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ABSTRACT — Recently, co-delivery of drug and gene has been attempted for higher therapeutic effects of anticancer
agents. In this study, cationic liposomes were prepared using 1,2-dioleoyl-3-trimethylammoniopropane (DOTAP) as a cat-
ionic lipid to investigate the effect of drug loading on the physicochemical characteristics of cationic liposomes/DNA com-
plexes. The complex formation between cationic liposomes and negatively charged plasmid DNA was confirmed and the
protection from DNase was observed. Particle size of complexes was reduced not by drug loading, but by the increased ratio
of cationic lipid to plasmid DNA. Meanwhile, zeta potential of complex was increased by the addition of cationic liposomes
to complexes and the effect of drug loading on the zeta potential was not much higher than on particle size. Gel retardation
of complexes was indicated when the complexation weight ratios of cationic lipid to plasmid DNA were higher than 24:1
for drug free complexes and 20:1 for drug loaded ones, respectively. Agarose gel retardation showed the similar com-
plexation between plasmid DNA and drug free liposomes or drug loaded liposomes. Both complexes protected plasmid
DNA from DNase independent of complexation temperature. From the results, drug loading may affect not the complex for-
mation of cationic liposomes and plasmid DNA, but the particle size of complex.
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The object of gene therapy is to deliver a therapeutic gene to
selected cells where proper gene expression can be achieved."
An ideal gene delivery vector requires 3 major criteria: (1) it
should protect the transgene against degradation by nucleases
and deliver the transgene into the nuclei of target cells, (2) it
should be non-toxic and non-immunogenic, and (3) it should
be easily prepared for the long-term gene expression.” Cur-
rently investigated vectors are classified as viral and non-viral.
Viral vectors are able to mediate gene transfer with high effi-
ciency, but immune response and inflammation in clinical tri-
als have raised serious safety concern about commonly used
viral vectors.” Non-viral gene delivery vectors attract attention
due to their non-immunogenic properties as opposed to their
viral counterparts.

Until now combination drug therapies of anticancer agents
have been attempted to overcome drug resistance in clinical
applications,”™ but success has been limited. Currently it is
suggested that drug resistance is mainly caused by malfunction
of genes due to chromosomal alterations in cancer cells.>” As
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a result, correcting malfunctioned genes through siRNA or
anticancer gene delivery has been attempted to sensitize cancer
cells towards anticancer drugs.*'” In addition, pretreatment of
cells with anticancer drugs such as paclitaxel has been also
reported to enhance transgene expression of reporter
genes.!"? Moreover, the simultaneous delivery of paclitaxel
and IL-12 encoding plasmid using cationic micelles (or nano-
particles) was demonstrated to achieve a synergistic effect in
suppressing cancer growth in a mouse breast cancer model,
and co-delivery of the same drug and Bcl-2 targeted siRNA
was also found to sensitize MDA-MB-231 human breast can-
cer cell line to paclitaxel.”'¥ Moreover, it was reported that
synergistic therapeutic effect was obtained by cationic micelles
for co-delivery of drug and gene.'> Co-delivery of drug and
gene in the same vehicle not only can improve compliance due
to the reduced number of administrations, but can also achieve
a synergistic therapeutic effect because both drug and gene can
be delivered to the same cells or tissues.

In this study, we prepared cationic liposomes using DOTAP
as a cationic lipid, DOPE and cholesterol as helper lipids to
deliver drug and plasmid DNA simultaneously. Then, we
investigated the effect of drug loading on the physicochemical
properties and stability of complexes to figure out the fea-
sibility of the co-delivery of drug and DNA.



340 Ui-Hyeon Jeong, Ji-Hye Jung, Enkhzaya Davaa, Se-Jin Park, Chang-Seon Myung and Jeong-Sook Park

Experimental

Materials

1,2-dioleoyl-3-trimethylammoniopropane (DOTAP), 1,2-
dioleoyl-sn-glycerol-phosphoethanolamine (DOPE) and cho-
lesterol (CHOL) were purchased from Avanti Polar Lipids Inc.
(Alabaster, AL, USA). Amphotericin B (AmB) was obtained
from Duchefa Biochemical Co. (The Netherlands). As a con-
trol transfection reagent, Lipofectamine® was purchased from
Invitrogen (San Diego, CA, USA). All other chemicals were of
reagent grade and used without further purification.

Purification of Plasmid DNA

The plasmid DNA was amplified in the Escherichia coli
DH5a and purified with the Qiagen Plasmid Mega kit
(Qiagen, CA, USA), according to the manufacturer’s instruc-
tion. The integrity of DNA preparation was confirmed on a 1%
agarose gel.

Preparation of Cationic Liposomes and Liposomes/
Plasmid DNA Complexes

Cationic liposomes were prepared by lipid film method.
Stock solution of each lipid were mixed at the molar ratio of
DOTAP/DOPE/CHOL=5:4:1 in chloroform.'® The organic
phase was removed at 50°C on a rotary evaporator (KU-NLW,
Sunil Instrument Co., Korea). The dried lipid film was flushed
with nitrogen gas to remove traces of organic solvent and
hydrated with phosphate-buffered saline (PBS). After soni-
cation at about 30°C for 30 min, the solution was extruded 10
times through a 100-nm polycarbonate membrane using an
extruder (Northern Lipids Inc., Canada). The cationic lipo-
somes containing AmB were prepared at a ratio of lipid solu-
tion:AmB=4:1 similar to process of blank liposomes.'® The
complexes were prepared by mixing DNA and cationic lipo-
somes at the various ratios of cationic lipid to plasmid DNA
(4-40, w/w). Then, the complexes were incubated for 15 min
at 37°C to facilitate complex formation.

Measurement of Particle Size and Zeta Potential

Particle size distribution of cationic liposomes with or with-
out plasmid DNA was determined by light scattering spec-
trophotometer (ELS-8000, Otsuka Electronics Co., Japan). The
samples were diluted with deionized water, and then trans-
ferred into a quartz cuvette in an ELS-8000 dynamic light scat-
tering instrument. Zeta potential of cationic liposomes and
complexes was measured by electrophoretic light scattering
spectrophotometer. Data were analyzed using a software pack-
age (ELS-8000 software) supplied by the manufacturer.
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Agarose Gel Retardation

Complex formation between the cationic liposomes and
plasmid DNA was assessed using an agarose gel electro-
phoresis.'” Various ratios (4-40, w/w) of cationic lipid/DNA
mixtures with fixed amount of plasmid DNA (1 ug) were
loaded onto a 1% agarose gel. As a control, Lipofectamine®/
DNA complex containing 0.5 mg of plasmid DNA at the opti-
mal ratio of 6 (Lipofectamine® to DNA, w/w) was also loaded
on the gel. Gel electrophoresis was carried out in a TAE buffer
(40 mM Tris-acetate, | mM EDTA) at 50 mV. Ethidium bro-
mide stained DNA was visualized using a UV. This gel retar-
dation experimental was repeated using AmB-containing
liposomes.

Complex Stability against DNase I Digestion

The cationic liposomes were mixed with 0.2 ug of plasmid
DNA at the ratio of 40 (DOTAP to DNA, w/w) and allowed
to form complexes for 15 min at room temperature and 37°C.
For DNase I digestion, the cationic liposomes were prepared in
water instead of PBS to avoid the interfering effect of high salt
on DNase I activity.'” Naked DNA (0.2 pg) or the cationic
liposomes/DNA complex containing the same amount of DNA
was exposed to DNase I for 30 min at 37°C to investigate the
stability of the complex against nuclease digestion. DNA was
retrieved by phenol/chloroform extraction followed by ethanol
precipitation and visualized on an agarose gel containing ethid-
ium bromide.

Results and Discussion

Particle Size and Zeta Potential

In order to investigate the effect of drug loading on particle
size and zeta potential, we determined the particle size and zeta
potential of blank liposomes or drug-loaded liposomes. Par-
ticle size of drug free liposomes and drug loaded liposomes
were 260.9 nm and 244.5 nm, respectively (Table I). Zeta
potentials of liposomes were 70.03 mV for drug free lipo-
somes and 58.18 mV for drug loaded liposomes (Table I). The
particle size and zeta potential of complexes were also deter-
mined by varying drug loading. After drug loading, the size of
complexes was increased, but their zeta potential was not
changed much (Figure 1). Higher ratio of liposomes to DNA
resulted in smaller particle size irrespective of drug loading
(Figure 1a). However, the particle size of complexes between
drug loaded liposomes/plasmid DNA was larger than that of
drug free complexes. Naturally, zeta potential had a tendency
to increase according to the ratio of liposomes to plasmid
DNA; the amount of DNA was fixed as 1 pg and the content
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Table I-Physicochemical Properties of Blank Liposomes and
Drug loaded Liposomes

Liposomes Particle size (nm) Zeta potential (mV)
Blank 260.9 70.03
Drug loaded 2445 58.18
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Figure 1—Physicochemical characterization of complexes. (a) Par-
ticle size of drug free complexes and drug loaded complexes. (b)
Zeta potential of drug free complexes and drug loaded complexes.

of cationic lipid, DOTAP, was increased (Figure 1b). In a sim-
ilar manner, the size of doxorubicin (DOX)-loaded micelle/
DNA complexes was also increased when compared to blank
peptide micelle/DNA complexes; and as expected, their zeta
potential was similar, since both DOX-loaded micelles and
blank micelles had a similar zeta potential.'> In particular, the
size of DOX-loaded FA32 micelle/DNA complexes was below
200 nm at N/P 15 or above, and at these N/P ratios, their zeta
potential was around 20 mV. The small size and net positive
surface charge of AmB-loaded liposomes may provide desir-
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Figure 2—Agarose gel retardation of (a) drug free complexes and
(b) drug loaded complexes.

able properties for easy cellular uptake and gene/drug delivery
like DOX-loaded micelle."

Gel Retardation Assay

The DNA binding ability of cationic liposomes was studied
through gel retardation assay.'” As shown in Figure 2a, free
DNA that failed to form complex with cationic liposomes was
clearly visualized at complex ratios of 4-24 (w/w). However,
free DNA disappeared when the ratio of DOTAP to DNA was
above 28 (w/w) (Figure 2a). At the ratios over 28, cationic
liposomes were able to bind DNA efficiently, and the complete
retardation of DNA mobility was achieved at ratio 28. Com-
plexes formed at under ratios 24 shows incomplete com-
plexation (Figure 2a). In addition, the gel retardation assays
from the DNA complexes formed with drug-loaded liposomes
also yielded a similar retardation profile (Figure 2b, ratios over
24), although AmB-loaded liposomes had lower zeta potential
values than the drug free liposomes (Figure 1b). However,
DOX-loaded micelles had a similar zeta potential value when
compared to the corresponding blank liposomes and showed
same gel retardation at various N/P ratios of cationic micelles
to plasmid DNA."

Stability of the Liposomes/DNA Complex

We also examined whether DNA in the complex could be
protected from DNase I digestion,'” since complexes are not
able to work in vivo owing to the interrupting effect of
nuclease. Naked DNA was completely digested by 0.25 units
of DNase 1 (Figure 3). However, the complexed DNA was
protected from DNase I independent on incubation temper-
ature, such as room temperature and 37°C. When incubating
plasmid DNA with cationic liposomes at 37°C, the complexes
were firmly complexed compared with those incubated at
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Figure 3—Stability for DNase of plasmid DNA by (a) drug free
complexes and (b) drug loaded complexes.

Complexation temp.

room temperature. Moreover, there was no effect of drug load-
ing on the protection from DNase 1 (Figure 3b).

Conclusion

These results demonstrated that the complex formation of
cationic liposomes and plasmid DNA was not influenced by
drug loading. Moreover, drug loading did not affect the sta-
bility of complexed DNA against DNase 1. Further studies are
needed to investigate the effect of incubating temperature on
the formation of complexes and to determine the effect of drug
loading on cellular uptake and in vivo fate of complexes.
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