kA 813]21(2000), Al 30 A 1 &
J. Kor. Pharm. Sci., Vol. 30, No. 1, 1-12 (2000)

REX}
23

T3AQ| SR HATSE W o= ol JHuTEL

. ?:IEET

AIEL)E 2

Ol’o/’[é/o/’

=

000 1€ 10d HF)

Recent Advances and Future Strategy in Gene Delivery System
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ABSTRACT-Gene therapy is a method for the treatment of diseases with introducing the gene-engineered materials into
a patient with gene-deficiency disease (e.g. cystic fibrosis) or cancer to produce a therapeutic protein in a patient's cells. Suc-
cessful gene therapy requires establishing both gene expression systems and delivery systems. Viral and non-viral vectors
have been used for gene delivery. Viral vectors have a high transfection efficiency, but are limited in relations to issues of
safety, toxicity and immunogenecity. Non-viral vectors are easy to prepare and relatively safe. However, non-viral vectors
have a low transfection efficiency. Cationic liposomes are the most available among non-viral vectors. Cationic liposomes
have been used to transfect cells both in vitro and in vivo experiments. Besides, several formulations containing cationic lipid
are being used in clinical trials in cases of cystic fibrosis or cancer. A crucial subject to the further development of gene
delivery vectors will be a long-term gene expression with following characteristics; protecting and deliverying DNA effi-
ciently, non-toxic and non-immunogenic, and easy to produce in large scale.

Keywords—Gene therapy, Gene expression system, Gene delivery system, Viral vector, Non-viral vector, Cationic

liposome, Targeting, Ligand
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Table I-Candidate Diseases for Gene Therapy (Ref. 5)

Disease Defect Incidence Target cells
Genetics
Severe combm ed Adenosine deaminase(ADA) Bone-marrow cells
immunodeficiency in ~25% of SCID patients Rare or T-lymphocytes
(SCID/ADA) p
Heamophilia A Factor VIII deficiency 1:10,000 males Liver, muscle, fibrobl-
Heamophilia B Factor IX deficiency 1:30,000 males asts or bone marrow cells
Familial Deficiency of low density 1:1 million Liver
hypercholesterolaemia lipoprotein(LDL) receptor )
. . Faulty transport of salt in lung . . . .
Cystic fibrosis epithelium, Loss of CFTR gene 1:3,000 Caucasians Airways in the lungs
Haemoglobinopathies: e .
thalassaemias/sickle- Structural defects in & or B globin gene 1'60.0 1n certain Bone-marrow cells,
. ethnic groups giving rise to red blood cells
cell anaemia
Gaucher's disease Defect in the enzyme 1:450 in Ashkenazi Jews Bone-marrow cells,
glucocerebrosidase macrophages
Os-antitrypsin deficiency: Lack of o;-antitrypsin 1:3,500 Lung or liver cells

inherited emphysema

Acquired

Many causes

ancer . . . .
C (including genetic, environmental)

Parkinson's, Alzheimer's,

Neurological diseases spinal-cord injury

Cardiovascular Restinosis, arteriosclerosis

Infectious diseases AIDS, hepatitis B

Variety of carcinoma
cell type; liver, breast, kidney,
brain, pancreas

1 million/year in USA

1 million
Zarkﬁl son’s and Direct injection in the brain,
ufion neurons, glial cells, Schwann cells
Alzheimer's
patients in USA
13 million in USA Vascular en_doth;ehal
cells, Arteries
Increasing numbers T cells, macrophages, liver
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olF oA HEZuPo|#] 2 (retrovirus), NEJE}O]H A (len-
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Table II-Comparison of Properties of Various Viral Vector Systems (Ref. 4, 5)

Features Maximum  Integration into Advantages Disadvantages
insert size host genome
Adenovirus ~30kb No - Transfects dividing, non-dividing cell - Triggers immune responseToxicity
Adeno-associated virus  3.5~4.0 kb Yes ' S table t.ransfect1onS1te specific - Small insert size
ntegration
: - Stable - Transient expression
Retrovirus 7:0-7.5kb Yes - Few immunological problems - Insertional mutagenesis(?)
Lentivirus 7.0~7.5kb Yes ) Long expression « Insertional mutagenesis(?)
- Few immunological problems
Moloney murine . e . s
leukaemia virus ~8kb Yes Stable transfection of dividing cells Transfects only rapidly dividing cells
. Laree insert si - Transient expression
Herpes simplex virus ~20kb No £ NSert 126 - Potential togenerate infecious
- Neurone specificity .
HSV in humans
Vaccinia ~25kb No + Infects a variety of cells efficiently - Limited to immunocompetant not

+ Large insert size

vaccinated against smallpox
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Figure 1-The gencral structure of a targeted non-viral vector
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Figure 2-The structure of some cationic lipids used in gene de-
livery vectors.

Abbreviations; DOTMA, N-(2,3-dioleyloxypropyl)-N,N,N-trimethy-
lammonium chloride; DOTAP, 1,2-dio-leyloxypropyl-N,N,N-trime-
thylammonium chloride; CTAB, cetyltrimethylammonium bro-mide;
DMRIE, 1,2-dimyristyloxypropyl-3-dimethyl-hydroxyammonium bro-
mide; DDAB, dimethyl-dioctadecylammonium bromide; DOSPA,
2,3-dioleyloxy-N-2-(sperminecarboxa-mido)ethyl-N,N-dimethyl-1-
propanammonium; DOGS, dioctadecylamidoglycylspermine, DC-
Chol, 3-B-[N-(N',N'-dimethylaminoethane)carbamoyl]cholesterol.
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Table III-Application of Cationic Liposome-mediated Gene Delivery in vivo

e - AFS

Tissues or cells Liposome composition Species Genes Reference
Hepatocyte EPC/Chol Mice, Rat Asialofetuin Jian Wu et al®
Mouse colon tumor, :
Fibrosarcoma, DC-Chol Mice pCMV-luc T Nomura et al’™"
- interferon-y

Bladder carcinoma
Various organ Lipofectamine™ Balb/C mice Alkaline Phosphatase ~ Hans E. J. Hofland ez al®
Porcine artery GAP-DLRIE/DOPE Yorkshire Pig pCMV-CAT Dominique J. Stephan et al®"

DC-Chol/DOPE . .

. 11 -
Lung GLB43,73,84,221,253 Mice B-galactosidase Christine Guillaume
Gable et al
/DOPE
. G-CSFpM75.6, DsW  Molly Mcclarrinon

Lung Sera DOTIM/Chol Female CD1 mice G-CSEpMB75.6, DsW et a )

Various tissue

DDAB/DOPE/PEG-PE

Female CD1 mice

Luciferase

Brigitte Sternberg et al*?

?gggla:tce]]) TMAG/DOPE New born rat gggg:{;ﬁz Hisanori Kojima er al*>
Neuron DOGS Adult female pCAGGSBPV Takachi Imaoka er al*®
Sprague-Dawley rat
o Cytosol Nudeus LSS AR o] BlEES o] 83HE ] Zrout v
oo § o €)& F47} 433 Aasicke Bt k. o)XY
N compen U A eI 23l 37k ol A IS e g
\‘ formation Protein ~ ransiation mﬁm oot pova S B A AE BW Alolo] vRS A 3371 &
3o i b olth B, oleg BESS Izl AN HEE &
O e Transcription 9= AlZHE ¥R st ofd thE zAow Byw o
rarspor | pusma o § ~Zm0 || 5 ¥UE 20E Uepgth
it | "uncosing, W o S0l 2FEE (Fusogenic liposome) — Blulo|2{2A] A
| 7 AE Wz B FaAE BEAr) e B )
8&8 Complex Dogradation dogradation A HHE AXNA =Hed), 2 FolA AxEe gsiMzes
N > ¢, A mansfection BEE Hole 2EFel M2 g4 HAxF
Endesome Lysosome nactve  ©|TF ATho] Hlo]#X(sendai virus)E ZH I S EFe] A
DNA

Figure 3—Schematic representation of cationic liposome-mediated
gene delivery (Ref. W.C. Tseng and L. Huang, Liposome-based
gene therapy, Recent advances in gene and drug delivery sympo-
sium in september 1999).

The intracellular events from the formation of the DNA-liposome
complex to protein systhesis consist of five major anatomical stag-
es: complex formation; entry across the cell membrane; release
from the endosome; entry into the nucleus; and the activity inside
the nucleus.

Cationic liposome condenses DNA to form the complex by charge
neutralization. Subsequently, cells incorporate the complex pri-
marilyby endocytosis.

Destabilization of endosomal membranes is required to release de-
livered plasmid intracellularly before lysosomal digestion of the
plasmid. Freed plasmid enters the nucleus to start transcription ac-
tivity depends on the vector construct.

ARE 7HAEL e SSLe 71&9] BlEE vlE] EF °ﬂ/\1
1004 B o] o HFEEA gadE Y F U=
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Table IV-influential Factors in Cationic Liposome-mediated Gene Delivery Systems (Ref. 3)

Characteristics

Affecting factors

Phisicochemical

characteristics size, shape, charge and stability

ionic strength, lipid composition, lipid/DNA
ratio, concentration, and mixing procedures

DNA plasmid

physical form, promoter/enhancer, cDNA and introns

cationic lipid

lipid anchor, linker and cationic head group

target organ

mode of delivery and degree of vascularization

Transfection adhesion to cell surfaces

adsorption or recognition by receptors

cellular internalization

endocytosis, fusion or entry through cell membrane pores

DNA release endosomal, lysosomal or cytoplasmic
nuclear trafficking passive diffusion, active transport or fusion
stability plasma or other biological milieus

. o pharmacokinetics and biodistribution
In vivo characteristics
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Figure 4-The structure of immunoliposomes. (Ref. 57)
Antibodies may be attached to liposomes using a variety of tech-
niques. These methods include: (a) surface adsorption (b) hapten
binding (c) covalent coupling of whole immunoglobulin or (d) Fab'
(e) PEG spacers.
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Figure 5-Site-directing ligands and targeting approaches. (Ref. 57)
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Table V-Ligand Used as Molecular Conjugates for Targeted DNA Delivery and Current Disease Applications (Ref. 11)

Ligand Target cell/Organ Disease
. . . analbuminemia, phenylketonuria, hemophilia,
Asialoorosomucoid hepatocyte/liver " and other metabolic disorders
Transferrin liver, lung, and many others melanoma, and many other applications
Folate cancer cells; KB, Hela ovarian cancer

Adenovirus fiber liver, lung, and many others

Malaria cs protein hepatocyte/liver

Epidermal growth Factor types of canicer cells
Human papilloma Virus capsid epithelial cells/cervix
Fibrobalst growth brain

lung, brain, and Pancreatic cancer cells, other

lung cancer, phenylketonuria, hemophilia,
and many others

hepatocellular carcinoma, diabetes cirrhosis

lung, brain, pancreatic cancer cells,
and other types of cancer cells

cervical cancer

brain cancer
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Antibodies(150 kDa) are bivalent tetrameric molecules made up of
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small variable (V) region, which are responsible for antigen binding,
and a large constant region (C), which confers effector functions
and stability in biological fluids (A). Fab fragments (50 kDa) are
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