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We have developed liposomes which can be easily prepared with inexpensive lipid, have
enhanced stability, and can efficiently deliver DNA into the COS-1 cells. Liposome formulations
were prepared using cationic materials such as dimethyldioctadecyl ammonium bromide(DDAB),
cetyltrimethyl ammonium bromide(CTAB). We investigated the effect of cationic liposome
formulations on in vitro DNA transfection. DDAB-containing liposomes showed increased
transfection efficiency which was 3.2-fold as much as that by Lipofectin®, but CTAB-containing
liposomes were inactive in gene transfection. The effect of colipid of DDAB-containing liposome
was also investegated. As a colipid, dioleylphosphatidylethanolamine(DOPE) and cholesterol
did altered the transfection efficiency of DDAB-containing liposomes. And increased DDAB
concentration lowered the transfection efficiency. The optimum amount of liposomal formulation
was 10uM for 1ug of DNA. In the experiment of stability, DOPE-containing liposomes
formulation showed a broad size distribution and separation of two major peaks on a 5th day of
preparation, but liposomes containing cholesterol was stable for 10 days. DDAB-containing
liposomal DNA delivery system was prepared easily and was stable.

Keywords— Cationic liposome, Gene delivery system, Dimethyldioctadecyl ammonium bromide,
Cetyltrimethyl ammonium bromide, COS-1 cell

The progress in biotechnology has brought
dramatic changes in therapeutic modalities.
Some therapeutic recombinant proteins have al-
ready been applied clinically. Recombinant
DNA has been used like a “drug’ in the novel
therapeutic methodology of gene therapy.

Gene therapy promises mnew treatment for
various inherited and acquired disorders. The
early development of the field focused on a tech-
nique called “ex wiwo” therapy in which auto-
logous cells are genetically manipulated in cul-
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ture prior to transplantation. Recent advance
have stimulated the development of in vivo
therapy based on direct delivery of the thera-
peutic gene. For widespread of gene therapy in
the clinic, effectiveness and mode of therapeutic
gene delivery in vivo as well as biological safety
of such transfer must be improved. The rate-
limiting technologies of gene therapy are the de-
called
“vectors”, used to accomplish gene transfer. The

velopment of gene delivery vehicles,

use of retroviral vectors, the most popular vec-
tor in gene therapy is restricted to ex vivo ap-
proaches because of difficulty in purifying the
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viron and the requirement that cell is dividing
at the time of transfer. Therefore, many
researches have been performed for the de-
velopment of the non-viral vector system for de-
livery of gene medicine.™?

In general, gene have substantial problems
such as susceptibility to degradation by nu-
cleases and low membrane permeability. Since
it is a polyanionic polymer, the introduction of
an appropriate counterpart as a carrier of gene
would be a useful way to circumvent these pro-
blems.

Among non-viral vectors, cationic liposome-
mediated gene transfer is well established and
widely used. Historically, liposomes have been
used for drug delivery system. In recent years
cationic lipids have become available that make
it possible to formulate net positively charged
liposomes. Since the negative charges of the
DNA backbone can interact with the positive
charges of cationic lipids, new kinds of DNA-
liposome complexes are created.”? It can be be-
lieved that they. enter eukaryotic cells by com-
bination of membrane fusion and endocytosis.
Cationic liposomes have been used for in wvivo
gene transfer via directly to tumors, intra-
venously and intratracheal instillation.*®

Liposome-DNA complexes have many ad-
vantages as gene transfer vectors in that they
cannot replicate or recombine to form a in-
fectious agent, and may evoke fewer in-
flammatory or immune responses. The ease of
preparation and virtually unlimited size of con-
structs for gene delivery make this approach
attractive. Cationic liposome-DNA complex
could not only protect genes from degradation
by nucleases," but also promote binding the ne-
gatively charged cell surface. The disadvantage
of these vectors is that they are inefficient and
transfection efficiency is interfered by serum
component. In addition, liposome-DNA complex
are not stable with formation of aggregates.
Many researches have been undertaken to ov-
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ercome these problems by synthesis of new ca-
tionic lipid,*” using fusogenic liposome,® and de-
veloping of new formulation.”™® However, these
methods are not practical for general purpose
for their complexity in preparation. In this
study, we have developed cationic liposomes
which can be easily prepared with commercially
available and inexpensive lipids, can efficiently
deliver DNA into the COS-1 (derivative of the
simian Kidney cell line transformed with a mu-
tant, of SV40) cells.

Experimental

Materials

Egg phosphatidylcholine (PC), dioleolyl-
phophatidylethanolmaine (DOPE), cholesterol.
Hanks balanced salts (HBSS), Trypan blue
and various cations were purchased from Sigma
Chemical Co. Lipofectin®, Dulbeccos modified
Eagle medium (DMEM) and fetal calf serum
(FCS) were purchased from GibcoBRL. B-galac-
tosidase enzyme assay system was purchased
from Promega. All other chemicals are reagent
grade.

Preparation of liposome

In routine experiments, 1.5 moles of lipids
were mixed in an organic solvent and eva-
porated to make a thin lipid film. The lipid film
was hydrated with 1 mi of phosphate buffered
saline (PBS) at room temperature by vortexing.
The hydrated lipid mixture was sonicated for
three cycles of 1 min. Particle size of sonicated
vesicle was determined by lazer particle size
analyzer (Zetasizer 1000, Malvern).

Preparation of plasmid DNA

B-Galactosidase gene-expressing plasmid,
pCH110 (Pharmacia) was transformed to E. coli
DHob and propagated in ampicillin containing
LB medium. Nucleic acid was extracted by al-
kali lysis method and treated with RNase A for
purification. The concentration of DNA was det—
ermined spectrophotometrically and the degree



New Cationic Liposome for Gene Delivery 95

of purity was further confirmed by agarose gel
electrophoresis.

Formation of liposome-DNA complex

Liposome or free cationic detergent diluted to
100 I with transfection media was mixed with 1
lg of plasmid DNA also diluted to 100 W with
transfection media. After incubation for 10 min
at room temperature, they were used for
transfection. The concentration of lipid are des-
cribed in legends to figures.

Cell culture and in vitro transfection

COS-1 cells were maintained in DMEM con-
taining 10% FCS supplemented with penicillin
and streptomycin.

In a 6~well plates, COS-1 cells were seed at a
density of 2x10° cells in 2ml of DMEM sup-
plemented with 10% FCS. After incubation for 18
h at 37°C in a CO, incubator, cells were washed
with transfection medium and 1 m! of DNA-con-
taining mixture was added. The cells were in-
cubated for 18 to 24 hr at 37°C and then medi-
um was changed with 2ml of fresh FCS—con-
taining DMEM. After incubation for 48 h at
37°C, the cells were washed with 2ml! of PBS
and harvested by scraping. Cell extract was pre-
pared and assay for B-galactosidase activity by
using P-galactosidase enzyme assay system as
manufactor's instruction.

Cell toxicity

Monolayer cultures of COS-1 cell were wash-
ed 2 times with HBSS, and then incubated
with liposome—containing medium. After in-
cubation for 24 hr at 37°C, medium was chang-
ed with fresh DMEM supplemented with 10%
FCS. Cells were harvested 48 hr later, viability
of the cells was determined by a Trypan blue
dye exclusion test.

Results and Discussion

Cationic liposomes have been used for in vitro
and in vivo gene therapy. Many variations of
mixtures of cationic (e.g. DOTMA, DOTAP, DC-

chol) and neutral lipid (e.g. DOPE) have been
used to facilitate DNA transfection of a wide
range of cell types in vitro. However, efficiency
of gene transfer is low and not reproducible.’”
Quarternary ammonium detergent forms a lipo-
some in the presence of DOPE, but these lipo-
somes show their toxicities with lower efficiency

12)
of gene transfer.

Dimethyldioctadecyl ammo-
nium bromide (DDAB) is another type of ca-
tionic lipid with minimum cytotoxicity. This is
commercially available and efficient for DNA de-
livery.” We investigate the effect of various ca-
in vitro DNA transfection. Ce-
tyltrimethyl ammonium bromide (CTAB),
DDAB and polyethyleneimine (PEI) were used
as cations. As shown in Figure 1, DDAB and
PEl can deliver the DNA into COS-1 cells as
measured by the expression of the B-galac-
tosidase enzyme activity. DDAB and PEI showed
the gene delivery effect, the transfection efficiency
of DDAB was similar to Lipofectin®, commercially
available liposome preparation. However, CTAB
was not effective for DNA delivery. Among the ca-
tion used for transfection, CTAB was the most

tions on
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Figure 1—Effect of cations on gene transfection.
Various cations (1 uM of CTAB, 1uM of DDAB and
300nM of PED) and 10pg/ml of Lipofectin® were
incubated with 5 ug of DNA for 10 min at room tem-
perature and cation/DNA mixture were loaded to
COS-1 cell (overnight culture of 2x10° cells). After
incubation at 37°C for 24 hr, media was exchanged
to fresh DMEM and further incubated for 48 hr.
Cells were lyzed and assay for P-galactosidase.
Transfection efficiency was calculated from the ratio
of PB-galactosidase activity of samples to the those
of Lifopectin® Data were shown as the mean of
duplicated experiments.

DDAB PEI
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Figure 2—Effect of cationic liposome on gene
transfection. 10 uM of liposomes (PC/DOPE/CTAB=
5:4:1(mole ratio) and PC/DOPE/DDAB=5:4:1(mole
ratio)) were incubated with 1 pg of DNA for 10 min
at room temperature and liposome/DNA mixture
were loaded to COS-1 cell (overnight culture of 2x10°
cells). After incubation at 37°C for 24 hr, media was
exchanged to fresh DMEM and further incubated
for 48 hr. Cells were lysed and assay for B-galac-
tosidase. M: mixture of DNA and 1uM of DDAB.
Transfection efficiency was calculated from the
ratio of P-galactosidase activity of samples to the
those of Lifopectin®. Data were shown as the mean
of duplicated experiments.

toxic to COS-1 cells, viable cells were reduced to
approximately 60% by addition of 100uM of
CTAB compared with Lipofectin®,

When incorporated into liposome, they show-
ed much less toxicity to cells. Although the tox-
icity of CTAB was reduced by the presence of
phospholipid, CTAB-containing liposomes were
inactive in gene transfection to COS-1 cells
(Figure 2). DDAB-containing liposome showed
increase in PB-galactosidase expression, which
was 3.2fold as much as that by Lipofectin®.
The mixture of DNA and the same con-
centration of DDAB used in DDAB-containing
liposome was unable to transfer the DNA. Mix-
ture of egg PC and DOPE was used for helper
lipid for the easier preparation of liposome.
Without PC, DOPE liposomes are very unstable
and not true liposome but hexagonal micellar
aggregates were formed. CTAB and DDAB can
be easily incorporated in liposome, while it was
impossible to prepare PEI-containing liposome.

Since the transfection efficiency of foreign
gene by cationic liposome is affected by the
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Figure 3—Effect of liposome amount, DDAB con-
centration and colipid used on - the transfection
efficiency. Indicated amounts of liposomes ((A) PC/
colipid/DDAB=5:4:2(mole ratio) and (B) PC/colipid/
DDAB=5:4:1(mole ratio)) were incubated with 1 pug of
DNA for 10 min at room temperature and liposome/
DNA mixture were loaded to COS-1 cell (overnight
culture of 2x10° cells). After incubation at 37°C for 24
hr, media was changed to fresh DMEM and further
incubated for 48 hr. Cells were lysed and assay for 8-
galactosidase. Transfection efficiency was calculated
from the ratio of B-galactosidase activity of samples
to the those of Lifopectin® Data of (A) were shown
as the mean+S.D.(n=4), Data of (B) were shown as
the mean of duplicated experiments.

o

basal lipid and DNA/lipid ratio, the effect of
colipid of DDAB-containing liposome on transfec—
tion efficiency were investigated (Figure 3). As
a colipid, dioleylphosphatidylethanolamine and
cholesterol altered the transfection efficiency of
DDAB-containing liposomes. Cationic liposome
containing cholesterol as colipid more efficient
for gene transfer than that containing DOPE for
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Table I— Particle Size(nm) Variation of Cationic Lipo-
somes In the Storage Condition at 4°C

PC/DOPE/DDAB PC/CH/DDAB

Duration\ (=5:4:2,mole ratio) (=5:4:2, mole ratio)
Day 1 525.4+381.4 482.7+566.5
Day 5 804.9+661.4 481.2+435.0
Day 10 951.1£817.2 308.4+191.1

Data were shown as the mean+S.D. of 10 size mea-
surements

PC : Phophatidylcholine

DOPE : Dioleylphosphatidylethanolamine

CH : Cholesterol

DDAB : Dimethyldioctadecyl ammonium bromide

gene transfer. The extent of transfection, how-
ever, is dependent on the amount of liposomal
lipid. For 1ug of DNA, an optimum amount
was 10puM for liposomal formulation of this
experiment. An existence of optimum ratio of
DNA/lipid suggest that negative charge of DNA
was effectively neutralized at this ratio, which
resulted in intracellular uptake of DNA/lipo-
some complexes into cells.

In order to apply the liposome/DNA in vivo
trials, it is necessary to develop the formulation
of which transfection efficiency to be maintained
in the presence of serum component. Although
DOPE, a fusogenic lipid, is widely used helper
lipid for transfection, it can be ineffective in
serum. Therefore, DOPE is no more than a
good helper lipid when administrated in vivo,
We used phosphatidylcholine and cholesterol as
a helper lipid, since they are well-known sta-
bilizer in liposome structure. During the storage
at 4°C, size distribution of DOPE-liposome was
broad and changed to separation of two major
peaks on a 5th day of preparation. Meanwhile,
cholesterol-containing liposome was stable for 10
days (Table T). Since liposomes containing cho—
lesterol were more stable in size during storage
than DOPE liposome, it could be a good can-
didate for in vivo gene delivery carrier.

Conclusion

Efficient liposomal DNA delivery system was de-

veloped by using DDAB as a cationic lipid. This
liposomal formulation is stable in storage, easily
prepared and consists of commercially available,
inexpensive lipids. More precise studies to elu-
cidate the factors that affect the transfection
efficiency are now undertaken.
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