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We compared the efficiency of in vitro DNA transfer into selected tumor and endo-
thelial cell lines using complexes of plasmid DNA and cationic carriers: DDAB/DOPE,
DC-Chol/DOPE, Arg-Chol/DOPE, Gly-Chol/DOPE, Arg-Gly-Chol/DOPE,
BGTC/DOPE, and PEI. The best carriers for transfecting the majority of tested cells
lines at optimized carrier-to-DNA weight ratios were PEI and BGTC/DOPE.

The feasibility and safety of in vivo cationic
carrier-mediated gene transfer have been
demonstrated in numerous studies [e.g. 1, 2].
Such transfer has become an effective thera-
peutic strategy in destroying various cancers,
as even transient expression of certain thera-
peutic genes delivered to either tumor or en-
dothelial cells may be sufficient to bring about
tumor destruction [1-3]. Genes hampering
development of new vessels within tumor are
a suitable example. Modification of endothe-
lial cells with such genes forms the basis of the

so-called antiangiogenic strategy in cancer
therapy trials [3].

Delivery of therapeutic genes into cells has
been achieved using either viral or non-viral
techniques [1, 4-6]. Synthetic carriers, such
as cationic liposomes or polymers, provide ex-
amples of the latter techniques. A major prob-
lem plaguing trials with non-viral carriers is
their relatively low transfection efficiency, es-
pecially in vivo [4, 5]. However, cationic carri-
ers are relatively cheap, simple to use and
easy for large-scale preparation [1, 4]. They
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are non-immunogenic, do not integrate with
the host genome and have no size limitation
for transferred gene [1, 2, 4].

Optimization of transfection parameters
such as DNA amount, carrier-to-DNA weight
ratio, transfection buffer or complex incuba-
tion time may increase the low efficiencies of
gene transfer currently obtainable with
cationic carriers [3, 7-11].

The aim of our study was to optimize catio-
nic carrier-to-luciferase plasmid DNA weight
ratios in transfection of both tumor and endo-
thelial (refractory to transfection) cells. As
carriers for transfection of B16(F10), T-24,
HECa 10, HEC PP and BAEC cells, the follow-
ing cationic liposomes were used:
DDAB/DOPE, DC-Chol/DOPE, Arg-Chol/
DOPE, Gly-Chol/DOPE, Arg-Gly-Chol/DOPE,
BGTC/DOPE as well as a cationic polymer,
PEI. Transfection efficiency was measured by
assaying the expression of the luciferase re-
porter gene.

MATERIALS AND METHODS

Plasmid DNA. Plasmid pVR1255 contain-
ing the luciferase gene under the control of
CMV promoter (obtained from Dr. R. Zaugg,
Vical Inc., San Diego, CA, U.S.A.) was used.
Plasmid DNA preparations were isolated ac-
cording to Wicks et al. [12] and separated
from endotoxin and other contaminants as de-
scribed by Horn et al. [13].

Cell lines. B16(F10) murine melanoma,
T-24 human bladder carcinoma, HECa 10
murine endothelial cells from lymph nodes
and HEC PP murine endothelial cells from
Peyer’s nodules were grown in RPMI 1640
medium (Gibco BRL) with 10% foetal bovine
serum (FBS; Gibco BRL). HECa 10 and HEC
PP cells were a gift from Dr. Dus (Institute of
Immunology and Experimental Therapy,
Wroctaw, Poland). Bovine aortic endothelial
cells (BAEC, from Clonetics) were grown in
ECGM medium (Clonetics) with 2% FBS. Cul-

tures were maintained in a humidified 37°C
incubator under 5% COs.

Cationic carriers. Two cationic lipids were
synthesized according to literature data:
DC-Chol (3-[N-(N',N'-dimethylaminoetha-
no)carbamoyl]cholesterol) [14] and BGTC
(3-8-I(IN',N-diguanidine ethylaminethane)car-
bamoyl]cholesterol) [15]. The lipids Arg-Chol
(cholesteryl w-BOC-arginine glycinate),
Gly-Chol (cholesteryl glycinate) and Arg-Gly-
Chol (cholesteryl arginine glycinate) were syn-
thesized in our laboratory [16]. The cationic
lipid DDAB (dimethyldioctadecylammonium
bromide) [17] and the cationic polymer PEI
(polyethyleneimine) [18] were purchased
from Sigma, and DOPE (dioleoylophospha-
tidylethanolamine) was from Avanti Polar
Lipids.

Preparation of polyplexes (PEI-DNA
complexes). Aliquots of 2 ug of DNA/well in
a polystyrene tube were diluted to 100 ul with
deionized water and adjusted to 150 mM
NaCl. PEI (25 kDa) stock solution was pre-
pared as described [18]. PEI suspension was
diluted in a separate polystyrene tube to
100 ul using deionized water and adjusted to
150 mM NaCl. The separate solutions were
gently vortexed and incubated for 10 min at
room temp. The PEI solution was added
dropwise to DNA solutions and the
transfection mixtures were vortexed and incu-
bated for further 10 min at room temp.

Preparation of lipoplexes (cationic
liposome-DNA complexes). Aliquots of
2 ug of DNA/well were diluted in a test tube to
100 ul using deionized water (transfection in
the presence of serum) or using OPTI-MEM
(serum-reduced medium, Gibco BRL) for
transfection in medium without serum. Ap-
propriate amounts of cationic carrier suspen-
sions were diluted in polystyrene tubes to
100 ul using deionized water or OPTI-MEM
and incubated for 45 min at room temp. Then,
DNA aliquots were added dropwise to cationic
liposome emulsions and incubated for 15 min
at room temp.
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In vitro transfection. Cells (5 X 10° per  luminescence units (RLU) per milligram of to-
well) were grown on 24-well plates. After 24 h  tal extracted protein.
cells were transfected with 2 ug/well of
pVR1255 plasmid DNA complexed with vary-
ing amounts of the cationic carriers. Appro- RESULTS AND DISCUSSION
priate transfection medium (1 ml) was used to
dilute the prepared polyplexes or lipoplexes For each cell line tested, the transfection ef-
which were then added to plated cells. Cul- ficiencies obtained with optimized cationic
tures were incubated for 4 h at 37°C. Then, the carrier-to-DNA weight ratios (Table 1) are
transfection medium was removed and re-  shown in Fig. 1. The highest luciferase expres-
placed with 1 ml of growth medium contain-  sion (10% RLU/mg protein) was found for
ing 10% FBS. B16(F10) cells transfected using PEI/DNA
Measuring luciferase activity. Twenty- 0.6:1 (w:w). There was no difference in the ef-
four hours after transfection cells were ficiency of transfection mediated by PEI in
washed twice with PBS™ (standard PBS buffer ~ the presence or absence of serum. PEI is a
without Ca®" and Mg2+) and lysed using 150  polyamine with a very high cationic charge
ul lysis buffer (Promega). Cell lysates were  density due to which it constitutes an efficient

Tablel. Optimal carrier-to-DNA weight ratios in transfection cells lines with plasmid pVR1255
complexed with cationic carriers.

The cells were transfected with 2 ug/well of luciferase gene-containing pVR1255 plasmid DNA complexed with dif-
ferent amounts of cationic liposomes indicated or the cationic polymer PEI. Transfection took place in medium
with 10% FBS (+FBS) or medium without serum (-FBS).

Optimal carrier-to-DNA weight ratio

Carrier B16(F10) T-24 HEC PP HECa 10 BEAC
-FBS +FBS -FBS +FBS -FBS +FBS -FBS +FBS -FBS +FBS

Arg-Chol/DOPE 3:1 7:1 2:1 1:1 2:1 2:1 5:1 7:1 3:1 3:1
Gly-Chol/DOPE 3:1 10:1 3:1 2:1 5:1 2:1 2:1 2:1 3:1 3:1
Arg-Gly-Chol/DOPE 3:1 7:1 3:1 3:1 5:1 7:1 3:1 5:1 3:1 1:1
DDAB/DOPE 2:1 3:1 3:1 7:1 3:1 5:1 3:1 5:1 3:1 1:1
DC-Chol/DOPE 1:1 5:1 2:1 3:1 2:1 5:1 7:1 7:1 3:1 3:1
BGTC/DOPE 2:1 5:1 2:1 5:1 3:1 5:1 5:1 5:1 3:1 7:1
PEI 0.6:1 0.6:1 0.6:1 0.6:1 3:1 0.6:1 1:1 0.6:1  0.6:1 3:1

centrifuged (15000 r.p.m., 15 min, 4°C). Luci-  vector for DNA delivery into cells as it con-
ferase activity was measured using 20 ul  denses DNA, improves its escape from

aliquots of supernatant to which 100 ul luci-  endocytic vesicles and may even promote
ferase substrate (Promega) was added. transgene transfer from the cytoplasm to the
LUMAT LB 9501/16 luminometer (Berthold) nucleus [4, 18, 19]. Polyethyleneimine was
was used. Protein concentration was deter- used on its own and demonstrated satisfac-
mined in 10 ul aliquots of supernatant using  tory transfection efficiencies in the majority
Dye Reagent Concentrate solution (Bio-Rad). of tumor and endothelial cell lines tested (see

Luciferase activity was normalized to relative  Fig. 1).
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The cationic liposome preparations used in
our study contain an electrostatically neutral
component, DOPE, as well as lipids featuring
cationic cholesterol derivatives (except for
DDAB, a detergent). Cholesterol is well
known to improve stability of cationic liposo-
mes and to prolong half-life of their complexes
with plasmid DNA in circulation [2, 7].

units (RLU) per milligram of total extracted cell pro-
tein. Each data point represents mean luciferase activ-
ity measured in triplicate (+S.D.) at the optimal car-
rier-to-DNA weight ratios.

Liposomes made of cationic lipids and DOPE
usually yield better transfection efficiencies
than corresponding cationic lipids alone, be-
cause DOPE promotes membrane fusion thus
helping in endosome disruption [2, 4, 20]. For-
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mulations of cationic liposomes used had been
previously optimized (data not shown). They
were as follows: DDAB/DOPE 0.6:1 (w:w),
DC-Chol/DOPE 1:1 (w:w), Arg-Chol/DOPE
2:1 (w:w), Gly-Chol/DOPE 2:1 (w:w) Arg-Gly-
Chol/DOPE 2:2:1 (by wt.) and BGTC/DOPE
3:2 (mol:mol).

The majority of the cationic liposomes tested
yielded satisfactory transfection levels (see
Fig. 1). As expected, we found differences be-
tween luciferase expression levels in the cells
transfected using serum-containing medium
and medium without serum. For all cell lines,
the expression of the reporter gene (at the op-
timized carrier-to-DNA weight ratios) in me-
dium without serum was, on average, one or-
der of magnitude higher (107—1010 RLU/mg
protein) than that obtained in the presence of
10% serum (105—108 RLU/mg protein). Se-
rum presence in the medium usually de-
creases transfection efficiency achievable
with cationic liposomes due to the binding of
the negatively charged serum proteins to
lipoplexes which prevents binding of the latter
to target cells [2, 4].

Transfection efficiency varies between dif-
ferent types of cationic carriers (Fig. 1). It is
not known whether these differences are due
to different abilities of the cationic lipids
tested to form complexes with DNA, or
whether they reflect the efficiency of DNA
transfer into cells [3, 11]. Under the same con-
ditions, transfection efficiencies using the
same carriers differ in various cell types (Fig.
1). Consistently high level of transgene ex-
pression was observed for B16(F10) cells.
Generally, the efficiency of tumor cell trans-
fection was on average one order of magni-
tude greater (10-10'° RLU/ mg protein)
than that of endothelial cells (10°-10°
RLU/mg protein), especially in se-
rum-containing medium (Fig. 1). This is prob-
ably caused by differences in plasma mem-
brane structure between tumor and endothe-
lial cells. Alternatively, it may result from dif-
ferential uptake ability of carrier-DNA com-
plexes by these cells. High levels of transgene

expression following lipofection are obtained
only in actively dividing cells [21]. As endothe-
lial cells proliferate much slower than tumor
cells, their transfection efficiency is corre-
spondingly lower. Nevertheless, even though
endothelial cells are difficult to transfect [3],
we show that they can be transfected with ac-
ceptable efficiency using cationic carriers
(Fig. 1).

Our data demonstrate that all the cationic
carriers tested: DDAB/DOPE, DC-Chol/
DOPE, Arg-Chol/DOPE, Gly-Chol/DOPE,
Arg-Gly-Chol/DOPE, BGTC/DOPE and PEI
are useful reagents for transfecting mamma-
lian cells, both tumor and endothelial. At opti-
mized carrier-to-DNA weight ratios they can
provide high transfection levels in such cells.
The best carriers for transfecting the majority
of the cells tested were the cationic polymer
PEI and cationic BGTC/DOPE liposomes.

We thank H. Paterak and M. Krawczyk for
their technical assistance.
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