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RNA interference (RNAi)-based therapy with small interfering RNA (siRNA) is
expected as a potent treatment strategy for intractable diseases. However, systemic
injection of siRNA is quite limited because of a problem of DDS technology. In the
present study, a novel siRNA delivery system was established to achieve RNAi—based
cancer therapies. Our data demonstrated that systemic injection of therapeutic siRNAs
using our DDS technology suppressed tumor growth in animal studies.
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1. WFEBRAE SO 5 RY —LEHICER Lz, VARY—2A0%, i
RNA ¥ (RNA interference; RNAi) #ffr RIHENTWAZ ENSLHLNR LD
D ERES I, small interfering RNA W2, ooy 2 — L ik LT m-e il
(siRNA) T U /XU — AT LADOMESL IS LB TOEAMERE, B TIREIFIEIZIB W T,
RA[REWZ D, AFEHRETIE, 2885 VR — L&D ETDHIETANARRY
BID siRNA T X —% 3BT DIHhHiz0, Y Z =%, BERBOBEAZRNPFEE L TR




F o5, LA L, RNA FHEOBEE1T13. siRNA
NMERE CEBB T/ v 7 Xy R T b
WO HENRET ANV AR Z—TE T
HEHETH D, 2. TT /) TANART A
—ZHWTshRNA ZEA L7-~ 7 AZBWT,
miRNA kg & WO REANHREINTED
(Grimm D et al. Nature, 2006). EIEF®
ay hr—1 W) HIZBWTH AR siRNA
BEIETANARY X —ZHET D FIEmIC
AUy "B HD, THFETICH A4 I1E, siRNA
DRy H— L LT cetyl-polyethylenimine
(cetyl-PEI) THUEEFL7=AR Y BF AV
R =D EEDTRY, BNTEAR)
BRI Z—OPFHBICHII L T D, &
Sz, RIAFA IR —LDORY =F L
7Y a—)v (PEG) Effi<°V v REHHD
RO T HRET L, REBIREA~DISH %
HHTE T, AWFTEHETITEIT L THZ L
722 @D cetyl-PEI {&fifi U iR Y — A% LAl B %)
HAHE L, FO siRNA X7 &% — D% %
ATz, &£ AT, Bk L72 VU R Y — LD PEG
EfIL 2T & 5 REOLEMEDOMEMR & siRNA
FALIZHR D THNHERET 203, SEINE D
FERIZ2H5MEEEZHFLTVWD I ENMBN
TUW5%, PEG Effi VR Y —A0%, 2 [BIHLKE
B HHFEHCNICZ VT T ASNDH A
(Accelerated Blood Clearance (ABC) ERZR)
NEINTEY, 2TV FRY —2%HHn
72 siRNA 7 U R — 2B W TIENR7 UV 75
NREFPPEIIRDEEZBND, siRNA 512
KXW AIREITEG R G T 55BN IFEEA
EThDETHTE, oK LEEREOEN
B RE L C X 37, SIS E LEENT systemic
DDS |Z& > CHERRA LV MDD, £ T
ARFEBETIT, VAR Y — 20 R UG
DRI EIZ O T H RN E Nz 7=,
AR TR & LT, EIRE
BLOBNAORME MEHFEICEET S
mammalian target of rapamycin (mTOR) @
i & 12 H L7z, mTOR O PHE Xz mit1Em
BN R LB TEY ., nTOR [AE
KT DTN~ A AT mEmHEHF & LT
FDA & EC O/KFE AT T\ 5, mTOR DOEE
(TFR=A AL DEE) 1%, HEREM: pb3
TR IRV L CEIRIZ T AR R —
VAEihiE T HZ L (Feng Z et al, Proc.
Natl. Acad. Sci. USA, 2005). %N H
FaBasER 1 (VEGF) D3 7 F WAGELE %2/
L CEFAEZIE T 52 & (Guba M et al.
Nat. Med., 2002). 2%5A8rA M4 OAFZE %
RPN EEZ L, RS A% B
B Z L (Guba M et al. Blood, 2005) 73
&L RABLRZE NN L O WS DFEHR DTV D,
Frx N ETICAAUTALE 28 L L
72U R Y — L DDS OIFFEREEZZERE L TE D,
AW CIEZ OB HffF %2 siRNA 7 U N Y —
WIS L, mTOR Z A% &35 siRNA % JE 58T

AMEIZT VAN =75 2 & milk A,

2. WO BE®
AWFITREO BIX, siRNA 25512 X
STNAIRIFEZEBL 5 % siRNA T U Y —
VAT LAERETHZETHDH, ABFFETIL,
) EEEGNAHEe L siRNA X7 X —%
BT D L. 2) BNAFEIME ~DEHL
WL > TR OHEREK D Z &, 3) siRNA X
7B —kEiet RO R LS
FHEIND ABCEHED A = X LEHEATS
ZEk, WO 3o BEEAET, LTI
DUFTE % FhE L 7=,

3. WFED ik
(1) 7 siRNA R Z —DBA%E

RNUBFAREE E LT DCP-spermine
(DCP-spm) . DCP-spermidine (DCP-spd) .
DCP-diethylenetriamine ( DCP-DETA ) .
DCP-triethylenetetraamine ( DCP-TETA )
DCP-tetraethylenepentaamine (DCP-TEPA)
fih, EEOBEMILEDE VR Y —2{b L,
SiRNA EAIZHE L= B F A VR Y — A
(PCLs) DALHE A UV —= 7 % i LTz,
ARFZECTHOW D EMEAEIX, A HETEKR
e mASFE L, HPEAE LI LY Ak s
- b O EEt GNP\ ER LS D
JEEFHEARTY RN Y —LEEEA/ L, siRNA
T UNY —F 5D xR F R A&
PER LT~ URY —2OERIEE OMARIE.
HANEIREDOHITE A2 HAg L L7 DOPE & 1k
NTOREMEOHRZ B E L-fafilgE
BIXOa L A5 — 2@ TIRY-
RERE TR Lz, A7 U —=2 7T,
SIRNA 12X D/ v I B s b NTF v
T L DadEEE =S L, PCLs OFH
PE&2 G U=, BRRICITd e % v 8
EGFP ZfHFIIICHELT 2 L 5 ITHEL
HT1080 #fHE 2F PY IS M A (2 EGFP IZX%f 3 5
SiRNA 2 AL, X7 X —TRIFLTZ ) v 7
Ky R BRI LT,

WIZ eGP 50D siRNA X7 & — DA% %
BHE L, eF AT J—=2 T TRYIAAT
SiRNA 7 % —|Z PEG #7& & PEG $Hi~D
YA REfiERL7-, VA FE LTI,
D3 fu D FTE I ~DFEEIIZ A % 72 APRPG 2
TF R DHUVMNERED L7 F &2\,

(2) mTOR-siRNA EAIZ X 2 M @ L4 %h
RO

mTOR (Z%F3 3 siRNA %% L. $rEmic
mTOR % / v 7 X 0 LV RIRe7elild &2 e LTz,
WIZ, APRPG ~X7'F NEfifi% fii L7- 25 &5
IR 7 B —Z AT mTOR-siRNA % I8 N
FARZE A L, nTOR / v 7 X0 DEhFIZH
WTRRET L7, #rAmE oNEMiaoET L
& LU CliX, VEGF Z sl Tl L7t b
JIER s S RPN B (HUVEC) % FHVN7=, mTOR



D) w7 HE 7 UhERIE, RI-PCRIEB L =
AT a T 4 TIEIZE - TRt L7z,
WIZ mTOR % / 7 X7 > L7T= HUVEC & VY,
MTT YEIZ K MR il atER, A e alcaliR s
ZFEMEL., oI ﬁim%ﬂ%powfﬁ
AL7z,

(3) ABC LG DI R

1ZCDIZ ABC BIR % [alilEd 2 Z L RNE S
5 REVrEeTr (D0X) £ A PEG (EAfi VU R
) — 2 (PEG-DOX) % FH V>, ABC B [ERED (A T-
ERETT A7, free DOX & PEG {&ffi U A vV
— L& S LBHRE 21T o7, £z,
HIal$ 5-RF1Z PEG SRIERTD Y AR Y — L&
5.1, 2 B E#5EIZ PEG &V RV — LD
WG EITSTEBEOKRN G2/ 5 LT
ABC BRZICTRAE: LT A shie 48 Y ki o0 383k
BERMEZ G Lz, X512, fIE&E SRR
E%Hﬂﬂﬂz}‘utuﬁﬁ—éﬂ_/r Xﬁkﬁl\i@*ﬁn—f%??
5 7=, #100~800 nm DY R|ZFHHLL 7=
PEG &4 ) AR Y — 2, F721% PEC 452 AT 5
'ﬁw~%nm®mA¥ v EES L, 20
H% 5B D) 100 nm (ZFRHL L 7= PEG (&6 U
R — AOIRNENREMNT 21T > 7=, ABC Big:

(2B 59 2 g S A O [R E T T Al K
@vvx T Mifa, B e kB~ 7 2% H
W CRIBROBhREfRIT FER A 1T > T2,

(4) A4 v ERICBIT D25 siRNA X
7 B — D

RGD X7 F RZHWTHAB LA NE
R L 72T & 58 siRNA R 2 — %3
L7, A ERITIWT RNA TR A5
Mids2E2EMEL, VY72 T7—BEH
B4 % BI6F10-1uc2 H G fiEAMN 2 B L /-
C57BL6 v AL L7 =T —FITkt+ %
siRNA (luc2-siRNA) % W CEEBR R & 4
L7-, BI6F10-luc2 fifin% ~ 7 AZBAME L C
fsET VA VER Lioth, X7 & — |
L 72 luc2-siRNA % BZFRIRINEE G- L 72, RNA T
W BRIX in vivo A A= TV AT A
(IVIS) Z AN TEEff L7,

WIZ. DATEEH® siRNA & LT c-myc,
MDM2, VEGF IZx%9" % 3 FHD siRNA 7 T )V %
P GRIAN 2 — | ZHE L, B16F10-1uc?
izt T L~ A RFHIRNES LT,
VIS ZHWTHRABRBEONLVY 7 = T —BE
P2 R HE U, ISR B O HEhE % € =
U7 Lz, BT, ﬁ>hfﬂ1ﬂ@$§z$ﬁ 21 H
BATHFES L CfEs B 2 Bl52 L. siRNA 28
BE5IZLD 7‘75}\//'L\}§)JJ%%H:{IEJ L7,

4. WF7ER R

(1) FHE siRNA R Z —DBA%E

SiRNA A L7=ARY B TFA L VR Y —
ADUWF ATV —= 7% FEhE LT fE R,
DCP-TEPA % FER /I LTzAR U W F AV
ARV —2 (TEPA-PCL) |2/ siRNA 3 A zh=x
ZHHE L~ (Fig. 1.), XBIT in vitro IZ

%Héﬁ%%%ﬁ%ﬁ%%&%@ﬁjnnm
2B AR 22—l ENEE R
TEPA-PCL %&ﬁ%ﬁhﬁ“Esﬁfﬁﬁiﬁﬁgﬂiﬂbﬁ*%aﬁk%e
R U7=, ¥IZ. TEPA-PCL @ PEG fEAfIZ-DW
TRt 52ZE2AME L, 7?%%%w1
HKNERERRAE L&A, 1=
6,000 @ PEG & 2 fIE'H | ifbf10%%@?¢é
Z T L o TR MM e ﬁﬁﬁ%hé_
ENRBHLMNE TR oTm, BT, PEG $HILHE
wweﬂf%F%%@?é:kf\%%%ﬁ
POy 2 —%RB LT, 2O X —%H
W Alexa750 £EEk siRNA ZHN A~ 7 AT
FRNE G- L, £ OERNEIEEIZ DWW T IVIS
T HWTIRT LTz, FORER. BNABEIRIC
SiRNA DNEFET DRk 3MBlEL ST,

- ii.‘i

anmtnl  DETA-PCL. TETAIRI. TEPA-PA. LFAXK

Fig. 1. Gene-silencing efficiency of siRNA
in PCLs containing DCP-DETA, DCP-TETA or
DCP-TEPA. The fluorescence intensity of
EGFP was measured 48 h post transfection
and corrected for protein contents.
Control was that of cells not transfected
with siRNA. Significant differences from
control were indicated (*p<0. 05, *p<0.01).

(2) mTOR-siRNA i AIZ L 2 & Fr A mH zh
Rkt

mTOR DiEfE - HBL &R IH 35 0 7
)L siRNA (3 fED siRNA Z[RIEE R 5 27
=7 vay) ERet L. FOMmEH AR
BAZOWTHHI 21T 2 72, mTOR-siRNA DA
\Z1%. FE2 D APRPG-PEG % K HE{EHH L 7~
TEPA-PCL % i\ /=, 7 7 /L siRNA % HUVEC
WCEALTEEZ A, RIEECHERER T/
v 7 HZ 7 RN S BTz, HUVEC & W T
AR EETE AR A FE i L 7=k 5, %R siRNA &
Eeige L. mTOR-siRNA (2 & - CTH B 2 MfnsE i
PR D B 22 éﬂﬁomzf APRPG 27
F R CREEFL L=y 2 —F, SRy 2 —
LU CHE @%ﬁmﬁﬁ%%%k%b
7o [AERIZ HUVEC Z W CE SR RGRER 2 5
Wi U 7= 5. APRPG ~X7°F N CHERY(L L 7=~
7 A —% VT mTOR-siRNA %3 A L7-#ElC



BOW TR OBEEREVERRENA U, B
XY, mTOR-siRNA OHTIME Hr AN B2 5O
\ZARFZE CTRRA%E L7= siRNA X2 & — DA itk
NIHSNE o T2,

(3) ABC Hl& Dtk iz

PEG-DOX 121} % ABC ERGR[alkED Kttt
TIZ U AR Y —APIZDOX ZEATH Z & T,
VIR Y — I A 3R U 7o S FE Y A S 4 B
B RS S AU ABC B RERES TV D Z &
DRI ST, 72, O ST PEG
BHEALTWARWYRY —AICx LTHH)
< ZENHBNTR -T2, ABC B ITHUF
FPEDME TeM PUikN—@PEICEE SN D =
LICE-oTALD Z ERRBENT-, BT,
T DORIEANTRL RO EEZ T, A X
D/NEWRIFTIZABCHENEZ DI \WZ
ERHABMMNE ST, 2D ABC BRGIT T M
K~ AZBOWTCIIFE S8, T ffa,
B Mifaifi R~ A TIEFEINLho T2
(Fig. 2, 3), BLEX V., ABC BHLHRDOFHEIZ
M. T MR OB 53K . B Mfus B &
Ex L TCWAAREMERE Z L, EORRICT
X% U7X TI-2 Huii e LT B RIS 785
INTWBZ RSz, Ui EX Y ABC
WBITEND0E L AT K2, T IRk
EHEFURIZ R 5 B AR OIS ZE R B -
TWb EBZ BN,
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Fig. 2. No induction of the ABC phenomenon
in BALB/c SCID mice. (A) Biodistribution
of the test—dose PEGylated liposomes 24 h
after intravenous injection in the
pretreated mice. (B) Amount of anti-PEG
IgM in the serum after pretreatment. Data
are represented for PBS (open bar),

PEGylated liposomes (gray bar), and
PEG-Dox (closed bar) as mean = S.D.
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Fig. 3. Induction of the ABC phenomenon
in BALB/c nu/nu mice. (A) Biodistribution
of the test—-dose PEGylated liposomes 24 h
after intravenous 1injection in the
pretreated mice. (B) Amount of anti-PEG
IgM in the serum after pretreatment. Data
are represented for PBS (open bar),

PEGylated liposomes (gray bar), and
PEG-Dox (closed bar) as mean = S.D.
Significant differences: ™p<0.01 and

p<0. 001 vs. PBS;  #p<0. 01 and #¥p<0. 001
vs. PEGylated liposomes.

(4) 55 siRNA X7 Z—D A R
B B Rk
HAEMER LR A~DOERbEZ B &
L. RGD ~X7F R% PEG $44ciilcfia L7
TEPA-PCL (RGD-PCL) % 425 #% 57 siRNA X
7 H—& LT L7, C57BL6 ¥ 7 ADMfilZ
B16F10-1uc2 B (afEMIIL 2 B, X7 ¥ —
Z AW T luc2-siRNA Z#JBE#IRN&E S L. in
vivo BT DBLEF/ v I XU RETE
fliL7-, ZFOHEE . luc2-siRNA A H5#H L7~
RGD-PCL 1%, IR~ & —FEO%I IR siRNA B
LB L THERICA Y 7 =5 —BRBEM
HW L7 IZ. DAOHIFEIZEES 4% 35D
BEF. c-myc, MDM2, VEGF (Z%}9"% siRNA
DH I T NERANTHRABRDE RS L
7o B16F10-1uc2 Mifid 2 BAl L 7= Mifsfs €7
L~ Z&VERLL | RGD-PCL % fAWT FEto



1R siRNA & RE RN G- LTz, & OfE S,
RGD-PCL % W CTIEHEH siRNA Zfe5 L7 #E
Tl <HRRE L Hol U TSR B O HFE N A
Bzl Ens= (Fig. 4),

RGD-PCL/sIRNA (treatment. group) RGD-PCL (non treatment group)

Fig. 4. Therapeutic effect of siRNA
cocktails (siRNAs for c-myc, MDM2, and
VEGF) in RGD-PEG—modified TEPA-PCL on lung
cancer. (A) Luciferase activities in the
B16F10-1uc2 tumor and (B) photographs of
lungs excised from the mice on 21 days
after tumor implantation.
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