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Abstract
The cationic lipid mediated uptake of plasmid DNA by cells in monolayer culture was signiWcantly enhanced with an aqueous solution
of the block copolymer poly(p-dioxanone-co-L-lactide)-b-poly(ethylene glycol) (PPDO/PLLA-b-PEG). Plasmid uptake studies with
DNA encoding the -galactosidase gene and cytotoxicity evaluations were performed on MCF-7, NIH 3T3 and CT-26 cell lines. Transfection yields and time courses for maximum release of FITC labeled DNA in MCF-7 cells were observed and quantiWed by -galactosidase assay and spectroXuorometry, respectively. The reported results suggest that the studied block copolymer might be useful for the
enhancement of polycation mediated transfection and could Wnd application in gene therapy.
 2005 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.
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1. Introduction
Polyelectrolyte complexes formed between DNA and
polycations have recently been used for gene transfer in
mammalian and bacterial cells [1,2]. Due to electrostatic
binding of DNA and polycations, these complexes are
spontaneously formed in aqueous media. Polycations like
poly(L-lysine) (PLL), poly(N-ethyl-4-vinyl pyridinium bromide) (PEVP), and others permit uptake of the complex
and can achieve cell transfection in the absence of binding
with receptor [3]. Transfection reagents (Lipofectin and
calcium phosphate) are commercially available for this
purpose, but one problem encountered using these techniques is the relatively low eYcacy of DNA (or complex)
release from endocytic compartments in the cytoplasm and
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nucleus of the cell [1,2], resulting in low eYciency of gene
expression. Further, due to charge neutralization, these
complexes are often unstable in aqueous solutions and precipitate, thereby hindering their application in gene delivery [4].
Recently, nonionic micelles or unimers of surfactant
block copolymers have been used to transfer water insoluble drugs and polypeptides [4,5]. Work on these systems
suggested that they enhance the transport of charged
molecules across cell membranes [6]. To the best of our
knowledge, there has been no previous report on applying
the block copolymer poly(p-dioxanone-co-L-lactide)-bpoly(ethylene glycol) (PPDO/PLLA-b-PEG) as an
enhancer to improve polycation mediated cell transfection.
Focusing on this application, we prepared an aqueous solution of the triblock copolymer which was synthesized by
our research group previously [7], and report here on its
ability to enhance DNA uptake and cell transfection.
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2. Materials and methods
2.1. Preparation and characterization of copolymer particles
in aqueous solutions
The preparation and characterization of the block
copolymer was performed as previously published [7,8].
(The weight average molecular weight of the copolymer
was 19,000, copolymer composition was PPDO/PLLA/
PEG: 10/20/70, with the molecular weight of PEG fraction
at 10,000.) A solution of triblock copolymer with speciWed
concentration in acetonitrile was added dropwise into
deionized water at room temperature. Then, the acetonitrile
was evaporated from the suspension under reduced pressure and the aqueous suspension was Wltered through a
0.45 m pore disposable Wlter. The block copolymer concentration in the Wnal suspension was 0.3%.
2.2. Size and -potential measurements
The size and -potential measurements were also performed as previously published [8]. The particulate size in
the highly dispersed solution was determined by dynamic
light scattering using a Malvern System 4700 Instrument.
All experiments were performed at 25 § 1 °C. The correlation decay function was analyzed by the cumulate method
to determine the average particle diameter. The -potential
of the aqueous solution of the block copolymer was determined by a laser zeta potential instrument (ELS-8000/6000,
Otsuka Electronics). Measurements were performed at
25 § 1 °C, on samples approximately diluted with 1 mM
HEPES buVer.
2.3. Cell culture
Cells (NIH 3T3; mouse embryo cell, CT-26; colon cancer
cell and MCF-7; breast cancer cell) were purchased from
Korea Cell Line Bank (Seoul, Korea). These cell lines were
used for the transient transfection and the cytotoxicity
experiments, and grown at 37 °C under 5% CO2 atmosphere. The following media were used: (1) Dulbecco’s
modiWed Eagle’s medium (DMEM) (Gibco) with 10% (v/v)
fetal calf serum (Gibco) for CT-26 and MCF-7 cells, and (2)
RPMI-1640 medium containing 10% (v/v) fetal bovine
serum (FBS) (Gibco) for 3T3 cells. For all media, penicillin
(100 U/mL) and streptomycin (100 g/mL) was used.
2.4. Cytotoxicity evaluation
The toxicity of the aqueous solution of the block copolymer was evaluated by quantifying MCF-7, CT-26 and 3T3
cell viability in vitro. BrieXy, three diVerent cell suspensions
containing 1 £ 104 cells in their respective media (DMEM
and REPI-1640) containing 10% FBS were distributed in a
24-well plate and incubated in a humidiWed atmosphere
containing 5% CO2 at 37 °C for 24 h. After removing the
medium, diVerent concentrations of the aqueous solution of

the block copolymer (1–10 mg/mL) were added to the 24well plate, and were incubated for 5 h. The cell culture surface was washed with PBS solution, and fresh respective
media solution was added to the plates. The number of live
cells was counted by the Trypan blue method after 24 h.
The cytotoxicity of the aqueous solution of the block
copolymer was expressed by the relative viability, which
was deWned by the number of viable cells relative to the cell
control ( D 100%).
2.5. Preparation of DNA complexes
DNA or DNA/Lipofectin with aqueous solution of the
block copolymer was used for preparation of complexes in
phosphate buVer (PBS, pH 7.5). The plasmid DNA (5 g)
and Lipofectin (15 g) were mixed with or without diVerent
concentrations (0.2–3 mg/mL) of the block copolymer at a
Wnal volume of 1 mL PBS. Before further analysis, the
resulting mixture was stored for 30 min at room temperature.
2.6. Analysis of DNA complexes
DNA complexes were Wrst analyzed by gel electrophoresis and further veriWed from sedimentation analysis with
spectrophotometer. Samples were prepared as described in
preparation of DNA complexes. Resulting samples were
stored in room temperature for 6 h and then centrifuged at
1500 rpm (revolution per minute) at 4 °C for 20 min. Ten
microliters of the supernatant from each sample was taken
out and vortexed for 10 min before loading onto 1% agarose gel for gel electrophoresis. The remaining supernatant
portion was discarded, and the sedimented portion of each
sample was again diluted with 20 l autoclaved triple
distilled water and re-diluted in 1 mL autoclaved triple
distilled water for sedimentation analysis via spectrophotometric measurement of optical density (OD) at 260 nm.
2.7. Gene transfection
MCF-7, NIH 3T3 and CT-26 cells were grown at 37 °C
under 5% CO2 atmosphere. In the calcium phosphate
method, 24 h before transfection, diVerent cell line monolayers in 6 cm plates were supplemented with the serum
containing media. Prior to cell transfection, 10 g of the
plasmid, 2 mM CaCl2, HEPES buVer and diVerent concentrations of block copolymer (0.22–11 mg/mL) at a Wnal volume of 1 mL serum and antibiotic-free media was made;
and the resulting mixture was allowed to stand for 30 min
at room temperature. During the transfection experiment,
cells were supplemented with that mixture; and the plates
were slowly agitated for 2 min, and incubated for 4 h at
37 °C, 5% CO2 atmosphere. After 4 h, media was replaced
by fresh media containing 10% FBS, and again incubated in
the same conditions up to 48 h. For the Lipofectin method,
complexes (DNA/Lipofectin) at a w/w ratio (1:3) were
mixed with diVerent concentrations of block copolymer as
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