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Their mechanism of action is still under inves-
tigation. The combination of electrotransfer
and triblock copolymers, in allowing softening
electric field conditions leading to efficient
DNA transfection, could potentially represent a
milder and more secure transfection method.
In the present study, we address the possible
synergy that could be obtained by combining
the copolymer triblock L64 and electropo-
ration. The synthesis of fluorescent probes
L64-rhodamine and DNA-rhodamine is pre-
sented here. These probes allowed us to gain
some insights into the mechanism of transfec-
tion of the combined physical and chemical
methods. We have found that a pretreatment
of cells with L64 could improve the transfection
efficiency. Neither interaction of DNA with the
cell membrane, nor L64 membrane interaction
seemed to be related to the gain obtained in
these transfecting conditions.

doi:10.1016/j.drudis.2010.09.415

A69

A receptor-mediated gene delivery sys-
tem using CXCR4 ligand-conjugated
cross-linking peptides

A.A. Egorova, A.V. Kiselev*, M.S. Bogacheva, V.S.

Baranov

Ott’s Institute of Obstetrics and Gynecology,
199034 Saint-Petersburg, Mendeleevskaya line, 3,
Russian Federation

*Corresponding author.
E-mail: ankiselev@yahoo.co.uk (A.V. Kiselev).

Application of DNA as therapeutics requires
efficient cell and tissue-specific targeting which
can be achieved by modification of vehicles
with a ligand for certain receptor. CXCR4 is a
receptor of chemokine SDF-1 and is expressed
on some types of cancer and stem cells.
Cystein-flanked peptides which are capable
of forming small and stable DNA condensates
because of cross-linking are considered to be
a perspective group of non-viral vehicles. The
aim of this project is to characterize a CXCR4
ligand-conjugated cross-linking peptides as a
receptor-mediated gene delivery system. We
studied four types of DNA/peptide complexes
with different ratio between cystein-flanked
arginine-rich peptide modified with N-terminal
sequence of the chemokine SDF-1 (residues
1-17) and peptide (CHRRRRRRHC) — 100%, 50%,
10% and 0% (ligand-free control). The peptides
modification with histidine residues facilitates
the escape of DNA from endosomes. Template
polymerization of cross-linking peptides was
used to form DNA/peptide complexes. EtBr

exclusion and DNA retardation assays proved
peptides ability to condense DNA. Transfec-
tion activity was studied in CXCR4(+),(A172

and Hela) and CXCR4(—) (CHO) cell lines with
lacZ as a reporter gene. Transfection efficacy

of ligand-conjugated vehicles in CXCR4(+)

HelLa and A172 cells was 10-times higher com-
pared to control peptide. The level of transgene
expression with ligand-conjugated peptides in
low N/P ratios was comparable with the efficacy
of control PEI. Otherwise transfection efficacy of
ligand-conjugated peptides on CXCR4(—) CHO
cells was lower than in control PEI. Thus these
results demonstrate that ligand-conjugated
peptide-based vehicles reported can be a per-
spective approach for effective gene delivery to
CXCR4 expressing cells.
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Lipid nanocapsules are recently developed
as nanocarriers for lipophilic drugs delivery.
The surface characteristics of these colloidal
particles are determinant in order to provide
a controlled and directed delivery on target
tissues with specific markers. We report the
development of immuno-nanocapsules, in
which antibodies are conjugated to nanocap-
sules offering the promise of selective drug
delivery to specific cells. Several nanocapsule
systems were prepared by the solvent dis-
placement technique obtaining an oily core
surrounded by a functional shell with surface
carboxylic groups. Antibodies were conjugated
with nanoparticles by the carbodiimide method
that allows it the covalent immobilization of
protein molecules through these carboxylic
surface groups. A complete physico-chemical
characterization of the immuno-nanocapsules
was developed confirming the immobiliza-
tion of protein molecules on the colloidal

nanoparticles via electrokinetic and colloidal
stability experiments. The immunoreactiv-

ity of the protein-nanocapsules complexes
was studied following the changes in the
turbidity after addition of specific antigens,
showing an adequate surface disposition of
the covalent bound antibodies in order to

a specific immunological recognize. Finally,
nanocapsules were conjugated to a specific
antibody to HER2 oncoprotein. In this case, in
addition to the colloidal characterization, an
‘in vitro’ study was developed using this sur-
face modified system with different lipophilic
anti-cancer drugs entrapped in their oily core.
Flow cytometry experiments were used in
order to evaluate the cytotoxicity (IC50) of our
modified nanocapsules with wild-type and
HER2 over expressing tumoral, cell lines. The
obtained results have shown the capacity of the
immuno-nanocapsules to increase their uptake
in tumoral cells, suggesting their ability to a
selective deliver drugs.
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The combination of the complete human
genome sequence and the understanding of
molecular pathways of some diseases including
cancer, could lead to develop several inter-
esting new treatments, such as gene therapy.
But one of the major obstacles preventing
this therapy from being used is the lack of
specific and efficient delivery systems. The
uptake of vectors by living cells depends on
the degree of DNA condensation, thus we used
a demonstrated condensing agent of nucleic
acids: spermine. Nanoparticles based on DNA
condensation by this natural polyamine were
synthesized. In order to protect DNA against
DNase degradation, these nanoparticles were
coated with the positive charged polymers
chitosan or polyethyleneimine (PEI). Folic acid
was covalently bound to chitosan with the aim
of enhance nanoparticle endocytosis via folate
receptor, which is over-expressed in cancer
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cells. Nanoparticles were characterized and
some preliminary in vitro studies were done,
showing that nucleic acids are efficiently con-
densed with this system, which appears to have
a potential use in cancer gene therapy.
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Background: Polyethylenimine (PEI) is one
of the most sought after cationic polymer
for nonviral gene delivery owing to its ability
to transfect a variety of cell types efficiently.
The amine groups found on the polymer ren-
ders high density of cationic charges, which
facilitates efficient binding to DNA, while
allowing polymer to be derivatized conve-
niently. Recently, our lab has derived a novel
amphiphilic polymer by grafting linoleic acid
(LA) to a low molecular weight PEI (2 kDa). The
resulting polymer, PEI2k-LA, displayed signif-
icant improvement in transfection efficiency
in HEK 293T cells over the ineffective, unmod-
ified 2 kDa PEIl. However, when PEI2k-LA was
used to transfect rat bone marrow stromal
cell (rBMCS), low transfection was observed
despite 80% of the cells showing polyplex
uptake. We aim to further improve PEI2k-LA
transfection efficiency in primary cell line by
gaining better understanding of its intracel-
lular kinetics in transfection. In this study, we
compared the efficiency of polyplexes traffick-
ing to the nuclear periphery with respect to
cellular uptake and transgene expression. Poly-
plexes routing to the nuclear periphery may
facilitate passive nuclear uptake of transgene
DNA following mitosis, which may increase the
probability of transgene expression. Methods:
A mammalian expression vector encoding the
green fluorescent protein is covalently labeled
with Cy5 (Mirus Bio Label IT® Tracker). Plasmid
DNA labelled using this method maintains tran-
scriptional activity, permitting simultaneous
tracking of DNA and transgene expression.
Labelled DNAs are complexed with PEI2k-LA
or 25 kDa branched PEI (bPEI25k) to trans-
fect tissue cultured rBMSC; cells and nuclei

are processed for analysis by flow cytome-

try at 0.16, 1, 4, and 7 days to assess for DNA
uptake and transgene expression. Results and
discussion: GFP-expression was detected in
bPEI25k transfected cells, but not with PEI2k-LA
treated cells. PEI2k-LA was able to deliver DNA
with similar efficiency as bPEI25k; both carri-
ers delivered DNA to >90% of cells by Day 1.
However, the percent of cells with DNA uptake
reduced to <50% at an earlier time point with
PEI2k-LA than with bPEI25k (~1.7-fold differ-
ence between carriers by Day 4). There were
significantly fewer nuclei with plasmid DNA
associated from PEI2k-LA treated cells than
bPEI25k (6% versus 43%, Day 7). Further, the
nuclei from PEI2k-LA treated cells had, on
average, fewer amounts of DNA associated
(~11-fold lower). Taken together, these data
suggest that the lack of transfection in rBMSC
by PEI2k-LA may be attributed to reduced
transgene trafficking to the nuclear periphery
and reduced intracellular retention of transgene
DNA. Carrier efficiency in transfection may be
improved by concurrently enhancing its DNA
protective ability and nuclear routing capability.

doi:10.1016/j.drudis.2010.09.419
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Despite a large body of research, the mech-
anism of CPP translocation across biological
barriers remains unclear. CPP interactions
with membrane lipids have been studied by
numerous groups and are hypothesised to
be critical determinants for internalisation
into cells. The possibility exists that cationic
CPPs such as octaarginine (R8) and HIV-TAT,
at certain concentrations, affect the phase
behaviour of the membrane bilayer [1,2]. This
phenomenon may explain our earlier stud-
ies with leukaemia cells; R8 freely crosses the
plasma membrane at concentrations >5 pM,
in cells depleted of cholesterol and also at low
temperatures [3]. We therefore determined
what effects different temperatures, and choles-
terol manipulations had on the fluidity and
phase behaviour of the plasma membrane

of leukemic KG1a and K562 cells and then
compared the data with that obtained from
experiments in cells incubated with R8. Laurdan
(6-dodecanoyl-2-dimethylaminonaphthalene) is
a fluorescent membrane probe that possesses
different spectral properties depending on the
phospholipid phase state of the membrane.
Upon passing from the gel phase to the liquid
crystalline phase a shift of the emission max-
ima is observed, from 440 nm to 490 nm and
the emission/excitation values obtained can
be used to determine membrane fluidity. The
results confirm that for both cell lines, over

the temperature range of 4-37 °C, the plasma
membrane fluidity increased with increasing
temperature. Extraction of plasma membrane
cholesterol results in an influx of R8-Alexa488
into the cytosol of cells incubated at 37 °C with
2 M peptide but this effect can be reversed
by adding back cholesterol to cholesterol
depleted cells. MBCD treatment caused an
increase in plasma membrane fluidity but this
was unchanged in cells in which had been
incubated with MBCD:Chol. Direct plasma
membrane translocation of R8-Alexa488 was
previously seen in the majority of both KG1a
and K562 cells within 10 min of peptide addi-
tion (10 wM) while the peptide was restricted
to intracellular vesicles at 2 M thus raising the
possibility that translocation at high concentra-
tion was the result of peptide induced effects
on membrane fluidity. This was however not
the case as no effects on membrane fluidity
were observed when similar Laurdan mea-
surements were performed in R8 treated cells.
Overall the data show that under conditions
where direct translocation of R8 is observed,
the fluidity of the plasma membrane is unper-
turbed.
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