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methods were developed that enable such

characterization in biological fluids such as

serum, plasma or even whole blood.
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n vitro luciferase gene expression in A549 lung

denocarcinoma cells and selection of the

ost optimal mRNA:liposome ratios are the

rst steps towards this goal. The efficiency of

RNA/GL67 complexes will be compared to its

th generation plasmid counterparts–pCpG-

MV-Luc/GL67 lipoplexes. This non-viral mRNA

elivery system is potentially a more efficient

ay for delivering therapeutic genes specif-

cally and directly to the respiratory tract.

he respiratory tract is a very interesting and

mportant target organ for gene therapy as it is

ffected by many acute and chronic diseases,

uch as cancer, cystic fibrosis, asthma, alpha-1-

ntytrypsin deficiency or respiratory infections.

t is quite a special organ with the possibility of

on-invasive, topical administration of a drug

hrough the airways.
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A large effort is currently put into the devel-

pment of nano-scaled carrier systems that

an guide siRNA molecules to their target cells

fter intravenous injection. One of the main

ssues in this research is the integrity of the

iRNA containing nanoparticles in the blood

tream. The integrity of the nanoparticles com-

rises both the particle size and the stable

ncapsulation of siRNA. Techniques currently

vailable for studying the disassembly and

ize distribution of siRNA containing nanopar-

icles are time-consuming and incompatible
ith biological fluids. We initially developed

fluorescence fluctuation spectroscopy (FFS)

ased method which allows us to monitor the

ntegrity of siRNA-carrier complexes in less
cember 2010

than one minute in complex biological media

and at very low siRNA concentrations. Second,

while the size distribution of the complexes

can be easily measured in a clear disper-

sion by dynamic light scattering or electron

microscopy, it cannot be measured in more

complex biological media such as plasma or

whole blood, which contain several different

interfering components. To address this issue,

we have developed a novel technique, based

on single particle tracking (SPT) microscopy, for

studying the size distribution (and aggregation)

of nanoscopic drug complexes in biological

fluids. For stabilization of the particle size of

cationic lipid based nanoparticles, inclusion of

lipids conjugated with PEG is widely used to

sterically hinder aggregate formation. We have

demonstrated that in order to obtain remaining

siRNA complexation to the cationic liposomes,

effective encapsulation inside the liposome, or

in between lipid multilayers is required, since

siRNA electrostatically bound to the outer side

of the liposomes is quickly pushed away by

the ubiquitous albumin molecules in blood

which leads to siRNA degradation and loss of

effectiveness. Formation of siRNA protecting

multilayers is hindered by inclusion of PEG-

lipids, a hurdle that needs to be overcome

either by post-insertion of the PEG-lipid into

multilayer containing siRNA-liposome com-

plexes, or by efficient encapsulation of the

siRNA inside the aqueous core of the PEGy-

lated liposome. Size stabilization in buffer can

be easily achieved by inclusion of minor per-

centages (∼1%) of PEG-lipids. In whole blood

however, we demonstrate that much higher

percentages of PEG–lipids (5–10%) are required

to achieve size stabilization. This requirement

has not been previously considered because

of the lack of a suitable technique to study the

aggregation phenomena in whole blood. In our

work we demonstrate that assaying the physic-

ochemical properties of siRNA encapsulating

nanoparticles should always be carried out

in the biological media they are designed to

be employed in. Two novel microscopy based
DELEGATE ABSTRACTS
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For magnetic resonance imaging (MRI) of

therapeutic cells, these cells are often prela-

belled in culture with iron oxide nanoparticles,

enabling them to be non-invasively moni-

tored by MRI following transplantation in vivo.

Magnetoliposomes (MLs) are nanosized Fe3O4-

cores (14 nm diameter) each surrounded by

a lipid bilayer [1]. Different types of MLs have

been utilised for biomedical research appli-

cations [2,3], where cationic MLs are more

optimally suited for in vitro cell labelling [1].

Unfortunately, cationic lipids display sev-

eral inherent properties which, to date, have

not been clearly defined [4]. In the present

work, cationic MLs as well as their non-iron

oxide-containing vesicular counterparts were

used to label NIH 3T3 fibroblasts. Using dis-

tearoyltrimethyl ammoniumpropane (DSTAP)

as the cationic lipid the effects on cell physi-

ology of the different particles was compared.

Different amounts of DSTAP were used, indi-

cating that when the cationic lipids exceed

a certain safe threshold (3.33%), this affects

cell viability by different mechanisms that

are dependent and independent of actual

nanoparticle internalization. Internalization-

dependent mechanisms are closely linked

to the induction of reactive oxygen species

and altered Ca2+ homeostasis; the indirect

mechanisms appear to indicate plasma mem-

brane destabilization by means of transfer of

the cationic lipid from the nanoparticles to

the plasma membrane. The extent of cationic

effects could be modified by: (1) the size of

the liposome, (2) the presence of a stabilising

iron oxide core, (3) the use of reactive oxy-

gen species or Ca2+ channel inhibitors, (4) the
nature of the cationic lipid and (5) the nature

of the neutral matrix lipids. Based on these

results, a novel cationic peptide-lipid conjugate

(dipalmitoylphosphatidylethanolamine-

www.drugdiscoverytoday.com 1081
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uccinyl-tetralysine [DPPE-succ-(Lys)4]) was

ynthesized, which efficiently reduced cytotoxic

ffects and further augmented the internaliza-

ion efficiency of the MLs [5]. In conclusion, the

esults indicate that the use of cationic lipids

or transfection purposes should be carefully

onsidered as they can induce severe cytotoxic

ffects. By carefully controlling the physico-

hemical properties of the liposomal systems

sed, many of the cytotoxic effects can immedi-

tely be reduced. These data highlight the need

or careful optimization of cationic liposome

ormulations and that great advances can still

e made with respect to diminished toxicity

nd enhanced internalization.

eferences
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Iron oxide nanoparticles are routinely

xploited as T2/T2* contrast agents [1]. One

f the most active topics in this biomedical

esearch area is the non-invasive imaging of

re-labelled stem or therapeutic cells upon

ransplantation in vivo in [2]. To this end,

ommercial particles such as Endorem® are

requently employed, however, the particles

isplay several characteristics which makes

hem less suitable for in vitro labelling [3]. In

he present work, the effects on cell physiology

f in-house produced cationic magnetolipo-

omes (MLs), that is, 14-nm diameter iron oxide

ores each individually enwrapped by a lipid

ilayer containing 3.33% of distearoyltrimethyl
mmoniumpropane (DSTAP)[4] – a cationic

ipid – are compared with the effects of Resovist

carboxydextran), Endorem (dextran) and VSOP

citrate) iron oxide particles. When the particles

082 www.drugdiscoverytoday.com
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are incubated at high dosages, reaching high

intracellular iron levels, this results in a tran-

sient decrease in cell cycle progression, actin

cytoskeleton remodelling and focal adhesion

formation and maturation [5]. The extent of

these effects is in line with the intracellular iron

concentration and appears to be common for

all particles. When reaching similar intracellular

iron concentrations and when verifying that the

different particles are routed along the same

way and are therefore exposed to similar intra-

cellular microenvironment at fixed time points,

it is shown that intracellular stability of the

coating molecules is of high importance. The

results in vitro show that citrate-coated particles

are rapidly degraded, whereas those coated

with dextran are more stable, but still less than

the MLs. The degradation of the particles can

be shown by the increase in free ferric ions,

and the distorted r1/r2 ratio of the particles,

hampering their use for long-term imaging.

Labelled cells further show increases in reac-

tive oxygen species and transferrin receptor

expression in C17.2 neural progenitor cells and

impeded functionality of PC12 rat pheochro-

mocytoma cells. The extent of these effects is

in line with the degradability of the particles

in vitro. The MLs appear to be the most stable

particles and further show a high persistence

of the label in continuously proliferating C17.2

cells. In conclusion, the results indicate that

the type of coating material used is highly

important with regard to maintaining cell

functionality and stability of the label. Further

characterization of cell-nanoparticle interac-

tions is both warranted and needed [1].
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Introduction and aim: The nuclear mem-

rane is currently one of the major cellular

arriers to the effective delivery of plasmid

NA (pDNA). Cell division has a positive influ-

nce on the transfection efficiency from naked

DNA and nanoparticles containing pDNA. At

he end of mitosis, the pDNA near the chro-

atin is probably randomly included in the

uclei of daughter cells during reassemby

f the nuclear envelope around chromatin.

owever, very little is known on the nuclear

nclusion of nanoparticles during cell divi-

ion. We were interested if inert nanospheres

et randomly enclosed in artificial Xenopus

uclei and in nuclei of dividing cells. We

nvestigated nanospheres with a different

ize and charge, and whether the enclosure

ould be enhanced by the use of chromatin

inding peptides such as AT-hooks. Mate-

ial and methods: Non-targeted positively

harged, poly-ethyleneglycol (PEG)-ylated

nd negatively charged green fluorescent

olystyrene nanospheres (Molecular Probes)

f 100, 200 or 500 nm were used. The 100 nm

anospheres were also modified with Mel-

8 (GPSKPRGRPPKHKAKT), mutated Mel-28

GPSKPGGGPPGHKAKT) or HMGA2 (SPKR-

RGRPKGSKNKS), containing an AT-hook or a

utated AT-hook (targeted nanospheres). Artifi-

ial nuclei were obtained with the ‘Xenopus

gg extract (XEE) nuclear assembly reac-

ion’. The enclosure of the nanospheres in

he artificial nuclei and upon microinjec-

ion was visualised by confocal fluorescence

icroscopy. Results and conclusions: Periodically

he non-targeted nanospheres were able to get

nclosed in the artificial nuclei but enclosure

as rather limited. The enclosure of the posi-

ively charged spheres is higher than that of the
egatively charged and the PEG-ylated variants,

ikely as a result of aspecific interactions with

he nett negatively charged chromatin. Size

s also important: spheres with a diameter of
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