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bstract

Cationic liposomes composed of 3�-[N-(N′,N′-dimethylaminoethane)-carbamoyl] cholesterol (DC-Chol) and dioleoylphosphatidylethanolamine
DOPE) (DC-Chol/DOPE liposome, molar ratio, 1:1 or 3:2) prepared by the dry-film method have been often used as non-viral gene delivery
ectors. The formulation and preparation of DC-Chol/DOPE liposomes, as well as the formation of their lipoplexes were investigated in an attempt
o improve transfection efficiency in vitro. A more efficient transfection in medium with serum was achieved using DC-Chol/DOPE liposomes
molar ratio, 1:2) than those (3:2), and preparation method by a modified ethanol injection than the dry-film. The most efficient DC-Chol/DOPE
iposome for gene transfer was molar ratio (1:2) and prepared by a modified ethanol injection method. The enhanced transfection might be related
o an increase in the release of DNA in the cytoplasm by the large lipoplex during incubation in optiMEM, not to an increased cellular association

ith the lipoplex. The use of a modified ethanol injection method might enhance the role of DOPE that is aid in destabilization of the plasma
embrane and/or endosome. These findings suggested that cationic liposomes rich in DOPE prepared by a modified ethanol injection method will

elp to improve the efficacy of liposome vector systems for gene delivery.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Cationic liposome-mediated transfer of DNA is a promis-
ng approach, because of low immunogenicity and toxicity,
ase of preparation, and potential applications for active
argeting. The disadvantages include poor efficiency of trans-
ection in vivo. Therefore, cationic lipids and improved
ormulations of liposome have been developed for the
fficient delivery of DNA into cells (Gao and Huang,
991; Vigneron et al., 1996). Notably, liposomes composed
f 3�-[N-(N′,N′-dimethylaminoethane)-carbamoyl]cholesterol
DC-Chol) together with dioleoylphosphatidylethanolamine
DOPE) (DC-Chol/DOPE liposome) have been classified as one

f the most efficient vectors for the transfection of DNA into
ells (Zhou and Huang, 1994; Farhood et al., 1994, 1995) and
n clinical trials (Nabel et al., 1993, 1994).
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n method; Dry-film method

It has been demonstrated that a 3:2 or 1:1 molar ratio of
C-Chol/DOPE liposome result in high transfection efficiency

Farhood et al., 1995). The correlation between structure and
ransfection efficiency of them was reported (Congju et al., 2004;
iefer et al., 2004). A number of investigations (Farhood et

l., 1994; Zuidam and Barenholz, 1998; Colosimo et al., 1999)
ncluding our own (Maitani et al., 2006) used this molar ratio
s a control to develop novel cationic liposomes (Wiseman et
l., 2003; Mukherjee et al., 2005). In these cases, liposomes
ere mostly prepared by the dry-film method, but there were

ew attempts to examine the optimal ratio of DC-Chol/DOPE
iposome prepared by other methods to our knowledge.

Liposome-mediated gene delivery is dependent on numer-
us factors, such as the formulation of the liposomes including
he cationic lipid/neutral lipid ratio, how the liposomes are
repared, the cationic liposome/DNA charge ratio of the com-

lex of cationic liposome and DNA (lipoplex), and the method
sed to produce the lipoplex. Recently, it was reported that the
ay in which a liposome is prepared affects transfection effi-

iency (Tranchant et al., 2004). Also, large lipoplexes were

mailto:yoshie@hoshi.ac.jp
dx.doi.org/10.1016/j.ijpharm.2007.04.035
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eported to increase the efficiency of transfection (Felgner et
l., 1994; Zhang et al., 1997; Ross and Hui, 1999; Turek et al.,
000; Almofti et al., 2003; Hattori et al., 2005). Including these
nformation, to further improve the transfection efficiency, it is
ecessary to evaluate DC-Chol/DOPE liposome from formula-
ion and preparation method of liposome to formation method
f their lipoplex.

We report that greater transfection efficiency was obtained in
uman cervical carcinoma HeLa cells in medium with serum,
sing (1) DC-Chol/DOPE liposomes (molar ratio, 1:2) than lipo-
omes (1:1 or 3:2), and (2) a modified ethanol injection method
o prepare liposomes than the dry-film method. The present find-
ngs support the notion that cationic liposomes rich in DOPE,
nd a modified ethanol-based method to prepare liposomes will
elp to improve the efficacy of liposome vector systems for gene
elivery.

. Materials and methods

.1. Materials

DOPE was obtained from Avanti Polar Lipids Inc. (Alabaster,
L, USA). DC-Chol was purchased from Sigma Chemical Co.

St. Louis, MO, USA). Chloroquine diphosphate was obtained
rom Wako Pure Chemical Industries, Ltd. (Osaka, Japan). Lipo-
ectamine 2000 was purchased from Invitrogen Corp. (Carlsbad,
A, USA). pCMV-luc was constructed using a cDNA fragment

589 bp) coding for a cytomegalovirus (CMV) promoter ampli-
ed by PCR with a pEGFP-C1 plasmid (Clontech, CA, USA)
ontaining a green fluorescent protein (GFP) reporter gene under
he control of the CMV promoter as a template, and the follow-
ng CMV promoter-specific primers: CMV promoter forward
rimer (5′-ATGGTACCTAGTTATTAATAGTAATCAA-3′) and
MV promoter reverse primer (5′-TCAAGCTTGATCT-
ACGGTTCACTAAAC-3′). The forward and reverse primers,

espectively, contained KpnI and HindIII restriction sites.
fter the amplification, the cDNA was digested with KpnI

nd HindIII and ligated into a KpnI/HindIII-digested pGL3-
nhancer (Promega, Madison, WI, USA). The FITC-labeled
0-mer randomized oligodeoxynucleotide (FITC-ODN) was
ynthesized with a phosphodiester backbone as described previ-
usly (Hattori and Maitani, 2005). The protein-free preparation
f the plasmid was purified following alkaline lysis using max-
prep columns (Qiagen, Hilden, Germany). All other reagents
ere of analytical grade.

.2. Preparation of liposomes

Liposomes were prepared by two methods: a modified
thanol injection (MEI) method (Maitani et al., 2001) or the
ry-film method (Bangham et al., 1965). Liposomes prepared
y MEI are abbreviated as ML and liposomes prepared by the
ry-film method as DL. Regarding the MEI method, all lipids

ere dissolved in about 5 ml of ethanol, and the ethanol was

emoved with a rotary evaporator leaving behind about 2 ml of
he ethanol solution. Next, a constant volume of sterile water was
dded to the ethanol solution. Liposomes formed spontaneously

1
2
w
c
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fter further evaporation of the residual ethanol. The liposome
uspension was immediately filtered through 0.45-�m Millex-
A filters (Millipore, Cork, Ireland) for sterilization. For the
ry-film method, all lipids were dissolved in chloroform and the
olution was dried with N2 gas to remove the chloroform sol-
ent. The dried film was vacuum desiccated for at least 10 min.
ater was added, and after sufficient hydration, the film was

uspended by vortexing. The samples were then sonicated for
0 min in a bath type sonicator. The particle size distribution
f liposomes was determined using a dynamic light-scattering
nstrument, and the zeta-potential of them were determined by
he electrophoresis light-scattering method (Model ELS-800,
stuka Electronics Co. Ltd., Japan), at 25 ◦C after by diluting of
ispersion to an appropriate volume with water. Before transfec-
ion in the process of formation of lipoplex, the size of liposomes
nd lipoplexes was determined to be diluted in water within
min and 20 min after incubating liposomes and lipoplexes in
ptiMEM (Invitrogen Corp.), respectively as described in the
ollowing section.

.3. Cell culture

HeLa cells were kindly provided by Toyobo Co., Ltd.
Osaka, Japan) and grown in DMEM supplemented with 10%
etal bovine serum at 37 ◦C in a humidified 5% CO2 atmo-
phere. Human prostate cancer LNCaP cells were supplied by
he Department of Urology, Keio University Hospital (Tokyo,
apan). Human hepatoblastoma HepG2 cells were obtained from
he Riken Cell Bank (Ibaraki, Japan). Cell cultures were pre-
ared by plating cells in 35-mm culture dishes 24 h prior to each
xperiment.

.4. Formation of lipoplex and transfection

Lipoplexes at charge ratios (+/−) of 1/1–11/1 of cationic
ipid to DNA were formed by direct mixing or dilution.
he former involves adding 3.16–11.1 �l of liposome sus-
ension (1–3.75 mg total lipid/ml water) to 1 �g of DNA
ith gentle shaking and leaving at room temperature for
0–15 min. The optimal lipoplexes (1 �g of DNA) were as fol-
ows: for the liposome composed of DC-Chol/DOPE (molar
atio, 1:0 = 1/0): 11.1 �l of liposome suspension (1 mg lipid/ml
ater) at a charge ratio of (+/−) of 7:1, for the liposome

omposed of DC-Chol/DOPE (3:2 = 3/2): 3.16 �l of lipo-
ome suspension (1.92 mg total lipid/ml water) at a charge
atio of (+/−) of 2:1, and for the liposome composed of
C-Chol/DOPE (1:2 = 1/2): 3.16 �l of liposome suspension

3.75 mg total lipid/ml water) at a charge ratio of (+/−) of
:1. With the dilution method, the liposomes and DNA were
iluted separately to 125 �l in optiMEM, allowed to stand
or 5 min, mixed, and incubated at room temperature for a
urther 20 min. The lipoplex was diluted with MEM contain-
ng 10% serum to a final concentration of 2 �g of DNA per

ml of medium per well, and incubated with the cells for
4 h in the medium. For the treatment with chloroquine, cells
ere incubated in MEM containing 10% serum and a 100 �M

hloroquine aqueous solution for 1 h. After this medium was
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in zeta-potential. By the dry-film method, DL was prepared by
briefly sonicating liposomes until a homogeneous size distri-
bution ranging from 150 to 230 nm was obtained (Fig. 1). ML
produced by the MEI method had a homogeneous size distribu-
Y. Maitani et al. / International Jour

iscarded, the lipoplex prepared by the above procedure was
dded.

.5. Luciferase assay

The plasmid pCMV-luc was transfected into cells using the
iposomes. After 24 h of incubation, the cells were washed twice
ith phosphate buffered-saline (pH 7.4, PBS) and harvested with
25 �l of cell culture lysis reagent (Toyo Ink, Tokyo, Japan).
uciferase expression was quantified with 10 �l of centrifuged

ysate supernatant using a picagene luciferase assay kit (Toyo
nk, Tokyo, Japan) as described previously (Hattori et al., 2005).
CA protein assay reagent was purchased from Pierce (Rock-

ord, IL, USA). Light emission, expressed in counts per second
cps), was normalized to the protein concentration of each sam-
le, determined using BCA protein assay reagent.

.6. Flow cytometry

The HeLa cells were prepared by plating in a 35-mm culture
ish 24 h prior to each experiment. Each liposome suspension
2.5–4.8 mg total lipid/ml water) was mixed with 2 �g of FITC-
DN and then diluted in 1 ml of the medium containing 10%

erum. The cells were incubated with the nanoplex for 1, 2
nd 6 h in the medium containing 10% serum. After incuba-
ion, the cells were washed two times with 1 ml of PBS to
emove any unbound lipoplexes, detached with 0.25% trypsin,
nd resuspended with PBS containing 0.1% BSA and 1 mM
DTA. The suspended cells were directly introduced into a
ACSCalibur flow cytometer (Becton Dickinson, San Jose, CA,
SA) equipped with a 488-nm argon ion laser. Data for 10,000
uorescent events were obtained by recording forward scatter
FSC), side scatter (SSC), and green (530/30 nm) fluorescence.

.7. Cryotransmission electron microscopy

Specimens for electron microscopy were prepared on
uantifoil® R1.2/1.3 holey carbon grids at a Leica EM CPC

ryo-preparation station. A drop of 2.5 �l of the solution was
pplied to the grid, excess liquid was blotted by touching with a
iece of filter paper and the grid immediately plunged into liq-
id ethane kept at −165◦C. The grid was then transferred to the
icroscope by a cryo-transfer device. Cryo-electron microscopy
as performed on a JEOL JEM-3100FFC transmission elec-

ron microscope (cryo-TEM). It is equipped with field emission
un (FEG), helium temperature specimen stage, omega-type
nergy filter and Gatan MegaScan 795 2Kx2K CCD camera. For
mproved contrast of ice-embedded specimens we employed a
ovel Zernike-type phase plate at the back focal plane of the
bjective lens (Danev and Nagayama, 2006). It provides a true
hase contrast regime revealing details in the image which are
idden in the conventional defocus phase contrast mode. All
mages were taken by the CCD camera with the TEM oper-

ted at 300 kV acceleration voltage, zero-loss energy filter mode,
60,000 indicated magnification and employing the phase plate.
t that magnification the specimen resolution at the CCD is
.0 Å/pix. To minimize electron beam damage we employed a

F
M
m
r
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inimum dose protocol which irradiates the area of interest only
uring the image exposure. The total dose to the specimen was
bout 6 e−/Å2.

.8. Cell viability assay

The cell viabilities upon transfection using DC-
hol/DOPE(3/2), (DL3/2) and DC-Chol/DOPE(1/2), (ML1/2)
t a charge ratio of (+/−) of 2:1 were evaluated with a WST-8
ssay (Dojindo, Kumamoto, Japan). HeLa Cells were seeded
t a density of 3 × 104 cells/ml in growth medium containing
erum per well in 96-well culture plates, and were transfected
ith lipoplex of 2 �g/mL plasmid DNA. After 24 h of incuba-

ion, the number of viable cells was determined by absorbance
easured at 450 nm on an automated plate reader.

.9. Statistical analysis

The statistical significance of the data was evaluated with
tudent’s t-test or ANOVA test. A P value of 0.05 or less was
onsidered significant.

. Results and discussion

.1. Characterization of liposomes

We prepared three formulations of liposomes composed of
C-Chol and DOPE at a molar ratio of 1:0, 3:2 and 1:2 using

he MEI (ML1/0, ML3/2, ML1/2) or dry-film method (DL1/0,
L3/2, DL1/2). Pure DC-Chol showed vesicles, in agreement
ith findings of Lendemans et al. (2005). Since large parti-

le/DNA complexes are often more efficient in transfecting
ells in vitro, the size of liposomes should be similar when
omparing transfection efficiency. Liposomes prepared by both
ethods were about 150–230 nm in size and about 54–59 mV
ig. 1. Effect of preparation method of liposomes on their size. ML1/0, ML3/2,
L1/2, and DL1/0, DL3/2, DL1/2 were prepared by the MEI and dry-film
ethod, respectively. The size of the liposome was measured in water. Each

esult represents the mean ± S.D. (n = 3).



36 Y. Maitani et al. / International Journal o

Fig. 2. Effect of the charge ratio (+/−) of ML to plasmid DNA on transfection
efficiency in HeLa cells. MLs were prepared by the MEI method. Lipoplexes
at a charge ratio (+/−) of 2:1 for ML3/2 and 1/2, and of 7:1 for ML1/0 were
prepared by dilution of the liposome and DNA in optiMEM. Lipoplexes were
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iluted with MEM containing serum to a final concentration of 2 �g of DNA in
ml of medium per well, and the cells were incubated for 24 h in the medium.
ach result represents the mean (n = 2).

ion ranging from 150 to 180 nm obtained without sonication.
EI is an easy method leading spontaneously to smaller par-

icles with low polydispersity. Thus, use of the MEI method is
uggested to obtain small liposomes.

.2. Effects of the way to form the lipoplex and the charge
atio of liposome to DNA on transfection efficiency

To examine effects of the formation method of lipoplex on
ransfection efficiency, we used direct mixing of liposomes and
NA in water (non-dilution method) or dilution of liposomes

nd DNA separately in optiMEM (dilution method) for the for-
ation of lipoplexes. In preliminary experiments, lipoplexes
repared by dilution with ML1/2 at a charge ratio (+/−) of 3
ere significantly larger (2247 ± 352 nm) than these prepared
y direct mixing (1427 ± 83 nm), showing more than two times
reater transfection activity in HeLa cells in the presence of 10%

2
t
t
n

ig. 3. Transfection efficiency of lipoplex prepared by dilution method of the liposom
B), and size of their lipoplex after incubation in optiMEM within further 20 min (C).
nd of 7:1 for ML1/0 and DL1/0 were prepared by dilution of the liposome and DN
NA in 1 ml of medium containing serum per well, and the cells were incubated fo
ater. Each result represents the mean ± S.D. (n = 3). *P < 0.05. **P < 0.01 by ANOV
f Pharmaceutics 342 (2007) 33–39

erum. (data not shown). This finding suggested that the dilu-
ion method yielded a larger lipoplex and higher transfection
fficiency than direct mixing. We decided to use the dilution
ethod in subsequent experiments.
To investigate the optimal charge ratio of ML to DNA, we

repared lipoplexes by the dilution method at various charge
atios, and transfected them into HeLa cells (Fig. 2). The ML1/0-
ipoplex showed a plateau of transfection efficiency at a charge
atio of (+/−) 7:1 whereas the ML3/2 and DL1/2-lipoplexes
howed a maximum at (+/−) 2:1. The finding indicated that the
ptimal charge ratio of the ML1/0, ML3/2 and ML1/2-lipoplexes
as 7:1, 2:1 and 2:1, respectively.

.3. Transfection efficiency, size of liposome and lipoplex
y dilution method

Using these optimal charge ratios of each liposome to DNA,
he transfection efficiency of ML and DL was compared with that
f Lipofectamine 2000 (Fig. 3A). ML1/2 and DL1/2 showed the
reatest transfection efficiency with ML1/2 having comparable
ransfection efficiency to Lipofectamine 2000 (P > 0.05), one of
he most efficient commercially available transfection agents.
ood transfection efficiency by ML1/2 was also observed in
epG2 and LNCaP cells, corresponding to about one third of

hat of the Lipofectamine 2000 (data not shown), suggesting that
L1/2 is potentially useful for non-viral transfections.
When the lipoplex was formed by the dilution method, lipo-

ome and DNA were diluted separately in optiMEM, mixed,
nd then resulting lipoplex was incubated. During these pro-
esses, the size of ML after dilution in optiMEM for 5 min
ncreased markedly with the increase of the DOPE ratio in

L unlike DL compared with that before dilution as shown
n Fig. 1 (Fig. 3B). Furthermore, the size of the ML1/2- and
L1/2-lipoplexes after incubation in optiMEM for another

0 min increased further (Fig. 3C). This finding suggested
hat ML1/2 with its larger lipoplex showed greater transfec-
ion efficiency than DL1/2. Liposomes formulated without a
eutral helper lipid have inferior rates of transfection. There-

e in HeLa cells (A), size of ML and DL after dilution in optiMEM within 5 min
Lipoplexes at a charge ratio (+/−) of 2:1 for ML3/2, DL3/2, ML1/2 and DL1/2,
A with optiMEM. Lipoplexes were diluted to a final concentration of 2 �g of
r 24 h in HeLa cells. The size of the liposome and lipoplex was determined in
A test.
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Fig. 4. Electron micrographs of ML1/2 and DL1/2 after cryofixa

ore, cationic liposomes often contain the neutral helper lipid.
OPE increases remarkably the transfection efficiency of lipo-

omes. From our experiment, the optimal ratio of DC-Chol to
OPE was 1:2 regardless of the type of liposome prepared

Fig. 3A), which was different from the value (3:2) reported
Farhood et al., 1995). The optimal DC-Chol content of the
OPE liposomes was about 50–60% (DC-Chol:DOPE = 3:2,
:1) when 1 �g of plasmid DNA was added to 40 �M total
ipid of cationic liposomes in DMEM at room temperature
or 10–15 min to form a lipoplex (Farhood et al., 1995). Our
ipoplex was prepared differently from theirs: it was prepared
y mixing 10 �M total lipid and 2 �g of plasmid DNA at a
C-Chol+/DNA- ratio of 2:1 using the dilution method. The
ilution method increased the size of the lipoplex and trans-
ection efficiency. Our result was consistent with the finding
hat a larger lipoplex enhanced the efficiency of gene trans-
ection into cultured mammalian cells (Zuidam and Barenholz,
998).

For visualization of particle structures from different prepara-
ion method, ML1/2 and DL1/2 were investigated by cryo-TEM.
oth liposomes showed one lamellar liposomal vesicles (Fig. 4).
he difference in liposome preparation method did not influence

he morphology of the liposomes. Both preparations showed
imilar pattern. It was reported that different ways of prepar-
ng liposomes such as the dry-film method (Bangham et al.,
965), and ethanol injection methods (Maitani et al., 2001)
llow the formation of several particle types named multil-
mellar vesicles (MLV) and small unilamellar vesicles (SUV),
espectively. However, in this case, the lipid formulation might
ominate morphology of the liposome more than preparation
rocess.

ML was very stable in water; did not change its size for

t least half a year and retained the ability to transfect (data
ot shown). However, when ML was incubated in optiMEM,
OPE increased the size of liposomes. The physicochemical
roperties of DC-Chol and DOPE mixed at a molar ratio of

a
s
l
r

ar represents 100 nm. Concentration of total lipid = 3.75 mg/ml.

:2 or 1:1 (Sternberg et al., 1994; Wrobel and Collins, 1995;
iani et al., 2004) have been studied extensively, but not so

hose of the 1:2 formulation. The size of the ML1/2-lipoplex was
reatly increased. This finding might be similar to that the size of
ipoplexes with not extruded liposomes through polycarbonate

embrane increased up to more than 1 �m after 24 h whereas
hat with extruded ones exhibited steady values (Clement et al.,
005). Homogeneity of ML such as distribution of DOPE in
iposomes might be different from DL although polydispersity
f size of ML was lower than that of DL. MEI method might
ause DOPE to be distributed heterogeneously at the surface of
he liposome.

.4. Association of ML-lipoplexes with HeLa cells

To compare the cellular association of the DNA transfected
y liposomes, we examined the amount of DNA associ-
ted with the HeLa cells at different time points by flow
ytometry. An analysis of flow cytometric profiles and mean
ntensities clearly indicated that the kinetics of the amount of
NA differed remarkably among MLs (Fig. 5). The uptake
f FITC-ODN by ML1/0-lipoplexes was faster and greater
han that by the ML3/2- and ML1/2-lipoplexes, suggesting
hat the high cationic charge of ML1/0-lipoplexes allowed
hem to interact with cell membranes. This indicated that

L3/2 and ML1/2 showed a similar association with the
ells.

.5. Cytotoxicity

We examined the cytotoxicity of lipoplex of DNA with
ovel formulation, ML1/2 and conventional formulation, DL3/2

t a charge ratio of (+/−) 2:1 after transfection (data not
hown). The concentration of the cationic lipid used in the cell
ine experiment was same in both liposomes since the charge
atio of (+/−) of DC-Chol and DNA was same, resulting in
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Fig. 5. The cellular association with ML-lipoplexes of FITC-ODN. The kinetics of the cellular association of FITC-ODN transfected with ML1/0, ML3/2 and ML1/2
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repared by the MEI method was evaluated by flow cytometry. Lipoplexes at a c
y dilution of the liposome and DNA in optiMEM. Each lipoplex was incubate

cell viability of 78.9 ± 3.8% for ML1/2, and 80.7 ± 3.3%
or DL3/2 (mean ± S.D., n = 7). This finding indicated that
ationic liposomes rich in DOPE prepared by a modified ethanol
njection method did not accelerate the cytotoxicity of the
ipoplexes.

.6. Effect of chloroquine on transfection efficiency

To estimate the influence of a lipoplex is ability to avoid
r escape the endo/lysosomal pathway on the overall expres-
ion of the luciferase reporter gene, we tested the effects
f chloroquine on transfection efficiency. Pretreatment with
hloroquine reduced significantly the transfection efficiency of
L1/2-lipoplex prepared by the dilution method (Fig. 6). This

esult was not observed with ML1/0 and ML3/2. Chloroquine

s a lysosomotropic agent known to interfere with endocytosis
y raising the endosomal and lysosomal pH and by inhibiting
he maturation of endosomes (Farhood et al., 1995). It is
uggested that the extensive transfection by ML1/2 is due to the

ig. 6. The change in transfection efficiency of ML on pretreatment with chloro-
uine for 1 h. ML1/0, ML3/2 and ML1/2 were prepared by the MEI method.
ipoplexes at a charge ratio (+/−) of 2:1 for ML3/2 and 1/2, and of 7:1 for
L1/0 were prepared by dilution of the liposome and DNA in optiMEM. Each

ipoplex was incubated with HeLa cells for 24 h in medium containing serum.
*P < 0.01, compared to pretreatment with chloroquine.
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ratio (+/−) of 2:1 for ML3/2 and ML1/2, and of 7:1 for ML1/0 were prepared
HeLa cells for 1, 3 and 6 h in medium containing serum.

ontribution of DOPE acting to release DNA from the lipoplex
nto the cytoplasm.

The entry into the cytoplasm is the first important step for
iposome-mediated transfection. The ability to get DNA to bind
ith the cell surface, which is negatively charged, is depen-
ent on the cationic charge of the liposome. The association
f ML3/2- and ML1/2-lipoplex was similar (Fig. 5), but ML1/2
howed significantly greater transfection efficiency than ML3/2.
hese findings suggest that the release of DNA from the lipoplex
ay play the key role in the transfection, not the increase in the

ellular association of the lipoplex.
Since cationic charge is needed for DNA-complexation and

ellular uptake, reduced cationic charge is anticipated to cause
drop in transfection potency through reduced cellular uptake.
owever, the surface potential of ML1/2 was similar with that
f ML3/2 and uptake of ML1/2 was similar with that of ML3/2.

This was consistent with our previous report that a large
omplex of nanoparticle and DNA increased transfection
fficiency by inducing the release of DNA in endosomes
Hattori et al., 2005). The role of DOPE is to facilitate
embrane fusion and aid in destabilization of the plasma
embrane or endosome (Farhood et al., 1995; Zuidam and
arenholz, 1998). In this case, DOPE seemed to best do the

atter.
ML1/2 was likely to deliver DNA into the cytoplasm, and

elease more DNA than ML1/0 or ML3/2 due to its larger
ipoplex. The optimal ratio of DC-Chol to DOPE involved more
OPE, compared with that reported previously (Farhood et al.,
995). Distribution of DOPE in cationic liposomes seemed to
e susceptible to preparation method. These findings, taken
ogether, indicated that the most important lipid component in
ationic liposomes is DOPE; only a minimal amount of cationic
ipid is needed to provide a means for the liposomes to bind
he negatively charged cell surface. Also, liposome prepara-

ion method is important for vectors as well as formulation of
iposomes.

These findings suggested that cationic liposomes rich in
OPE prepared by a modified ethanol injection method are
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