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ABSTRACT-The basic concept underlying gene therapy is that human diseases may be treated by the transfer of genetics
material into specific cells of a patient in order to correct or supplement defective genes responsible for disease development.
There are several systems that can be used to transfer foreign genetic material into the human body. Both viral and non-
viral vectors are developed and evaluated for delivering therapeutic genes. Viral vectors are biological systems derived from
naturally evolved viruses capable of transferring their genetics materials into host cells. However, the limitations associated
with viral vectors, in terms of their safety, particularly immunogenecity, and their limited capacity of transgenic materials,
have encouraged researchers to increasingly focus on non-viral vectors as an alternative to viral vectors. Although non-viral
vectors are less efficient than viral ones, they have the advantages of safety, simplicity of preparation and high gene encap-
sulation capability. This article reviews the most recent studies highlighting the advantages and the limitation of gene deliv-
ery systems focused on non-viral systems compared to viral systems.
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Figure 1-Gene therapy vectors used in clinical trials. N/C=not communicated.
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(1) SHEZH[0|212(Retrovirus)

FEZvjo]E A= RNA HlolE A2 AEH
(stability)sHAl AAdsh7lol 7 783 HEE AAR|L 3
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Table I-Companies with Programs using Viral Delivery
System

S|A
Amsterdam Molecular Therapeutics AAV
Applied Immune Science AAV
ARK Therapeutics Adenovirus, HSV, baculovirus
Austrian Nordic Biotherapeutic AG  Retrovirus
Aventis Gencell

Sfolei 2 WE] 7%

Adeno-mediated gene expression

Avigen AAV
Biovex (UK) HSV-1
Calydon Adenovirus
Canji (Schering Plough) Adenovirus

Cantab Pharmaceuticals DISC-HSV, TA-HPV

Cell Genesys AAV, Lentivirus, Retrovirus, Adenovirus
Ceregene Retrovirus

Chiron AAV, Retrovirus

Clontech Retrovirus

Cobra Therapeutics Adenovirus

Collateral Therapeutics Adenovirus, AAV, Retrovirus

Crucell Adenovirus, AAV

DeveloGen Baculovirus, Sheep Adenovirus
DNAVEC Research Inc. Sendai

GenEra S.p.A. Retrovirus

Genetic Therapy (Novartis)
Genetix Pharmaceuticals
Genopoetic-AVAX Europe
Genotherapeutics, Inc.

Adenovirus, Retrovirus, HSV-tk
Lentivirus, Retrovirus
Retrovirus, Adenovirus
Vesicular stomatitis virus (VSV)

GenStar Therapeutics Adenovirus

GenVec Adenovirus

Genzyme AAV, Adenovirus
Henogen Parvovirus

Introgen Adenovirus

InvivoGen Adenovirus

Lexicon Genetics Inc. Retrovirus

MediGene AG AAV, HSV

MondoGen GmbH Hepatitis B virus (HBV)
Onyx Adenovirus

Oxford BioMedica Retrovirus

Qbiogene Adenovirus

Somatrix Therapy Retrovirus

Targeted Genetics AAV

Therion Biologics Poxvirus
TRANSGENE Adenovirus, Retroviral, Vaccinia

Z+H. : US Gene Therapy Market, Frost & Sullivan (2002); Gene
therapy, KISTI (2003)
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(3) OlH|'zHIO|2{ 4 HIO|2{A(AAV; adeno-asso-
ciated virus)
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Table II-Companies with Programs using Nonviral Delivery
System

BJAL HjujolH g WE 7]
Athersys Systemetic microchromosomes
Aventis Gencell naked DNA
Biovector Therapeutics (France) Liposome
Chiron Liposome, naked DNA
Chromos Molecular Systems (Canada) ACse Artificial chromosomes
Copernicus Therapeuics, Inc. PLASminDNA Complexes
Darwin Molecular HSV-tk
Gentric Liposome
Gentric Therapy System Synthetic gene delivery systems
Genzyme Liposome
InvivoGen Lipofection
MediGene AG (German) Bacterial artificial chromosomes
Neurotech SA (France) L?;I;Zﬁ?lézﬁi brain cells, retinal
Qbiogene Liposome
Replieor Artificial chromosome
Schering Plough Canji Mammalian artificial chromosomes
Targeted Genetics Liposome
Tosk Transposon based vectors
TRANSGENE Synthetic lipids, cellular vectors
Transkaryotic Therapies Liposome
Valentis Liposome
Vical Liposome, naked DNA

L8, :US Gene Therapy Market, Frost & Sullivan (2002); Gene therapy,
KISTI (2003)
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lysosome)S-& FE = e kAol S| dslo & FA
2 AH=E Yt

(1) Cationic lipids (Lipid-DNA complex : Lipoplex)

HlutelgizA] Wy 5 71 BEsl ol 8HA e F
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Hlsje] W1 8y AR AGHH AEE Exo] Walelw
Ggaze] o3 DNARIEE E§H 9 JM Sl d3e
=z ;qx 1:457_ ‘;}_2021)

Fold A SEANEE PP BEZTS 2AEE

J. Kor. Pharm. Sci., Vol. 34, No. 5(2004)

- AE

o DNAS} 2PEHA © Z (spontaneously) ZF3HA Hof ks
wa} aggregated vesicleS A3 b2 ol g AFA
o] Fx& FEFo] DNAE B-9(encapsulation)dh= 21
ollx DNAY] XHS wt 4%sl e F°|=E DNA
o] AA A7 Boke fAHI Atk Yol AXFES
A 2ete] 23k} whEate] g R(fusion)H ™ o
DNAZ} AlZug 23 B @k o3t 42 W&

of %ol A 2 % BA, BxFY 24 ¢ FH,
DNA/REE 73l v]&, DNARIEE B3A 7] & O%
3 QlAEe] MzEte 2ol F3A Y §&8 ot 9
3 ok #A 7 o) ol &EA e el A S
N-(1-(2,3-dioleoyloxy)propyl)-N,N,N-trimethylammoniumethyl
sulfate(DOTAP)2} N-(1-(2,3-dioleoyloxy)propyl)-N,N,N-trimethy-
lammonium chloride(DOTMAY*7} it} 7L Bloll % dioleoyl-
phosphatidyl-ethanolamine(DOPE)# 7+-8- $43A1 2 A&t
/|= skl 2% AlExge] 38 =9 DNAS Hg&
& Eol7] 3t ol

Figure 2= 2 EE/MDNA E3H7F Azl 2 iz He
HE 8-S VRl Aotk o] 3ge A Y EE/DNA
7} endosome> 2 A¥)# <2l WAl SKinternalization) 3h= 2
A, endosomeol|x]¢] ©¥(escape) #J, DNAZ} &t =9

=

+~[5VA
Polycation,
BT

Figure 2-A schematic diagram illustrating the intracellular phar-
macokinetic model of the genes: The intracellular disposition of the
gene is represented. A complex of DNA and cationic lipids/poly-
cations bind to the plasma membrane electrostatically and is in-
ternalized via endocytosis. Endosomal plasmid DNA fused with a
lysosome is degraded. A certain fraction of the endosomal DNA is
released into the cytosol where a part of the DNA dissociates from
the cationic lipids/polycations. Free plasmid DNA is subject to deg-
radation by nucleases or is partially translocated to the nucleus. Al-
ternatively, DNA enters the nucleus in a complexed form with
cationic 11p1ds/polycat10ns followed by dissociation in the nucleus.
Flnally, free DNA in the nucleus are transcribed.
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Figure 3—-An optimized/ideal multifunctional non-viral gene de-
ltvery system. A multifunctional, enveloped type gene delivery sys-
tem was designed that has specific ligands for selectively
internalizing into cells during a long blood circulation time. After
receptor-mediated endocytosis, this system can escape from en-
dosomes by a pH-sensitive fusion mechanism similar to that of the
influenza virus, and reach the nucleus using a sorting device such as
a nuclear localization signal. This system also has a specific mech-
anism to enhance intranuclear transcriptional efficiency (dumbbell-
shaped), thus maximizing the efficacy of gene expression.
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