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Controlled release of plasmid DNA by cationized gelatin hydrogel
Recent rapid development of molecular biology together with the steady progress of genome projects has been
given us some essential and revolutionary informations of gene to elucidate all the biological phenomena at the
molecular level. Under these circumstances, gene transfection has become one of the fundamental technologies
indispensable to the basic research of medicine and biology. Human gene therapy has been performed with
plasmid DNA alone or the virus vector constructs. However, there are clinical limitations, low gene expression of
plasmid DNA and the immunogenicity and toxicity of virus itself or the possible mutagenesis of cells transfected.
Therefore, several non-viral vectors of synthetic materials have been explored to enhance the transfection efficiency
of gene into mammalian cells both in vitro and in vivo. In this paper, as one research trial, the controlled release
of plasmid DNA is overviewed. A new system of plasmid DNA release with a biodegradable hydrogel is explained
while the biological activity of a plasmid DNA of hepatocyte growth factor antagonist, NK4, is augmented by use

of the release system.
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0 O Research reports on the controlled release of plasmid DNA

controlled manner.

Carrier material Plasmid DNA Biological function References
Deliver intact and functional plasmid DNA at| Murphy et al®
B -Galactosidase controlled rates. The ability to create porous Shea et al®
Platelet-derived " | polymer scaffolds capable of controlled release | Wang et al*®
Poly(D, L-lactic acid-co-glycolic acid) (PLGA) rowth factor rates may provide a means to enhance and| Capan et al*?
9 (PDGF) regulate gene transfer within a developing Luo et al*?
tissue, which will increase their utility in tissue | Hedley et al*¥
engineering. Jang et al*¥
The in situ gelling systems can be considered
Polymethacrylic acid (PMA) and polyethylene glycol as a valuable injectable controlled-delivery lsmail et al'®
(PEG), hydroxypropylmethylcellulose-carbopol system for plasmid DNA in their role to provide
protection from DNase degradation.
Poly(lactic acid)-poly(ethylene glycol) (PLA-PEG) Luciferase Release plasmid DNA from nanoparticles in a Perez et al'®

Poly(2-aminoethy! propylene phosphate)

3 -Galactosidase

Enhanced B -galactosidase expression in
anterior tibialis muscle in mice, as compared
with naked DNA solution injections.

Wang et al*’™”

Poly(a -(4-aminobutyl)-L-glycolic acid) (PAGA)

B -Galactosidase

The complexes showed about 2-fold higher
transfection efficiency than DNA complexes of
poly-L-lysine (PLL) which is the most
commonly used polycation for gene delivery.

Lim et al*¢”

Poloxamers

B -Galactosidase

The use of /n sifu gelling and mucoadhesive
polymer vehicles could effectively and safely
improve the nasal retention and absorption of
plasmid DNA. Moreover, the rate and extent of
nasal absorption could be controlled by choice
of polymers and their contents.

Park et al**”

Poly(ethylene-co-vinyl acetate) (EVAC)

Sperm-specific
lactate
dehydrogenase Ca,
3 -Galactosidase

The EVACc disks are efficient and convenient
vehicles for delivering DNA to the vaginal tract
and providing long-term local immunity.

Shen et al?®

Silk-elastinlike polymer (SELP)

Luciferase

The ability to precisely customize the structure
and physicochemical properties of SELP using
recombinant techniques, coupled with their
ability to form injectable, /n situ hydrogel
depots that release DNA, renders this class of
polymers an interesting candidate for controlled
gene delivery.

Megeed et al?

Denatured collagen-PLGA

3 -Galactosidase

Increase the level of gene expression because
of integrin-related mechanisms and associated
changes in the arterial smooth muscle cell actin
cytoskeleton.

Perlstein et al??

Atelocollagen

Green fluorescent
protein (GFP),
Fibroblast growth
factor 4 (FGF4)

Increased serum and muscle FGF4 levels and
long-term release and localization of plasmid
DNA /n vivo.

Ochiya et al®29

Gelatin

3 -Galactosidase

Plasmid DNA release period can be regulated
only by changing the hydrogel degradability.

Fukunaka et al®
Kushibiki et al®
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(a) The time course of the radioactivity remaining of *?I-labeled cationized gelatin hydrogels after implantation
into the femoral muscle of mice (The wet weight of hydrogel implanted=0.2 g). The water content of cationized
gelatin hydrogels is 96.4 (o ), 97.4 (e ),98.3 (0 ) or 99.7 wt% (A ).

(b) The radioactivity remaining of cationized gelatin hydrogels incorporating *?°l-labeled lacZ plasmid DNA
plotted against that of *°| -labeled cationized gelatin hydrogels after implantation into the femoral muscle of
mice: The water content of cationized gelatin hydrogels is 96.4 (o ), 97.4 (¢ ), 98.3 (0 ) or 99.7 wt% (4).

(c) The time course of lacZ gene expression after implantation of cationized gelatin hydrogels incorporating
lacZ plasmid DNA into the femoral muscle of mice: free lacZ plasmid DNA (open bar) and lacZ plasmid DNA
incorporated in cationized gelatin hydrogels (water content=97.4 wt%) (closed bar). The lacZ plasmid DNA
dose is 100u g/mouse muscle (3 mice/group). *p0 0.05: significant against the OD value of free plasmid DNA
injected group.
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The time course of radioactivity remaining of
cationized gelatin microspheres incorporating %°I-
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labeled NK4 plasmid DNA (o ) and free %I-la-
30 beled NK4 plasmid DNA (e ) or '?°I-labeled
cationized gelatin microspheres (O ) after the sub-
cutaneous injection into the back of mice.
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Survival curves of tumor-bearing mice following the single injection of cationized gelatin
microspheres incorporating NK4 plasmid DNA and free NK4 plasmid DNA into the subcutane-
ous tissue around the tumor mass: cationized gelatin microspheres incorporating 100 [MS
(100 g)]* and 200u g of NK4 plasmid DNA [MS (200u g)]*, 200u g of free NK4 plasmid DNA
[free (200p g)], empty cationized gelatin microspheres (EMS), and saline. *p 0 0.05: signifi-
cant against the survival curve of saline-injected, control mice (Kaplan-Mayer method).
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(a) Immunohistochemical views of blood vessel formation of tumor tissues 28 days after the single injection of cationized gelatin
microspheres incorporating NK4 plasmid DNA and free NK4 plasmid DNA into the subcutaneous tissue around the tumor mass:
cationized gelatin microspheres incorporating 100 (1) and 200p g of NK4 plasmid DNA (2), 200u g of free NK4 plasmid DNA (3),
empty cationized gelatin microspheres (4), and saline (5) (magnification; X100). The bar length is 200p m.

(b) TUNEL staining of tumor tissues 28 days after the single injection of cationized gelatin microspheres incorporating NK4
plasmid DNA and free NK4 plasmid DNA into the subcutaneous tissue around the tumor mass: cationized gelatin microspheres
incorporating 100 (1) and 200u g of NK4 plasmid DNA (2), 200u g of free NK4 plasmid DNA (3), empty cationized gelatin
microspheres (4), and saline (5) (magnification; X400). The bar length is 100y m.
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