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Abstract
Non-viral gene delivery systems have attracted many attentions in the field
of gene therapy. Liposome nanoparticles are regarded as one of the most effective
non-viral gene delivery vectors. With attention to the fact that one important feature
of these carries is their transfection efficiency, in this study we compared the efficiency of unilamellar and multilamellar liposomes in transfecting human embryonic
kidney cells by LacZ gene. A liposomal formulation made of DOTAP/DOPE/Cholesterol was fabricated through modified lipid film hydration method. In order to
obtain unilamellar lipoplexes extrusion was performed. Lipoplexes were prepared
by complexation of liposomes with LacZ gene. Zeta potential, size and polydispersity of lipoplexes and liposomes were measured. In order to determine transfection
ability of them, LacZ expression was measured using beta-galactosidase assay. The
results show that multilamellar liposomes in spite of their larger sizes have higher
transfection compared to unilamellar ones. This is indicative of better performance
of multilamellar lipoplexes in gene therapy applications.
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Introduction
Therapeutic gene therapy has offered a useful strategy
for treatment of acquired and inherited diseases through transfection of malfunctioning cells by specific defective genes[1,2].
Gene therapy could help to correct genetic deficiencies in many
genetic diseases including, malignant melanoma, cystic fibrosis
and Gaucher’s disease[3].
Owing to the fact that the efficiency of naked DNA injection is insufficient for applications, such as DNA vaccination,
one of the main challenges in this field is how to deliver nucleic acids to target cells and tissues. Therefore, reliable carrier
systems are required. Hence, different viral (include retrovirus,
lentivirus, adenovirus, herpes virus, pox virus and so on) and

non-viral vectors in addition to modified naked DNA have been
introduced to deliver exogenous genes into the cells efficiently[4].
Although transfection efficiencies are high in viral vectors, these
vectors suffer from many problems such as noticeable immunogenicity leading to induction of inflammatory system, the risk of
insertional mutagenesis, limited transgenic capacity, high cost[4].
In this regard, non-viral vectors have advantages over viral vectors in terms of safety, large scale manufacturing and lower prices, albeit their disadvantage especially for in vivo applications is
their relatively inferior transfection efficiency compared to viral
vectors[5].
Transfection efficiency depends on a number of factors
including chemical structure of lipids and supramolecular struc-
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ture and morphology of lipoplexes[3,6], as well as the presence
of helper lipids (such as Dioleoyl Phosphatidylethanolamine
(DOPE), cholesterol or Dioleoyl Phosphatidylcholine (DOPC)
[7]
which helps to the association of the DNA with the lipoplexes and transfection efficiency[3,8-10]. Liposome size which determines the mechanism of particle entry into cells is another factor
affecting transfection efficiency[11]. Charge ratio (±) of the assembled complexes which could be seen in terms of zeta potential is the other effective factor in efficiency determining the
stability of lipoplexes[3,9]
In this article, a liposome nanoparticle formulation of
DOTAP/DOPE/Cholesterol was fabricated and its transfection
was investigated. Both unilamellar and multilamellar liposomes
were applied to transfect HEK-293 cells by LacZ gene and their
transfection efficiency was compared.

Methods and Materials
Materials
1,2-Di-O-Octadecenyl-3-Trimethylammonium
Propane (DOTAP) and 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) were purchased from Avanti Polar lipids. Cholesterol and Sucrose were obtained from Sigma-Aldrich and Alfa
Aesar, respectively. Human Embryonic Kidney 293 (HEK-293)
was 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. Beta-galactosidase and BCA assay
kits were purchased from Progma and Pierce, respectively. All
the solvent were of analytical grade.

to transfection, the cells were seeded into 12-well plates with
a cell density of 3 x 105 cells per well. Immediately before the
test start, culture medium was replaced with serum-free DMEM.
Lipoplexes were directly added to the medium and after 5 hours
incubation, the culture medium was replaced by media with serum. LacZ expression was measured 28 hours after transfection
using beta-galactosidase assay and normalized with cellular
protein measured through BCA assay. LacZ gene encodes the
β-galactosidase enzyme. This enzyme catalyzes the hydrolysis
of β-galactosides into monosaccharides. One such β-galactoside
is X-gal (5-bromo-4-chloro-3-indolyl-beta- D-galactopyranoside), an organic compound. β-Galactosidase cleaves X-gal into
galactose and 5-bromo-4-chloro-3-hydroxyindole; this second
compound is then oxidized and final product is blue in color.
X-gal staining therefore provides a visual assay of LacZ activity.
It should be noted that DNA alone was employed as the
negative control in this experiment.
Statistical analysis
One-way ANOVA followed by Dunnett’s multiple
comparisons test was performed for the test of statistical significance using Graph Pad Prism software (version 6.00 for
Windows, Graph Pad Software, La Jolla California USA, www.
graphpad.com)

Results
Particle size and polydispersity of liposomes and lipoplexes

Formulaion of liposomes and lipoplexes
Cationic liposomes were fabricated using a modified
lipid film hydration method. Briefly, DOTAP/DOPE/cholesterol
with a molar ratio of 1:1:2 were dissolved in chloroform (total concentration of 5 mg/ml). Then, the Solvent was removed
by heating the solution at 40ºC for 6 hours in ambient pressure
followed by applying vacuum for 24 hours. The dry lipid film
was then hydrated through 1ml of 15 mg/ml sucrose aqueous
solution to obtain multilamellar vesicles. Unilamellar vesicles
were also obtained through extrusion of multilamellar liposome
suspension using a mini-extruder using a 100 nm polycarbonate
membrane. Finally, lipoplexes were prepared by mixing DNA
and cationic liposomes and incubating for 20 minutes at room
temperature.
Particle size and surface charge of lipoplexes
To ensure the incorporation of 1µg DNA into liposomes with the (±) charge ratios of 1.5:1, mean particle size of
liposomes and lipoplexes were determined using particle size
analyzer (Brookhaven Instruments). Furthermore, the surface
charge was measured using zeta potential analyzer (Brookhaven Instruments). All the measurements were performed at room
temperature using water as the solvent.
Cell Culture and transfection assay
In order to compare transfection efficiency of both unilamellar and multilamellar lipoplexes, the reporter gene LacZ
and HEK-293 cell line were employed. The cells were incubated
at 37ºC and 5% CO2 in DMEM with 10% FBS. One day prior
www.ommegaonline.org
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Figure 1: represents particle size, polydispersity and mean zeta potential of lipoplexes compared to the corresponding liposomes.
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Transfection efficiency
Multilamellar and unilamellar samples were compared
in terms of transfection of HEK-293 cells. DNA alone was employed as a negative control in this experiment. The results have
been shown in figure 2. It is evident that both liposomal formulations have increased the transfection dramatically compared to
the negative control.

amellar ones has been always controversial. It is also possible
that the higher transfection efficiency of multilamellar vesicles
compared to unilamellar ones is mainly a result of lipoplexes
size rather than liposome type. Ross et al. showed that lipoplexes size is a major determinant of lipofection and the effect of other parameters is mediated through their influence on lipoplexes
size[11]. They demonstrated that larger lipoplexes lead to greater
cellular association and uptake than smaller lipoplexes. It has
been also suggested that larger complexes may facilitate cell surface contact by sedimentation while the lower activity of smaller
lipoplexes could be due to sedimentation problem[21].

Conclusion

Figure 2: Cellular transfection efficiency of liposomal formulations.

As could be seen in the figure, transfection efficiency
for multilamellar vesicles was higher compared to unilamellar ones. However, statistical analysis resulted in a p-value of
0.00034 for MLV and 0.00159 for ULV which shows low presumption against the null hypothesis.

Discussion
Cationic liposomes of DOTAP/DOPE/Cholesterol
were prepared through a modified dry lipid film method. The
amphiphilic nature of lipids causes self-assembly in aqueous
media and multilamellar vesicles are produced via sonication.
Extrusion of multilamellar vesicle suspension in the next step is
expected to produce unilamellar vesicles[12].
It could be seen from Figure 1 that the mean particle size
of vesicles increases when DNA is added to the liposomes which
are in agreement with the data reported by other authors[13,14].
Observing the dequenching of the fluorescent probe NBD-PE
incorporated along with Rh-PE into the liposomes membrane,
Radwan Almofti et al. found DNA-induced liposome-liposome
responsible for the change in liposome size, upon addition of
DNA[13]. The positive charge of liposomes caused by amine
groups of cationic lipid, DOTAP, decreased but remained positive through the addition of DNA which supports the formation
of liposome-DNA complexes. The net positive charge of the formulations makes them appropriate for transfection.
In this study, transfection efficiency was ameliorated in
both formulations. Enhanced transfection of different cationic
liposome-DNA complexes and its mechanism has been the subject of numerous reports[15-18]. The improved transfection could
be attributed to the net positive charge of vesicles which cause
the high efficiency of DNA complexation, electrostatic interaction with negatively charged cell membrane resulting in adsorptive endocytosis[19] and enhanced endosomal escape[20]. It has
been distinguished that mode of cellular uptake of liposomes is
highly dependent of is physicochemical properties[13].
The superiority of multilamellar vesicles over unilTavallaie, M., et al.
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In his model, transfection of human embryonic kidney
cells by LacZ gene was compared in a liposomal formulation
of DOTAP/DOPE/Cholesterol in two forms of unilamellar and
multilamellar. Modified lipid film hydration method was used
to fabricate liposomes and then complexation of liposomes with
LacZ gene was performed and Lipoplexes were achieved. Based
on results, the size of unilamellar liposomes is obviously smaller
than multilamellar ones while zeta potential and polydispersity
was slightly decreased in them. After complexation with gene,
lipoplexes have increased sizes and polydispersities whether in
unilamellar or multilamellar liposomes. Zeta potential of lipoplexes was less than liposomes due to neutralization of positive
charge of liposomes with negative charge of gene. The results
of measurement of expression of LacZ gene using beta-galactosidase assay showed higher transfection of this gene in multilamellar liposomes compared to unilamellar ones.
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