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This review introduces a new concept ‘‘Programmed Packaging’’ to develop a non-viral gene delivery system. Based
on this concept, multifunctional envelope type nano devices (MEND) were developed for in vitro, in situ and in vivo
conditions. A quantitative study to identify a rate limiting step in intracellular trafficking was also shown between viral
and non-viral vectors, which indicated an important role of controlled intranuclear disposition for development a safe

and efficient non-viral gene delivery system. This review will provide a future direction of non-viral gene delivery system.
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Fig. 1. Various Barriers of Efficient Gene Delivery by Artifi-
cial Delivery System
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Fig. 2. Schematic Representation of Multifunctional En-
velope-type Nano Device (MEND)

The MEND consists of condensed nucleotides core, coated with a lipid
envelope equipped with functional devices, such as polyethylene glycol
(PEG) for long blood circulation, pH-sensitive fusogenic peptide for en-
dosomal escape and protein transduction domain peptide for cellular entry.
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Fig. 3. Construction of MEND by a SUV*-fusion Method

The SUV*-fusion method consists of three steps, i.e., 1) DNA conden-
sation with a polycation, 2) electrostatic interaction of the charged SUV*
with a DNA/polycation complex (DPC), and 3) lipid coating of the DPC
due to fusion of the SUV* by detergent removal. After lipid coating, the
MEND can be equipped with various functional devices, such as Tf and
GALA peptides.
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Fig. 4. Construction of MEND by a Lipid Film Hydration
Method
In this method, a condensed DNA core particle electrostatically adsorb
to surface of lipid film, then the core particle is coated with lipid membrane
by gentle sonication. After lipid coating, the MEND can be modified with
functional devices, such as STR-RS.
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Fig. 5. Strategies of Gene Delivery by the MEND via Differ-
ent Cellular Up-take Mechanisms

(1) Receptor-mediated endocytosis: the MEND, which is equipped with
functional devices, such as targeting ligand and fusion peptide, binds to
specific receptor on cell surface, and internalizes via receptor-mediated en-
docytosis. Then, condensed core can escape from endosome by some
mechanism, such as membrane fusion, and the core transfers into nucleus.
(2) Non-classical endocytosis: the MEND modified with cell penetrating
peptide internalizes via non-classical endocytic mechanism, which can avoid
lysosomal degradation, and the core particle can transfer into nucleus after
removal of envelope.
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Fig. 6. Comparison of Transfection Activity of R§-MEND
with Adenovirus

The transfection efficiencies of R§-MEND and Adenovirus were com-
pared using HeLa cell lines that express receptors for adenovirus serotype 5
(i.e., CAR and the integrin receptor) . Increasing the dose of Adenovirus up
to 1X10% particles/cell resulted in higher transfection efficiency; however,
toxicity increased and transfection efficiency decreased at doses higher than 1
X105 particles/cell. Transfection efficiency with R8-MEND equaled the
highest transfection efficiency with Adenovirus, however, R8-MEND
produced no detectable cytotoxicity (data not shown).
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LTWaI M) wr2A4507077 —t (MMP)
WEHL, “PEGOYL >X" ZMRRT DHNEZ T
BT 19 MMP I3t~ YU 7 X &2 09
LEREEZ AL THO, EEFEMALOXT T RELF)
MEASMNERS TS, MMP 12X D #EEE - Uil
N2RTF REdF %A L7 PEG [RE#HE K% &
R % 2 EIT KD ERR RIS PEG OUIKTICK D
MEND O fflifld it & O EAER 3 7 U Eis 758
TEMEDEEINT 5 && 2, MG RIRN S f#E PEG fiE
HiEEkOBaRE T 2.

ARk U 7 5 = R 7 R 1% PEG TR E 8K %
MEND [Z#&fii L, BETHEBUEED EANA SN
LMl ZiT> 7. MMP O & RBMEICB W T
1%, kD PEG BN, @1 PEG 2
BRI BB & T RO ERNGERD bz, —H,
MMP EFHBEMIZIC BN TIE, WEDOM TEMKR T
HLANXNVEKRESEDSRBN D, ZOZENS,
[ 555 R IR 1Y) 47 fig 1 PEG #5# MEND 13, % —7" v
i D MMP ¥ B &K FERIEHREEZ =T 5 Z
ENHSNER T2, S 51T, AREEEIRE 5
PEG ## MEND % & N5 L, EE\NDEEL
TFHRBL X)L &2 fRAT L 72 k8, 7€k PEG &

PEGOIL 2 iRICEIVH =Bk B

Intracellular

Tumor cell
Jlation in tumor
y EPR effect

Fig. 7. A Schematic Diagram Illustrating the Strategy Used
to Overcome the Dilemma in Use of PEG

1) By modifying the gene carrier with biocleavable PEG, the systemic
circulation is prolonged, and the accumulation in tumor is increased by the
EPR effect. 2) After extravasation from capillaries in the tumor tissue, the
biocleavable PEG is cleaved by an extracellular MMP secreted from tumor
cells. 3) PEG dissociates from the gene carrier, and the naked carrier can
then associate efficiently with the tumor cell surface.

MEND & b L, EMICEWERTREL N2
IR ZENHONER S, 2O ENS, Db
NOWIEX, “PEGOY L > <" Z2MRikd % L TH
HARFERERDZENHSNERS 2 (Fig. 7).19
I5IZ, BRTFHREL NV OMEEZBHEL, (ANE)
RE CEBNENRE D i b 21T /2. R OEEER
# i@t PEG $45# MEND 1%, PEG REMiDH D
CHEL T iEEEIIES NS, kO PEG
LT B EHEBEIIEE S END DL INED
7= T, MmPbiEEEE, EHENBREDOINT >R
ZHLB L, kA PEG & JEE RN 71 PEG
ZIRETEML, invivo IZBT 28T HE %2R
iz, TOMR, YRS L TEML 2RI, HE
BRI o iR PEG BB & ik L TS 51T
WELETREESED 2 IR

Lt%, EE RN M1 PEG 5 # MEND 2k
LU CHIRENBIRE R R T 2 AA D 2 &ITk D, %)
RN in vivo G FINXNT ¥ —ISHEERETH 5
EEZ TV,

4. I PO RUTADEYERES AT L

W, SO RUY kAR E ORYE)EA
SMERSTETHRD, AFINHRITEENE L
EYBENTEHINTWS, I a2 RY 7I3IER
ICEHIBHEE R BT HAIN TR T THD, TOHEE
DRENVEREZFRESES. HlZ2E, TFRIVF—E
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EOHE LR D EBETFEIERDEEERTICK 20K
W, 7R b= ZOHIEEEITRDA, it
%, XIPFI2KRY7DNADZRICEBIMIVE
U7 BRI ENFT 515 (Fig. 8). 1920 HIEF
TIZ, S RO RUTZEENE L REYRES R T
LN DG INTERZD, RERFEEZFEET
5L NX)VIZIFZEL Thian, 212

S RACRYTEENE L RYEEERSE
L7212, 1) EYORBELH T A XITE57R
WF v U T NOEYE A, 2) EEMENOENL
NIRRT HIIINE A, 3) = L CTHIME PN B HE
ICH DWW a2 RU 7 AORIRIREED LT
Thbd (Fig. 9.2 AtV 3>TlE, ThETDH
NONHPWOMATEZI I RY T EENEL

5
[ MRS |

 TELA—EE

Fig. 8. Relationship between Mitochondria and Diseases

EmxvU7 @

TR EM R ERNTAHEEBIZ, S haCRY
THNOEIIN— AN GOME, N, BRI
MUY R) CHWEEXESES, (2O
> RY 7 HNEEERITE (Regulation of intramitochon-
drial trafficking) ] ZfZREL, I hO2 RU Y ZEE
WELEZRITYZFUNY =2 X5 L (DDS) 1
KL EBEBBEOREMEICDOWTHHT 5.

4-1. NAMIRI P> FYT7EEWL LT
b= Z0FE b2 RY 7BEERERE
T 50121, FEEEICENIRES ZHY, Yz ®E
RWITEZET 20ENDH 5. MIE, &0 FEDT
HbHAh, B TEDTIAIET DT AR~
H—MNENEDIFMBNICERDAERN., £Dk
0, FEEMEANOEREES EBIT, RRAYRH
fANEANEERHES L THETsNE. 6D
AT 572017, [BE_EB/NIY RY — A
WEHLUEMRZIT>TE R, URY—A4I1, FE
FEREITEER U 7T > B 2 B89 % 2 & TEERINRES ~
OBiTEREEE L, &SI i %3 T poly-
ethylene glycol (PEG) Zf{&ffid % Z & T in vivo T
DREMZMMIEDLZENAHETH 5.2 £
, KiFfz213>bO—)l9%Z & T enhanced
permeability and retention (EPR) Zh& (fki T+ %
100-200 nm |2 fil#9" 2 Z & THH 2 5 23 AFHKR I
R USWHEE) 12X > THAMRIZY R — A0

BT RDEA

. ,gj:,-.,. AYFDNA |/
1b“7

° V‘»ﬂ’\
’ &Jl€9l
;E - ‘7‘72=I‘DNA

IVRY—LA

A X =

Fig. 9. Problem to be Overcome for the Development of a Mitochondrial Drug Delivery System
To establish a potent mitochondrial drug delivery system, the drug must be encapsulated in a drug carrier depending on the physical characteristics (1). There-
after, intracellular trafficking of the carrier including endosomal escape (2) and subsequent mitochondrial targeting (3) must be regulated.
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BEBRETHZEDMEIN TS, 520 Hhbild,
2 RO RYTNOEYGRZERFLOE —FHE L TH
AR RO R 72BN E LEMFEICEF L
bbb, DA T RTHE T AT
U2 (T, T>RY—LAliHFET GALA & H
Wb ETHAMBEFRNOREY R EEFEET S
R —LADBFEIZRIL TW5b (Tf & GALA &
ZT L) TEINAMBIGERFEI T 5 2 &%
HINTHO, EYE AU RY —LITKREERT S
ZET, URY —LEZHRENMEET Y RYA F—
AL THIFENICEID A Z RS Z ENR[EETH
5.2 Lnl, MIICERDAENZYRY —AIKT
S RY—=LAMSEBLRTIUE, T4V —ALTH
BINTLEDS. bbb, pH B MERE
RTF K GALA 2RV —LARMITEMT 5 &
T, T2 RY—LANDPEEHERELICRSTZEEITHR
AlEzAE L, EYEME IR ET SEKEE
%L/ (Fig.10). RURY—LZHNWSHI LT,
NEE O HCERNME 2RICIEHT 52 &%
ML TS, B
bhbiud, AP ATFALITHRN—2 ZFEYE
RAMNTG®%2HAL, DAMBEI NI RUY
EREME LAy 7o —F Eilsz. <
ABRINT L, 147 2 BREREN S 72 5 W H

L7
T

2 R2x)Y

)| TVRYA—DR |

DRT7F R (INLKALAALAKKIL-NH2) T®H D,
BAZXANTF DHEDIRISF THS. YA BINT 3kk
ZIGEMERZREDN, BILWERERELT
Permeability transition (PT) MEFEH I TW 5,
PTIE, S b2 RUTHNEDEEENITHET DB
SZELTERSINTBD, 5 FE1500Da LLFD
YEOIEERNERZLZHKIT. ZOREE, I b
AR 7 ORECEMEDORINLEELLEZDS
L, SFIZRUTYAOF 0L c (Cyte) A
EHRICHEINS. 20D, YARNT NI
FIRYUTFZICEEINDET R = ANFHRE
N5 (Fig. 10). Tf & GALA ##& U RV —AIT<
A BNNT 2 aE AL Ak K-562 il ik
L, MBI X 172 Cyt ¢ 2 Western blot 2
FOMHUZ#EE, Cytc OMIISERH DR X
N, 7R ANFEIND Z ENRBEIN
2.9 5%I1%, KT AT L% invivo NS L #H 2
127 T O—F NS ONARENEFBES B0,
42. I b K1) THENRESE (Regulation of
Intramitochondrial Trafficking) D1E018 RNE
HE, X S ITITMNERE 2§49 % DDS ot E
HRHABROETERMNEZ D TWS, 207D, M
FINT ba> RU Y ZERET 2HEMEITZL< D
MEENSEHBINTNS, LhLABNS, I b3

rSURTYUREE

&mI‘JF‘J—A(pHs.s - 6.5) @ IURY—LBH

Fig. 10. Intracellular Trafficking of Mastoparan in Tf Modified Liposomes Equipped with Chol-GALA

Tf modified liposomes equipped with GALA can be internalized by tumor cells via receptor-mediated endocytosis (1). In the endosomes, GALA can enhance
the fusion between liposomes and ensosomes at a lower pH and mastoparan is released to the cytosol (2). Mastoparan that escapes from the endosomes can attack
the mitochondria, permeability transition is induced, and cytochrome c is released from the mitochondria (3).
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CRUTYNTOREEREN, bbb ra> kU7
INEhRERIE 2 8 U 2 AR E, FLAEWmES
nTuiwn, 5%I13, BRIIEDET, HEEDMZE
SMICRYTHNOBERICEEL, BEDIEZEKR
FRICHIESE 2 DDS 2R T 2 Z ENEBEITKR S
EEz265015% (Fig. 11). 2

2T haCRUTIE, SHE, Wﬂﬁﬁ%méziﬁmﬁ
HWEZAELTHD, ETRERDHELET M
SbﬂyFUYDNA®TfT57FUv7X@b
Bl Tnws, I FIRUTYDOK{EIIN—FA
> M, EMIEEICHEOEEN TN TNERE S
mT%D FEREMBIZI O RY TN TOEY D%
EEPMMNKE LS (Fig. 11). FxE, YR b—
CAKIHORE ZBELZNWDRSIE, YTHRN—
ABHESTNELGEETSHI a2 R 7HEICE
WMZERETINENRDD. ZOHIKICE>T, 7R
F =2 ZAFBICK DN AMIBLORE, MHN K S0
MFEZE s E DR IREE 72D, T RI)VF —PEALE
ThHHETIEERDBHEICIE, BEES T FE
T2 b RYTNE, BRI DY) EEN S
Wb, ZOWIRIZE ST, TRIF—EENK
T2 L THAREINIMELDRBEBET S &

@)|zravry7 s |

(PG - ,
| N TR RBBE @R f
| (B Ze— /Zﬂﬂi@b%&gmt)

|0 BEIEERMENT HEFD |
MERLEY (EHEBREORE) :

7tl !«!2 X’\@ﬁﬁ } ....................... .
| B BERT GRETFEELM

MAJREL 2%, F/z, BEFREZITOHAIC,
RhaYRUTYO2HEZRE LI O RYY
DNA OFET 5~ b U v 7 A & THEY %= 4%
THLEND D, AEIKTIE, E¥EZINICRY
7 DNA ZiXET SiRgs £AIba KUY
DNA OAERZBEET L7 T O—FNulfE L 725,
FeASHBEZETAI MO RY T 2EREL -
EYNREITIE, BRA O FOBEREME L THT S
N, TOEYEIZI NI RY T NTOEEZRG M
WBEERD, DD, T NI RUTEENEL
7= DDS OEODIT—)LZ, {HEEMZEZI RO RY
7 NN EE A RE/R S AT LT H I ET
b5,

5. HRREAENREDTE SRS

TAINAITRRZIRBRBE FICBWTEY & EHITHE
bR ERORL, HxOEBEICN U TEHELEZ
BELTE ZORFEOENLOBET, Y1ILA
AR SRR s & OMIFINN Y Y 222 L, 1EE
MM OKNICE DS J I DNA 2 RINIEAT S
D DRRD TIHAISHEEZEGLTHBD, EROXK
WEBLE TR Y —Z2HETH5ETINWHETH 5.
INETUAMINADHEED B WIIHREICERHL, £

@ [mmannemns|

@[ smzmsim]
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Fig. 11. Novel Concept for Mitochondrial Diseases’ Therapy, ‘‘Regulation of Intramitochondrial Trafficking”’
For drug therapy, regulation of both the bio distribution and intracellular trafficking are important factors. In addition, we propose ‘‘Regulation of in-
tramitochondrial trafficking’’ to effectively achieve a mitochondrial disease therapy. Sorting of a drug to the appropriate region in a mitochondrion can increase

therapeutic effect and decrease undesired side-effects of that drug.
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SOFNA ZABFENBRINTEZ, 1 DHONY T
ELT, MilEENSET N5, £ 1T IV A
HIV 72 E13, IEEMBEOL 75 —Ickak, M
fofgE & EEMET 5 2 & THIlRENIZT / L DNA
EEHEEATDZENHSMEEINTNVWS. HV]
HROMESY >N EEBEHLZYRY — LI
DNA 5 >NV EZH AT S I ET, $ENET
UNYU—=NHEETHD I EMNHENT NS, 303D %
7z, ST N7Z GALA X, 1 > 7))L T ¥ O pH
KENRBEM G AT Z X LITHE > ZHIEE WA
5. EBITICEL TIE, ERToORMELEHITH 2
RNUAFFTHUTTY T/ TAIVAHRDIN GRS
SINTETHBANFY O EEMT AP, 7T
JIANADATZ )NIED 1 DTH% mu &iE
f2F @ condenser & U THWSDKAWNRINT
W5,

5-1. MRAEREDORBIEZ EEMICFFMT DA
EDREL BB RTRBZFEBT 2720
IZE % < Ol NEN RERIE B TSI NTE
0, TNSONY T ZERIRT DFEFENTF =12
Al U 7= BR DA IR B R BB D LR O H#Z T
HU, MINBIEED EDEFENEEBRE & 72> T
HMTDONT, EEARFEA T 27OV E E
FRNEATE., UM EOMBNEREZ E &
IR 2 2 &gk, £7, BEOKETIAILZ
Ny —EHEERDTAIVANYT & —DliNE)
RELLIR E RPN ZFE L, TE TN TENLT)
2] HoThwahzEHNELEET, T0O8
MR E 22 %ET S5 I ET, KORERNKR
N5 —HBNAEE R D EEZ BN 5.

D&Y 7TO—=F 270, BT OM
TN ZERILT 2 HERPAAIRTH S, I
T, BHEEE PCR ZHA G DEZGIEICEK
BBATEOHE 21T D NI EINTE .3 L
MUBHRS, T2 RY—AIBI5RTEREERL
95 LETIX, ZOHEET O NIV EMER R,
INROFM 72 ENMREERZ ENS, FIVTFTDH
BEZ K2 IR E BRI ICIIARME EE X 51 5.

OOIUIHERL — Y —BEMEE &R E AW T,
BIEOV IAY —HEEZRIIKETZ R —4L Y
VYV — LG EICHFET S EETREZFRBICERT
Ji% (Confocal image-assisted 3-dimensionally in-
tegrated quantification; CIDIQ) #Z&Z LKL /.39

BEFITMRICEA B OMIZ Y X5 —& L
THRHEINDZENHLMERS> TWS, AL
ZoHEERMAL, T>RY—L/UVYV =LA, K
U782 E DA )V H + F % Lysosensor DND189 %
Hoechst33342 IC X D& L, O—¥ 325
NIV U EBEFORIEEZHASNILEZET, BT
DU I ALY —HEZBEETREORES LT3 kTl
WERT D HETHS (Fig. 12).
$ﬁ&%3@@#@4wXNﬁ&—’mﬁbt&
ZA, BRI RY—=L/UIVYV—=LRIZNTY
TINTWBEXRYH—%, R EIEREFEMIZT Y R
V—LMBHHL, BETREETZHEDRE, X7
& =& o TR/ NEREREZ R D 2 & 2B
S5METR o 2. BRICHI @ Lipofect AMINE PLUS
BT, EFICHEHICT S R —Lh 6 i
L, 5T 1RHEUNICESITZRT EWDFERN
oz, ZOXDRBVWEBTHE, T/ UAa

WA LT H2HDTH 5.
52. TALRAvs. FETA IR BEREREEEC

(C7? CIDIQ iIZ& v &ESNDMBNA I T T
NDJFES % L RealTime PCR 2 i WTEHEHE I N
HHENORDABBDOERID, BEAINT*TIHE
EdsEETFENEIIND. AHEEZHAN, bh
L, FEVAINARI Y —ETAINARTEZ—D
7 & L T, LipofectAMINE PLUS (LFN) &7
T IAINANRY & — %R, WE OMAAANERE L

XY- T 8, ()= 25" @1
| LBA AL s (end/lys) Zs (end | lys)
S - mmﬂki
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N S =38, (o)
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.. _-— J=1 n
FRANARIGT gond/tys) =3, (end!iys)
/¢ & 0=
ait S(nuc):ZS', (nuc)
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BETHRET  Fend /)= 2Dl
E0EE _ S(muc)

S(tot) Y,

nally ntegrated quar

Fig. 12. Methodology to Quantify the Intracellular Traffick-
ing of Gene Vectors Based on the Confocal Images
After the transfection of rhodamine-labeled genes, acidic compartment
(e.g. endosome/lysosome) and nucleus was stained by Lysosensor and
Hoechet 33342, respectively. Z-series of confocal images were captured by
confocal laser scanning microscopy. The pixel areas of cluster was used as an
index of the amount of pDNA.
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i & 1T o 72 .37 & # /b & 1 7z LipofectAMINE
PLUS U7 5 /A ) ADT 0 ~a—)LIZHEWN b
FUAT 7 arylikElA WRIZF—EDH
FURAT T a %, 3EMTEETFRENED
51, LIEOWNY & —OFREEHIZIFITRC TH
LZENHSNERS . DT EM5, Lipofec-
tAMINE PLUS 1%, 75 / U A IV A EFFD X
E—RTHEETEERTZEET DT &5 Ad TP
TORMIEEEZET DL ENRBINSE, —FK, U
71 A PCRIZEVD DOSE )37 = 5—til
ZFOIE—HE U THRRRL Tl L 4%, [FiE
EOEEEZRT OICHEL I —1E, LipofectA-
MINE PLUS IZBEWT T F / UA IV A &L T
BTHho 1 ABENWZ ENRI NG, Invivo ND
IR EEEZAD L, BEEER/NIT DD
i, BAaE—%720 0REEEE ERSE 5058
NHO, MENOEDBRREICZDERNSH ZDMN%E
HENZT B EIERTH 5.

¥® 1z, Lipofect AMINE PLUS &7 5 J A1)l
ZOMEANOR O AHBIEZLEE L. 75 /U4
JU A X1 Lipofect AMINE PLUS 2 K5 > A7 = 7
a g, 37°C TI1RMA > FaxX—hL, #Hifa
AL 7=. DNA ZfiHi L, real time PCR IZ X
DERL, MIEKIZ S-actin DEEILICREL =,
37°C A > F 2 X— MO H D A AHZNZEIZ, Lipofec-
tAMINE PLUS T Dose ® 45%, 75 /71L&
T Dose @ 10% &, Lipofect AMINE PLUS @ 5 %
IR THO, AT 1 Jif5%< D DNA
MOAEND ZENHS M E R .

BT, HIFNENEEIC D WTHMT L=, IR L
72& D12, CIDIQEICK VD EAIHA T ITHEET
BT OEGEHET DI ENAETH DM, U
T ALPCRIZE S TREDMALANTDIAEH
FEEAT IE —ROMIHEIC 20 5 O/ RS
HBEMITIZZ &K, AT FINELRTREZH
HI2ZEMNRETHS. 75T/ TAIVAITDNT
H, CIDIQ ZFIHLTY 5T/ UAINADEF I
FINDREERNT U=, 75 ) IV ZAZBNT
X, ¥/ LADNAZDOHDETIXNIT B I EIFAH]
RETHD. AFEEIIBVWTIE, 75/ U1 ADH
Y NI BETHBANFY % Texas Red 12X D
IR U= ZD#ER, LipofectAMINE PLUS &
FkE, T2 RY—L4L - FAVY—LIZRETSHES

3EEA, MEEICRET S ESRBICEHRIN
2. —H, BENIZHRO T FILOHFIEILRD S
N, 757 AN AEEBTORE, #IEALET
BEEL, 75 /A IVADY J I\ DNA 239845 >
INJBEEBEET D2 EMNG, TNHENDOT T F )L
WBEHROT7F ) IAIVADT ) 1\ DNA B2 L
ThisWhwEEzoN5, £2C, 75/ IAINAYT
/ /» DNA OENBITEDOEHIC DWW TSR Btz
T, U7)IY A1 ALAPCRICESD TERZITHO -
IR EEEZ T, BRTEREEZER LS
LS 72 DR 0AENZT T /T4 IV ADK] 36.6
BIHET D 7.3 AE—DRITHFEEL TND T &N
HoMER>72. bIRAT 7 3 H 1T
75 ) %74 )L A1Z Lipofect AMINE PLUS X 0 $%)
BN L TWB T ENH SN ETR S T2,
ZTOHRIIBBEEETH O, MBENBEOENNS
X, KRERBLETHRIADBROZEITIHIAT S Z LIEAR
e TH 5. £IT, BBTRIIDNVWTI SITHK
1o, BNICEET 5T =L, Lipofect-
AMINE PLUS THE T <, FREDOEETHE
2,9 DIz, LipofectAMINE PLUS O J5 A3 #71E W
WL QA —FBNBETH D ZENRINE. B
WL ZUE, 1 aE—%47%0 OEBBITROELTIH
BEhERIX, 75/ A ADJH Lipofect AMINE
PLUS LD HHERICEHW I L2 RTHETHD, T
DFEVIHI 8000 5 /e B Z ENHE N ER o=, L
72715 T, LipofectAMINE PLUS &7 5/ A )l
AW KB RBNEOEDLRIERE, FIT, BT
BORENRIIHD ZENMHSNER 2.3
ZDIEHMERNT T =R T — RNy 7T 57
DITIE, ) ZOLIBENRELCZ2ONEH
SMETHILEND D, BBITHRIEBEEDOEZ L
AHMTEREL T, 5 SHREENZET S
N%. FELok51C, BEBfTREREZERILTS I LI
L0, UAINAENTIRY Y DB T
I HINENENRE (intracellular pharmacokinetics; iPK)
&, EBTHREEHZE (Pharmaco-dynamics; PD)
DHEGZDEEFMT S ENTER., LD,
T2 IR OHEETH 2 mRNA OFEBL &
EUETAHIEICEST, EBITERREIHMEEICH
5, EHERNREBMRNKEOFTG & 5B 5
L/MTARE & 72 %, mRNA ORBEEZMBITETH
U7fllS, BENREZRINTA—F—THD, %
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7z, BB 7Z mRNA ICX > THLUZMEZ, BHRS
RERTNT A= —TH%. EFIZ mRNA &)
7% A I RT-PCRICK > TR, EiddfEzk
DR oA T T a % ORI
BWTIE, BEGRETI1H, BRMET2H, 75
JIAINADFMENE NI FERDEFS N, W
bibiud, £9, RELHI T2 DOORFHZEL
T, BEROENEEHNT AN XL OfFAZE
Az, 1DHIZ, 75/ UMV AICHEL ZERK
THO, NIZT J L DNA E—fICEAIND Y
AIWAHRKIATH NDE, HENE, TAIVAT
JLADNAIZO—RINTNVWDEY N7 ERRFI
ENBEEZREEL TNWNEEVNSHEHTHSD. D1
DI, BETOBNKANRLZLAEETHS. £
TI1IDOHOWEEEELT, 75/ 90V AATH >
NITBEDOEGIZODWTHITZT >, H5MhL®
GFP #1—R9 575 ) UL AZKEIE, &
WIZTY T/ OAIVAHERSY N EZET L O0— KL
Db, W7z I7—EEREBTLHTIAIR
DNA Z LFNIZXOD TSR Tz a >l
HL, UALIINAWEDATH NI ED, CMV 7
O&—4% —ICHE T 5 R F2EHR LT 20 TH
U, LEFNICEKBD T RA 7 27 a2 iGHiE7
FIIANADT VERIZE > TERTZIITTH
L, LM LENSERTFRRIITVERZLOBOD
ICHARTEREFEO SN Rh> 2 ENS, a7 ¥
SN EORBIEMAL T, SEIEM OE WA
TERWIENHSMNE RS2, 3B, 75 /9
1)V A 13k DNA EL5%>%" / /s DNA #3812 K 5 ¥x
BEIEHALD A Z X LM B BN ENIT DN TR Z
f15790IZ, GFP 2R BT 275 /) UL INADT
J L DNA &£ 7523 KRDNA 2N~ 701 >
Pxrrarl, 4REBROERTREREEH|
L7z, ULInLEats, MEIRKELRETHD SN
BN Z &S, DNA OEFICHEDEWNS T
1%, BNEEHROETIFHHATE RN ENH SN
Elsof. FIT, RiZ, HEEEAT, BETO
BNEEKRROBENWE WD B AN SR ZIT /2.
Insitu N1 T7IVHFA Y= 3ic&>T, X7
H—MNSREEL BB TFOA A= T #7072,
ZDRER, LFN O 5 01% < DERTNENITIEE
LTW20IZHEb5T, BENICRHINSERETIX
BSMIT T ) I IADEMRENZ ENG, 7T

J A )V ADF M LFEN & D %2R A1Z decondense
INBHEND T EDRBEINZ. I 51T, BMNETE
HALIZDWTEHMICRFI Lz 25, 75 /U1
ADHTIE, =70 F EBICHELTWDD
WXL, 75 AI KRDNA TIE, 7> LICREL
TWeZEMS, BNIZBT S EERM OGS E
BLTHhDHIENRBINE® £, BERPRICH
WTIE, mRNA &EXT & —f & DR AEMN LFN
DF TN EMNRINTHBD, MlEICRT 55
REHETLOIRERERNTHLEEA NS, 5
%, N\Z 4% —& mRNA & DA Z [T 2 i
MEZEES I ENEEEEZ 5N (Fig. 13).
—%, ETANARI I —DHS 1 DORER &
L C, #EfzTHBE O heterogeneity 231317 51 5.
7T IR BNTIE, 1FF 100% OHifE TR
BHNRD 6N 5DITH L, ETAINANT Z—ITH
WTIX 10%FEE LN ERIZED s Nk, ZOFE
KzHSMETEHEDIC, BRTFOEBTEEET
FBZEFRRICA A= 27T 5 hEEHI L. £
DFER, BBATHE S NI 2R 23% 2%
LR oY, EBTEENEEERS I EAUR
SNz, IHIT, EBTARD S NMdT XTT
BERFRERIENEOSNSRTIERLS, BHERLE
MBI RO S NMD S5, 30%RET
Holz. TOZEMNS, BEICTRELEZDS DIRE#E
& heterogeneity DHERK TH 2 Z ENHS M &7

572,39

*decondensation

RREE

ADLFN
460 &
“RH%— /RNA
HBE/ERIZED

ERERIH

Fig. 13. Comparison Intracellular Distribution between
Adenovirus and Lipofect AMINE PLUS
Intracellular distribution of adenovirus and Lipofect AMINE PLUS at 1
hour after the transfection. As a result, it was clarified that post-nuclear
delivery process is a rate-limiting process in the current non-viral vectors.
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INETIZ, FUAINAEEETFTUNT =R
TLOREREBERTHREEOMITIE, EOIERE
IS BERMIFIET 2 2 EMA SN TIIWED, Rk
ST b Tnwiaho 2. OB ED
R ZBIHd 2 Z &1, AN AEEETTUN
U= AT LDEIETHEERNZM ESES ET
FHTHhDEEZ, bhibi® MEND KU —f&H
72 lipoplex Z AW THIENEHE (Intracellular phar-
macokinetics; iPK) K& OB N@j88 (Pharmacodyna-
mics; PD) ZfEHT L7z, ZOFEE, ME~DHRD
ABNESEBITICEZBE IPK X, &5 8ICTKE
L7 EDOELZRLZDIZH LT, BENBITET
BRTHREEZRTHZEICEL>THESNS PDIZ
JERIETH S Z ENHASNITRRY, FETAIVAHE
ETFTUNY =2 AT LTBT D85 T FHB O IR
ORI, BETOEBITRICH D EAURE
Iz 40

PlEZhn s OfRIZ, $ENRIETAIVAXRY
Y — T DRI, BICKEX TELRTZRET S
I TIEARL, TOBONENREE T H B 1 HilH
TANRENHBENSIZEEZRTHDTHS. H
Ah, ABFEIEHENESREOEEEZSET2HD
TIE7RW, MRENENRE &R NE R ERIXE S T DA
NoTHY, WiFEZEEHITHIET S Z LAY TE
G AN

6. ZAENRESIHE

WREIR T 2RI - TIRBEICBW T,
BAD DNA ZENRMABE TR, ATEET
FUNY = AT AT XD %EES E /2545 DNA 7
SR ISEBHIBDLIENMNETHD. Fhk
DNA NS EAIND Y 2N 7 B BEEN RNA
(SIRNA, URYTA L%) JEEDRE2RET 55
WTHU, 44K DNA IZZOHIBRE (O RT v T)
WCHETHEZEZEND. D LEND T, 4k
DNA O¥B & & =il BENBhREHIE) 21X, &
DHDODDS THBHESA 5.

BNEhRE I 2 2k T 5 72 9121E, 44k DNA O
FNBIHE Fig. 14 2 H 206 ENHDH. T T, XU
Z RB# kA 5 naked (D) 75 X 2 K DNA %
hydrodynamics £ (&% & D DNA /5K % & H The
IREF T2 H1E) ICX#EEL, EANOSK DNA
BRERBBORRNEMERNIZ k1S, U
AIWARY Z =1L DEASIN/ (hydrodynamics

Fig. 14. Intranuclear Disposition of Exogenous DNA

FICXOBRGINDGEHED) SkERT O
F—lmETHD I ENHENTWED, bbnod
EBRIZBWTHEEIN/ZTIAI RDNAMNSD
FEIX—mETH -7z, BEANDI K DNA & O
WEHRBOBA &l LT 1L RS MTHET LT
Wiz, #BE (YN VHER) ZFRUCKRTOEN
DIk DNA TR L 721351k DNA 1 OB —4
2O ORBENEREZRL TWDA, FORKINZE(lZ
BELZEZA, BWEZEITHSEDNAL OF —
W=D OFRBENEND T NEH THE SO
LTWwaZE (1L y) BHMNERS
7-.4 ¥ 7=, hydrodynamics £ D& EFHETIT
TS, BZEEHH I electroporation 417 &L D A
L7z naked 75 A3 K DNA OBEHFIZHT AL >
SUMELCTWE Y bbNIZDFEKEL T,

Ptk EOBELRTFOTAL > > ICBEELTNWS
DNA O A F )L ZEFEE L TWdl, EERITAFIV
b 2B E Lk E, 4k DNA O A FIULIZER T
RN ENHAS N ER D72, 24 KIZ, DNA D
AFIE EBIC AR EOBEBLRTFOTAIL 2>
TJWHEEGLTWSEZ N> (Befafk DNA IS

TWa Y NI HE) OBMNIFEETH 2 E-BEL
7=. LhL, ERBRICEZX N ez E 5,

KREBRFEWE(LIIEER I NN > &G, Fl
DHERNNFEERIFERTH S ZENHASMNER S
2. ZOYA L 2 2 TITIERIE S DR G- 78/
SN EMHASMER S TWBE. Y i, bbb
i, HonLOYT AMEICEA L ZARELRT
FI A, hydrodynamics iEIC K D HZICEHEE
KERGTHIEITXDEFLIHEBINDZEER
MUz ZOBKENBRRIT, SREETFOYA
Lo T OMBZERSMNIT S ETEERDDIZ
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BRHEZHDEHFEL TS,

RIZ, ETAINAERTZ =X EEIE 5
S DNA OENENEEIC D W THHRE, IF 4 1Hhs
B RAWTEA LA RE T OB M E I
RELKKEFETHZENHOGNTWS, ZOHBEL
T, BN ET S0 RISk DNA 7Y T#
BAT) 952 ENREIN TV 9O bhbiid,
ik @ Lipofect AMINE it 3% 2 i\ T4} 3 DNA %
B8 HIII B A L, 44k DNA OBITEY I8
B ORI DOME 2l % DR L X)L T dual 1244
PRSI L DB L7 3 A DY E DNA Of
FRIZSHFHTORRWH DD, OFEITITIF
E—EThoz. —F, SHBHSH,HMITIHR
DNA ##8 AL GG, BEEN LR L. BHE
EEBATROLZRS &, SHBHOZIcRE
miEzER LUz, LMo T, SkEEFRE oM
R, BT oM E K EE T3z <,
SRE LTS OERG OME L FEEICHE TS D
DTHBZENMHALNER S ZOFHRKELT
EAOLNDDINDNAKEGSY >N EEDOHAIEM
Ol E & FEETH 5. HlZE, Ffafk DNA &
ETHEA R 287 E O mRNA &3 E
MicikFELTHD, SHlic1sfEETHmIsZ &
NW|EINTVWD, ZOZEEF, BEXARY Y
B (Xidfid> DNA &4 > /N7 8) mEmL, st
K DNA IZHEAL TWARY AFF > E@EHRT S

X VEENEIEI NS AREN 2 RIBT 5,

PLED X D1, 413k DNA O NEBEILAE 4 728
.ki@wgémfmé FRAIDER MNP LEAFIEL
TWASAREMEN D 273, BEFREOERAITIIN
B R ENEREHIH 22k T 2 N ENH D, £ T
bbb, BENIIRITHEEREL FRIE5 T
LERAZ. £T, EABMVIZEHL, BEAXANT
B D B BHEH| (left-handedly curved sequence)
MTOE—%—0LERIIHAmMEINET I AR
DNA 2 ZIZEAL =, :@txbyﬁmﬁm
I G R ALE I FE T S ICRBRIIERL
t#,_mMTNMbm(ﬁﬁ$%®7m%—&~
HIZH VIRGRTICK DRI NSES]) NEHT
5 &ITLD, iﬁ%’ul?t@#‘ﬁﬁﬁfﬂi#ﬁﬁéht
%%f%ét%z1m64ﬂit SITENE
Z b 2 E BRI L 72 ﬁ%77x\
RzEHWESHED 10 fauiwiﬁfﬁiﬁ%é%?%bf

Wa (@A, KRERT—%). £k, Zh i3
%mm,txbyé@ﬁﬂﬁﬁﬁmmﬂéTmm
box DILBEICHALLGEICOHEAN AT LI &
%%ﬁbfué(%%5,$%§7—9l*ﬁﬁ
;i\ DNA EOHADNOHRE LT, #HEAT T 2
2 R DNA OF|HZik#A7=. E5A DNA Z2 W\

&, SRBEBBETFORBMNEN LR L CHEH - #
B, REETFT—F). Z0XDIC, BNEEHIHE
@%ﬁtﬁﬁ%&mﬁﬁ#b@77m FZEIT->T
W5,

TR s 7 DECY 2 1% mu&ﬁ?ébﬁ?%@
X, RECTRREEE EDICEETREORE N
ke DES (Fig. 15). ZOHEE, R
BT/ v 7IMNMEELTHEETHS. Hb
L, EETFEER DNA SHFEMSZICEET
YN BEOHMEERZRIHTZSZ LK, &
& TE1E il DNA ORZNEhREHIH 2 il 72

ek, WIETEEED 1 DTHS SFHR (Small
Fragment Homologous Replacement) %1238 W T
&, EIzTE1E ] DNA & L T 2 A4 PCR EHMN
HAnbsn Tz, BALL2A PCREYL,
FIRLH 2T K DEER DNA EBEHEIND 2 ENE A
5N%. ZOFE, 2 A DNA 2 EEH) DNA &4
T H20I121F, 2AHENBEET 2HENHD (ZD
T Ot R IHFEEE A CBE 5T 5% DN BT
CHEESIND). LEENoT, 2AHTIERL, M
MSEMNEEL RN 1 A ORE THIIZIZE ATH
W, MR Z 1B G954 > X7 B H DNA WiH

EEREF

EREBH

Fig. 15. Correction of Mutated Gene with Exogenous Nucleic
Acid
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ZFIHT 5%% (availability) 236 L% &A1 5
N5, ZOEEKGHICEDE, HEENEFEELRN
1 A5H DNA WrF 258 Un FEEEBRE 7o /-
1 434 DNA Wifr &2, A EHMERZH T 207
5 Z X KR DNA & 400 : 1 O F)L L TE M 128
AL7EZA, $2% DR THBE D ZE
GBIz TIEE) NERINZ. ZOHEIE, 2 K
PCR EMZHWEHEOK REOMETH 2.9
1 434 DNA Wi iC K 5 8B FEESRIEE DO/
FNZARFELTHD, BANCEK> TIE10% &S i
NEWINTVWDSE (NILS, £FEEXRT—%). 1K
S DNA WTH I3 ERN%E B2 500, HHEKRELER
PHERALRBEVETHS. 9
FFHR A7 T35 THERE U 7= 1 A8H DNA Wil 2 A
Wizi5E, FERY DNA ITHETEED T 5] Z&n
BSMEERS TS, O 20T &id 1 A% DNA
AT K2 EETFEBEICHFEREANBEG L Tnwsd Z
LERET S, MHIFEMRZICEE S5 9 % Rad5l ¥ >
INTEVE, RBENBESHRINICBWNT, 1 4A5H
DNA KD HERGTHIC 2 KB ZBRR L TV D 1 ARHH
DNA 2 X< @I 2 ENMEN TS, 1 A
DNA # W% EEFEE O 7 01 X 12 Rad51 78 E
BB ZHS TWANIZ DN TS B O 2R
ok AV QA YA AY; N w Al K121 AR SR R = ¥ 4
%, TIT, WHOMIZ2 AR EIR> TS I A%
HAWTEETEEZfT 2EZS, ISIEEDR
MERLUE (X85, RERT—%). Z0RERF
PERTE (2 A PCR EMZEHWEZHE) DK 20 5
DIETHS. D EiIZkD, DNA WH OKN
BRERIHZITS 2 &Ik D, B TEENRO LR
MMERAEER I EEZHONE LT,
WRBEETFHRBEOBEIZENTD, BETEED
BHEITBVWTS, BNY 2N EEDOHEER O
HARLNENRERIE? OEBUCEE TH 5 & Bb b,
SHBOEE
bhbiud, U1V RAIILET 2Rtz
FREAZANTLEETTUNY =S AT LZRIRT
52 ELHEEL THEZED TE/. INEXT
12, W< DONDOREMEZREMT 2 Z &I L7,
FRHZ, FILWEMICEmT S Z &Ik, I
S50RBIEIH Ny hO—RAF—DL DT,
WREEFICRE S, LE->THHRZE TIdRWn., @
WITNREREREMPERINTNDDOT, WE=E—

AER>TING OREIZHkEEL T E 0.

BE BB, APRicEamict L T<n
72 ACHRE R R F BRI BE, K5 T ik a0t
WROFEHEEL, BLARNWTIRY, CHE2HE
Wz L RBFZEHS O AR LB ERE), B
REARGHRKRS), %l EFL(C—91),
B #dR AEREEmA ERN R ER AT, K
a2 KRB R RY), FEaREEHR WK
#), Fid—RIEE GERK%) WESHLBL L
FET.
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