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Summary
In recent years, liposomes are considered as a potential gene
delivery vehicles. In order to increase transfection of cells by
these types of carriers, many researchers have been tried to find
relationships between factors related to liposome structure and
efficiency of transfection process. In this study, the effect of the factor
of charge ratio on transfection of osteosarcoma cells with pIRESEGFP gene is investigated. A liposomal formulation of DOTAP/DOPE/
Cholesterol was fabricated through lipid film hydration method.
Morphology of liposomes was shown by Transmission electron
microscopy. Lipoplexes were prepared by complexation of liposomes
with DNA. Zeta potential of lipoplexes with different charge ratios
(2.5:1, 2:1 and 1.5:1) was compared with liposome. Transfection of
osteosarcoma cells with three ratios of lipoplexes was compared to
LipofectamineTM. . The results showed that the ratio of (2:1) is optimal
for transfection of cancer cells while no significant difference was
observed between formulations (1.5:1) and (2.5:1) by the end of the
experiment (p > 0.05).
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Introduction

Gene therapy is an effective strategy for treatment of many
genetic diseases such as malignant melanoma, cystic fibrosis
and Gaucher’s disease [1]. In this strategy, diseased cells are
transfected with specific genes to acquire normal function [2, 3].
Liposome-based gene delivery systems which were first
reported by Felgner (1987) have been widely investigated as
the most common non-viral delivery systems [1, 4-7]. Many
cationic liposome formulations have been developed. The most
ordinary phospholipids used in preparation of such liposomes
include: phosphatidylcholine (PC), phosphatidylserine (PS),
phosphatidylethanolamine (PE), phosphatidylinositol (PI),
dipalmitoylphosphatidylcholine
(DPPC),
1,2-dioleoyl-snglycero-3-phospho-L-serine, distearyl phosphatidylcholine
(DSPC),
dipalmitoyl
phosphatidylserine,
dipalmitoyl
phosphatidylglycerol
dioleoyl
phosphatidylethanolamine
(DOPE) [8].
Cationic liposomes have many advantages in gene delivery
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applications. Firstly, they can react spontaneously with negatively
charged polynucleotides to form stable complexes which are
able to preserve nucleic acids from degradation. Secondly,
their cationic nature ensures the binding to negatively charged
membrane of most of the cells via electrostatic interactions
promoting entrance of genetic materials into cells through
endocytosis [2, 4, 9]. Thirdly, pegylation of liposome surface for
prolonged circulation or its modification with various functional
groups such as specific targeting ligands or fusogenic peptides
for endosomal escape could be helpful [3, 9].
Apart from these advantages, inadequate transfection
efficiency of liposomes compared to viral vectors is problematic
[10]. To ameliorate efficiency, in-depth exploration of
mechanisms of gene delivery (i.e. complex formation, binding to
cell membrane, endocytosis and then entry of DNA to nucleus by
membrane receptors and finally expression of associated genes)
in these systems is required [1, 4, 9, 11, 12].
A number of factors determine the efficiency of transfection
process. chemical structure of lipids, morphology of lipoplexes
, liposome particle size the presence of helper lipids (such as
dioleoyl phosphatidylethanolamine (DOPE) and cholesterol or
dioleoyl phosphatidylcholine (DOPC) which are used to facilitate
association of the DNA with the lipoplexes) are some of these
factors [1, 4, 11, 13-16]. Among them, Charge ratio (+/−) of the
formed complexes is regarded as one of the most important
factors of transfection efficiency. This factor which could be seen
in terms of zeta potential is also important in determining the
stability of lipoplex [1, 4].
In this article, liposomal formulations of DOTAP/DOPE/
Cholesterol with different charge ratios were fabricated and their
efficiency for transfection of osteosarcoma cells was investigated.
Choice of DOPE was owing to its ability to reduce the cytotoxicity
of cationic liposomes and improving transfection efficiency.

Materials and methods
Materials

1,2-di-O-octadecenyl-3-trimethylammonium propane (DOTAP) and 1,2-dioleoyl-sn-glycero-3 phosphoethanolamine (DOPE)
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were purchased from Avanti Polar lipids. Cholesterol and Sucrose
were obtained from Sigma-Aldrich and Alfa Aesar, respectively.
Murine osteosarcoma cell lines (CRL-2836TM) were obtained
from American Type Culture Collection. Dulbecco’s modified Eagle’s medium (DMEM) with 10% Fetal Bovine Serum (FBS) and
penicillin-streptomycin solutions were purchased from GIBCO
Inc. All the solvent were of analytical grade.

Fabrication of liposomes and lipoplexes

Lipid film hydration method was selected for fabrication of
liposomes. At first, DOTAP/DOPE/cholesterol with a molar ratio
of 1:1:2 were dissolved in chloroform (total concentration of
5mg/ml). The resulting solution was heated to 40º C for 6 hours
in ambient pressure to remove the solvent. Then, the vacuum was
applied for 24 hours to complete dryness of lipid films. The films
then hydrated through 1ml of 15mg/ml sucrose aqueous solution
to obtain vesicles. Finally, lipoplexes of desired (+/-) charge ratio
were prepared by mixing certain amounts of DNA and cationic
liposomes and incubating for 20 minutes at room temperature.

Surface charge of liposomes and lipoplexes

Lipoplex formation and surface charge were studied using
zeta potential analyzer (Brookhaven Instruments). All the
measurements were performed at room temperature using
water as the solvent.
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Results
Zeta potential of liposomes and lipoplexes
Fig 1 compares zeta potential of liposomes before and after
DNA loading.

Morphology of liposomes

Reconstitution of vesicles occurs through the addition of pure
water to the powder. Water diffusion toward the core of vesicles
might be induced by osmotic pressure generated by sucrose
encapsulated inside the vesicles. Morphology of reconstituted
liposomes could be observed through TEM images as illustrated
in Fig 2. As it shown in this figure, vesicles are spherical with an
average size of around 75 nm.

Transfection efficiency

The (+/-) charge ratios of 1.5:1, 2:1 and 2.5:1 all containing
1µg DNA were used to transfect osteosarcoma cells. In this case,
LipofectamineTM reagent was used as the positive control. Fig
3 shows the percentage of transfected cells for lipoplexes with
different charge ratios during the first 44 hours. The percent
of transfected cells is increasing with time indicating the
dynamic transfection process within the test interval. However,

Morphology of liposomes

The morphology of liposomes after reconstitution was
observed employing Transmission Electron Microscopy (TEM,
JEOL JEM-2100). After addition of water, a certain amount of
vesicle suspension was poured on the TEM grid and negatively
stained using 2% phosphotungstic acid solution. Imaging was
carried out after removing an extra volume of suspension at the
accelerating voltage of 200kV.

Cell Culture and transfection assay

The transfection efficiency of formulations and the effect
of (+/-) charge ratio on the transfection process of cancer cells
were investigated. Murine osteosarcoma cells were cultured in
complete DMEM with a final concentration of 10% FBS and 1%
penicillin, streptomycin and antimycotic. At a value of confluency
of 80%, cells were transfected with cationic liposome-DNA
(pIRES-EGFP) complexes at different charge ratios (fig 1) while
LipofectamineTM reagent-DNA complex was used as the positive
control. Prior to transfection, media in each well was replaced
with serum-free DMEM and changed to media with serum after
24 hours incubation. Plates were analyzed for green fluorescence
at certain time intervals using an Essen Bioscience Incucyte
Zoom system.

Figure 1: Zeta potential of liposome and lipoplexes with three different
charge ratios (2.5:1, 2:1 and 1,5:1)

Statistical analysis

Two-tailed Student’s t-test was used for the test of statistical
significance using Microsoft Excel 2007 software (Microsoft,
Redmond, WA). Calculating p-value, the level of the presumption
against null hypothesis was determined for every experiment.

Figure 2 : TEM images of liposome after reconstitution.
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less than 5% of the cells were transfected after 44 hours even
using LipofectamineTM as the transfection reagent. It seems
that osteosarcoma cells generally resist being transfected by
liposomal formulations [17].

Among all, no significant difference was observed between
formulations (1.5:1) and (2.5:1) by the end of the experiment (p >
0.05). Other formulations also were the same in the first 30 hours
(p > 0.05) but significant difference appeared between each two
after this period (p < 0.05). The observation demonstrates the
importance of sufficiently prolonged experiments to distinguish
efficiency of different gene delivery systems.

Plotting p-values against time for each group was performed
(Fig 4). The p-value was a periodic function of time with several
extremes. At maximum points, formulations operate more
similarly while at minimums, formulations function differently
from each other.

Discussion

Cationic liposomes of DOTAP/DOPE/Cholesterol were

Figure 3: Effect of charge ratio on the transfection of osteosarcoma cells
by vesicles
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prepared through a dry lipid film method. In this method,
vesicles are produced via self-assembly of amphiphilic lipids in
aqueous media. It is known that cellular uptake of liposomes is
under the influence of its physicochemical properties [18]. The
charge of vesicles is one of the most significant factors. Zeta
potential measurements showed that vesicles are positively
charged because of the presence of amine groups of cationic
lipid, DOTAP. The value of zeta potential decreased after the
incorporation of negatively charged DNA molecule. Therefore,
fig 1 supports the formation of lipoplexes. The net positive
charge of the formulations is favorable for transfection of cells
since complexation of lipoplexes with negatively charged cell
membrane is facilitated due to electrostatic interactions and DNA
can enter the cells via adsorptive endocytosis [7, 19].

In terms of morphology, liposomes have spherical shape
confirming reconstitution of them from the powder. Vesicles
with various sizes could be observed in the TEM figures because
of polydisperse particle size distribution of the samples.
It has been shown that the cell type, the gene used for
transfection, the type of helper lipid, and DNA-/lipid+ charge
ratio, all affect transfection efficiency in a statistically significant
manner [20]. Saito et al. found that the apparent cellular
uptake may increase as the (+/-) charge ratio increases but the
transfection efficiency was reduced at high charge ratios. They
suggested that in achieving a high efficiency of transfection,
intracellular trafficking is the more important process rather
than the degree of uptake which is achieved in an optimal charge
ratio [21]. As could be seen, in this study the highest transfection
efficiency was seen in the case of 2:1 charge ratio. Some authors
have reported an optimum (+/-) charge ratio for lipoplexes by
which the cells are best transfected [18, 22, 23] agreeing with our
results. This means neither highly positive vesicles nor neutral
ones can transfect the cells like partially positive vesicles do.

Additionally, cell cycle influences the transfection process.
Mortimer et al. monitored the transfection process of human
ovarian carcinoma tumor cells using lipoplexes over time for
both synchronized and unsynchronized cells [24]. Their data
suggests that even for unsynchronized cells, transfection boosts
at certain time points. It is the reason why p-values are a periodic
function of time in Figure 4.

In summary, In this study the effect of charge ratio on
transfection of osteosarcoma cells was investigated. Three
different charge ratios of lipoplexes (2.5:1, 2:1 and 1.5:1) were
compared with liposome in terms of surface charge. Decreased
values of positive charge of three formulations compared to
liposome suggest the formation of lipoplexes. Transfection of
osteosarcoma cells with three ratios of lipoplexes was compared
to LipofectamineTM. The results suggest that the ratio of (2:1) is
optimal among two other ratios which show that surface charge
is not the only effective factor in gene transfection of cells and
there is an optimal range of charge ratios in which the efficiency
of transfection is in the highest amount.
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