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This review describes studies on drug discovery using a rational formulation design and innovative, drug delivery
systems (DDS) for biomaterials such as therapeutic peptides and nucleotides. The microcapsules of the LH-RH super-
agonist leuprorelin acetate prepared using the new in-water drying method and biodegradable polymers, such as PLGA
and PLA, could achieve a long-term sustained release for 1-6 months thereby facilitating easily treatment of hormone-
dependent diseases, prostate cancer, endometriosis, and precocious puberty. This DDS technology showed an improve-
ment in patient QOL and highly promoted the clinical value of the agonist. Moreover, PLGA microcapsules of siRNAs
against VEGF, cFLIP, Raf-1, and Int6 have also been developed to treat various cancers and arteriosclerosis obliterans.
To develop therapeutic nucleotides, a particle design is created using functional peptides, such as cell penetrating pep-
tides (CPP), nuclear localizing signals (NLS), tight junction reversible openers (AT1002), bombesin, and dynein light
chain-associated sequences. siRNA use should lead to a paradigm shift in drug discovery against various diseases. Tat
analog with NLS could enhance the potency of a vaginal DNA vaccine. The artificial Tat CPP of STR-CH,R,H,C syn-
thesized in our laboratory could efficiently deliver siRNAs into many types of cells and enhance the therapeutic effects
for treating sarcoma, atopic dermatitis, allergic rhinitis, and asthma by intratumor injection and inhalation of the
nanoparticles. Tat and AT1002 analogs used to treat atopic dermatitis in mice increased cell membrane permeability to
siRelA, a siRNA against a subclass of NF-xB, and exhibited striking therapeutic and preventive effects.
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Fig. 1. Drug Discovery by DDS Technology and Product
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Fig. 2. Pharmacological Effects of Leuprorelin Acetate and
Clinical Application
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Fig. 3. Preparation Method of 3-month Depot Microcapsule
Formulation of Leuprorelin Acetate
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Fig. 5. Releasing Profiles of Leuprorelin Microcapsules Pre-
pared with Various Biodegradable Polymers
O: PLA-4700, M: PLGA (75/25)-15800, @: PLGA (90/10)-19000, O :
PLA-18200, A: PLA53300. (mean+S.E., n=35).
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Fig. 7. Mean Plasma Levels of Leuprorelin Acetate following
I.M. Injection of Lupron Depot 7.5 mg in Human
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Fig. 6. Suppression of LH, FSH and Testosterone Blood Levels After Single Injection of One- or Three-month Leuprorelin Depot

Formulation in Rats

Dose=100 ug/kg/day, AUC: mean+S.E., n=35, **p<0.05; ***p<0.01.
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Fig. 8. Competitive Effect of Various Insulin Fragments Pre-
pared Enzymatically on the Binding of ['2I]-Insulin (0.025
nM) to BMEC Monolayers

F001, FO06 and FO07 were prepared using trypsin. (mean+S.E., n=3).
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DIREEFIRINY 2, 5 KAV DY 2 K
RS 2 ARAERNCAR L CEBEE T2 &, W
FHORILZES £<HFET S LTk o THAEMEY
EFRTFELTIY O Z b=V #L, BEICHR
FTELHZEEZRWHLAEY® InE Ty MO
B5UT, MEERIEZBE EEmsE2 2 &
W U7z, £z, ZOEBIEINZI 2 h—
JVRL T80 5 um F2E T, 2O £ TREMife 5 5% &
LTHHTRZENTES., Thbb, EEEED
EWHEYZ OB TR EG TSI EIT&k> T, &K
DEWIRINSHAETE 5, AN THIEDOET
WEEWM T 5 IV A N (PLH) % 5w MR
BETHE, IO M—I)VOIRMEDN 4%, 10 %
B O & E PLH QR 7134 200nm T, I 100
%D BA 2145 I ENTEE.

Acceleration zone
for liquid flow

Collision
focal spot

Fig. 9. Schematic Diagram of 4-Fluid Nozzle Spray Dryer

One-step preparation of nanoparticles

Drug in organic
l solution

MAN in water

na MAN solution Drug solution
5

Air

Ve
o* *, Thanoprecipitation

Drug solution is mixed with MAN solution

Mixing point
of ng’I)uid through 0.3 mm slit by circling
@ ianti-solve nt effect
@ ) @ Precipitation of nanoparticles

Fig. 10. New Nozzle of Spray Drier for Nanoprecipitation in
Liquid Phase

—75, O 4MEEFIIREIL, W OER
WYy RS ETE S 312 DSl D22 T %2 L il
WINZ L DA WRKEDOF TH /K F{t (anti-sol-
vent effect) LELIBEINZ I M5, F JhiTLD
FUEHRET D ENNERGENH S, £IT,
ODNOINFWBEREL T, 22 T3 7 XIVDIKR
HTH/RTAETESHB ) XV zh%¥ L7 (Fig.
10).20 ZHIZE > TEDLELRETDTF /KL
For#< A 7 Ok T ORENATREIC /R > /2. BFIE:
it DHEAT RN & HFNEAR D HEA TR E T D55
ME W,

TO®%, ISITHELERNZM ESE5L0IT,
ZOWNEDTF /KT OEY OVEfREZM LI 57
W, RUR—ZHNWTFH /EEEKREL T2 h—
WHIZHBES 2N Gt Uiz, ZO/E, K
PEEY OWLERINMEZE S SICmEI®2 2 &Ik
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U720 £z, KPICEATSEHCALT 2
PE#L%] (SEDDS) ODfFEHEML AL ZMEL, W,
TG PR, 6B SRS VER O W I IR R EE DY
WHDEEIRL TRETIUE, RiFk; kb
HEERNEOM EnfFeons &2 HA0WHL
. nThicL s, #EEEyE S /LI 27200
TIE IS L S VAR O] B2 K 5 IE OB A A
BJONDIZTT, EWIHAE T 1 EEMRT D03
MHD, IT5ITBA 25D 5ITIITHLE TORME
BRDDHTENEBERRA L N THD I EEMRT
5 EINTER.

4-2. HMEDNA T FL  ERTIHEEDOEK
RERDIAD 5N TEEIT 20 £ DL B2 > T B 73,
ADA RIJETR E DBEIFITHB W TITE R ENED
S5NTVSHD0D, MfFESN/=NAS AIDS 712 &
DHEEMEBIZBVWTIRWEREZEIMEN 5 T
VW, EOMERIEIIBEMD TRXL Tha, 20
JRRD 1 DIZEER L 72T A )V ANT & —THIMLK
OEWERNFAE L2 &, 0%, “alkET1I
AMERT & —DRFENEALTNIRN T ENEET 501
5. I Tbhhbiud, MEEERTF RE2MEH
LT AN A BB TFEANY ¥ — 8 LIS
WEMHLT, A TRERERMIEDNA T F >
ORFEEAZ. £T, Ty hOEIZTL 7 hOR
L—2alesu 1 BEa0y 77—t
pDNA (pLuc) &MV, EATREEE O DRSS
ERELUTHBERETO L. TOME, BTO#E
GBFRBICIEEOMESEZENH D, FLOXRT
F R ORI D56 &[RRI TG i B V7 15 R

0.3 Serum 1gG2a

0.2 T

Abs.

0.1

MOHICBETFREANKRENWIEN >
7z, TR OIEETE AT B W T SRS i b
MHBIENRBINED ZOTy MIIIHT IV
72> (OVA) ® pDNA (pOVA, 100 ug/100 ul)
ERELTZORERINEHRET U ZRE, BT
B, SRR X0 BERGOHEIC, BEHIETO
OVA R B BT ik IgA OEADN RS & <
(Fig. 11), EOXEY > INTH B ERY 2 INEH D
HRMERIE DIEETH % IFN-y DEEDH HH &
ZENEHOENZ. Thbb, MFBELAEED OFR
C DY U Ry FLAY 7 B P B OMARHR M Sy P O B0
BHERT DI EMMTER. 0 £z, T pDNA D
HRE @R T F RO Tat FEAK KR OEBITS Y
TV @D NF-kB ZHtfT5 2 & TZOELRTOHBE
RSN, X2, HEZEEZ SO 50T
L7 hoRb—2ara2RAWED, BEODT N
ZAE TR TOREZGIEK I T ENBHEIN,
RO 2 G HiEE U TEMERICL D820
FEHRGEHEALL. COERNBICESHEGTIE, K
R DIEWEB AN DB LR TFEANFRET, #HE D
HEHRSICEDBERD 65O T 257 —ED
HEEHD I EMTE, XRND pOVA ENEZE
THERE ST T OISR R RAY S IgA DEANE R
SN (Fig. 12). AL 7R LTSS
13, BOADONSHERETE S XD IS OES
LZ45°OAEICHOL, 45°OMETIEHNT S &
KR ICEAICENTEDS XD ICKE L.

4-3. SiRNA ORBMEFHFE N FEEHS S
LT 1970 FEEN S ZHICHEE L BB TF R KX

4 Vaginal IgA
*k ke

T i 1
3 S
2

T

‘ ]
0

\Y D \ o
oo““o A 409‘“0

?
o o o2

Fig. 11. OVA-specific Serum IgG2a and Vaginal IgA Production by Various Administration Route
C57BL/6 female mice were immunized three times by various route at two-week intervals. Mice were sacrificed 7 days after final immunization, and the IgG2a
and IgA were analyzed. as O.D by ELISA. (mean=+S.E., n=5), *p<{0.05; **p<0.01.
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Fig. 12. OVA-specific Vaginal IgA Titer in Rabbits after
Vaginal Injection of pOVA by Conventional Needle-syringe
Injection or Needle-free Injector

Rabbits were vaginally immunized three or four times by needle-syringe
injection or needle-free injector injection of pOVA solution at 2-week inter-
vals. Vaginal washes were collected 2 weeks after vaccination and vaginal

IgA titers were analyzed by ELISA. Data are expressed as geometric means

(log,) of reciprocal dilutions of OVA-specific IgA in vaginal secretions.

(mean+S.E., n=3-4), *p<0.05.

Oy NI BIZXZRIZITA, 2001 4EEE N S I
FLEE T 2 A D 21-23 K O siRNA  (small in-
terfering RNA) 7VERH[11Z mRNA O 2 #H3
%5 Z & (silencing) 2SHAS M/ D, EEBEERL
T OFHRAY TN K 2 85 U WIRIFIREE O alREME 2
RENTz. BE, 2 ONF v —¥ETHEZHIS
BRSNS, Z7Oo—NILEEBBA
LU CREEIZEANERIL L TWn5, RANZEED,
HERTOARES ERKEET T THDD, (EH
AL DRERIAb & KRR R BE 0D ZE i T OV N 38 AT
E M DDS OBENHERIETH S, WINIC
L%, ZOsiRNAZ, SEFICRWETRNA A H#
MThH25Z EIFMENRN,

Z D siRNA O E7/8if#E1X, REM SRR
U MR s o g stk B DS, 1) FEEIRY 7R mi-
RNA (micro-RNA) H off-target Zh D [al#E, 2) 4}
W A )V A D& S 7x fEEE T & % Toll-like receptor
(TLR) %47 U 7z B8 IR0 7z 00 9% It O [ 388 25 3
%. FE7z, siRNA [ZHILANTOIER A 4-5 HREIZ
B9 2708, S HICEMICER 2RI E284813,
Lupron® Depot T % U 7= & PR Sl 1 5 0 £2
WOIHANENTHDEZEZ NS,

4-3-1. MEFHEERZTLT RN -IFE(CLD
HINARIRE 22T, mEHAERT (VEGF)
DOFEE ZHHIT 5 siRNA ($iVEGF) KUY R b —
A (MO BERY) #HEOHERT (cFLIP) %
1T 5 siRNA (sicFLIP) Z3EHR L, HifpE A

Fig. 13. Anti-tumor Effect of siRNA MSP in Mice Bearing
S-180 Sarcoma Cells
PBS (@), PLGA msp (W), siVEGF msp (12.6 ug, A), sicFLIP msp
(12.6 ug, X) and combination msp (sicFLIP 18.5 ug, siVEGF 9.0 ug, @)
were injected into the tumor in mice bearing S-180 cells. (mean+S.E., n=
5), *p<0.05; **p<0.01 (t-test).

NI HZ—DRIVIFL A2 (PED #EAKE
B, ZhzE w/o/wikhiziiiEzHWT
PLGA75/25-14000 ¥ 7 0 71 7t )l (msp) WIZ
HAL, S-180HNAT T ZADIEENICERERS L
THINAZNRZTM L 7=, = DFE%, Fig. 13 1ITR
F XK DITSIVEGF (12.6 ug) OHTH 1 HOFKEGT
1 7 H O 5 O Ml 2315 5 17z 23, 39 sicFLIP
DOFtH  (sicFLIP 18.5 ug, siVEGF 9.0 ug) THIZH#
NTHUIHPN AR R ZERT S5 ENTE
7":' 34)

F7z, FERICY R b — ZHHIKF Raf-1 Z %R
I HIHI$ % siRNA (siRaf-1) @ PEI # &1k % &
AU7 PLGA msp ZF# L, Zv MKEEET IV
DRI $25- U il 23 A h 5K 2 58 U 7z, 39 i 355 &
FI)VE, Fig. 141279 & O 7o i@ A7 [E E 25 & 12k
By R oy NEIEEEL, HETLYNSH « Bih
Z3mm I ODEZAICKYILTO0.5mm DFLZ
W, Tmm QFESITT U F—< C6 HifE 1X10° f&/
10ul 29> < DFEAUMKEEZ/ERL = 18M
%, HUORUCAIIYA 7007 NREET LD
WRERZMERY v —4)L (TGP, LCST : 32°C)
28U 7= siRaf-1 msp (2.5mg/30um) Z# 5L
TRHli L7z, Z DR, WEE T TIERWNnD, 12
HAS 15 HNDEMMR OB BEIRIERN A 5N
2. WMEEII T RO TEAWVSATH D, 0
BEIZIZ e hOGAE THFEI S O fEEE Th
0, IR D22 I EIER O A TRl AFI D
WM msp 2% 595 Z LIEAEETH 5.

4-3-2. MEFEC KL DPAEMENIRIE(LIE DA
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Hole: 3 mm left, 3 mm
upper from the bregma
and 7 mm depth
through the skull

Micromanipulator |

Pump

Instrument for Rats

Glioma cells 1 X108 110 puL : 3.34 pLimin for 3 min
Microspheres / PBS or TGP 30 pL : 10 pL/min for 3 min

Fig. 14. Micro-injector for Intracranial Injection in Rats of C6 Glioma Cells and siRNA MSP Dispersed in Thermosensitive Gel

(TGP)

ZEMEBIRE(LE (ASO) Tk ThbaEh
B RMEBATIX, BERBSEELESR EITERT %
ZENLN, FROEMMNAEE(LTIUT FEO UK
HREBRLINDGEND O F 1272 HIGBIEINKD
5NTWS. 77 7P HENHELTWS, I
EHEKNT O HIF-2a O 7 #1259 % Int6 % #lI
il 9% siRNA (silnt6) %, PLGA X 7Okt
JVITEA L 2 BRI S & U TR M
MTOIMERF EEMFN L=, O silnt6 1%, 2 HEH
D45 TFMNIZ DNA $8 238 A L, off-target 1 DK
T EBEHRMMEAE 572 RNA/DNA F X 5 siRNA
ELTHEHINTWS. ™ Zhz PEIESKRELT
w/o/w D/KHE 11T & > T PLGA75/25-10000
D msp NIZE AL, v bOKRBDTREEIR & &
k28 L CTIERL L 7= 21 & 5 VI TR S L T
R L 7=, ZDOFESR, silnt6 msp (X 1 [BIDF%
BT, /KBWRZRBIZ 7 BEH U2 IS T 556
ERMEREDRED ST I ENMHRTE, HE
PEBYIREE (LA IR R D I REMEAVRIB I N30 2D X
SIEMRTEZHEICHIL > 2T T528IC&o
THRWEHEMNE 5N S siRNA O®IFI & LT, £H
FRPER U < — % W 2 IR BT 313 B % 72 851 T
FiD THEINSIBENRIC DN D Z ENHFETE 5,

4-4. SiRNA O E - #EHR G5 HA  siRNA
VAR REE SR 1T K o THLD TN RS N

570, EHEGICX5AMNMEORERIZITRZL DR
HMNTHIND. Tbb5, iRt ORBIEEFANC
KB R b5, Ml G8A & U TORMFENET
THLIENTIETES.

44-1. 7 hE—HREXDAE T hE—%
K% (AD) 1, #Elb - SREE0IRITEEDORE
FEMER SR TEIARMLL 5 <, BED QOL 13D
TRV, ZOBRBIIIAN S Za—1 VHEEDS
70U LAARZATOA RIS E O GPEINHIF7) M A
INTHBY, BHERHDO XD DI WHEEIENRD 51
T3, bNbNL, ZOREROBEIZHBENS
TNFa % IL-6, IL-8 72 EDRKIEMY 1 S h1 > %
PEAEL TWD NF-kB DY 77 5 Z RelA 1% H
L, IN&EHTAL > 2735 siRNA (siRelA)
Z ok UG ERR 7 BB A OBt 217 72

AD IZBWTIX, KIEDOt T I RO AEE
D FIE72 EWINEEE DX FNH 5N TNW B0, D
DI E K OIS A Z S 51T 2
o, A4 Ty ary (T)) #alHmIZB
O T&ESHEEEXTF KD AT1002 T HIV O
fa %@ X 7 F R Tat OIEMEZEEIR (Gly-Arg-Lys-
Lys-Arg-Arg-Gln-Arg-Arg-Arg-Cys-Gly-NH, ) % &
iU C, siRNA O &ENE@EZBRE L7123 2o
Tat FERITLBETHEILZDBOT, RAMD C
AUl Cys-Gly-NH, & i U E{b & SS 245 % n]
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EICL7z. T2 RYA b= AT E>TRTF KD
BEHDZNIIIREDT AT ETHMEEEZ
BRI ESHEMNTES. AT1002 (Phe-Cys-lle-
Gly-Arg-Leu-Cys-Gly-NH,) 1%, KEDOX>F v —
12 Alba Therapeutics #1112 & o TR T F K D&M
WX DEEHR & U THAEROEEEXTTF RTH
%, AL 7HEFZEOHMEHORTF RTF7 XA T,
TIEESY > N7 ED ZO-1 7 > )\7E DY) >t
ZiEE L C T) 2[R9 5. 3

7 hE—1EEREZR I L5 W NC/Nga Y7 2
WNT 52 EUTHILE 7 UL 2RV, ERENES
JOF ) — 7R HR & BT KRG 8R40 U R 46 % il
I Uk, BERMNIIELIHRDS 11 HEMN S, siRe-
1A (5 ug) /Tat HERBEIR & AT1002 5K 2 B4 L
FU—=7h20ul TE-T, BHIC6EEZSLTH
BWROTHRERTL 2.3 2O % Fig. 15
IZRY. TEROBEHOFEEHRZTH —HEART,
siRelA/Tat/AT1002 V&K 2 & A U 7= B TIIRIE D
FIENELSIHTETWE, £z, BAREORE
DR fEEE S R - F6AR - IEJE - B35 - A E A
AL U ZEBIRZ A7 I2BWTHHEZ A IENZEH
XNz 5T, MHBEEEIC X B IR 0
{#, ELISA THIE L =REMEY 1 M1 > (TNF-
o, IL-4) KOmiES IgE OFEA RO W IUITHB N
ThH, MO THEEREGRERIH SN, ZOE

BT, WUEERI & L 7sh o 7z siRelA Bl
Thickness of left ear (hypertrophy)
16
14
2 12
e 3
o go08 o
£ 06 -I @
T Ay v -
e 7Y L
0 7 14 21
Days
- none-treated
(Day 0) control
Fig. 15.

n=4-5).

BTHMN G0 BREFISIBERNR DG SN2, AD JE
RIT K 2 £4'E g O HIBHE K ONIIE P A oD Bz i 22 T~
DIREOTUER EITER L 2D EEZ 5N 5.
4-42. TLILX—MEX, mEDAE LH
JEREDT LIVF—HERIL, <LoH, &K &
AR EEZFERETBTLINF—HERETHD, =
ORBEIIEMO —&Zil>TH0, HiBLIRED
BIER OIS WEFITEL WREEN RSN TY
5. ZORIERFDRIETEY A N T4 > OpEA: % HH]
FIUTFER OFEF O FTREVEDI IR S NS, £ I T,
420D NF-kB 12T % siRelA 232 D7 L)L F — &
K OIERBRICFHIHATE 2 2Mat L7z, siRelA
(10 ug) OHIMENEBEANRY ¥ —E LT, HHETH
F U7z Tat FEAKRD D WITKRETRBT 2l flaZ
&2 N2 4 —@ STR-CH,RH,C % N/P [ 15 T
20ul DGR ki 74 120nm) &L TEFD 10ul
TO%, JIHY I T I (OVA) THHELIZER
F v N OIS O SBENITEE: U CREIRBERN Z 574 L
2.9 OVA T K5 8K DFHIEFEK TIZ, OVA24
ug/2. 7 mg KEEALT IV 2 = A/ B AIEK 120 pl
DIERENTRGITE > TEIEL, 1SHEKU29 HH
N5 7 HREE G THEEE] OVA 600 ug/10 ul 2 /545 D
SIENICHEG LB RZFEFH L. siRelA HEKIT
OVA ZFED 5 REfaficit 5L C, BEHS RO
SloAhEEaR<EHEZEZGRLE ZTOHE,
Fig. 16 12779 & D1 siRelA #: 5. FETIZHH S NI &

Score Picryl chloride

o B N W s W
y

/7 AsiRelA
/ -+control
/ -=-naked

i % -»~Tat AT
0 7 M1 21

Days

Score (5): dryness, erythema, deformation, hemorrhage, edema (each 1 point)

: . .
s
-

" siRelA with
naked siRelA Tat + AT1002

Therapeutic Effects in the AD Model by Transdermal Administration of siRelA with AT1002 and Tat Analog. (mean+S.E.,
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Nose rubbing Sneezing

30 70 -
=—control

70 | naked
60 | ersiMock/ T2t
5o | =re=sRelaTat
—8=non

== control

a0
30

~@=naked
=tr=siMock/Tat
40 T =b=siRelA/Tat i
30 4 =€=non . £
I s
20

Countfor5min

Count for5 min

20 §
10 10 4

L 1 2 3 4 ® 5 7
Nasal OVA challenge (day)

siRelA administration

o 1 2 3 4 { 6 7
Nasal OVA challenge (day)

I | t t 1

siRelA administration

non.treated  paked  siRelATat _ SIRelA! siMock/
control STRCH,RH,C STR-CH,RMH,C

Total sneezing for 7 days

Fig. 16. Suppression of Rrhinitis-like Symptoms by Intranasal Administration of siRelA in AR Model Mice
To evaluate the suppression of allergic rhinitis-like symptoms, mice were placed in an observation cage just after intranasal instillation of OVA. The nose rub-
bing and sneezing times were counted for 5 min after OVA challenge. (mean=+S.E., n=3-4), **p<0.01; vs. p>>0.05.

REIEIR DBHE S MR R S Nz, £, 7 HEH
DL L»AHDEEDGE (Fig. 16 AX) 13,
siRelA AT H A B MHINA SN, Tat EH
K% X STR-CH,RH,C # &R T ITH B 72 il
NHERTE . £, T UVF—HEEDOREMOE
EETd % OVA K 5117z 1gG2a/IgGl (Thl/Th2)
INT 2 AR BT i U THEICSEEL T
W5 ZENfEREI N,

X7, [FFEIC OVA Z N THERIL 72558 3
E5)L YT ZITK LT siRelA D52 31 L 7z, 4V
siRelA/IEEM U ARY —LAEEGK (180nm) % 0.2
%A EIRE LT, MBI CTHES IRk
RICHRDHEEGESEL, NEYHEESE (Pen-
nCentury, Inc.) TREZHMB LA 5 [FfE (Pen-
nCentury, Inc.) O KEFHa %2 H W TIFRERIC
HAERE (OVA KIER, 25, 27, 29 HH) L.
i S DFEFHIT OVA K Inject Alum®iAik 2 2 [H] (0,
14 HH) MERENEE L, OVA ¥R 40 ul % % &%
5 (28, 29, 30 HH) L TOVA #&EL, KD
30 HHOBRBEZ 4 OO ZHEL /2.
5 > & AELF D mock siRNA # 58 T3 12 [8]/4)
DO DEEA, siRelA B H5HTIX OVA 2 BFE L7
WIEH I X EFRED 3.5 [E/5ICEBEITH DL
. 7z, 31HHOY T ZAIZHBNT, BIWLEK
Bl E (BALF) "o IL-4 O 563 75 4]
&, I D 1gG,/IgG; (Thl/Th2) /N > X Dk
ENHERTE .

4-5. FRRERSUBEERTF RICLIREBED
MEEANEA  X0L2ET, 2RI MENITERE
HAEBATSDDS & UTEESITMERMERTS
F RIZIEHL, Tat XT7'F RepEkzE Ak L 2
OALATO=)IVTI T i EOHCEER T /KL

TFELUTORAZBRF L. SWBAZRIIASN
DD, ZHEOET DEMSITR D AR S HB
HORTHREN A SN, £ T, Futaki 521(C
IO TRENZS8HD Arg ) TIRTF ROH
DIZ, 4fHD Arg &, T2 RV —LA05 BENCHH
IHEL-DD 4D His 250 FRNICFHEDXTF R
ERAMEELT, ZOMIKICSSHEEDEZDD
Cys {15 L, BiZ, AEEHMEOSEVWAT T
>B (STR) 2 N RKMICHEAIEZECSATMH
&t~ 27 % — (STR-CH,RH,C) ZAIH L /=
(Fig. 17) .4» Z ® STR-CH,RH,C %4> T @ B 7k
M BAEOm S —7 T ACXVEERAL, @
WOELIEMT T TBILIN2FEFHET40% N X
V7 1 REES (SSHER) ICX>THRBEL, XD’
& 7 DE AR /R D, iR D EAL &M
NEABENEE 2. /2, TOXRT Y —DERL
M&ELT, NP I/5EET, 13X 100% O%E: &
fEadHWEE AL, [EERO 100-200 nm O F /
Km0 filamicEAINS, LT, MND
BT L (~4mM 7 )VY FA DY) T, 2O
SS & A id o A I R E U B R 2 M R B I i 9
%. @ PEI A1 & 2 il e PN A Tl e i
NORWVABIIELFTH S0, T OEERIGEEE
S THIRINICE A SN 728, MIREICKE ST
NN DEAT 2 51T TV S H T Z SO BB IS ThE
BL TS, ZoOMERZERY Z 13T MR
Mm% (Fetal bovine serum; FBS) {#{f F C% COS7
METHROEAREICERT S 2E8WVWERT
(pCMV-Luc) OFHHFEZ/RL - (Fig. 18). =%
7=, ZOMIENEARKRIX, Tat X7F RTHSN
TWa L5, 70t /HA F—=2 AN DO»n
DL RYA b= AL THEAINTBY IR
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g

g

Luciferase activity (RLU/mg protein)

FBS(-)

FBS(+)

The complex of STR-CH,R,H,C (50 pg) and pDNA
(1 pg) was transfected into COS7 cells with FBS.
After 24 hr luciferase activity was measured.
(mean £ SD, n=3) ns., p>0.05;*, p<0.05; **
0.01 (t-test)

p<
M naked pDNA, BISTR-CH,RH,C, M Lipofectamine

Fig. 18.

WF KGN ABTHo . ORI Y —
&, BREHEMBNIRD AR ZEEL 2%, siRNA
DEEFMBETYAL > TR ERML,

pDNA O &3 DBIT R O FE 2 R I (2
L7z, £, s 0BEALMATOMBEEHEEIZE<
ALNIEMOTZ., ZTORTH—|TE 512 NF-kB %

SV40 Hk DT> 7 ) (NLS) OHREMEA 1
IRTF REkEd 2% E pDNA OFEHNLD & F
D, DNA U ZF > D& ST 72 % IE 57 2
MEOBHRMIIENDBLRTFEANREZ GO D I ENT
EDHZEERVWHLTWS Y —F, Znsomy
ORIfENE B Z Fig. 191292, T2 RY—AI

Luciferase activity(%)

Histidine
Stearic acid

Cellar Trafficking of Cytoplasm-sensitive Oligo-arginine/histidine Disulfide Complexes

Ccos7
(10 pg/mL), filipin (1 pg/mL), fusion inhibitor (100 uM), or 4°C

transfection. (meantSD,n=3) **

% endosomal escape

|

e
control | amiloride Chlap!o- filipin fusion
( pi (caveota)  inhibitor (endo—
cytosis) (chh") cytosis)

cells were treated with amiloride (3 mM), chlorpromazine

. p <0.01 (t-test).

Transfection Activities of pCMV-Luc in COS7 Cells with STR-CH,R4H, and Its Mode of Endocytosis

BOAENZEETIRNTNY Y Y —LERIAELN
HOMEICL> THREZT5H. INE#ITS729
BT RY —AZBIE L Sl 2l S &
5 Z EMEET, STR &5 MO His 2770 b
AR VBETI Y R — L ZREE LR 2 BT
. Fi, VIVIZFFBEEIZ, mMETIE~10
uM, HIfE TlE~4mM, TORITRMITIEICE
<20mM MM T, ZOXNZY—EEKIZ, M
ADHTOHA, MK TIIL >0 ELEREERE
BERERRL TWS702 885 TORMHA® 147/
FFCEDHEEATNS,

Z DN 45 —1Z siVEGF ## AL, S-180 flifid T
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Ligands ?'—‘\

= ~ o/
Receptors +5+%—%* Coated Pit
P @ Recycling

Early Endos7

Nuclear pores

“Nuclear
pore
comple‘zxes ”

@ oning Endosome

NLS

Importin-o.
(60 kDa)

Endosome

... (90 kDa)

Cytoplas

Fig. 19.

DE W VEGF EA DI &, [RWililazEt:, KO
KR S-180 AT v N TOEBENES (siVEGF
Spg, SHRERTO 3E#S) ICL> THIROIER
fai ) R — I LipoTrust & 0 HIR N7 HIN AR R %
552 EMNTE L (Fig. 20). 4540

S5 I, AR D S AT, R
HHEDOM/NEZ L —)L & UTEABEIRY 2 INTE
ZRAICREETEE—Y—F )N E (dynein) 7
HIET DI NN TNVWDS, £2T, 20
dynein I[ZHFIE 2 R T HEREME X7 F K dynein  light
chain-association sequences (DLC-AS, Fig. 21) %
AL, I #5ED STR-CH,RH,C IZ#A L T
pDNA O¥EH ZHlE U 25 %, BEHZ2E50, JH
K2 g CE2 2 L2 RWH L& 9

DED X ST, #IET D pDNA & % it siRNA
ERHWTRIEZITOHHITIE, IhoBEkExY
- DEBERDERICK S, ZE/l, MiENE
A, T2RY—=Ln5 O, BANOBTT, TO
NT & —InS O X mRNA NOEE N 2
EMNS, ZOXD SN E cellular trafficking
(Figs. 18 and 19) Z143&Z & L Takat S naidiud
moiz\n, Eiz, EFESPHAFEL TERLEZ<DTUA
VA, WIE, AfiasE0HRRICH D EW DR
PEXRTF R ZFH LU filnE @4y X7 F B
N7 H = EHEERMANL, MO TEZET
pDNA & % i3 siRNA Offj# O ;e 12 143 bt A

Nuclear pores are large protein complexes, around10 nm diameter.
Z g There are about 2,000 nuclear pores on the nuclear envelop.
@) Photographs (x 150,000) by Prof. Kathy Wilson in Johns Hopkins University.

Cellular Trafficking and Nuclear Transport of Ligands

In vivo anti-tumor effect of siRNA formulations

$-180 cells . @:control
(5X108 cells )s.c. 1600 @:naked
= 1400 { ®:LipoTrust
:’: 1200 | @:STR-CH,RH,C (N/P=10)
£ 1000 -
2
& 800
: i g 600
‘umor volume
(2 50 mm3) & 2 400 -
0,5, 10 days 200 -
i.t. injection 0
(siRNA dose=5 pg)

5 10 15 20 25 30

i I ‘l’ Time (days)

Tumor volume (mm?) = (width) 2 Xlength/2
*¥%: p<0.001 (t-test, vs control), (meanxSE, n = 5)

Fig. 20. Anti-tumor Effects after Intratumor Injection of
siVEGF/STR-CH,R,H,C Complexes in Mice Bearing S-180
Sarcoma (mean=+S.E., n=35), **p<0.001.

TELHMESLWDDS #MTHD I Ehbibn
DERBTHIHL TEZ., ZOXDIINA AEMOHR
HIRFHTIZRF RN D L < DA %+ I B fiFE S
ZRBENRHD, SHINSOEHICE> T RS
THEM/: DDS OMENERTLHIHDEEZ 5N
2.

PlE, RTF R, #EMEIEY), pDNA, siRNA
72 EDBFIREHIET 22 < DMK EMAT L TS
N, WHOEHG THRZGIRL D, ENTH, U
Ty BT 2 OWMAFIDREHT K DNRD KNG
B DG, IMEEEHE L L COfE % Ofilht A
%1 PLGA msp & TGP (thermoreversible gelation
polymer) 7% #l A & 4 7= 4N R Pt ¢ e 14 4% 5- 14
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[Dynein]

Dynein Light Chain

Dynein based-retrograde motion

Dynein @
Microtubule
Nucleus a»

Microtubule-
organizing o
center (MTOC)

DLC-AS —

-Association Sequences
DLC-AS
LCy
==
—_—
Stephen R Doyle et al., Genetic ams
Vaccines and Therapy 2007, 5:11 mICro « = (Nucleus)

Fig. 21. Dynein Based-retrograde Motion via Microtubule Railway in the Cells and Peptide of Dynein Light Chain-association Se-

quences

Al @0 T 2 1)L ORERGIT XK D SR S i
EZH Dk E & gastrin-releasing peptide receptor
(GRPR) DUHN Y RTHBIRI NIV EFEGSHE
e 1 2 BIVIT K DRI ERRYAL, 50 /N1 F % H
ThHHEOMEY INTER > 2% W TR
el E5E R T (FGF-2) DIRIEIC K % & B AR ED
IREDF JRFEHNEHEITDONT, EAMOS
WLk & 5 EBAER ZF TV 5.

5. HENE

D40 FRTHED S TEREIIRTF Kot Y
TS EDINA F FEM QARG EAIFED =D D
DDS OFMEIE, 1 DOXRTF REDOESMNE
AMEZBEE T LS EHEE L THICHT Z&T
Eie. Eiz, RETHD A TZEORIEEIZH N
T, MO TRIICINZTOY 7 O0—FNTE,
SBROMBEITBISZERITBNTIRASNOHE
IMTELEDOEMFLLEN, 2 UWNA FFEM
ELTHENEE S ZIEND TH D0, KNI
1000 fE1F £ & % & T 5 miRNA 28, 234 O EE
E, #+Xa1L A5 0—)L HDL-C (high density lipo-
protein cholesterol) DR A F ZH T AR 1 )L X
DHEKRNIEIE/R E, HRABBERBICEGLTWS &
ARZIZHBAL, #il=/a2R3y -5y &L TH
HFEINTWS, siRNA DX F ¥ —1¥ Alnylam
FEACKENC NS B < miRNA IZEEL 72X F v —

12 Regulus Therapeutics 2 fIN L7z, £z,
D miRNA [ZREZBONA F < —T1—& L THHM
OTHENBYIOAERD ZENTFHRINS. EXIT
F U A DNA A FEMIFEICH AL, SHEOAHE
FMOYOFE L THIIRENFFTH I EZ2EL
TnW5,

EFIFEVITD, JUNKFTEMERFOHEMREE
DDS 7L DHH S Z2HACHE, D%, Hixd
2 DDOREBZEMITHENTHEFN DDS B OW5E
IR TE B E/SZEMTER. LT3 A
OERZER, HOEBE%, EMEzEL, i
Takeru Higuchi HZICK D &£ A= L3 ANERK
DOFEBETH-oe. £z, iR 2—70L 1 >0
%, DDSHENEEYDORFELRI Y F T THD,
RIZES>THBRADHAENTH >z, ZOWMEDH
M T, BETHFD A /1 TH%XKE Cold Spr-
ing Harbor Laboratory T ® Banbury Center Meeting
(New York, 1988), Controlled Release Society 4
(CRS, Chicago, 1989), Kansas KZ%, UCS KZ%
Genentech 172 &, Z< OBAEFHEOESZTHW
fo. Fie, BICHAEZEXHEME, BG7EHE, #
&R TR EH# &, % 1 [8] CRS/Nagai Innova-
tion Award, HAEAXZ2D& ) - 7Y s F
FURE, "HAIOZENT RUARE S HICHARER S
REZETAWZ, £z, WEFE, ZWANAJERICHER



1286

Vol. 131 (2011)

DDS ¥ 212/ % 9 %5 CRS £ U “Fellow of the
CRS” OMEBENRG I N, RICHKLDEE &,
KA TIEWZ% < DIEFEFEE D 5 WITHFFERK
FTOREWAAVEFTHM TH o HEBORRAE K
ORZEBEAEDES ADBETTDBINT T Ly & BE#H
LTwa,
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