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Introduction

Gene therapy holds great promise for treating wvarious forms of
digeazes with a genetic origin including cystic fibrosis, different forms
of cancer, and cardiovascular dizorders. The clinical uze of gene
therapy treatments iz however restricted, mainly becanse of the
abaence of zafe and efficient gene delivery technologies, In the past
decade, non-viral approaches, particularly cationic lipid or polymer-
bazed systems, have received rapidly growing interest, becanse they
offer several advantazes over the wiral counterparts. As compared to
viral vectors, non-viral aystems have a low or absent immunogenicity,
can relatively easily be scaled-up, and have great flexibility with
regard to vector modification and DMNA incorporation. Nevertheless,
crrently investicated gene delivery polymers lice polyethylenimine
(PED), poly(L-lysine) (PLL), polyamidoamine dendrimers (PANMAN),
and poly(2-(dimethylamino)ethyl methacrylate) (pDMAEMA) have
not yet advanced to clinical evaluation, mainly due to their low in vive
transfection activity and acute cytotoxicities In owr group, with an
alm of dewveloping efficient and nontoxic polymeric gene delivery
aysterns, several novel types of polymeric zene carriers have been
dezigned, synthesized, and evaluated Herein, I will mainly present
or worll on low molecular weight linear PEI-PEG-PEI triblock
copolymers, degradable hyperbranched poly(ester amine)s, and
reduction-sensitive poly{amido amine)s,

Results and discussion

PEI-PEG-PEI  triblock  copolymers.”® The  cationic
polymerization of Z-methyl2-oxazoline (MeOQZC) using PEG-
bisftosylate) as a macroinitiator followed by acid hydrolysis afforded
linear PEI-PEG-PEI friblock copolymers with controlled compositions
(Scheme 1). Two copolymers, PEI-PEG-PEI 2100-3400-2100 and
4000-3400-4000, were gynthesized.
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Scheme 1. 3ynthesis of PEI-PEG-PEI triblock copolymers.

Both copolymers were shown to interact with and condense
plasmid DMNA  effactively to give polymer/DMNA  complexes
(polyplexes) of small sizes (< 100 m) and moderate zata-potentials (~
+10 mV) at polymer/plasmid weight ratios = 1.3/1. Thesze polyplexes
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ware able to efficiently transfect COS-7 cells and primary bovine
endothelial cells (BAECS) in vitro. The fransfection activity of
polyplexes of PEI-PEG-PEL 4000-3400-4000 in BAEC cells using
luciferaze as a reporter zene was thresfold higher than for polyplexes
of linear PEI 25k, The presence of serun in the transfection mediim
had no inhibitive effact on the transfection activity of the PEI-PEG-
PEI polyplexes. These PEI-PEG-PEI friblock copolymers displayed
alzo an improved safety profile in comparison with high molecular
weight PEls.

Degradable hyperbranched poly(ester amine)s’® Nine
poly{ester amine)s were obtained in high yields through a Michael-
type conjugate reaction between three diacrylate monomers and three
trifirietional amine monomers (monomers see Table 1), Analyais of
degradation products using liquid chromatography-mass spectroscopy
(LC-ME)  demonstrated that all poly{ester aminels had a
hyperbranched struchre with a degres of branching of approximately
0,30, These polylester amineds were readily water-soluble and
degradable under physiclogical conditions (pH 7.4, 37 °0), in which
more than 10 % ester bond: were hydrolyzed within 4 hours.
Moreover, these hyperbranched polyiester amine)s showed high
buffering capacities between pH 51 and 7.4 Three out of nine
aynthesized polymers were shown to effectively condense plasmid
DMA into small-zized and positively charged complexes. The highest
transfection level was obzerved for p(HDDA-AEP)Y polyplex which
had a transfection efficiency higher than or comparable to that of
polyplexes of PEl and pDMAEMA, Fuarthermore, theze poly{ester
aming)s revealed no or low cytotoxicity.

Table 1, Monomers zelected for the gyrthesiz of hyperbranched
poly(ester amine)s.
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Reduction-sensitive poly{amido amine)s (SS-PAAS)

{(unpublished results). The 33-PAA polymers were prepared by
Michael addition of selected primary amines to  cystamine
bizacrylamide (CBA) (Scheme 2). The polymerizations were
performed in methanolwater (4/1, wv) at 45 %C under nitrogen
atmosphers, 'H-NMR spectra (0,0, 300 MHz) indicated that all
polymers have the expected composzitions. GPC meamrements
showed that these polymers have M, values in the range from 3000 to
2000 gmol with polydispersity indexes (PDI) ranging from 1.26 to
1.66.
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Scheme 2. Synthesis of reducible poly{amido amine)s (35-PA A3,

Dynamic light scattering (DLS) and =zeta potential measuremerts
showed that five out of seven synthesized polymers (except pMPA
and pAEEOL) are capable to effectively condense plasmid DNA into
asmall (= 200 rm) and positively charged (>+20 mV) polyplexes.
[mportantly, these polyplexes were stable af phyziological pH, but are
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rapidly dissociated in the presence of 2.3 mM dithiothreitol {a
reducing agent), mimicliing the reductive intracellular envirormment.
The transfection efficiency and cell viability experiments showed that
polypleres of several S3-PAAs have much higher transfection
efficiency than that of the reference polymer pDMAEMA. In
particular, a remarlcably high transfection was  observed for
poly(CBA-APOL) at a polymer/DNA weight ratio of é4/1 in the
abzence of serum, with more than 8-fold higher efficiency than that of
the reference polymer. Nearly all 33-PAA polyplexes are practically
nontoxic (~100% cell wviability) at polymer/DNA ratioz showing
optimal transfection efficiency.
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