared with the absence of serum. Up to a P/L ratio of 40,
the size was increased 6 to 7-fold, relative to the absence of
serum. Increasing the P/L ratio to over 40 led to a significant
decrease in lipoplex size, 7 to 25-fold. In the presence of
serum, the lipofection efficacy of the lipoplex on B16BL6
cells was also changed dramatically with a change in P/L
ratio (Fig. 2B) and the P/L ratio for the maximum transgene
expression was shifted from 80 to 40 P/L. The level of gene
expression was relatively lower than those in the absence of
serum, except for P/L ratios of 20 and 40 (Fig. 2B). At P/L
ratios of 20 and 40, transgene expression was increased by
approximately 2-fold. Lipofect AMINE lost its efficient gene
transfer activity in the presence of serum (data not shown).
Comparing the changes in lipoplex size and lipofection effi-
ciency, a relationship still partly exists between lipoplex size
and lipofection efficiency in the presence of serum.

In Vivo Transfection Study The in vivo efficacy of
lipoplex was examined in B16BL6-bearing mice, following
an intravenous injection. The assay was carried out 14 d after
the inoculation of B16BL6 cells or an injection of saline. In
normal mice, a relatively lower gene expression in all organs
including the lungs (Fig. 3, open column) examined were de-
tected at all P/L ratios tested (data not shown). Surprisingly,
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