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With the success of the human genome project, the focus of life science research has shifted to the functional and
structural analyses of proteins, such as proteomics and structural genomics. These analyses of proteins including newly
identified proteins are expected to contribute to the identification of therapeutically applicable proteins for various dis-
eases. Thus, pharmaco-proteomic-based drug discovery and development for protein therapies, including gene therapy,
cell therapy, and vaccine therapy, is attracting current attention. However, there is clinical difficulty in using almost all
bioactive proteins, because of their very low stability and pleiotropic actions in vivo. To promote pharmaco-proteomic-
based drug discovery and development, we have attempted to develop drug delivery systems (DDSs), such as the pro-
tein-drug innovation system and the optimal cell therapeutic system. In this review, we introduce our original DDSs.

Key words——DDS; mutein; bioconjugation; cell therapy; gene therapy; nanoparticle

[EFL®IC

T LRENBHENERE RETWET. Ly
L, AL L TR NESELR T Sz R
MrzAD £EA. MlnicEn, Minzgn, 20T
MR T 25 FENEE > T, EYIHEOREH -
JFHIZ%%23 % /= 1c, DDS W98 % B M EICT
STNWBHETA, TNNOLNOLNDOHKETT.

ZHUIRERD S DN DN DO EAE 7 B DAk —
LAR—=OEHEIIEHT TNWEXETH S (http://
www.phs.osaka-u.ac.jp / homepage / b011 / index.
html). FADOWFFEIX, KECRFFELFEREE - KR¥b
Bt - it - BhFR - 7 AU R E S ITHE
FRERFE AR B - BURHUREITRT, —H
U TCTAREY: - s TR AEY A T d > 7. KA
SFHEH N & U TTRIRORATEME L 72 b & OifF5E
b, TN I ZEMIITEAED DDS #IFEICE A
7oy, MR FEOEARNER & 72> 7z DAL
¥ THRIEFETH > . HE—DEWIE, B

KBR R ERE I AR RN #2508 (F565-0871 IR
H i L H F 1-6)
e-mail: mayumi@ pharm.kobegakuin.ac.jp

L, SERk 15 FEIREICH 2 D ERF OXEE +
MR ENZHDTH 5.

DILFE T AZ & &1Z, Dz sid TR0 E#ED A
My NEDLEbDE, FEAHFHEYLITE> THHIE
TROISHDHM] NEBEAZEDDIETDENTDH
o7z,

T, EHPRIREENICAT, )EYE2ENE
HILETHHMT, MDA, MIREICLD
B GIBREE A A TEEN) 12T 27200
A, BEIE, QEMMEELREEEHERT 5720,
ek MG LG aokNEiRE (I, 4
i, A, e BHETE, O % O EBE I REIEYR
EEITOHWT, RO, #5HiEE\W)N
ICERTET 20, IREDHFEZEITH>TER. TDED
IR EIZ T R DA TR W01z, P
A, RS, SRR (EEITE), A,
BRRSEAI 2 1T, MAEICHEB L 2] T
FHNCHEL TE.

—7F, BYIOENIANR, 1. EHEMICBITS
YR SRR, 2. W IERICE T 58
MYEME, 3. LTy —280 & L ERAO”~KSZ
P, EEI3D0HERICL> TIRESNS. TD/
ORI U 7o SEAS20T, 4 OO SEPRIE P o A 4]
DREZMEEREMICEEL DD, BNEIMEER)
RICHE I, RBIER 2T 5720 O %



398

Vol. 124 (2004)

B L7ain e, EYNRROER - JFAIZ2E%8d 24
Bp¥Cho/z. Lihn>T, FAD DDS Wi,
A - TR E D EERR BITH 20 R
EEALD.

A AR ME 22 52120 2 IS B DRk & LT
RAFAY S A %ML DDEMEL TS, ZoHf
TREWRZ &1, EEE, BT, EEREOAE
KNGS TYER, ZOEREEDHIZE < OEHR
ZHGNEL, EENEHROZE - BEOHNWFEL
UCHERBREEZHATND I EICH D, g
s, EERNEROE D D WIEEE TR - 21k
IHEBZEITENE SN,

T, 20 HARLITHBIT B AL FDOREIT, KA
YHEFESH L WERRIE, koL Z =51,
INZEMEL-HEE L WK ZEAR, NED
R S EEICEH G L TE, T E20 7T, 20 #
R ORI T, BOSEEMEN R T, I - 5
11 UG WES TAEERIEEMATELD 257 5 N CESES
ftEInT&ER L LSS, R TaE#EbEmE
TJMNETH D) BRI NHRIEIKDo7=. 21
MR OEFRE (7 LAMER), Tho>221
T =AW, TTOFA LR, S 5ICER
HMAEDIEA - bz flil T 2R EOFRICED <
MHfafE L 72 EZMEBEICE/I L 2B DIT7/x> T
STHAS. FLICHREL T ) LRIEDS
12, %I, O EKEE OIS E RG] E N
LU TWAEERES TE, B0 0T8RP L
T = TEEGUABERERE, I5IXhES
T ORET )N —IZ K DB RE - T F >
PIECHIREIER EMHE T 2 THA D, THEEL
TO#EET), FEELTOEHE] 25EBIHHICHE
AT —2AORETHD. £/, TEDH
AW ORIEICRD, EEMAEOFEAE - b2 filE
T ORISR L TEZ IS OfiigE
WaEHEI, EEMEE0b0ES 8] EHRL
FAiEEE (HAEER RENHZICHREL, 5%
I TRYBEEDINTGHT A LT T M BRI > Tw
5. 21 I EROERFERE - BENTHIEIND
BifE, TNz EAEYIEROIEE - JFHZ%
759 % DDS #FZE 2 W HEfE S BT < s, £
WCEZASNZEKDT—YTHDEESTNS,

—75, EYBFERFIC BT D AW E O 512 &
0, EYOERNEREZAEEICHIEIL, ¥z THNE

IR, AERIGETIC, LEREFEERIE 5]
ZEITkD, BMER < G ERMITHIES
¥, REORBENREEDZEEZHMETIH LN
A O (DDS: Drug Delivery System ; #&4)5%
EIAT L) M2 HRHEEICHELTFEHSINTE
7. RRIT 1980 AEARLARR, 1) FEMRINOHE (K
JEZBVEIEAE), 2) RNTOREYH ORE (LE
mE), 3) R (Y—rT7 102 0) OffE
(KEIRGFT), 4) b —HEREDfT G (LE )
IREDHEEHRE LT DDS SN 2HICHEL T
&7=. DDS nulge&niud, YNk WER Z2 £F
LRMVSEWERAOZDIC TEEN L THOH%E
Risho ERBEOETONEYZE, KD
HIEES & U THAZICHEMRET S 2 &N EE L 7R
%, DDS 2L > T, EMBEEDORELN DS S
N2Z7EF TR, KERIZHET T DDS 2k 5 Hi#
EEL ORI, AIERENOEDHENINS LI
HRNANVEZLZFETNWDS., LENST,
DDS 13 # Y% - AIEKIC B 2 HEAM S - Hiliz
ARLTWD EEDIT, EYRRORELZHE L 2
RRER 2 XA HFBHE - Hilr & U THALENT
5N 5. BlfE, 572 DDS Tiddh 243, BE
IZff 4 @ DDS &AM HFANICERELENTHD,
FFRAYIZTIE DDS £t 2 FIlH U 7z 22 58 i S50 A3 = 3%
MOERZEDDTHAD ETFHIESNTND,

R D & D ICEYReik &1, ERNBEROED 2
WidEZ i - B2 LITENRSRR
V. EROAEEMETIE, BEEBENREFT, hD
Lt 75 —HE &R T E N EY & U TR
FEIN, MEEN - SMTHFEET DL 7Y —I0RES
2 LICKDEMHMREEWEFEL TER, Ll
MHSIRICIE, EOEXEEDHFICL < OEH %
HoMWEL, HEENEROZE - BEOCHWFEEL
THEEREAEZ A TWDEE T RN A B M
STYBEEEERELUTHEL XS &I 2 B00%
REBOTZIED. &AM, AHEEEAEDHE
BT R EDERNE T TMHEIL, INETORST
EHALAEYOEY L3 B 0 B @SN E, TN
DT IEICZ L WEDN 0 2, i TER NI
RENTLED. MO BTEBLBETRIZFRER
MRANIZEA SN WRDERHORBIIE R TH
L., LEMST, ZOLIBESTWEEEERE
U CRFT 2 720 ZH D i B EL AN O 5 —



No. 7

399

&, HEkE T &2 REICHR L < EERYHKE DM fE R
MLY 7Ty —IChEIRD &, EARKOE
%, T EaTUEESRI MK E BT
, MENICEATSIEICHDEEAT. T
SRR ITCAE D KPR OK 2 3 E AR H Fa B M T DOk, 2
NG 2 DOEEAMMEE LTI FO XS I DDS #1%%
EHEHEL TE 72

1. F—OEXREE  £EEMHSHSTHEEZRE
(R & < ERVHRRISAET D

RANT 7 AW, TO0574 37 207
RUZANERHINDODOH D, 5%, EEHI—X
ERVELZEHENREIIHRHEINTLSSEHDER
s, FIRERICEDREAEZAML XS ET
%7 0T 7% — LRERIC D B K2 D ON D
S, LhLians, —BmicEEIZERNTEE
2D TZ U W = 8O I BRI FH DB IR Bl el ¢
HBEREBRSINEERRWEAZHBNTLES. L
7enio T, BIEE T — Mo RN R ERENE
MERLELINTNBIZES W, 20N T, $Hn
TERZE LN S EERNEERICZ L WS A M A
IR ER, NEIN S R BREZE KL TEEk
7% in vivo EFIEMEZ R T ZEAVHBHL TS, Z
DX IRAERNE S TWEIT, HWET 2R IEH
DHIZSTRIEHDIRK &2 21EH £ T2 bFEKFIC
RELTLED W, EEMITESITHEEE 2
5. LEN-oT, o5t —LBlEEERHET 2720
21, IS AEEHREREEA ORERZ kU
5% FB, DDS BEAEHAl OIS ETRS.

bibE LREOB RN S, 8 FEREFZHL
ETBTIN—TI2&k> T, OEEMEIZENI-HEEE
PEATEHEZAIHTE 20 Tl LEIEORE, O
EHEORNZEEZR LW, HIOBEER DR
REFBREE 2 5ETEBINM AT Yar— 3>
DL, OF =7 T 1 > T HieEH LI+ vV
T DFEIR ECET A% E, YA NS EET
W ELU TR EHEEL TE k.

1-1. #EMATEBEEZEARTE 29 FHEE
BROEE kM5, AN AHFEHEEN
Kunkel %72 & O sZ8 RZ8 BURIT K D HREME N TR
HEDOIERZEEINICED TE, L LRENS,
MRERERETREAEDOT X /2 1 D3 D50
T JBITHKRZEL, Hx OMEERKEEEL S
A TZ DOHEREZ FLAM L /2 T U7 5 aniz®, K

&5 N2 BTN 0 EE UG 5 S 28 BUR O FE
BICHRADD O, WREED ORRIFIES N TV
W, Zombihbiul, 7y —YEREREREEME
WWRET2ZEITkD, 108 FELL LS DLk E
AL i iE% 5% H'Y 2 Combinatorial Biosynthe-
sis L, ZOFMS L7y -k - REEO R
W ESEAME BN 72 BERETE N TR E 2 i D%)
RESABTEL T OTH—LAIEES 2T L% WL
U7z 29 Bl 20X, BRI Z AW E—IE
FHEARFZEIC K D, EBEER T (TNF-o) O Lys
11, Lys 65, Lys 90 |3 S (ARG ke L £ 7' 7 — &
WHAHAEEDNTEL., LhrLbnbiud Z o
ZEIHAIR, T/2bb, TNF-aF DL 6EDY P
SR E BT 2 BICER L 25, wild
MEFFEELIFI0FEUEDD LTS — Btk
REWIEEERT U P 2 RIE TNF-o 281835 Z
EITHIDH TR LU= (Fig. 1), Z DX TNF-o
DOREEARRRZRENVICERL, Zhs OEHEE

FEAT S 5 2 XD ESNZHDOTHD, Lt
Tt EE I APUER Y O A MeHIRIEY
2T M2 EDHRETE N T TNF-o 2 H A8 L
TWa, DLEDOREIZ, NAAEEITHRERS
= AT 0T F — LRIFED -8 O EA A = 2 it
T2EEHIT, WRETORERERIFICIDAR
TGS TE/BD S 2Bz IR E R E OIS

100}

=

E 757

o

s

2 50F

>

%

g 25 _
O L At a3saud PSRN TET | PR EETITI]
0.01 0.1 1 10

TNF-occoncentration(ng/ml)

Fig. 1. In vitro Bioactivity of Wild-Type TNF-o and mTNF-
oS

The specific activity of TNF-as was measured by cytotoxicity assay using
LM cells in the presence of actinomycin D. Each data value represents the
mean=+S.D. Recombinant human TNF-« purchased was used as a standard.
M: Recombinant human TNF-« standard, @: wild-type TNF-a (WTNF-q),
O: mutant TNF-o-K90 derivative (mTNF-a-K90 derivative), O: mutant
TNF-a-Lys (-) (mTNF-a-Lys(-)).
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Fig. 3. PEGylation of IL-6 Effectively and Selectively In-
creases Its Thrombopoietic Potency
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Fig. 2. Effects of Degree of PEG-Modification In vitro Bioactivity and In vivo Antitumor Activity of PEGylated TNF-as
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Table 1. Antitumor Effects of Native TNF-o and MPEG-TNF-« on Survival Days after Tumor Inoculation
Injection dose Survival time Complete
(JRU/mouse/day) (days) regression
Saline 0 32+1.1 (29, 29, 31, 32, 33, 33, 37) 0/7
PEG 0 31+1.2 (28, 28, 28, 32, 33, 34, 35) 0/7
Native TNF-« 10000 67+24.8 (7,7, 7, 16, 50, 150<, 150<, 150<) 3/8
5000 46+1.1 (43, 43, 44, 48, 48, 48, 50) 0/7
2000 43+1.1 (40, 40, 42, 43, 44, 44, 48) 0/7
MPEG-TNF-« 500 150<< (150<, 150<, 150<, 150<, 150<, 150<, 150<, 150<, 150<, 150<) 10/10
200 150< (150<, 150<, 150<, 150<, 150<, 150<, 150<, 150<, 150<, 150<) 10/10
100 95+19.5 (46, 48, 52, 59, 150<, 150<, 150<) 3/7

Native TNF-o and MPEG-TNF-«a were i.v. injected on day 7, 10, 14, 17. Complete regression was defined when tumor was not regrown for more than 150 days.
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Fig. 4. In vitro Bioactivity of Mono-PEGylated TNF-as

Each data value represents the mean+S.D. O: wINF-a, A: ran-PEG-
TNF-o (randomly mono-PEGylated wTNF-« with linear-type PEG5000, @:
mTNF-o-Lys (-), A: sp-PEG-mTNF-«a (N-terminus specific mono-PEGylat-
ed mTNF-o-Lys(-).
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- Creation of lysine-deficient cytokines with full bioactivities
for optimization of PEGylation system

* Creation of functional muteins and peptides
with desired properties

* Preparation of fragment peptides with therapeutic
potency from bioactive proteins

* Design of targeting peptides as drug carriers

* Development of functional scFvs and intrabodies
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Fig. 6. Tissue Distribution of Poly (VP-co-DMMAn) after
i.v. Injection
125]-labelled PVD was injected into the tail vein of BALB/c mice and tis-
sues were collected over different periods to measure radioactivity by y-coun-
ter. Each point represents the mean+S.D.
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Fig. 5. Application of Phage Display System to Proteomic-Based Drug Discovery
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Table 2. Comparison of In vivo Gene Transfer Activity of
Fusogenic Liposome and Cationic Lipid-DNA Complex

DNA conc. Luciferase activity

(ug/mouse) (RLU/107 cells)
Fusogenic liposome 1.5 8013+809
Cationic lipid-DNA 1.5 4.9+0.7
complex? 40.0 92.2+18.5

a) DNA: Cationic lipid=1:5 (w/w).

51 (Table 2), [EBHEITH T 5 in vivo BIZ TR
BICHLWHIERZIRRT DI ENTERL.D 5
ICEABRTOBBITZLEEET, KANMROIZ
ENEELHDDIKIEHOMBICBNTHHWHIZ
259 2 EEHMICL ZMENEE TR R 2
WL THIENTERLODEER, 75 /U
1)V A @D PEG LIz & 2 KA B 5 a1 1 X &
& —BFRIRE, SHICAMRELETIRENY 5 —5
FEIZIT Tz a2 17> T B, %4 1D

22, IRV FORARE = T—F, 0157,
SARS 72 EDZEARD AT AIDS 75 & O Han il
Bil - FBLRRYYE DS HIERBIL CTIA D DD H D, kit
REFH T 7 F AREORFENFEIN TS,
KOOI F TR, PURNIZY BYA b= X%
U ORISR & U THURIERMBAICER D A £
L7, WREFURIZFEESINZ OO, ERIHIIERR
EOFEHRTHAHFF7— THiE (CTL) XIFEAE
BEINT, UAINAEIYEREITH L THaew
DF IR EED ZENTERMN> =, CTL I3H
JR 2RI E N OFUR DY, NIEMGR & U CREas -
WHEEINDZ LKoo TiEEINS. LENST,
KT 7 F D EMENT D 720121, SRIERE 2
I RYA b= 22N 3T ICHIENICERE A
LT, WESEPEEL TRH#S B/ PUEF v
7 —DORFENRBEFRETH 2. DNHOIUIA]
REICIERR S U Ry — L& LT, S kMR 2
JAENICEBEEATSZEICLD, BERATHRD
MmOEEbNTWS 7004 FOTERTY P a/)N b
EHE<, SRR CTL OF&EICRKRIN L 7= (Fig.
7). 848612110 x50z JEENE U R Y — L OFERLC
WDt F A TA VAN, ARFGGERERIT G
BUANATHBIENS, DbIUIESEE
AT D BEREE Y O ONMBRICEBR L, HEata Y R
V= LS E N U PURF U 7 — & L TH
INCHSEEL 152 EE A . Fix OME 2175 724
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%E?1 - - R, BGEBAL O SRR 721 Ta <, ERREE DS
5 BRI EITHNVWTD, WD THELWHRESE &
CTL s nTwasZ 2B 5Mnic Lz (Fig.
40 8). NI X 517, MERDHRIES AT LT T
g ® (,,i; L < AR AT LB THE L LR
N T T T D RIFINEZHEL THBO, MRS RHE O B A
@ 50 222 DOFiERE %, RS R — L0 TRERIC
S A ° ¢ 75 L mRLE.
% 23. MEAEREHIEZEELT 21 P
40 T AKREROFHT 7 F 2 EEZBEL T, HUENX
20 8);37, 7 F R OB RE I D < 2 EAY7e CTL %
N anl L N A ML ATLEMET AL, bRUDIUEE 51z CTL
0 25 500 25 500 25 50 ) ) T
_ FBEOTL—RY v T 2SR Wit a7/, i
Effector/Target ratio ROL S, MM TOFEEEEE, BE 0T
Fig. 7. OVA-Specific CTL Response after In vivo Priming FI)— LA ORTF RIZ WAL E - ?"ﬁ, TAP

with Variousely Formulated OVA
Spleen cells from C57BL/6 mice that had been immunized with 100 ug
of OVA in fusogenic liposome (A), simple liposome (B), or complete
Freund’s adjuvant were assayed for cytotoxic activity. @EG7: OVA-trans-
fectant, OEL4: Control.

[ A Iﬂ
IgG IgA IgM

(B) Nasal passage

1000
800
600
400
200

0

IgG IgA IgM

OVA-specific AFCs/10° cells

(C) Intestinal
Lamina propria

*

250
200
150
100

50

0" 1gG IgA IgM

Fig. 8.

Percent lysis

Percent lysis

Percent lysis

(D) OVA-alone
50

(Transporter associated with antigen processing) %
U TNMaEN~ETN MHC 7 5 X 1531 & E
a5, Lzdt> THIRNIZEA S N5k
MR T F R, IR RIITEE S S

Spleen Cervical Mesenteric

20 400 20 400 20 40
Effector/Target ratio
(E) OVA-liposome

Spleen Cervical [ Mesenteric
40 Lympho node |Lympho node
30
20
10
0 20 400 20 4ObJ 20 40
Effector/Target ratio
(F) OVA-fusogenic liposome
50 Spleen Cervical |Mesenteric
40 Lympho node|Lympho node
30
20
10

Effector/Target ratio

Novel Hybrid Delivery System, Fusogenic Liposome, for the Induction of Mucosal and Systemic Immune Responses

Antigen-specific antibody forming cells (AFCs) in spleen (A), nasal passage (B) and intestinal lamina propria (C) were determined by ELSPOT assay (open
column, OVA-alone; hatched column, OVA-liposomes; closed column, OVA-fusogenic liposomes) . Nasal immunization with OVA-alone (D), OVA-liposome (E)
and OVA-fusogenic liposomes (F) induced OVA-specific CTL responses. CTL activity against EG7 (O) or EL4 (@) were measured by 5'Cr-release assay.
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FINFIIT % T « =0T« 207 &S s,
S —@RRMNR CTL FEN ] EEL /2513 T T
H5. bnbOL, M NS MITE N A DSk
PUR OEZIIIER G U Ry — L& W, MR
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RZHAWTHEH L=, ZO#E, invitro, in vivo &
BT, Y= T4 2T LBV TEa0icE
W CTL iF8 %%k 2 Z LTk L7z (Fig. 9)
(R, DUk, fiEOMNEEz G 5 2 &
KD, D TRNER K < D RAVZRGUE R 5088 SO0
HETEDEREN. BIIECNSORREED
iz, CTLHEZNAEET DT 7 F 2 HEICW
JCHE LR EFEEED TN D,
PLEOERNSHSNEE DT, MBENORE
Wﬁ17;L%bTm®T¢ﬁ%%ﬁTémﬁ?%
Wy KRR BB ISR B S T < 20ITid,
PERINSATON T ETARNIRBHAESY — 7T T 1 >
T2 EOEERL X)L TORNEIREE Wo I2BlRN S
DY T O—FEFTEATHTHS. £7, HfH
NANDENRD RWEEEZHFEL /2D AT, #Hizic
HIEANIC BT DB ORI, PiRERER
EDRBULDLTINIT R T « =TT 1 2772 EDMM
FINEREE E 5L WBERZEAL, TN o &3]
LT 2720 DT INA ZMNTHA 72 EZFHFEL T

MU SR, FOEDITE, KEEOHE L
A PRTE 1 ﬁ?%ﬁ%%@ﬁw %A?étﬁf@
<, HilgzEo235 2 &k, F/F—¥—DHiE
PERI T 75 & ORI N B RERIEME %2, 1 > % 0 g

IREET, —2ICZEOMILOMIRENNEAT S
WA E 2%, 20 L E @ DDS #F7EIE, fE{K

(ML) L)L DARNERRERIEI S LT H > 7208,
21 HAICB W TIEE D 2 7 a2l L X)L Ol
NETRERITEIARD 511 TW%  (Fig. 10).

24, FATHAITLREF /Y41 IT L ADRT
ﬁ'f/m§>Z?A®ﬁ$EmHt BEYDE
RNEhRE 2B ICHIET 2 2 Lick D, FEAHLEC
BIRMITIE D IAS, ZDEY DIGFE R Z RKIRIC
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FRINTEZ B TH, URY—L4L®F /3t
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WIRICERT DI ENTES., TDIHR, EYOK
HIHIHEIREEE RN DY —7 7 1 > T HBED T 5 %
MNE5T25ZEMMEETH D720, EEKNTOHEY T,
REZ I3 23R & LU THAMICERSINTS
0, —HBIZBEIC DDS A& L THER SN TN 5.

Z DAEERNIT BT 2 S8R Z 9 2 7= 0 12 B
FEI N T E=HERENET /R DR EHELAN 2 BR 9
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Fig. 9.
the Priming of Antigen-Specific CTL Responses

The Combination Endoplasmic Reticulum Insertion Sequence with Fusogenic Liposome as an Antigen Carrier Can Enhance

SL8: OVA peptide, ML26: Eriss-SL8 fusion peptides, Eriss: Endoplasmic reticulum insertion signal sequence
[: SL8 peptides encapsulated in FL: 25.0 ug, l: SL8 peptides encapsulated in FL: 2.5 ug, O: ML26 peptides encapsulated in FL: 25.0 ug, @: ML26 peptides en-

capsulated in FL: 2.5 ug.
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Fig. 10. Novel Hybrid Vector, Fusogenic Liposome, for the Delivery of Sustained Release Nanosphere

(A) NP-Lipo

(B) NP-FL

(C) NP-FL

Fig. 11. Intracellular Distribution of Nanoparticles Introduced into Living Cells by Fusogenic Liposomes
LLCMK? cells were incubated with FITC-labeled NP encapsulated in either Lipo (A, NP-Lipo) or FL (B and C, NP-FL) for 30 min. After staining of nucleus
with SYTO 64 for 1h, cells were observed by confocal microscopy (top). The same specimens were visualized by transmission microscopy. Bars indicate 50 um

length at X400 (A, B) or X800 (C) magnification.

TTHD. TDOITIL, WREMES /KT & 250
flDRINLE P, BN D —2ITEE TE DD
BRBBEARRIRTHD, LrLENS, KFIRY
BIZEE L RY A b= AR THZICE DA £
N5, MIENTIERIY Ry —ARIZEENTIR
RRTHMEL, NELEEHNDBY VY —LABEITXD
SIREINTUED. F /K FEH Z EEN DR R
ICHEFE NICEA LR 5B TEhuL, =0
VA N SR B e A 9 S 21 fiERd B DDS 9T
DAMBEERITEZERKT I & L85,
ODNONIERE U R —LAZSHTHZ EITX

D, INETIYA /0O -2 —F—ITLB~
A0 - A2 72a ETULNEATSHIED
TERRMo kT2 b ENNEZEEATESD
TR WhEE Z 7z, B L 72 E R 500 nm O
RUAFL > - F RiTFaRRRTFETIVEL TH
W, ZORTFEEALLBEREGY RY —LEE- -
FEHI D Z LTI Uiz, F R TEE AL 2R
HURY—L (NP-FL) ZHfICER &, &
MU —Y S TR LR, T/ hTFHko
K IR DR EEIET, oS N/=kE &R —Wrm Lo
MilamIic e <@g niz (Fig. 1), —F, F+/
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R HMSEHE O Y R —2L4 (NP-Lipo) Z{EH
IEMEICBNTIE, F/RTFORDAAITIFE
hEFERI NN STz, E£iz, MlENADF /KT
DB ABRZMRHT UZAER, vz 10° HoMfED S
5, 95% LA LM /KT DBANED 51,
1A 7= O SEEK 10 fE 0 F R T8 A TN T
W3 ZEMHBLZ (Fig. 12). 7ad, Ki1£ 500
nm QR THHIENICEAL TS, MafGEER
2<BOLNRNO .

Z DFMAAPNE A Hiffy 2 VY, MR N T O 3§
REHETIRIO7 Tu—FE LT, MlEENIC
BT 2EMIRBAL S AT L OEEERAATZ. BTV
HEE LU THAEHR L 2V IX T LA F RERY
EoINTIDF I AT 27 —IClkESE, Eigy
R —LZEAWTHIRENICEAL, MidENTO

10
. NP-FL
NP-Lipo
i
8 NP-alone
0 . :
100 101 102 102 104
Fluorescenceintensity
No.of NP | NP-alone NP-Lipo NP-FL
0 97.88% 85.77% 5.81%
1~5 2.09% 13.68% 29.88%
6~10 0.02% 0.49% 31.21%
11~25 0% 0.07% 28.90%
26~ 0% 0% 5.26%
Fig. 12. Quantitative Analysis for the Introduction of
Nanoparticles
Day 0
Fig. 13.

FUIRXRY LA F FORKEILER L —F —BgEE
THZELE ZTOME, /X727 —05&HM
IZHAUIX T LA T ROHENARZ IR E 1
TWa Z ENfEREI Nz (Fig. 13). BIfElL, 20
ML EANIRBIRZEHEICB W THET & & D
12, N5 OIFH 2 BTN T O Sy EhREfIEIC
HOL TF 2E#E AT L) ZHEETN LR
21O TW5B,

ZOHER, O tal—v—7kEEM
WbHZERL, ¥R RYA =R ZENTHZ
EB7a<, —HITEE DML DM E NI E kLT
EEHBEEATELZLEZRLEAOTOMRETH S
(Fig. 14). ¥R ZOHEZ, HTrMilaEm#ics
B BRI R & LT, & SIS T 21 {#
RICBRORENTHINTWDSF /A T2 R
HOWTER- NS BEEEN T kLT O R~ D

Fig. 14. Transmission Electron Micrographs of Intracellular
Nanoparticles (X20000)

Arrow: nanoparticle, Mt: mitochondrion.

Day 7

Fluorescence intensity
e

Oligonuclectides release from nanoparticle

Sustained Release of Oligonucleotides from Nanoparticle Introduced by Fusogenic Liposome
Intracellular distribution of oligonucleotides were visualized by confocal microscopy on days 0, 3, and 7.
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Strategies of Medical Application Using Microencapsulated Cells ‘‘Cytomedicine’’
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Fig. 16. Blood Glucose Concentration of Diabetic Mice Injected with Cytomedicine
Q: diabetic mice, O0: normal mice, @: diabetic mice injected with cytomedicine.
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