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when the bposome s were proparad st a foading rtioof 130 (wiw)
CPT/otal ipd (Table 1) The effectofl PEG on the amocistion of
HSA was evalusted using HSA-DB-L with ar without PEG2000
The adsorbad HS A amounss on HSA- DB-L (HSPC.ChOADE
PEG000+ HSA) and HSA-DB-L withou PHG X0 (HSPO/ QW
OA/DB +HSA) wiat $8.7443 and 733465 mg HSAgR HSIC,
respectively. The presence of PFEG reduced the sssocistion of HSA
on the urfice of DB-L compared with DB-L without PEG2000.
This finding wm alio confinned by SDS-PAGE as shown in
Fig. 1 HSA-DB-L was sucosafully modified with HSA by
incubation.

Morcover, snalysis of HSA-DB-L, e, DB-L coated with
HSA, demonstirated that neither the particle size nor e moor-
poraton ¢ fficiency was ch d by bation of the 1y
with HSA . The surfisce potentiaki of DB-L and HSA- DB L were

~23.1+2.0 mV and ~26.3+5.4 mV, respectvely.

Drug rekesse profiles of Contmol.l. mnd DB.L showed that
there was spproximately 30% drug relesse from CPT liposomes:
i PAS over 72 h (duis not shown ), suggesting e CPT re-

d isted with e § during the coune of the

etudy. nncm-hmhtﬁlmmﬂh
stable in diluto conditions.

4.2 In vive cinulath b

of CFT lig s

To determine whother CPT liposomes were stable snd long
cuculating, the plama concentraion of CPT lipowomes wa
¢ vakiatod 4 hafler mice were ijected inravenously (Tabke 1), DE-

AUC Ol
fegpiiel s imlAD
- aNzid liaad
Llsn) &ials
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o 1 n " » n
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by 4 Pasmaconrsmios Sme oaves of She HAA DL and CFT sodutioe.
following Ly mpcton & 4 doke of 19 mg (PTAyg s & mice Fach vl
rprme st e mean s500 (e F)

L, which contained DB in sddition © the formulstion of Contol-1,
showed & significantly (abow 3-fold) higher level CPT in the
plases compared 1o Contol-L (P<0.05). This suggess ®at the
addton of DB in the |y bilayer d the stability of
I.J"l-lmpmughpnmunlhhknd iﬁ\‘vlﬂ.:w'ﬂw
PEG kg from 2000 to S000 (DB-1000) or the addition of a 2-
fold larger amount of DB in DB-L (2DH-1) teiked to meresse the
CPT phema conentration, slhowgh bah fomulstions showed
similer partich siw and incorporstion efficiency s DB-L. The
result sugpests that the kevel of incorporstion of DB influenced on
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I s been reported that precosting polystyrene partcles
with HSA enhanced their asbility in blad [23] To incremse the

crculation stability of DB-1_, there fore, e surface of DE-L win
conted with HSA (HSA-DB-1) HSA-DB-L showad signifi-
cantly (about 2 5-fold) higher CPT platma concmtmtion than
DB-L (P<001)

13, Sweage gabilty of CPT lposime

Genenally, the carbaxylate form of CPT hinds with HSA and
& clunged 1o the phamucologeally ineffective caboxylate
formn [$). Therefore, e sirage stability of HSA-DB- L st room

was craminad by the of CPT
hﬂn-humnnqtyHPLf J\.ll.hmnnlﬁ' 3, more
fan 95% of the lactone form of CPT in HSA-DB-1. remained
14 days after prepamtion (P>0.05), and more han S0% =
I months compared with tha! on day 0 withou! change of the
wo'plydipeniy indey over time.

JA. Ploma concentrafon—time profikes i mice

As shown above, CI'T liposomes that were stsble in the blood
circulsfion snd m stomge were oblined using an sppropriste
e Istion of CPT lip comed with HSA. Next, the
plema w-tlofh HSA-DB-L was companed with
these of CPT sclution in mice (Fig. 4). CPT solution dissppesred
very quickly from e blood coulation. The CPT in HSA -DB-L
we ¢ learly more stable in the blood ¢ reulation thes CPT salution,
The percentage of e ijeciad dose of HSA-DB-L remaining in
pluma 15 min, |, and 4 b afier inection was sgnificantly (19.5-,
109, and 44.5-fold, respectively) higher than that of CPT
sclution. The AUC values of HSA-DB-L and CPT solution were
B and 11 pghinl, mspectively, and their desmnce ke
were 2.1 and 462 ml/h, respectively. Thus, HSA -DB.L showed
shout 22-fold highar AUC and s 22-fold lower clesmnce walues
than CPT wolution

15, Efficacy of smgle or repeated admmisvratom of CPT
dipoyomen in C26-bearing mice

The efficacy of 3 angle L. Injoction of HSA-DB-L at adose
of 15 mg CPTAg against the growth of C26 in tumor-bearing

Lingy

Bean  Lamg  Splem

M Wesssaie o &l | Jowrwal of Comwolial Basase |37 (2008 25-200

mice w s evalisiod by maniloring tumor growt (Fig 4(A)). The
mamlmnmmmmrnh—m
celies sh d the ) dime wan 30 mghy

ﬂ-an*n abmmidrtion 10 mce [ 12] HSADB-L dhowed
much higher antasmor sctivity than CPT solwion or e ldu
conwal. Mice veand wik CPT sl b d s uigmfi
somller tumar volume than contral mece. The relafive Tumor
volume (%) in HSA-DB-Lanand mice was agadicantly lower
then that in mice trestod with e saline control or CPT solution
with restedcontral (77 C) volame of 164% at Day & The mice
trested with HSA-DB-L ssasingle L v. injection stadose of 15 mg
(PThg did not show any sgnificant body werght loss durng the
ohwrwiion period (Fig. (B} The dase of CPT solution usod
(1% mg (PT/kg) was 10-fold lower than that of HSA.DB.L
The dose could pot be d b in pred expe-
nmuhﬂch[‘ﬁuh}d‘uunlldnhbaﬂan
™ Thus, the with HSA -DE-L. would
heve yiekled s higher phama concontration of CPT, and thismay
have accountad for the lape antitema effoct than Sal of CPT
saluson,

hmﬁrunwhd&my ddum.ﬂnm uang HSA-
mt h Aaaled bl w 4
injection usmg 3 m-ld(hlc“o-\',ig insead of 15 n‘_"kg}
on Days 0 and 3 (F ig. S(C)). A single joction of HSA-DB-L u
s dose of 10 mg CPT/g sh i sciivity
with 7/C%af 346 at Day 8. Repsated injoction of HSA-DB-L
resuled in a body weight s of approximately 20% on the
third day after e socond injection (data not chown ), mnd withn
2 more days, all of the treated mice died. This seemed © be
related o CPT oxicity, beaue when empty HSA-DB-L (mot
containing CPT) was injected in mice on the same schodule m
used in Fig. 3{C), 80 mice died (data not shown)

14 Biadistribution of CPT i in e bearing mice

Fig &(A) shows the amount of CPT in tesues of mice bearing
€26 tumors, mnd Fig. 6(R) shows he peroent of the dose of
injeced CPT in the blood 24 b after the injection of HSA-DB-L.
Tumaor tisue exposed to HSA-DR-L demonstratod significantly
{9.6-fokd) higher CPT scounmlation than tumor esue exposad
to CPT selution (P<0.05), CPT accumulation of HSA-DB-L in
liver and lung w s decreasad but that of kidneys was incroased
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by HSA-DB-L. treatmont (P>0.05). Furthenmore, the plama
level of CPT in HSA-DE-L-weated mice remained 60-fold
higher han that in mice Fested with CPT solution.

4. Discmslon

Subke pegylaed lip od CPT was obtained

reduced taxicity was aftrbutable 10 lower uptake of CPT m the
Tver and uing afler weatmont with HSA-DB-L fan afler the
of &n equimolsr dose of CPT salution. Because of
this reduced uxicity, a Mgher dose of CPT liposimes could be
nﬂh_:mh-n'm-cdum HEA.DB-L wah
A thy lation of CPTin hmaor S,

dimg m o of the ami effect of CPT.

by the addition of DB 10 the formulstion fior liposomes. com-
bined with costing the surface of the posomes with HSA. The
CPT liposomes showed activity againgt (26 umon resulting
from lgh accumubtion of CPT in the tumors when admi-
nistered a4 s dngle v ifjection in mce

To enprove the phamiacological usefulness of CPT, a lipo-
somal formulstion icluding CPT was developad, and the CPT
lipommen were evaluated reganding Seir particle size, incar-
poraton ¢fliciency, drug release in vitra, and stability in vivo.
Liposomos composed of HSPC and Ch showad low on in

Regarding the thers peutic srtagy, it has boen shown in nude
mice hearing hunan dmor grafis that for a fixed total do
repeaied daily admimstraton of CPT conjugatad with polymen
wai far superior to a single injection [31] Here, our findngs
mggent that » single injecsion of HSA-DB-L was effective for
mppressing tumor growth al a dose of either 10 or 1S mg'kg
(TTOY=34.6% and 16.4% st Day B, respectively). This apparent
discrepancy may be due to a difference in the mte of rekease of
free CPT from the posomes. Ahough CPT ha been shown 1o

:h-umu.n-wmma*mmdcm
Addition of QA 1o the lig fon of the
l.]ﬁdhdfﬁbﬂd%(ﬂlmhq.wh
OA might incresse the acidity of lipsomes, resulting in st~
bilization of the lactone form of CPT.

Al formulations d strated high incory efficiancy
(1mone than about BOG) when Bposomes were prepared in acidic
condiions (pH 6.0) (Table 1 ). This could be due to S Bl tat e
stability of the lsctone form of the CPT malecule Is fivored by
lower pH conditions Shan the cwboxylate form, which is mare
hydrophilic ot pH 7.0 [29]. Among the fomulations examined,
DBE-L (HSPOCIWOA/DBPEG0 7:3:1:1.04) was most dshle
afleriv. mjoction. Al present, whether DB mterscss with CPT is
uﬂd.whnmhwqumdlhllhlhbli,utmw
polymeric micelles in vivo was i d byb

be melemod slowly from CPT conjugated with palymen ower
svernl days [31,32), HSA-DB-L relessad shout 20% of its load
within 24 h from relewe lest mlo PAS. These Gndings suged
M&qﬁdmhllllynfﬁumfmﬂulm”
ndood g actvity subsog o the pasive
sccumulation of liposames in the umor lsase.
DB was not cytolmic, and therefine the antitumor effect of
HSJ\-Dﬂ-LﬂyhnvbwadthI’T,Pmlwm whw
isad DB & and mvestigatad the |

huukmtuyaworbaudmmntud
rTo ibution of CPT in bp

namumm paried s wp P33
The rewls from the basdignk lead that the
ntmvenosly injected HSA-DB-| sccunulsted in the hamor
Drug camiens with a prolonged ¢ eculation teme can increse the

uflhhyw-cnwﬂdlhmmpdm [11] pre-
sumably due 1o be Fll“mdﬁmlwﬂﬁcn
DB mnlgp therefore, might imteract with CPT
byut—tm.dm& ncorporste CPT into the in-
tertor of the bilsyer . However, 2DB-L, containing 15 mol%, DR,
decremad the CPT 1 plaena parad 1o DB-1.
This suggests that there Is an optimal smownt of DB for -
croming the sability of CPT Epossmes, which sy be between §
M!SN“MMM CPT interxciad with DA in
The i tdan eficiency of DB in
!:pual\-hdnplmnlsd- Mq&-ﬂmdmh
increasing CPT sability may exist.
The msociation of same serum protein with opsonic activity
has boen suppressed in previous studies by pre-coating HSA on

the surface of micles mnd heeres [13,30] In axcond
meMlmH&\Mlehiﬂiqﬂ
CFT i the circul d 1o lig without HSA on

lhlmCMylmdhnnDdGTnyhm
liposomes and HSA coating may stsbilice them

CPT wolution given as a single Lv. injection at 2.5 mghg in
tumaor-baaring mioe often resulted in toxic death, but HSA-DB.
Lom 1S mg/kg did mol cause any significant body weight los.
ﬁllf-din‘wllnﬁsjkml_“whﬁlmlﬂl
toxe than CFT sohition sdmi d by Lv. injection. The phar-

macokinetcs and tihsue dismibution data indicaed tha this

drug dstion in w tsmes by the FPR effect and

by inmor activity. Altough pegylasad
WHSABBLHMDcme?TnI»
Bty in kpads over bong cirubiing hese resulls suggest that
HSA-DB-L with stable property in blood posseses the sbility 10
deliver large amounk of CPT 16 the tumor site Here further
sudics with human tumor senografts will be reqared 10 evaluate
e activity of HSA-DB-L

& Conchision

CPT lig i lawd with DB & 4 the CPT saa-
hly in vitro and in vivo, Funhermare, CI'T ipmsomes costed
with HSA prolanged the blaod Lation time. This formmlats
enhanced the acoumulation of CPTin tumor tssue, rsultng in a
agnificantly kigher antitumor ¢ Mot than CPT solition ewen with
asingle injection. This fiading will permit the will zssion of CPT,
which & not now used in chnkal practce due © e bk of &
mibhe drug camer sysiem.
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L Introdetion

One chtacle to elfedive pene Serapy lies in low transdection
eficiency using man-viral vectors. To ovenmme thee problemy
dmwmthumdmﬁmmmmam
a HIV-1 Tt frag s T ecause CPP
can deliver thelr mocited molecules ink cells vie 4 unique
mechamen |1-6] Since oligoarginine has similar char acrerintic to
oM, lmmnwuhmnwmmnﬂnm
Poteind it cells [R7-9]. Ia an in vitro &

6 8. 10) conpgated L5 b o dodecy owy Jhenzamide (BOR) ipd with 2
poly ethylene ghycal ) (PEG) spaces. Arg10-0 complened with b sunsd
DRA (INA) (Arg10-BD ) has the highest trandection efficency amang
the {Asgo-B in wWiro | 12]. We dlio und 81t Arg 4-m odified liposome
slore showed the highest celiuler uptake regandien of the lowes
usndetion efficency, and wit sbie to deliver stioclated snaller
protein effidendy among (Arg B [13]

Hereto develop anin vive transiection veotor, we baused on Argd-
B with h’wdﬂhqﬂl}h i overnent of releaswe DNA in

mnaiting of 8 resdues, showed m-uni«umdlkkxﬂnlnm
N VIVO EX e iment, octadr miced dearyl redidue by itrave
ot i ection thowed high trandecton #ffidency | 10]

Mary asch pagery $ oun reparted that the optimal
Gurge ratios of Gtionic lpasomet to DNA of lpopiexes for
tranddection were different between in vitre and in vive |11}
Accnrdngly, there is & possisility that ogptimal of grargmine leng®h
i diFerent in vitro and in vive, corres pording to charge ratios. To the
best of our knowledge, however, ﬂ!nhmn-pmunﬁdbaul
ol gast pinine length agains efficiency of i
njection wing oligoarginine vectars. We previously reported a nowvel
gene vernmr [ Argin-B ) wiich composed of ol igoar ginine ((Argin: n=4,

* Dormmpudleg asSeod Tel S <11 ) 5440 Sl
F ol aktarss peatandtost o 5( Y Mk s

MRS VRSN - e So maw ¢ © OO Fhevier LV AT s rmarvnd
et 10 X0 | s o NS4 O

@uld enhance bpid-snedisted geoe rander
mmny‘wnqmmwmm
firmation from (Agn-B/0 to [Argin-Bcosted TNA mmpiess Wit
protamine (D) [ Agge-B-PT to enable DNA 1o be released easily, and
compared Bandlectonelficency o varns duoge cation (o) of (Arg)
o-8 o INA in vigo and in an semograll tumor of omen avvical
cardnoma Hela by iner stumocal i njection.

1 Materisls amd methods

(Acgin-B (Fiz 1) wan synlesived 2 previowsly sepanted | 12]
Protamine silfate (grade Hl) wax purchased from Sigmas-Aldridh
(St Loud MO) The Mo gene hid feraie anay kit wis mischasd fom
oy vk {Tokoyo Japan ). Fel bovire serum (FRSL L-ghutamine. Earie's
miniowam enentisl medum (EMEM) and Lipofectamine™ 000
(LAZ000) werr purchased from nvieogen Corp (Cartibad, CA) Nem-
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R=Oty ....""{.ro\.a}\"
M *l‘u*E
OCiH=
R=Amgd 1Al
- Arg 0 Ay iR

Pt Oenidl gouses of eCsd

ementisl amim acids (NEAA) were purchased Ffrom D nippon
Pharmaceutoal (ﬂ.mmmlhum-lﬂnm

haved Fom Polypls d (Ldreh, France) AR other
Mdlmdn—u,w The plasmid pOMV-luc encoding
the luclferae gene under the control of the OMV promater snd the
plsmid pEGTPCI encading enhanand green fuarescent grotein
(ECHP) under the OMV promoter we re desaribed in previous reporss
(1215} Mela cells were purchated from FCACC (Wilktchire, LK ) and
Frown in EMEM d with 2 M - gh ine. | NEAA snd
IO FRS &t 7 Cima Iuemadified ST Oy strms plere.

To form (Aegie- BT, (Argin-B agqueoss vohation was sdded © an
aquesat whuon of INA 2t chae ge 128 (4/-) af (Angn-8 1o DNA of
oo - mwu“dkgtdhlﬂlmwkn
Charge. nat 4 et of arginine residues To form PD,
an apems solution of protamine was added to the DNA acqueos
solurion with rapid vorexing © ahieve [ +/-) of protamine to DNA of
0.001-05 PIN0.001-05]) I & prelninery experime o, Argd-8-1D ot
4 charge ratio (+)=) of Argd-B 1o DNA of L0 PO(0.3) showed higher
lueiferzse acfvity than ot PINQI)L and similee activiy to ot PINOS)
| Supplement l; S1L The rmmbition of (Arg n-B-PIN03) therelore
wan T fowmm { As e B-PINGT)
tllﬁ-lm“nmﬂdddhﬂ-*ﬂﬂ]]w
s, and s justed o Chargeratin (/-] of (Argin-B e DNA 1 0.01- 1.0

Each covmplex was left 2t room tempetature or 10+ 15 min belboe
transfection Particke site and 2eta potential of PD and (Argin-B
vedon were mesiored uing BLSZD (Onaks Decwomics Ca ld,
Orusics, Japan ) ax sbrearly repared | 12,1 1] Ina prefim inary o pe rment,
Arpd-B-PD ot & charpe watio (+/-] of Argd-B to DNA of 10 PD st
charge catio (+)-) of L3 (PD{0L3)) showed higher lucller s activity
than MPINGIL and gmilaracthity © S PTI0S | (Supplement Bg S13
therefare. the formudation of (Asgin-8 PIN0S) was selected in the
subsequent expetume il

In vitro gene trandecton snd lud letae sy were described in g
previous report | 12 For invivo gene gamiction female BALBCAJA -
nufou mice (6 weels old) were obtaned from OLEA tnc (Tokya
|apan} Ta genetste Held tumor wenografte 21« 10F oolli weie

ce
Lw g AT)
5 Uyt

az ‘ﬂ
i "=

g WA b

Fig 1 S sl e (el STFT sl (A0 e etcTor b i Tk of e (i
:;ﬂ-f—;-fﬂ"‘tdml-mmmw-']lnwl
PO v 0.} B et w—a el o

inoruswd subcsteneoudy oty the flank region of the mice A Bital
of 40 Jl of esxch partide complen arnd DNA squesss solution was
injecwrd intratomexally 2t 2 dow of 10 gy DNA per tunu For trans-
fection wath FEL 1.2l of PR wiuSon was ased br 10 g of INA &
u-.m:-ph.-nn.'nnw }dlilﬂﬁ.ﬂ.'m
g © the S P L Tumor was collerwd and
hwuriml-h—wlwwmmfm
Madisnn, WIL The tumer sspernatants wese fozen o < B0 °C and
g o 17 "C billvwed by L S L nay v
deseribed in a previows repon |12 For in vivo (P exprewion, the
o n orgams were e d ote 10 g sedtions and GF expresion 0
umorn was ohierved by Nuorescence micrscopy [ECIPSE TS100-E

Hilmn. Tokyo, lapan)
Significay dferences In the nwun values were evaluated by
Sudents unpaired 4ot and y ANOVA foll d by post-hoc

analysis using Dunnelit test. A p-value of lew than 005 wan @
whered vagnificant

1 Remsits and discusion

Patde toe sl wts powmisl of waois e Myor paramerns
pverning gene trandection actvity Partde siten of M01-0.5) (Arg)
-8/ aend (A rgin-B-PDNQLY) were sbow 100 am, 150-220 nm. and 50-
WO am, res pectively (Fig 2 ) The partiche o2 of [ Arglo-BD o s charge
g0 (o)) of A0 could nat be mesuwed due to the low conamntrs-
o of Fmd. The 242 patentish of DNA and PD were shout =60 o
and - X o, respectively. The beta potentisl of (Arg oW and {(Argn-B-
P03 (rcreasedd in paraliel with (e increasiag charge fatio (+/-) of
(Arg =R ta DNA.{ ArgJn-IVD exhili i 3 positive chargr at 3 change rago

Fg. 1. Mz of S 36 (+f- | of poeim B (A B4 PO (A 8 (NA e
i i il iy I Sl vl (A} . Charge o /-] ol 70
-rnm--nmnmn Ths e b FUFAL BB wa

St incbrnd by 11 21T g WL aTaEya
e 14 i O b P o & e o
W0 g DA e ey Rach b s [ 1D, of e

Apasy Pmat
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Argd-H-FIN0I) in Fig. 3B (a)

Bright field

B Arg10-B-PD{0.3) in Fig. 3B (h)

Dk fieid

I s Fig. 30 i)

Hright fickd Dirk field

ability into the celly and the ket could relesse the gene (o the
nucheus bt thelster could not [iely due to grong binding with DNA
without nedral eaton by protm ne.

The in vive & amiection ex fer inent showsd an inver » corre Lation
with e in vitro experiment. Argd-B-PO{0LY) o & charpe ratio(+/-) of
Q01 had the highet tamsiecton efficency among the vecton, sbout
2-, 16 and 23%-bid compared with PIND.3L Argi0-BPIN03) & &
char ge ratio (+ - ) of 001 s 3 comunercial gene tranyiction reagerns,
PEL respectively (Fig 38) 'I‘hnen-u.lu nluud that the in vitm
Wy Kem for g ol o g d pene y did not
reflect the optimal fuﬂiknel'nam gene deiner ry

To confirm gene expression in Bie tumot we chserved the gene
expreniion of the phsmid pIGITC1 with (Agin-B-FTN0Y) wing
finrescence micrmgy (Pg 4. P expressan was chaerved for
Arpd-B-PD{03 }in 2 wider region Chan lor Arg 10-B-PTN03 ) st charge
ratio (+f=) of 001 and PR cor responding with the result of lcile rae
expresiion i the tumr (Rg 3R (al(BUCL and suggesting that
catoni paticls muld ot presd widely in Unoe sfter ng stimaral
inpection

Ahanigh Argd and Arg10- BP0 ) at 2 charge ratio (+f<) of 1O
had 5 uM (Argin-B conaentration, and simile particle size and reta
potentaly their trambedion eflicencies were quite diflerent in the
o, n‘rlll‘ that nlqa.jmlﬂryh weas an m‘r.rtm Lactm
ot ine pene 4 y. Protan e dired the
charge of DNA. Argd-ll lh-lrhrr ay mlnmwlh el o CPP, and
wpread widely (n tuman . Althoug h the longer all goar ginine of Arg10-B
showed high trandecton efficiency in vite, in which te ponitive
charge of Arg)0-B was partially used for u.nndaulsn through the
plasm . and for the for with DNA excess
arginine revidues of Arg 10-8 might (nhibit the wresd of Arg 10-8-PD
(A3 by imeraction with tssue jroteine This finding mrresponded to
the redull when drect njection o naked DNA ine solid tumor
WM n ahighlevel of ramisction but cationk lipkd-baed vector
[20-22]. The difevence in

P & hodbpn ol (L o o o Mty ety B w24 bt
* [ e smdn g (A B FHEY | Aqa BT
(030 A] and Arg W5 00T )| Faml FEL T, oo enpuondiing [ 41 (5] and (c] in Fig, 10
et ety Magalics S 00

of 10, bt | Argior BPIIOALY) bevame nanrly podtive at 2 charge ratio of
QL becare (Argn-B-PINQT) contsined protamine. (Agn-B it waes-
ol ubvle anul hesce, muy aut PO{OT) & v conflrmed that the s
powential of {Argin-B-PIN0.3 ) wan changed froen negatively charged PD
(0LY) aloar (- 30wV to & decreased ney sl ve charpe or positive e
with the inceate of (Arg -8

First, we evsinasted Bie trandection effice ncy of the vectors and
naked DNA by anaying uciferase activity in Hela cells (Fig 3A) and in
the xemograll umor e intratumoral injedion (Fig 38). PD(Q1 -0.5)
mcressed lucferae activity mmpared with naked DNA. Transfection
efficency incresied with an increase of the churge tatio (/- ) of (Arg)
0-BD and (Agin-B-PIND3) where all (Argin-B-FINA3) showed
higher tamisction effcency than Be amespondng (Agn-BT
Arpd- and ArgI0-B-PINOS) ot & charge ratio (+/-) of 1.0 incressed
i ferae activity sbout 140~ and 2-foid companed with Argé- and
AgIO-B/TL respeaively, where Argi0-B-FING3) wad the highest
among veotaiy showing sbout J-bid-ower trandectom eficency
than 4 comine idal gene tramide dion reagent. LA200O

Proumine n 4 atione peptile conu ding of arg mine rewdoes and
has been reported to a0t 44 2 nudear localization vignal | 16- 18] and
han & posilility to bollRate e inracelhdar releae of nacle ik acid
[19] Accondingly, DNA perdally neutraiosd with potamine may
preanoe the releuse of DNA o ! o the cytapl and the
e eetration of DNA into the mucieus Plow yinmetric sl i showed
it cofiubar uptake of Argd-B-POO0LY Jin the cells was almoat the same
a1 Arg 10-B-PTNO3 ) when wing FITC-ODN (Supple ment Fig. 521 Thes
resuits suggested that Argio- 8 and Argd-B had timilsr gene delvery

expres xn
between in vitro Jnd in Vivo might be due 1o the difference of
- verton[DNA compleses near tumon cells Argd-B-PDND.3)
&t & charge tatio (v} ) of Q.01 exhilsted significantly higher transtes -
tien efTicie oey than vimila negatively chamged PI(Q3 ] indicating that
Argd B protubly wated on FIND.Y) worked e Sectively lor in® stemoral
e dedivery
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Appendin A. Supplemen tary data

Suppleme mary data anccuted with thi antide cn be found n
the enline version, at dei W0 V&) fanee L200A 04 010
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Folate-linked lipid-based nanoparticles for synthetic siRNA delivery

in KB tumor xenografts
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ABSTRACT

At il Mgy KNA mterierence (KNALD B 3 squenar-spacific pr by wnadl
Rows bt | L pmentir s 200 mumuxnum-uwwdﬁunmm gene therapy by
Seonpiud I penined s 26 Je 200 Mn'u‘awhurp—nhm-mhummﬂmﬁhﬂﬂw
A altvin e 4 Jaty 08 PY N, af NP-F-med wnetherspy m
m-—wuunumhﬁwcmnnmmd:h
Sy eyl 1parh ey (OM-Chaly,
ol Eyml red ip hacma phatacy| et han ol I (l—lu:.wm!uau NP P was submmued
Bt WA £ PHCsin DFPE 10 NPF PEC - (PR o1 2 o0 nanoparride The NP-F and siiA
[ (nanoplex) lbrmed 3t 3 charge rasa(+/-)of 21 in the presence of 5 mM Na(l was ingectble siar and
M ) T e mcrmeed gamiecon efioeno i the oells. NP-F showed 2 spnaficanly higher meraceliutar amount
e 2 of Sl NA 3nd amon per lacaiization of SNA = the optoplam than NP-P. When Her-J = RNA was transfec.
wd mo ok oy NPF and NF P NP F sgnficnely mhidesd tumor grnwsh, and selectaely tupprased
Het.2 procan esprewson l-nma'f I i vie gene hieapy. 3 NP-F nanaples of Her -2 s RNA by
m;—-jdﬂ“m:m“m
ﬂlkualﬂm-ﬂm These raults of the ap opma
-hhl—qumm-nsﬂlhw therapy.
© 008 Elsevier LY. AL nghtt eaarved
L ntroduct ion injections of naked synthetic SIRNA have led to the silencing of

ENA interference (ENAI) i1 4 poittransn ptinnal mechaniom of
gene silencing medisted by cleavage of target RNA |1} This phe-
namenon occur s by tmall interfen ng RNA (iRNA Jin the cytoplasm
of mammalian cells (2] In sBNA technalbogy. two delivery mecha-
nisms were consdensd; direct delivery of iynthetic ulRNA mucleo-
tide. and introduction of a plesmid DNA (pDNA) encoding a shan
hawpin constroct (hENA) that will be enzymatically de graded inte
SRNA Synthetic siRNAs, which are 21.28bp smull double-
sy anded RNA. are for the RNA-irduced slencing com-
plex. RNAL has poatential not only 43 & tool in biological analysis
bt also as an evelutional drug lor cancer and other diveases. To
elevate their gene inhibition effect, many wecton were med to a1-
temyt 1o deliver synthetic 3iRNA and pINA encading as shRNA (1)

Viral vector like retrovirus- lu].mm ll-ll.m'l e ntv-
rus-base d vectans [9-11] b wiud efficient
ard long gene sllencing using sIRNA Among them, adenoviral vece
s are widely wsed both in vitre and in viva, however, they passes
high ke muncgenicity and proinfls numatory effects. Hydrodyramic

* Ca repmaling ASbey 0T o of A Clwesssy
14 & Doy is b Tokys 10 8501 lapes il 8 1 S48 S05T
F oo adires yiat odtedd e p ¥ Hawd)

wEhaas

YREA 11w o e @ 200 Fievier AV All righes murwd
S W0 01 ELe s JO0M 0 D)€

endogenous genes in various animal thsses which inclnde the §-
ver, spleen, lung, Kdney and pancreas |12- 14]. However, the need
Tor 2 large volume limits this method of delbve ry in viva Al
delivery technalogies such a formulared sy nthetic SiNA uting lip-
osomes of atelocollgen an carmiers have been reponad [1,15.161
Cationic lipowimes are routinely wsed b gene delivery of pDRA
un-mmymmm.,m SRNA delivery [17]:

A tmnd ic SINA delivery sitate ghes ate Very
Emited nmm“‘

Cancer therapy with synthetic siRNA or pONA encoding shRNA
noeds & wlective delivery system to the tumot. The receptos for b
lic achd has been identified a3 4 marker Tor ovarian carcinoman | 18]
and has alo been bund 1o be kequemly overs ipreised in 2 wide
range of tumors | 18,19f; thevefore, folic ackd was utlized 23 turmor
tageting hgand for the delivery of chema agenty
PONA, and antiseime ODN 10 re por-beasing tumor oells [20-
23| However, there has been no repant sbour folate receptor
(PR )-tas peting delivery of synihetic NA and pDNA encoding
hRNA except for cationk palymer folste-PEG-PE1 [2425] Folate-
PEG-PH of ECFP 5iRNA exhibited effe ctive suppieision ol EFGPinto
ELFP stably ex prevsed huma n nasopha ryngeal temor K cells com-
pared with PH. however, it has not been applied lor cancer thet apy
with anfffumeor 1ENA
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Recently, we demonsrated that folse -beled

(NPF) greatly incremed trandection when the IF
natoplex of gDNA wan rmed in the presence of Ra(l |61 In this
study, we evalusied the patential of NP-F to deliver synthetic sill-
NAS to tumot via IR and the therapeutic effect of 1RNA ~i

perchiorate (D) (Lambds Pmbes &
a-_ nmu)-l.t*ﬂ sanepar teie s DIl wan inanrpo-
rated at 004 malt of wial lped
To prepare nanoplenss of $IENA, CRNA wat mived with aliquats
of sach ticke in vater, § o 10mM NaQl olution, and the

for Her-2 protein i KB tumer cell and e mografte =
2 Materials and rmethods
2.1 Materiak

o x 4 B oy ro—
(CILCIUI';“ mu .pwlmy MH !ﬁl. Palyteth-
ylere ghycol)distesroyiphoshatidyle thanalamine (PEC mor DSPE)
auMnl&memﬁmmﬂw Jipan) Folate-

i dsw L (FPECym~
DSFE) (mean MW of FEC Itﬂ.l] uul wynthessed 2t previouly
described |27]

2.2 Symtvetic 4RNA

Duglexed stealth (RNAL targeting agsintt husnan Her -2 mENA
( Hee-2 5iRNA |, Stealth™ ENAI Negative Quntrol Duplexss Medium
GC and Low GC (control-M and controb L s@lNAS, repectively )
(Invitrogen. Carlibad, CA UISA) were uied for the cortral of Her-2
SIRNA, fespectively. The sequences of theie SRNAL were a1 fal-
lowi: Her-2 senae strand, 5-AAMOGUGUCUGUGUUGIAGLUGA
CC-7; Hler-2 anthense strand 5-GOUICACCUACAM CACAGACACGL
-y

ECFP oBNA, random siRMA. and 5-carbax yfl in (FAM )-

mixhure was kept at room tempe tatute for 15 min. Particle s2e dis-
tributines and £ -p thad d by EL5-22 (Otsuba Hec-
mc..mm)un‘tm Bhating the dnperson o an
appopn ate volume with water

15 Gl rerardation asay

One imicrogram of pONA, double-stranded dligadeaxynudeo-
tide (o 0DN), and wlNA were mixed with namoparticles ot various
charge ration (+f-) from 111 10 41 in water. After 15 mun incuba-
thon of the nanoplexes, they were analyred by | S5E agamse gelior
pONA o 125% saylemide gel clectrophoresh bor siRNA and
WODN in Tris-Borste-EOTA (pH B0, TRE) boffer and detectad by

th h 1 g o prevouily reried | 36]
26 Trangfecion of sIRNA nonoplex

KB cells wete pregured by plating celli in 2 35 man culture dish
M h prior to exch experiment. The cells at comflusnces of 50U in
the well were trandected with each namoplex. Nanoplex o 2
charge ratio (+f - Jol 201 o 3/1 wan formed by mixing each nano-
particle and siRNA in water or in § mM NaCl sohution and leaving af
mnm tempersture for 15 min For transiection with lpofectamine
muw«mmm1pmm;¢mmmm
5 il of Ngnlectamine 2000 wat di-

labeled GLI sSRNA were purchased from Hokbaido System Science
[ Hokkaida, Japan ) Sequences of GLI were designed for negative
control 21 previously rep 131 The =qu of IGFP and tan-
dam SRMAs were 23 bollows: BCIP siiNA sense strand, 5-ACCGCCA
UCAMGGUCAADUINICAACALIAL-Y and EGFP «iRNA  anthenie
atrand, 5 -AUCUUCAAGUUCACCLIUCALGOCGLUIALLS, randam 1iR-
NA sense strand, 5" T and
SiRNA anthense strand, 5-GCAALGAACCCG

Alky

21 Cell culture

KB cells were supplied by the Cell Re source Center for Biomed-
ical Research, Tohaku University ( Miyagl Jaipan) The cells were
grown in folse-defident RPMI- 1640 medlum (livitrogen, Carls-
bad, CA, USA) mpplemented with 108 heat-dnativated fetad bo-
vine serum (FRS, Invitragen) and lanamycin (100 pgimi) 22 37 <
ina 51 OOy humidified atmosphere.

2.4 Preparation of nonap

Nanoparticles wese prepared by 4 madified ethaml injection
method a5 previously described (26 Briefly. the formulation of
namparticle consited of | mgiml OH-Chal & a cationic Hpid,
4nd 5 mol® Tween SO(NPL NP-F and NP-P were | ncorpocated with
1 MO 1-PEG e TS PE 01 1 molE PEG 3y IS FE iftn the NP lormu-
lation. For example, in the cawe of NPF, OH-Chal:Tween &:1-
PEloan-DSPE = 94:5: 1 molar ratio (+10:1 3065 weigh!) wn ds
waked in shout 5 mil of ethanal, then the ethanal wat removed
with a mt ary evporator unti] 12 mi was left. Next, a congant val-
ume of water was added to the ethanal solution Nanoparticles
formed tly sfter Rarther evapatation of the dim ! ethand
mmaumumuulwumm
mampartich susjrnaon with a diop of water. Then the aanoparti-
cle napentian wan filtered through 045 o Milles HA flers (ME-
lipore, Cork, keland) to sterilize it In 11 dioctadecy1 3Y ¥

ey and M

o

kuted with us,uop.u P-ﬂu\sﬂmuﬂmumm
o) and incubated for Smie The mixture was combined with
100 pmol sRNA diluted with 13uiw&|l'ldﬂdm
mediion and then lkaving at room temperatue for 20 min The
ranaples and lipoplex were dikited with culture medium contain-
ing 10U FBS and ircubated with the cells & a final concentration of
100 aM SRNKA in the madium for 24 or 48 h a2t 37 C

27 Antprolgeratve acivity

KB cells were sended in S-we il plates 24 h prior 1o transfection.
Cells at confluences of SOX in the well were trantleaed with each
runoplex of Her-2 oillNA. We uied FCIP, comtral-M and contral-L
WRNAs ax coreral WRNAL Nanoplex at & charge ratio (4 ) af 1
or 31 was famed in 5 mM KaCl soluion. tramfecied into the celb,
and incubated for 72 b Then, cell viability was meatged by WST-8
anay (Dofindo Lats hpmn

28 Western hlot amalysis

Cells were sewded in 2 35 mem culture didh 24 b before ransiec
tiois Nanoplex of Her -2, BGFP and controbM SRNAS at & charge 1a-

tho [+ <)ol 2/1 wasformedin 5 mM NaQ soluion. For trandection
with Ipdcrw-r 2000, ipdumhz M Ipqin -n pre -
pared g to the
dmmuaunmnmmm prtedn ex-
tracts were prepared with sampling bufler cntsining 1T Triton
X-100 potease inhibitor cocktall set 10 (Calblachem, Normstadt,
Cermany) in PES. After they weee centrifuged ot 10000 for
10 min, the protein of the vup W uantic
tatesd with the biciochoring acid protein ssay reagent (Preme,
Rocidord. IL. USA ) For the detection of fractin protein. 5 jg of pro-
tedn wat separated by 12.5% SDS-PACE, and for the deteion of
Her-d protein, X0 pg of protein wad wpsated by 75T SDS-PAGL
Then they were derted to 4 polyvisylidene dfiuaride (PVDF)
metnly sre (FuoroTias* W, PAI.I.GMM!\! Ann Arbor,

B7
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M, USA) Memibranes were blocked in PES contaning 01X Tween-
X0 with 0.5 skimmed milk at 4 °C for 18 h The blot of Her-2 pro-
tein wiat probed with rabbit anti-human Her-2 antibsody (Lab Vi-
shon, mumummumammmmm
rabbit anth- pactin antibady { Lab Vinion) Subvey the mem-
teanes were incubated with & b dish o g ated
wmndary antibody (Santa Cruz Ihmy s-mcnn.CA.
UsA)L Imm were detected using a SuperSignal West Pco
Cherrih (Pierce, ILUSAL

25 Row cytomstry

KB cells were prepared by plating e llsin & 35 mm culture dish
24 h priot to each experiment. Cells 2t confluences of S5OL in the
well wese trandected with each nanoplex of FAM-labeled SRNA
Twenty-four howrs aftet tranifection, the cells were detached with
QOSX trypmin and centrifuged at 15008 The supematant was re-
maved and the celb were resuspended with 0.1% BSA and | mM
TA R PES The suspended cell were filtrated with 42 um mylon
meh and introduced into a FACSCalbur fow (Bacton
Diclinson.San Jose, CA, USA ) equi pped with 2 488 nin af gon bon La-
w1 uing mm-mmwwmm 10000
Nuorescent events were obtsined aatter
(PSCL side scatter (SSC) and green {snm-u] Nueresar ner.

2184 Canfjocnl miaascopy

Nanoplex at a charge ratio (+f-) of 2/1 was formed by mixing
each nanopaticle and FAM-Libeled L3 iltNA in water of in
5 mM KaQl and hEB cells o1 240 The e
were washed twice with PRS and flaed with €2 ormaldehyde in
PES Rt 15 min & mom temperature For staining the nucleus,
the fixed cells were washed with PES and incubuted with 0.5mg/
mil of RNaw in PRS for 20 min at 17 °C. Subsequently, the orlls were
wailed with PRS and incubated with 2.5 mgum| propidium odide
(1) for 5 min 2l raom wmm.#uem
whale in 2 Rad: 2100 pe { Bin-
Rad. CA. USA) & previously described [27]

211 Competition anabesis by Bl add or jlate receptor antibody

urdruuﬂmwdhypmummnﬁnmnn-
ture dink 24 h prioe to each exp Cells were pr

in the prevence or absence of 1 mM folic acid or 20 pg/ml momcio-
nal antibodies 1o FR 3 (Movi BZE. Alexis Biochemicals, CA, LISA)
fof | h before trandection. Dil-libelad NP-P or NMF was mined
with 100 pmol $iRNA and then diluted ta 1008M SilNA in 1 ml
of blate-deflcient- R medium containing 10T S Cells were
incubated with the nancplex for 3 b, and then were analy zed using
a FACSCalitnr flow cytometer as described in the sbowe sction
Data for 10000 fuorescent events were olta ined by reconding foe-
ward scatter (FSC) side scatter (S5C) and med (58542 nm)
Nuore scence.

212 Avsexmment of KB numor growsh

Male BALB nujru mice (5 weels of age. CLEA japan, inc. To-
o Japan) were maintsined on 4 folste-deficient rodent diet
(Orieral Yeant Ca_ Lid. Takyo, hpn)ummlummﬂr
tian of the study. To g KB umeor 1 107 cells
wa-mudm-—r.mmmymnu
flank reglon of the mice. The tumer valume wat caloulsted uting
the formula, tumor vol ume = Q5 x @ x I, wheie @ and b are the
Lar et and smsller dismeters, respectively.

When the sweiage valume of the enograll tumnors mached
B0 may’ (day 0), these mice were divided into two groups group

L contiokM 3IRNA (10j:g) 25 4 control; groap U, Her-2 RNA
(10pg) Both | groups d of vix twmon. NP-F
-w;wdmn«umnmweamm-
Jected into xenogr afty on days 0.2 and 4. Tumor volsme wan me3-
sured s days 1 2.4 5. 7.8, 910 and 11. Tumer volume i showna
the mean £ SE Animal experime nts we e conducted with ethical
appreval from our it ional animal care and se commities.

211 Serwkal analysh

il difte rences e Aillerent groups wer e analyred
with one-way analysn of variance on ranis with Tukey- Kramers
pont-boc et A p value of 0.05 of lem wat comidered significant.
Fot the animal study, ststisticn ] compan son wis per birmed by Stu-
dent's 14e5L

1 Results amd dbansion
11, Gel retardation audy

Thiee difevent cationic nanoparticle formudations were jye-
pared, and all fyrmulations consisted of | mg/m) OH-Chol as a cat-
ionk Upkd and 5SmalX Tween B0 (NPL NP-P consisted of NP with
| Mol PEGyaeDSPE For FR targeted vectars, NA-F candsted of
NP with | molt {-PEG:an-DSPE We previously reported that NP-
F modified with | moll (-PEG;,q0-0SPE could efficiently deliver
PONA into KB cellg, which oversxprecsed FR |26, Pirst, we svals-
ated the aisociation of NP-F with GRNA, snd compared with that
with pDHA ar dsTDN. The asodation af sINA with each nanopar-
ticke wias monktared by gel retardation e lectrophore s (Fg. 1) The
migra tion pattern of SRNA in the nanophe changed when the sR-
NA was mixed with nanopartides i water af charge ratios ()
from 11 te 4/ The migration of SIRNA in the nanoplex gradually
ceaved s the charge ratio increassd Beyord charge ratios (/- jof
I i NP, and af 411 in NP-P snd NP-F. no migr stion was observed.
Thit resull suggeited that the Juodation of 4ENA with the nano-

cles. wun inhibited by the incorp nti-ﬂ.ﬁ,.-mm
Eﬂ-—-uliﬁ When the
mmnﬁmmmrm(-; Jaf 30 il?’
NP-P and NP-F, no migration wai olwerved. RNA might make &

weaker dation with partiches than pDNA and ODN.
12, Andprolfferative octivity
iy, we de ated that i activity was 1ig-

M,immmwu—-m-dnnrm
ence of NaCl salution [26] & wat abo reported that lipopleses
formed in 5 mM KaOl wolution (ncreased transiection eBiciency
[2829] Funthermare, the nanoplexes formed ar charge ratios (+f
-} abave 4] exhibiied cytatoxiaty by increadng the lipid ancen-
mum(nuummmummmum
charge ratio (+] - ) an the vl iy of
Mnmm‘h!mumum:cﬁmmhm )
ol 21 and 31, and compared cell wishility among the nanoparti-
cles. First, 1o confirm the effects of Her-2 dRNA tandected into
KB celli by nanopart iied. cell viability was mesiored by WST-8 -
sy 72 h aber incubation Her-2 proteiny are well-known proteing
overexpressed in many tumorn and are related to apoptosi and
cell growth [304 C 1ally available lipok 2000 was
used | vectar loe 1 of SIRNA. In the tramiec-
tion of Her-2 SRNA a1 & charge watio () ) of 2J1, ool valility
was PEL, 109% and 71T in celly tranvieaed by NP, NP-P and NP-
3 ly (Fig. 2A), wi at & charge ratio (+f- Jof W1, &
w-mmannqmmr-umJ respectively (F
2B). NPF and NP-P decreased cell viahility at cdurge ratios (/)
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of 21 and 31, and more significntly 21 21, Eachnamples of con-
tred-M, control-L and ECFP dRENA had no apparent eflext on oell
growth. The tramsbction of Npoleriamine 200 lipoplex with
Her-2 1iKA strongly suppresed oell growth (685 ) and thow with
rontmbl siiNA md PGP ullNA sho wrmngly indoced the -
tian of cell growth by of - tarpet efect (55T and 34K, respectively )
Fig 2CL These Anding sugpested that the NP-F nanoplex of Her-2
FIRNA a1 a charge ratho (+]- ) of 211 could seleciively supjres the
growth of tumer cell without an off-Largeting e fect, but lipolea
amine 2000 with Her-2 dRNAs strongly suppreised orll growth
with an ol -Largeting

1.1 Weestern Mot analyshs
To confirm whether the nanopleses of Her-2 dRNA at a charge

ratio [+ -} of 21 upprewed Her2 aapredon, we ssevwd the
expressbon of Her2 protsin in KB «li 72 h after transfegion of

Charge ratin (+ ) of ¥1 Cc

O v Wrer @

I iprdectamne 20K
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=

Ciell viabiliny (%
E
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: = ]
Ll = 3 = %
- g - B o
2 = - z g 3
# = = : 2 =
o - u

ERNA, By T G U C A MG R S i o By PO e T WS G
) of 31 (A} ¢ 371 (B} Upotert amise 3000 Spophe () wan parparad scconefing m the musefarmans pmmdol T cobeme
-3} P c.m TP 001 aned TP OO0 bry cie wbdy anibysis of whikabon o rans with Tilep- ks £ s st de L

manople wey of Her-2 1lNA by Wevtern blatting. NP and NP-F nano-
plenes inhibited the exprenion ol Her-2, while NP-P nanopie s was
maulficient (Fig. 1) All manoplese s and the §pofectamine 2000 Lp-
aples of contra-M sliNA did not affect the expresdan of Her-2
prasin ad Bactin 24 4 contmol protem. Thew el dhowed
dearly that NPF mnoples down-regulated targeted proteins
wrongy withou! off -target effecty

14 Sie of nanoples

Ta apply nanoplex 1o ity stumoral injection the site of nano
pexes brmed in water, 5 and 10mM NaCl solutions were mea -
mired The die of NP nanoplex formed in water ot 2 chargs ratio
(f-) of 31 incresved, but KPP and NP-F nanoplex did not, wg
priting that POCIylarion of NP might ssbilire in @ruc e (Tehle
1) The dres of NP, NP-P and NPF nanoplex formed in 5 mM NaQ
wistion at a charge ratio (+/-) of 1/1 incested ta abour 300
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500 nm, but thote in 10 mM Kall salution ncreased at charge ra-
vios (o) | of abowve 1)1 2/1 amd 3/ 1, tespectively. All nancpexes re-
mained small whenformed in water or SmM NaO & a charge ratio
of 21, and became shghtly larger at 3 charge ratio(+] - Jof 31. This
muay be due 1o that the {-patentisl of exch natioplex was incrested
in par allel with the incressing charge ratio (+/-)and became posi-
tive 2 & charge ratio (¢ -) of above 31 (Table 1) The cationk
charge on (he surface of the nanoplex may be newralized by the
presence of NaCl resulting in inutability of the nanoplex and fac-
tating (he size morene From the revults of antiprolfer stive activ-
fy and injectatie size of nanoplex, we wied the nanoplesss formed
0 SmM Nall at & charge ratio of 2/1 in subneguent exper iments

15 Asodatin of FAM kabeled nanoplew: with KB cells

Kext, to compare aisocition with KB cells among nanoplexss
formed in water of it Na() solution, nanople xes with FAM-Labelod
HRNA were studied by flow oy y after 24 h incubation. The
assocktions of all manople xes formed in 5 mM NaCl solution were
bund 1o be about 8-5-loid higher than thase in water, respec-
tively (Fig 4) In NP-P nanoplex, the surface modification of NP
with PIG resulted in reduced non-specific uptake; therebre. KP-
P ranoplex exhibied lower celbular ssociation NRF nanoplex
may revtore the interaction between the blite moicty of NP-F

and FRof KB cells. exhibiting signifi o ly higher ceflular asocis-
Uon than NP-P.
Thmmmmuﬁuﬁthﬂuﬁuﬂu&llpnhﬂpe-
pared in 5mM NaO sal elciency
[2R25] bast & ks mox clear why the mmplex formed in 5 mM Nall
enhanced cellular anociation Usually, nanoplexes ae prepaced in
non-ianic salution sudh o water o glumse solution becaute they
agpregate in the presence of onic solutions such o wline, how-
ever: the nanoplex lamed in water was exposd to lonk whution
ch a1 culture medium or blood and subsequently increasd in
ule of apgtegate Controlling the div of the nanophe afler expo-
e lo jonic selution b impartant for effident gene transier. The
md‘mumq nanoplex formation can regulate the
catinnic 4 [28]) This sabilized efect
in jane wh ular

o "

might i
16, Lacatimdon of SRNA tranifeced into KN cdls

The inttacellular localization of sRNA after randleclion i cru-
cial or ity successhil function as an inductor of the RNA interfer-
ence proces. pDNA must be tranderred 1o the nucle us for the
expenion of ranspenes but YENA does not nesd to enter the cell
fuckud since The Largels for GRNA spplicitions ae n the cyto-
plinm To imvestigate whether silNA after transfection localboed

90
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found in mant of the celbs (Fig 54 amt C)and in the celular cyto-
planen 2 nuclews (Mg 5D and F L however; when NPP wad trans-
Eoted, sdgnals were hardly deteced in the cells (Fig 5E) Thi
suggeited that NP-F could efficiently transter 1iRNA into the ellL

17, Competition analysts of NP-F ngnoples with KB celle

Tofurthes e xamine the ielectivity of NP-F to carry genes into KB
celly, we measured The avtoclition of 4 mn-eXc

6,
mcdﬂcuuﬂnﬂhﬂyuwahﬂym
amount of NP-F in the cells compared with NP These resulty
cleadly indicated that the swociation of NPF nanoplex with KB
cells accurred via PR

18 In vivo gene therepy in KB tumar venograft

Firally, we evaluated the antitumor effect by direct ingction
into KB tumor senograft s with the NP-F nanoplex of Her-2 SRNA
The growth of KB tumors was sot inhibited i mice treated with
the NP-F ranoplex of Her -2 3iRNA com paed with cantrol-M $RNA

4. Conclusions

In this study, we 1howed that Tolate-linked nanopas ticke s deliv-
ered synthetic SRNA with high trenste aion elficiency and selectiv-
qmmwntﬂsumnmﬁu

L Inin visoexp the asaciation of KP-F nan-
qﬂuﬁﬂlﬂnmhmdﬂl‘lad NP-F nanoplex of Her-2
SRNA suppressed the cell viability. In in viva, the NPT nanoplens
with Her-2 §RNA by intatumoral injection significantly wp-
pressed the growth of KB xenografls in mice. compared with NP-
P rasoplewes. These findings sugges that folate Ninked nanopart)-
cles have potenitial 21 2 clinically effective vector in navapharyn-
gral cancer synthelic SRNA pene thera gy
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(Fig. AL However, the growth was signilicantly in mice
treated with the NP.F of Het-2 3ilNA on day 4.5,7,8.9
and 10 compared with control-M nmtﬁ; ‘a‘l}

Lipalectamine 2000 | ipop L] d inhi "m
control (iRNAs by an off-targeting eflect in in vire trandection
(Fg. 20 and could not be svailatie for in vive o n mn-
Iras the NP-F nanoplex of Her -2 sillNA could vignificantly inlsbit
In viero growth of tumor cells without an of-Largeting offsct (Fig
ZAL and dw suppress in vivo growth of tumes llﬂlﬂﬂ[ﬁ‘
TB) Thus NP-F b more riate for WRNA d y than lipo-
tmmmmmamﬂdu'ﬂqm;dnun
applcation Howeves, complete regression of tumor was not ob-
served in the enogr alts tranafected with Her2 sRNA by the KP.
F nanoplex In in vitrs study, tranded kon with Her-2 IRNA anld
suppress expretsion of Her-2 protein (Fig. 3) and cell growth, but
nat lead o complete cedl death (Fig. 2A) Mer-2 activates ool sur-
ﬂum;mwwnmhlwﬂaa
they became
Imaz Mﬁmﬂmaummmrm-uc
o an activation of ity
nmmsm;mm mwunm of tu-
mor, & combsnation theespy with ber-2 o RNA and chemothet apy
might be needed.
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The RNA interference (RNAD effect is an alternative technology to antisense DNA 23 an experimental

method of

target protein. Optimal pene therapy for tumors must deliver symthetic

down-regulsting a specific
mﬂmﬁnhlliﬂﬂub_tnlﬂl*dl‘dnqﬂd“mm Inn'wld

that cationic

composed of cholesteryh 38

ummnu-uumwmmmmmuuwummu

siRNA transfection, we optimized the
evalusied the tramsfection efficiency inte

mm-;dnmmmumumu

1 in the p of

m*huMMMMHMdMﬁNMMMb
tected both in the cytoplasm and nuckus. Furthermore, we demonsirated that NP-OH nasoplex of bek-2 siRNA
significantly inhibited tumor growth compared with control siRNA. and the efficacy was comparable to commer-
chal products, The results of the experiments showed (hat NP-OH sanoparticles have polential as a viable veclor

emmmamm

Key words  cabomic th =mall e

mmmmx;swn '

RNA interforence (RNAG) 15 a powerful gene-silencing
process that holds greal promise in the ficld of cancer ther-
apy."! RNAI can be induced in mammalian cells by the intro-
duction of synthetic small ml:rfermg RNA (sRNA) consisi-
ing of 19—27 basc pairs in length or by plasmid DNA
(PDNA ) that exprosses shart hairpin RNAs (I.II.RNA) that lJ'L'

@ WNA; RNA detivery; chol 43f cark doctylenc-N.

cationic amino group and a hnker wrm between the choles-
teryl skeleton and cationic amino group. Derivatives with
different combinations of these parts were reported and some
have hi mledlmelﬂnenq“ “‘Anl:qgﬂnm,thdﬂ-
teryl n; 1. . (OH-
I:hn!)uluhmlch;izlmﬂ:nlq&m,vﬂ:ﬁmuﬂt

subwequently processed 1o siRNA by cellu s
Synthetic siRNAs, Mmmﬂwm
are substrates for the RNA
nRNAmmwmeamunu;umhymm
uq,wlﬁc@ldwwo(lh:mbmjmﬂﬂa\n-
quence. siRNAs are expectod 1o have a medicmal

amino ng the most cfficient transfection cffi-
cicncy for pDNA and umme oligodeoxynucicotide (AS-
ODN) delivery, "%

We previously rey 1 that ticles (NP-
Ulﬂmmm{hdmﬂdd:hmﬂ;\wnhm

mhlmmgcu:ﬂtz‘lwud‘upw:hhshmﬁcﬂyhm
lecular targeting; bowever, the methods ofd:‘lum; n-
thetic sSIRNA in human th are still an 1 issue.

Vil vectors like retrovirus adenovirus’ 9 and
lentivitus-based vectors™ ' have been successful in obtain-
ing cfficient and Jong gene silencing using siRNA. Among
mmnﬂmmﬁcﬂ}'mﬂdbﬁﬂuv&mnﬂm
vive; they p high penicl -ndptw
inflammatory effects. As altemative delivery
nﬂn“ml\wmwbwnckwhpulmwhuhcm
liposomes and nanoparticles have mostly been mvestigated,
but this is still st a preliminary level. Although cationic lipo-
somes for in vitre delivery of sRNA are used, the success of
mvm:lRNAddlvmhsbumlmndmmu
of the pDNA delivery. The of for

r!ﬂ:lulry in wrm when the nanoparticle/pDNA

lex) was formed in 50 msm NaCl solution. '™
In I!lmtudy. " apply NP-OH for a synthetic siRNA transfoc-
tion wector, nemmmzndlhechngcmnu-r )nl’N‘P-
OHMRNA and pl ming jon, and c
transfection efficiency into PC-3 cells. Purthermore, we m-
vestigated the growth inhibition of tumor cells by s synthetic
sIRNA for bel-2 mRNA with NP-OLL

MATERIALS AND METHODS

Plasmid DNA and siRNA  The plasmid pCMV-Gluc
control encoding scorctable Gannsia luciferase (Gluc) under
the control of the cy galovirus (CMV) p was pur-
tMMMWB:M(MUMLAm

mummuam:mmrﬂrpﬂmm
ery™; therefore, the first ch to develop cationic lipid
bused vector-medinted siRNA delivery to cells was to deter-
mine o catiome Bipid for optimal interaction with siRNA.
Many different cabonic lipids have been synthesized for

free prep of these p ds was purified following al-
kaline lysis using mlxi[:l'q: columns (Qiagen, Hilden, Ger-
manyl.

The siRNAs targeting nucleobides of Gluc and enhanced
green fluorescent protein (EGFP) mRNA or random siRNA

Mmgnmmm!ummafmwm
dov could by their high transfection activ-
ity and low mmy‘*“? Cationic clnkm denvatives are

poscd of three distinet parts: 3 cholesteryl skek ]
* To whom should be sdds e-mail y

Ehoshi e jp

as a negative control were synthesized by Hokdasdo System
Science (Hokkaido, Japan). Gluc siRNA sense strand 5°-
GAGAACAACGAAGACUUCAACAUCGAG-3" and Gl
siRNA antisense strand 5 -CGAUGUUGAAGUCUUCGU -
UGUUCUCALL3"; EGFP siRNA sense strand, 5'-ACGGC-

© HIOK Pharmaceutical Sogety of lapan
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AUCAAGGUGAACUUCAAGALIAG-1" and EGFP siRNA
antiscnse  strand,  5'-AUCUUGAAGUUCACCULGALGC-
CGUALLY'; andom sNA sense strand §"-CGALUOGCU-
AGACCGGCUUCAUUGCAG-1" and mndom siRNA anti-
sense straned. 3" -GCAAUGAAGOOGGUCUAGCGAALCG-
ALY 5'Carboxyfluorescen (FAM-labeled random siRNA
was used to determune the amount of cellular uptake.

The stealth RNA interference duplex-targeting nuclcotides
of bcl-2 mRNA (bel-2 mRNA ), stealth RNAI Negative Con-
trol Kit with Medium GC as a control for bel-2 mRNA (nega-
tve control RNA) and Alexa Fluor S$55-labeled siRNA
(BLOCKAT Alexa Fluor Red Fluorescent Oligo) were syn-
thesized by Iwitrogen (Carlsbad, CA, US A). The sicalth
uRNAs are chemically modified to the specificaty by
aliowing only fhe antiscase strand to Mly enter the
RNA: pathway snd climmating induction of imterferon-re-
lated pathways. The siRNA sequences of the bel-2 were bel-
2n sense stand 5" -ACUCAAAGAAGGUCACAALCCUC-
CC-3" and sntiscnse strand 5" -GGGAGGAUUGUGGCC-
UUCUUUGAGU-3", bel-2b: sense strand 5'-UACUCAG-
UCAUCCACAGGGCGAUGU-Y and antiscnse strand 5'-
ACAUCGOCCUGUGGAUGACUGAGUA-Y", bol-2¢ sense
strand 5"-UUALCCUGGAUCCAGGUGUGCAGGU-1" and
antisense strand  §'-ACCUGCACACCUGGAUCCAGGALU-
AA-3'. The bek2 aRNA s used as & cockinl of three do-
plexes (100nmol of bel-l sRNA  cockmil contmming
33.3nmol of cach mdividual siRNA ).

Preparation and Skze of Nanoparticles and N &

m
source Center for Bi fical R h, Toboku L)
(Hmp. hpnl The u:ll- wore grows in RPMI-1640
d with 10% heat-macti-
vldfﬂ;llnvmm{l’ﬂ&lf' gen) and k
{IW”HIH!TTM:!%CO,MW

For the preparation of PC-1 cells stably expressing Glue,
PC-3 ceils were plated on 35-mm culture dishes. Twenty-four
hours later, hwﬁmmﬁdﬁmﬁZuo{m
Gilue using lipaf 2000 The
whmmuwummmmmumm
for 2 weeks. G4 18-rest hcultured and
Mnumuﬁhummmm
Gilue (PC-3-Gluc) and were used for subsequent capen-
memts.

Confocal Microscopy PC-3 cells were plated on 15-mm
culture dishes. NP-OH was mixed with 100 pmol of Alexa
Fluor $35-labeled siRNA at & charge matio (+/—) of 3/1 in
waler, 5, 20, of S0mum Na(l and mcubsied for 10mm. The
mixturcs were diluted to 100nsm with | mi of medium supplc-
mented with 10% scrum. and incubated with the cclls for
24h. Afier incubation, cells were washed twice with phos-
phate-buftered saline (PBS) and fived with 4% formaldehyde
in PBS for 30 min s room lemperature. Exaninations were
performed with 8 Radiance 2100 confocal laser scanning mi-
croscope (BioRad, CA, US.A.) as proviously described ™
Alexa Fluor $55-labeled siRNA | the cells was (maged
Imu[niﬂmmﬂeﬂemluu'kxum-ﬁ
was obscrvod with a filter. S60DCLP

OH-Chol was synthesized as previously described ™ DC-
Chol was purchased from Sigma Chemical Co, (St Louis,
MO, US.A). Tween B0 was obtained from NOF Co., Lid
(Tokyo, Japan) The OH-Chol-hased nanoparticle, NP-OH,
consisicd of Img/ml OH-Chol as & cationic lipid and

Gloe Assay PC-3-Gilue cells were plated on 9%6-well cul-
ture dishes. For tramsfoction, cach NP-OH and NP-DC
nanoplkx of siRNA was diluted in | mi of medium supplc-
mﬂmrﬂ?‘ﬂSMMWtﬁhmn:h
‘-ﬂuulﬂ fe 2000 lipoplex was | d ac-

S mal® Tween X0, and the DC-Chol-based particle, NP-
DC, conststed of | mg/ml DC-Chol and 5 mol® Tween B0,

Each nanoparticle was with lipids (eg OH-
Chol : Tween 80=10: 1.3, weight (mg)) in 10ml water by the
modificd cthanol injection method as pr y described '

The icle/siRNA & ) &t various

charge ratios { +/~ ) of cabionic lipsd to siRNA was formod
by the addition of cach nanoparticle to 100 pmol siRNA in
walcr or 50 il of 5—50 ma NaCl solution with gentle shak-
mg and leaving a1 mom for 10mm. In stabnlity
of nanoplex m culture mediom, the sie of nanoples. was
1 after mcut of the plex with RPMI-1640
mhamlsmdmm(hkﬁw—
wlognln:,&mdllhﬂ?ﬂ’.us.n}m ich

g o the manufacturer’s p 'lﬂilh batod
ﬁhuﬂllfwhw“hmmdwmﬂryw
evaluated by luciferuse activity in the mediam, which was
measurcd s counts per second (cps)culture medium (mi)
using a Guuria Luciferase Assay Kit (New England Bio-
Labs, Inc. MA, US.A ) Gluc activity (%) was calculatod as
relatrve to the Glue activity (cps/ml) of untransfected cells.
Flow Cytometric Analysis PC-3 cell cultures were pre-
pared by plating the cells on a 15-mm culture dish 24 h prior
to esch experiment. For the e of siRNA uptaks,
NP-OH was mixed with 100 pmol of 5'FAM-labeled sstRNA
m water or 550 e NaCl ot a charge mtio (+/~) of V|,
T'h:mmllmﬁlmedwlmmmlhllmur
10% FBS and added o the ocll. ARcr

fistrib and (- were by m,wv
(Otsuka Elcctronics Co., Lid., Osaka, Japan) at 25°C after
diluting the d o an approp I with water.
The m:nd( ] of NP-OH were approxi-

mately m—mnm +45—50mV, respectively.

Gel Electrophoreshs One mucrog of siRNA was

mixed with aliguots of NP-OH ar NP-DC (1 to 4 charge

deiwlnhmam:tuf
i of NaCl soluti Afler 10min mcu-

mdumh&mmhlmnp

ryl el ph m Tns Borate EDTA (TBE)

buffer and visualizod by cthidium b 5 £ a8 provi-

ously described.'”

Cell Culture PC-3 cells were supplicd by the Cell Re-

24 h incubation, fhdithmwuhd!tmw&lmld
PBS ipll 7.4) o any | plex. and the cells
were detached with 0.05% trypsin. The amowunt of FAM-la-
beled tRNA in the ceils was determined by cxamining fluo-
rescence intensity on a FACSCalibur flow cytometer (Becton
Dickinson, San Jose, CA, LS A.) as previously described ™

Cytotexicity PC-3 cclls were plated on 35-mm culture
dishes. NP-OH was mixed with 100 pmol of negative control
SiRNA st vanous charge matios { +/— ) in 50 ma NaCl and in-
cubsted for 10mm. The miatwres were diluted o 100 or
S50nu with medium with 107 scrum, and in-
cubated with the cclls for 24h. After mcubation, the cells
were washed and bated with § dium iodide (PT) for

10 min at 37°C. Pl staining of the collular nuckous was used
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as a marker for cell death. Dead cells were visualired with an
Echipse TS100-F (Nikon. Tokyo, Japan).

Antiproliferative  Activity Antiproliferative  activity
upon tramsfochion of bol-2 siRNA, negative control and
EGFP siRNA using NP-OH or hpofectamine 2000 was eval-
uated with a cell proliferation asssy kit (Dojindo, Kumamoto,
Japan). PC-3 cells were placed on 2 96-well plate in medium
containing 10%6 FBS, and were transfected al 100 or S50nm
sSRNA of nanoplex formed at a charge mtio (+/—) of 3/1 in
the presence of 50 ma NaCl solution. Afier 4%h of incubs-
lm&emmwmd.udﬂeuikmmﬂ
with WST-8 (2-{2-methoxy-4 henyl)-3-(4-nitrophenyl)-

Vel 3, Na. 12

fems (Bio-Rad Laborstonics, Hercules, CA. US.A) and
SYBR Green | assay [10“' ‘i‘l’l!!-.ﬂ. Green Supermix, Bio-
Rad Lab ics) as d previousty. ™ For the amphifi-
cation of human bck-2 cDNA, the primers bel-2-FW, §'-
GATTGATGGGATCGTTGCCTTA-3", and bol-2-RW, 5°-
CCTTGGCATGAGATGCAGGA-3', were used. For the am-
plification of human S-actin cDNA, the primers f-actin-
FW, §-TGGCACCCAGCACAATGAA-T, and factin-HW,
S CTAAGTCATAGICCGOCTAGAAGCA-Y, were used
Samples were run in tripl and the exp fevel of
bel-2 mRNA was normalized for the amount of S-actin in the

5-(2 A-disulfophenyl)-2H. i fium sall) so-
lution (1041 in medium contsining scrum (100 41) for
I0min. Cell viability was cxpressod as relative to the ab-
sorbance at 450 nm of untransfected cclla

Detection of Protein Expression by Western Blotting
PC-3 cells were sceded in & 35-mm cultwe dish and incu-
bated overnight. The cells wore tansfected with bol-2, nogs-
tive control or EGFP siRNA, and then incubated for 48 h
The cells were suspended in lysis buffer (1% Triton-X 100
lnPBSLmdmmmmdulstII}rmixlum The

T (1pgp ) were i om a 12% sodem
dodecyl lyacrylamide gel by clectrophoresis
(SDS-PAGE) and transferred to a polyvinylidene difluonde
(PVDF) membmane (FluornTrans® W, PALL Gelman Labom-
tory, Amn Arbor, MI, US A The expression of Bel-2
protein was identificd using a specific rabbil antiscrum
(Stressgen Hioreagents, BC, Canada). The goa! anti-rabbit
Iu('paunthxwlium(&uuﬁuﬂlolmtu-

same ple. Difference of | cycle was calculsted as 2 2
fold-change i the gene expression.

Statistical Analysts  The statistical sgnificance of differ-
ences between mean valucs was determined by using Stu-
dent’s f-test. Multipl PATISONS WETe per-
formed by analysis of variance followed by onc-way analysis
of variance on ranks with past-hoc Tukey- Kramer test. A p
valuc of 0.05 or less was considered significant.

RESULTS

Gel Retardation Assay  To cvaluale NP-OH for its abil-
ity to deliver siRNA to cells, we prepared nanoplexes st van-
ous charge ration (+/— l.mdcxmumimemof
siIRNA with NP-OH by gel clectrophoresis. The
pmma!nRNAmlhmmpuchmpdwhmnlN&m
mixed with NP-OH st charge ratios { +/—) from 1/1 o 41 in
witer. Heyond 4 charge ratio (+/—) of V1, no migration was
obscrvod (Fig. 1A) Mnﬂumdmdmumk:

Yl

WS ¢ d in water above a charge ratio (+/—)
of W1, WhnNF—DllumﬂuunckmmmH--mﬂrl

Santa Cruz, CA, ULS.A.) was used as a dary ly
Bel-2 protein was o d with p ck Juced chemi-
lumincscence (Super Signal West Pico Chemilumi cnt
Substrate, Pierce)

Quantitative PCR Anslysis PC-3 cell cultures were
prepared by plating the cells on a 35-mm culture dish 24 h
prior to cach experiment. NP-OH was mixed with 100 pmol
of siRNA m 50 mae NaCl at a charge ratio (+/—) of ¥|. The
nanoplexes were then diluted to 100 nw with 1 mi of medium
containing 10% FBS and added 1o the cell. After 48 h incu-
bation, total RNA was isolated from the cells and quantita-
tive RI-PCR was performed on i(Cycler MyiQ detection sys-

wis i 1 in the pr of of
Nl(ldﬁuncmmdnkmmtheum“:nolob-
scrved (Fig 1B), inds g that the § of NaCl in
formmmg the nanoplex did not affect the assocation.
Suppression of Gluc Activity by Gese Knockdown
Next, we prepared the NP-OH nanoplex at a charge matio
{(+/=)of 31 in variouws concentrations of NaCl, and meas-
ured the transfection efficiencics of NP-OH mto PC-3-Giluc
cells by assaying Gluc activity 48 h after transfection in the
presence of scrum. The results showed that cfficient siRNA

A B N
vl B
B b b e
A = L L P
Tw E]
ner U LI Y S T R V) é'g 23
gy 3 ) £
[ ——T———— g £ i
B X
CEEESTT i
- A 3 ] l:
— ] - =
g 1 Assocursm of RNA with NP.OH m Vanos o [ L] I x 0 g
(_\.,m:u ].Wuia\)-ii.-f‘h'l?: Nl (mM) a'l (mM)
(+1-) Vanouws Comcentraoms of Na(l (1)
Was Analysed Uneg Acrylemide Gel Flectrophorsais Fig 2. Effect of Na(l Concemtration i Formmg Nasoples on Trasfection m PC-3-Ghae

(i MY Of SN W WLAd WA Mgl of NP0
= v charpe mfis |+~ ) % wiler (A) o B 3 cusrpe rw
(41 )af ¥1 i vanous concentmamons of N (11} In A_ tharye
the {4 F - ) of gttt - RNA—1 01,201, 3| ant ]

Cells 48k giter Tranafoction

mmtalwma;mas_pm' +1 ) 8f L) weve prepand by mErmg WENA wim
WP.OH o NP.DC Ench setumn sEpn

Shasemis (hem o 5 00% mad o0 pect §1. commparnt with smepiey of rndom dENA.

e msn T K10 g0 1) HgScT e evakaeed By
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trsnsfer depended on the formation condition of the
mnoplex. When the NP-OH nanoplex of Gluc siRNA was
fi 4 in walcr, suppr of Gluc activity by Gluc siRNA
wan slightly observed in the cells (Fig. 2A). When NP-OH
manoplex was formed in 5—S0mu NaCl, of

1297
(+/=) afer the incub L In NP-OH ploncs
formed m Na('l solution did not greatly change the sizes o
charge matios { +/ ) of less than 3/1 afier the mcubation. NP-

Oilnmﬁnwmlsmmmmdﬂlkmuhm

Cluc mwwnwﬁmumu lendsouu

Gluc siRNAs (p<0.0], comparcd with the nanoplex of ran-
dom siRNA ), but when that formod m 100 mw NaCl, it was
cnly slightly.

We compared the iransfection activity by NP-OH with that
by the formuiston of DC<Chol with Tween 80 (NP-IXC)
DC-Chol has ofien been used s 2 cationic lipid for vector. In
NP-DC, suppression of Gluc activity was also slightly in-
creased when NP-DC nanoples. was formed m 50 mu Na(l
(Fig. 2B). The presence of 50 ma NaCl both in forming NP-
OH and NP-DC nanoplexes increased the transfection activ-
ity of Gluc sINA: however, NP-OH could suppress Giluc
activity stronger than NP-DC. This finding indicaied that
NP-OH-based nanoparticies were more effective synthetic
MRNA vector than NP-DC-based ones.

Uptake and Intraccllular Localization of Transfected
Synthetic siRNA  To clanify the effect of nanoplex forma-
tion in $-50 mw Na(l on tmnsfection efficicncy, we cxam-
incd the cellular sssociation of nanoplexes in the presence of
scrum by flow cytometric analysis. NP-OH nanoplexes were
whout 220, 340, 180, 790 and | 100 nm in size when formed
in water and $, 10, 20 and 50 ma NaCl solution, respectively
(dats not shown) Celiulnr sssociation with the NP-OH
nanoplex of FAM-labeled siRNA 24 h afler transfoction was
significantly moreased when the NP-OH nanoplcy  was
formed i the presence of S—S0mu NaCl (Figs 3A.B)
These finck d 1o 1 10 the result of the sup-
F'Hﬂmo((ilnc activity (Fig. 2A)

Next, we cxammed the localization of Alexa Fluor 555-
labeled sIRNA 24 b after transfection into PC-3 cells by con-
focal py. The distribution of sRNA was strongly
detected both in the cytoplasm and nucleus usimg NP-OH
nanoplcx formed in 5—50ma NaCl, but weakly in the cyto-
plasm when formed m water (Fig. 1C), suggesting that NP-
mmmlunmmﬂemum

when [ d at 3 charge matwo | +/—) of V1. Howove, whon
NP-OH nanoplcx was formed m Nal'l solution st a charge
o {+/—) of 41, the part of nanoplex was precipitated
aftcr the incubation
Effect of Charpe Ratle (+/—) of NP-OHAIRNA on
Tramsfection Efficiency We cxamined the effect of vanous
NP-()W-RN! rl.lnu on transfection efficency o cells.
1 were i d at charge mtios {+/—) in
Nnﬂmhmuu NP-OH nanoplex at a charge ratio (+/-) of
/1 slightly, and that of 2/1 modertely, and that of 3/1
strongly suppressed Glue activity at 50 and 100nm siRNA
for 48 h afier wansfection (Fig. 5). In charge mtios {(+/—)
ahove VI, the suppression of Glue activity seemed 10 be sat-
uratedd and was comparable o that of lipofectumine 2000
These results suggesied that positively charged and/or large-
sized nanoplex of sIRNA could increase transfechon cffi-
ciency i oclls
Cytotasiclty Next, we investigated cywionicity by trans-
fection of NP-OH mnanoplex to PC-3 cells by Pl staining of
cells. P staining of the cellular nucleus was uscd as & marker
for cell death 24 b after incubation of the cells with NP-OH
When formed at charge mtios ( +/= ) of less than
V1, NP-OH nanopicxes did not actually exhibit cytotoxicity
at 100 or S0 nv sRNA (Figs 6A-C, F), bt when formed at
charge mtios (+/— | of sbove 471, the nanoplexes induced cy-
totonicity at 100nsm siRNA (Figs. 60, E). These findings sug-
gested that NP-OH nanoplex formed st a charge ratio (+/~)
of 3/1 has potential for eﬁﬂmt transfection of siRNA ©
cells with 1 in subseq expen-
wm“udl'lnthtwhmlmmf“-}_
Dose Dependency of siRNA-Mediated Inhibition of

Glue Activity The of gene il g is & key
imﬁmmﬂe&uwmemdnimh.ﬂ
Y ficd the & 4 of Mucod by

N'POII‘-I:pkxMM‘ChIHn trmmfcction islo PC:3-
Ciluc cells. mmemmmm'uuna NP-OH nanoplex

siRNA into the cywopl In sub
mﬂsomNt(lnnmunnmﬁanMOmnm-
tion of NaCl.

Effcct of Charge Ratio (+/—) of NP-OH/SIRNA on
Namoplen Skze To cxamine the effect of vanous NP-
OH/siRNA nuuuummemclenqmcﬂlx.wn-

the ph ey
llvmwnﬁnh(f-—]mmmem
When NP-OH nanoplex was formed in waler. its sizc slightly
imcreased in paralle] with the g charge rabo (+7/—)
(Fig. 4A), and a part of nanoplex was precipitated of & charge
ratio (+/~) of 5/1 (data not shown). When NP-OH

i d in NaCl soluti suppression of
(ﬂmmynmsom(:h:nkﬂammm
of mndom siRNA (Figs. 7A, B). NP-OH nanoplex formed in
water did not suppress Gluc activity for 48 h; however, that in
NaCl solution i strong suppression of Gluc
and thix inhibition level increased with the increase of incu-
bation (Figs. TA. B).

Suppression of Bell mRNA and Protein by NP-OH
Bcl-2 is one of the most important mammalan regulators of

was formed m NaCl solution, the presence of Na(Cl increased
the size of the nanoplex. The stze and {-potential of NP-OH
nanoplex increased m parallel with the g charge
ratio (+/—). NP-OH nanoplex was about | mm in size and
br.m-rpmtrwm {-potential when formed at a charge ratio
(+/=)ol V).

Nexd, we mvestigated the cffect on size of nanoplex by m-
cubation with culture mediom (Fig. 4B). NP-OH nanoplexes
formed in waler increased the sizes of any charge ratios

pog and is T d in the ¥ of human tu-
mor, mcluding the pr = we d the decreased
opl . of bel-2 p transfection of e NP-OH
nanoplex of bek-2 siRNA. NP-OH nmoplex of bel-2 siRNA

strongly inhibited the of bek-2 pr at 100 nw
siRNA 48 h sfier transfection, but did not affect the cxpres-
sion of fl-actin (Fig. 8A). In EGFP and
control siRNA did not affect the expression of both bel-2 and
Pactin proteins (Fig 8A). Furth we confirmed that
the expression of bel-2 mRNA decroased by 40— 50% when
NP-OH nanoplex of bel-2 siRNA was transfected into the
cells (Fig. 88).
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