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ells. Nanoparticles were characterized and

ome preliminary in vitro studies were done,

howing that nucleic acids are efficiently con-

ensed with this system, which appears to have

potential use in cancer gene therapy.

oi:10.1016/j.drudis.2010.09.418

72
educed transgene persistence and traf-
cking to nuclear periphery are barriers to
ransfection in lipid substituted nonviral
ationic polymer

harlie Hsu ∗, Hasan Uludag

808 Chemical and Materials Engineering

uilding, University of Alberta, Edmonton, Alberta

6G 2G6, UK

∗Corresponding author.

-mail: hsu@ualberta.ca (C. Hsu).

Background: Polyethylenimine (PEI) is one

f the most sought after cationic polymer

or nonviral gene delivery owing to its ability

o transfect a variety of cell types efficiently.

he amine groups found on the polymer ren-

ers high density of cationic charges, which

acilitates efficient binding to DNA, while

llowing polymer to be derivatized conve-

iently. Recently, our lab has derived a novel

mphiphilic polymer by grafting linoleic acid

LA) to a low molecular weight PEI (2 kDa). The

esulting polymer, PEI2k-LA, displayed signif-

cant improvement in transfection efficiency

n HEK 293T cells over the ineffective, unmod-

fied 2 kDa PEI. However, when PEI2k-LA was

sed to transfect rat bone marrow stromal

ell (rBMCS), low transfection was observed

espite 80% of the cells showing polyplex

ptake. We aim to further improve PEI2k-LA

ransfection efficiency in primary cell line by

aining better understanding of its intracel-

ular kinetics in transfection. In this study, we

ompared the efficiency of polyplexes traffick-

ng to the nuclear periphery with respect to

ellular uptake and transgene expression. Poly-

lexes routing to the nuclear periphery may

acilitate passive nuclear uptake of transgene

NA following mitosis, which may increase the

robability of transgene expression. Methods:

mammalian expression vector encoding the

reen fluorescent protein is covalently labeled

ith Cy5 (Mirus Bio Label IT® Tracker). Plasmid

NA labelled using this method maintains tran-

criptional activity, permitting simultaneous
racking of DNA and transgene expression.

abelled DNAs are complexed with PEI2k-LA

r 25 kDa branched PEI (bPEI25k) to trans-

ect tissue cultured rBMSC; cells and nuclei

106 www.drugdiscoverytoday.com
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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 �M,

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
oday • Volume 15, Numbers 23/24 • December 2010

f leukemic KG1a and K562 cells and then

ompared the data with that obtained from

xperiments in cells incubated with R8. Laurdan

6-dodecanoyl-2-dimethylaminonaphthalene) is

fluorescent membrane probe that possesses

ifferent spectral properties depending on the

hospholipid phase state of the membrane.

pon passing from the gel phase to the liquid

rystalline phase a shift of the emission max-

ma is observed, from 440 nm to 490 nm and

he emission/excitation values obtained can

e used to determine membrane fluidity. The

esults confirm that for both cell lines, over

he temperature range of 4–37 ◦C, the plasma

embrane fluidity increased with increasing

emperature. Extraction of plasma membrane

holesterol results in an influx of R8-Alexa488

nto the cytosol of cells incubated at 37 ◦C with

�M peptide but this effect can be reversed

y adding back cholesterol to cholesterol

epleted cells. M�CD treatment caused an

ncrease in plasma membrane fluidity but this

as unchanged in cells in which had been

ncubated with M�CD:Chol. Direct plasma

embrane translocation of R8-Alexa488 was

reviously seen in the majority of both KG1a

nd K562 cells within 10 min of peptide addi-

ion (10 �M) while the peptide was restricted

o intracellular vesicles at 2 �M thus raising the

ossibility that translocation at high concentra-

ion was the result of peptide induced effects

n membrane fluidity. This was however not

he case as no effects on membrane fluidity

ere observed when similar Laurdan mea-

urements were performed in R8 treated cells.

verall the data show that under conditions

here direct translocation of R8 is observed,

he fluidity of the plasma membrane is unper-

urbed.
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