





(DDS)

dual-ligand
DDS

100 mL/hr

dual-ligand



(Drug Delivery System; DDS)

dua-ligand
(PCT/JP2011/053963) Dual-ligand

(Cell
Penetrating Peptide; CPP)

300 nm
(Fig. 1)
Doxil®

in vivo

(Takara K et al., J Control
Release 2013)

Dual-ligandV#')—4

ﬁimo 300 A wlﬁr/l‘
EPR nm nm |°A Y ° CcPP
AR MRS MR R ¢ 2 ‘
= =
D HROMEEER @ CPPH#AE{EML
) R AP MBEAIMURASH A
KA MR

Fig. 1 Dual-ligand

dual-ligand
GMP

ligand
in vivo

dual-ligand

oyP; Integrin
cyclic RGD (RGD
)



Egg phosphatidyl-

choline (EPC) (chol)
polyethylenglycol (PEG)
CPP EPC:chol
7:3
20 mM
(pH 7.4) 20 mM
(pH 5.5)
(Zetasiz-
er Nano ZA ZEN3600 Malvern )
RGD
(HUVEC)
RGD
0.1%
RGD
HUVEC
2
(CLSM)
in vivo
0S-RC-2 1.0 x 10°

(BALB/cAJcl nu/ nu)

10

RGD
24 CLSM (Nikon
Alr)

Griffonia simplicifolia
isolectin B4 40 pg 10

(DOX) RGD

DOX 1.0 ~ 2.0 mg/kg body weight

RGD HUVEC
(dissociation constant; K,)

GMP
(SUS Deneb
(helix) )
10 mL
(Henke-Sass, Wolf
) ( )



MicroKros (Spectrum MWCO 50,000) 2 CLSM

500 pL Large
PBS 5 mL 500 pL (Fig. 3)
3 ICH
Small Large
quanq _
RGD . V’;jES integrin Fla- 3
100 nm 400
nm
100 nm
small size (Small) 300
nm large size (Large)
(Fig. 2)
15
g10
-
0
10 Diamlct);)r(nm) 1000 Small Large
Fig. 2 0.2~10 x 10%
2
HUVEC



K, Small Large
Small 6.96 Large 0.62 1.5 mg/kg 3
/well
Large 10 Large
(Fig. 5)
in vivo
Fig. 6

(mm®)

Large Small

1n vivo 3500 -O— Control
~— Doxil
Small Large 3000 —A— RGD-PEG-LP (small) g
-~ RGD-PEG-LP (large) -
RGD 2500 J L ‘T
| 5 ok
2000 I /Z/ % -
CLSM 1500 | ! A
Large 10007 & ;g ﬂT T
500 o ﬁ/ T
(Fig. 4) 00 3 6 9 12 1‘5 1‘8 2I1
PEGLP iy Fig' 5
‘éniall
GMP
RGD-PEGAP
large)
(Fig. 6)

(heilx )

Fig. 4 in vivo

0.3
~12.0 mL/min 0.1 ~ 3.0 mL/min

Large
Small 3:1



0.3 ~ 12.0 mL/min

UV ERRETR

%,-
12
| ©
ne PIFHR
K. 0.1 ~ 3.0 mL/min
8s _
Eu
(Fig. 7A)
0.1 ~16.0 mM
2.0 mM
(Fig. 7B)
A 600 [ 1.2
500 | {1
|
€ 400 } l ] 41 038
< T =
T 300 } {1 06 g
i
i 200 | T {1 04
100 } {02
T
0 0
0.1/0.3 0.3/1.2 1.0/3.0 20/6.0 4.0/12.0
FE (mL/min) (IEE/EER)
B 400 71 08
H 300 } 41 06
£ [
c u
S 200 } T {041
& T i T 2
% ; I
2 500 | - {02
0 0
0.1 0.5 20 8.0 16.0
EERE (mM)
Fig. 7

A)

B)

4.0/12.0 (

/ ) mL/min
0.2 pm
90%
(Fig. 8) in vivo
RGD

HA ZHIEIC KD ~300 nm large
U > REgEDER AL = RGD-MEND

~100 nm RGD'Jﬁ)\FO/
RGD-MEND ﬂ\aﬁ‘ j\o

e
Vi thOS FURORN




D

2)

3)

4)

5)

Kibria G, Hatakeyama H, Harashima
H. “ Cancer multidrug resistance:
mechanisms involved and strategies
for circumvention using a drug

delivery system.”  Archives of
Pharmacal Research, 37(1): 4-15
(2014)

Sakurai Y, Hatakeyama H, Sato Y,
Hyodo M, Akita H, Ohga N, Hida K,
Harashima H.

“ RNAi-mediated gene knockdown
and anti-angiogenic ‘therapy of
RCCs using a cyclic RGD-modified
liposomal-siRNA system.” Journal
of Controlled Release, 173:110-118
(2014)

Akhter A, Hayashi Y, Sakurai Y,
Ohga N, Hida K, Harashima H.

“ A liposomal delivery system
that targets liver endothelial
cells based on a new peptide motif
present in the ApoB-100 sequence.”

International  Journal  of
Pharmaceutics, 456(1):

195-201 (2013)

Kibria G, Hatakeyama H, Ohga N,
Hida K, Harashima H. “ The
effect of liposomal size on the
targeted delivery of doxorubicin
to Integrin avB3-expressing tumor
endothelial cells.” Bio-
materials. 34(22): 5617-5627

(2013)



12 - 4-10 2013

2013 10
1) 7 b ’
SIRNA
", 28

2013 5 23-25

2) HakeyamaH et al., " Development of

a pH-sensitive multifunctional
envelope-type nano device (MEND)
as an efficient nucleic acids
delivery system” , July 21-24 2013,
Hawaii Convention Center, Honolulu,
Hawaii, U.S.A

2013 10



Cancer multidrug re-

Kibria G,|lsistance: mechanisms/Archives of
Hatakeyama H,;?Zglyzgragﬂrizgszﬁ:Pharmacal 37 1 4-15 2014
Harashima H. tion using a drugResearch

delivery system.
Sakurai Y,|RNAi-mediated gene
Hatakeyama H,knockdgwn _and an—Journal of
Sato Y, Hyodo I, ti-angiogenic theranyio v qyjeq 173 110-118  [2014
Akita H, Ohga N,|of RCCs using a cycllcRelease
Hida K, Ha-|RGD-modified liposo-
rashima H. mal-siRNA system.

A liposomal delivery
Akhter A,lsystem that targets .
Hayashi Y, Sa-|liver endothelialg?tgggfﬁgfq;f
kurai Y, Ohga N,|cells based on a new 456 1 195-201 2013
—— _ - Pharmaceu-
Hida K, Ha-|peptide motif presenttiCS
rashima H. in the ApoB-100 se-

guence.

The effect of lipo-

somal size on the
Kibria G,[targeted delivery of
Hatakeyana___H,doxorubicin €0 Moo verials(aa 22 [5617-5627 [2013
Ohga N, Hida K,[tegrin
Harashima H. o V[ 3-expressing

tumor endothelial

cells.

30 12 4-10 2013




