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Abstract Amphiphilic triblock copolymers monometh-
oxyl poly(ethylene glycol) (mPEG)-b-poly(e-caprolactone)
(PCL)-b-poly(aminoethyl methacrylate)s (PAMAs) (mPE-
CAs) were synthesized as gene delivery vectors. They
exhibited lower cytotoxicity and higher transfection effi-
ciency in COS-7 cells in presence of serum compared to
25 kDa bPEI. The influence of mPEG and PCL segments
in mPECAs was evaluated by comparing with corre-
sponding diblock copolymers. The studies showed the
incorporation of the hydrophobic PCL segment in triblock
copolymers affected the binding capability to pDNA and
surface charges of complexes due to the formation of
micelles increasing the local charges. The presence of
mPEG segment in gene vector decreased the surface
charges of the complexes and increased the stability of the
complexes in serum because of the steric hindrance effect.
It was also found that the combination of PEG and PCL
segments into one macromolecule might lead to synergistic
effect for better transfection efficiency in serum.

1 Introduction

Gene therapy has gained significant attention over the past
two decades as a potential method for the treatment of
human disease by the transfer of genetic material into
specific cells of the patient [1-3]. Initial research concen-
trated on viral vectors for their high gene transfection
efficiency. However, as the drawbacks associated with viral
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vectors were discovered, the focus has gradually diverted
to nonviral gene delivery systems [4, 5].

Cationic polymers is an important class of nonviral gene
delivery systems, including poly(ethylenimine) (pEI) [6],
and poly-L-lysine (pLL) [7], poly(2-dimethylaminoethyl
methacrylate) (pDMAEMA) [8], and so on [9-11]. These
cationic polymers studied frequently could compact DNA
effectively via electrostatic interactions between the positive
charges of the polycations and the negatively charged
phosphate groups of DNA to form nanoparticles capable of
transfecting a variety of cell types. However, most of cationic
polymers often cause distinct cytotoxicity due to their high
positive charges, and their complexes with DNA are easily
cleaned out from the circulation system by the reticuloen-
dothelial system because of the association with plasma
proteins and other cellular components after intravenous
injection. Therefore, the conjugation of cationic polymers
with hydrophilic and nonionic polymers, such as poly(eth-
ylene glycol) (PEG), poly(2-hydroxyethyl methacrylate)
(PHEMA), provides a potential modification strategy to
create a steric barrier against self-aggregation, and to shield
cationic charge groups [12-16]. Unfortunately, the incor-
poration of PEG segments also might lead to reducing DNA
complexation and cell uptake to a certain extent [17, 18].

Recently, several research groups reported that the
introduction of biocompatible hydrophobic segments into
the gene delivery vectors could enhance the interaction of
vectors with cells [19-21]. For instance, copolymers
composed of poly(ethylene oxide) and poly(propylene
oxide) (PPO) were found to possess the unique ability of
penetrating into cell membranes as a result of the presence
of the hydrophobic PPO chain [22]. In addition, Yang
demonstrated that hydrophobic segments in cationic tri-
block amphiphilic oligopeptides could enhance the ability
of carriers to condense DNA [23].
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In the present work, we designed and synthesized ABC-
type triblock copolymers composed of mPEG, hydrophobic
PCL and cationic PAMA blocks. Here, amphiphilic
mPEG-PCL-PAMAs are supposed to form micelles with
the hydrophobic PCL core and the hydrophilic shell con-
sisting of nonionic PEG chains and cationic PAMA chains.
It is expected that when these micelles are mixed with
DNA in an aqueous solution, the cationic PAMA segments
of the shell could first bound to DNA via electrostatic
interaction and then aggregate with hydrophobic PCL
chains to form a larger insoluble core, while the nonionic
water-soluble PEG chains serve as a hydrophilic shell
stabilizing the complexes. Finally, the influence of mPEG
and PCL segments on DNA binding capability, size,
charge, and gene transfection efficiency were investigated
by comparing mPECAs with diblock copolymer mPEA and
PCA.

2 Materials and method
2.1 Materials

Poly(ethylene glycol) monomethylether with M, of 1900
(PEG-OH), e-caprolactone, 1,1,4,7,7-pantamethyldiethy-
lenetriamine (PMDETA), and 2-bromopropionyl bromide
were obtained from Sigma-Aldrich. Copper(I) bromide
(CuBr, Beijing Chemical Co.) was purified by washing
with acetic acid and ethanol in turn. Methacryloyl chloride,
ethanolamine, N,N-dimethylformamide (DMF), dichloro-
methane (DCM) and ether were all purchased from Beijing
chemical company. N-fert-butoxycarbonyl-aminoethanol
was synthesized according to the literature [24]. Mono-
methoxyl poly(ethylene glycol)-b-poly(e-caprolactone) and
cholesterol end-capped poly(e-caprolactone) were synthe-
sized according to the previous reports [25, 26]. Bovine
serum albumin, Dubelcco’s Modified Eagle’s Medium
(DMEM), penicillin—streptomycin, trypsin, and Dubelcco’s
phosphate buffered saline (PBS) and 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were
purchased from Sigma-Aldrich. The reporter plasmids
pGL3-Luc was purchased from Promega. The plasmid
DNA was stored at —20°C prior to use.

2.2 Synthesis of N-tert-butoxycarbonyl-aminoethyl
methacrylate (Boc-AMA)

N-tert-Butoxycarbonylaminoethanol (8 g, 0.05 mol) and
anhydrous triethylamine (5 g, 0.05 mol) in 50 ml anhy-
drous DCM were added into a 250 ml dried flask equipped
with a dropping-funnel and a stirring bar. After cooling to
0°C, methacryloyl chloride (6.5 g, 0.06 mol) in 20 ml
dried DCM was added dropwise. The mixture was allowed
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to react at room temperature overnight. The precipitate was
filtered and the filtrate was concentrated under vacuum.
The residue was first precipitated into excess n-pentane,
and then purified by silica gel column chromatography
using n-hexane/acetic ether (v/v, 1/1) as the eluent. The
solvent was removed by rotary evaporation, and the prod-
uct was obtained with a yield of 80%.

2.3 Synthesis of mPEG-PCL-Br, mPEG-Br
and PCL-Br macroinitiator

mPEG-PCL-OH (9 g, 1.5 x 10~ mol) and triethylamine
02g,3 x 10~2 mol) were dissolved in 20 ml dried DCM
and cooled to 0°C, then 2-bromopropionyl bromide (0.3 g,
1.5 x 107> mol) in 2 ml dried DCM was added slowly.
The mixture was further stirred at room temperature
overnight. After removing the precipitate, the filtrate was
concentrated and precipitated in excess ether three times.
The obtained product was dried in vacuum. mPEG-Br and
PCL-Br macroinitiator were prepared following the similar
procedure.

2.4 Synthesis of mMPEG-PCL-P(Boc-AMA)s,
mPEG-P(Boc-AMA) and PCL-P(Boc-AMA)

mPEG-PCL-P(Boc-AMA)s, mPEG-P(Boc-AMA) and
PCL-P(Boc-AMA) were all prepared by atom transfer
radical polymerization (ATRP). As a typical example of
mPEG45—PCL,,—P(Boc-AMA);¢9, a brown reaction flask
was charged with mPEG4s—PCL4y—Br macroinitiator
(0.60 g, 0.1 x 107> mol) and Boc-AMA (2.45 g, 11 x
1073 mol) and dried DMF (3.0 ml). The flask was degas-
sed by three freeze—pump-thaw cycles, and then CuBr
(0.014 g, 0.1 x 10~ mol) and PMDETA (0.034 g, 0.2 x
1072 mol) were added. After another three freeze—pump—
thaw cycles, the polymerization was carried out under N,
atmosphere at 70°C for 10 h. After that, the solution was
poured into excess ether for precipitation. The precipitate
was dissolved in DCM, purified using an alumina column
to eliminate the used copper, and then precipitated again in
ether three times.

2.5 Synthesis of mPEG-PCL-PAMAs, mPEG-PAMA
and PCL-PAMA

mPEG-PCL-P(Boc-AMA), mPEG-P(Boc-AMA) and
PCL-P(Boc-AMA) were added into anhydrous saturated
HCI solution of ethyl acetate, respectively, and stirred at
0°C for 5 h. After the signal of Boc-protected groups dis-
appeared in 'H NMR spectra, the solution was dialyzed
(8000, cutoff) for 2 days. The desired polymers were
obtained by freeze-drying (Scheme 1).
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Scheme 1 Synthesis pathway of mPEG-b-PCL-b-PAMAs

2.6 Polymer characterizations

'"H NMR spectroscopy (Mercury VX-300) was used to
record the synthesized polymers, while molecular weight
and molecular weight distribution were estimated by gel
permeation chromatography (GPC) with THF as an eluent
and PEG with narrow molecular distribution as the stan-
dards. Critical micellar concentration (cmc) was measured
using LS55 luminescence spectrometer (Perkin-Elmer)
according to the literature [27].

2.7 Cell culture

COS-7 cells were incubated in DMEM supplemented with
10% (v/v) FBS and antibiotics (penicillin—streptomycin,
10,000 U ml) at 37°C in a humidified atmosphere contain
5% CO,. Cells were subcultured prior to confluence using
trypsin—EDTA.

2.8 Particle size and zeta potential measurements

The particle size and zeta potential were performed on a
Nano-ZSZEN3600 (Malvern) instrument at room temper-
ature. The polycations/pDNA complexes were prepared by
adding appropriate volume of copolymers solution (in
150 x 107 M NaCl) to 1 pg DNA (0.1 mg ml™' in

40 x 107 M Tris—HCI buffer) at N/P ratios ranging from
10 to 30. Then the polyplexes were incubated at room
temperature for 30 min. After that, the polyplexes were
diluted with 150 x 10~ M NaCl solution or pure water to
1.0 ml volume for size and zeta potential measurements,
respectively.

2.9 DNA binding

DNA condensation ability of these polymers was assessed
by means of an agarose gel retardation assay. The poly-
cations/DNA complexes with different N/P ratios (nitrogen
atoms of the polymer over phosphates of pPDNA) from O to
3.5 were prepared by adding designed aqueous solutions of
polymer into pDNA solution. Then 6 pl of samples con-
taining 1 pl ethidium bromide and 0.1 mg DNA were
electrophoresed through a 1% agarose gel using Tris—
borate—-EDTA buffer at 80 mV for 80 min. DNA retarda-
tion was observed by irradiation with UV light and assayed
with Cam2com software.

2.10 Confocal laser scanning microscopy

For confocal microscopy experiments, COS-7 cells were
seeded in 6-well plate and incubated at 37°C for 24 h.
MPEG,5—PCL4—PAMA |o/pGL-3 labeled by YOYO-1
complexes were prepared at N/P = 20 for 30 min. After
the complexes were incubated in serum-free DMEM for
4 h at 37°C, the serum-free DMEM was replaced by
nucleus dye H33258 solution (20 ul H33258 in 400 pl
serum-free DMEM) for 20 min. Then the nucleus dye
H33258 solution was replaced by DMEM containing 10%
FBS after the cells were washed three times by PBS. The
fluorescence was examined with confocal laser scan
microscope (Nikon C1-si). A laser (408 nm excitation) was
used to induce the blue fluorescence of H33258 and a laser
(488 nm) was used to excite the green fluorescence of
YOYO-1.

2.11 In vitro transfection

For transfection experiments, the pGL3 plasmid DNA was
used to evaluate the transfection efficiency of the polyca-
tions in COS-7 cells. COS-7 cells were seeded in 24-well
plate at the density of 6 x 10%well and cultured with 1 ml
DMEM containing 10% FBS for 1 day at 37°C in a
humidified atmosphere of 95% air and 5% CO, until the
cells reached about 70% confluence, respectively. The
polycations/DNA complexes were formed at different N/P
ratios ranging from 10 to 30 according to conditions
described above (containing 1 pg DNA in each N/P ratio).
The complexes were added to each well and incubated in
DMEM at 37°C for 4 h, and then the medium was replaced
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with 1 ml of fresh FBS, and the cells were further incu-
bated for 48 h. After incubation, cells were permeabilized
with 200 pl/well of cell lysis buffer. The luciferase activity
was measured by detecting the light emission from an
aliquot of cell lysate incubated with 100 pl of luciferin
substrate (Promega) in a luminometer (Lumat LB9507,
Berthold). The light units (LU) measured using protein
assay kits (Pierce) were normalized against protein con-
centration in the cell extracts. Luciferase activity was
expressed as relative light units (RLU/mg protein). The
data were reported for triplicate samples.

The procedure of transfection experiment in serum was
the same as described above except that the medium was
replaced by the DMEM with 10% FBS (fetal bovine serum).

2.12 Cytotoxicity assay

The cytotoxicity assay was carried out on the basis of an
MTT assay in COS-7 cells. Cells were seeded in 96-well
plate at an initial density of 6000 cells/well and cultured 24 h
in 100 pl of DMEM. After polymer was added for 24 h, the
medium was replaced with MTT reagent (20 pl in PBS,
5 mg ml_l), and then incubated for another 4 h. Thereafter,
MTT was removed and 200 pl DMSO was added until
crystals dissolved. The absorbance at 570 nm of the solution
in each well was recorded using a Microplate Reader (Bio-
Rad model 550). Cell viability was calculated according to
the following equation: cell viability (%) = (ODgmpie
- ODblank)/(ODcontrol - ODblank) X 10()’ where ODsample
is the absorbance of the solution of the cells cultured with the
polymer or PEI; ODyy,k is the absorbance of the medium;
and OD_ 01 18 the absorbance of the solution of the cells
cultured with the medium only.

2.13 Absorption of bovine serum albumin (BSA)

The polymer/DNA complexes at N/P ratio of 30 were
formed according to described above, and then incubated
with BSA (2 mg ml™") at 37°C with 140 r min~". 1 ml of
mixed solution was removed at determined time. After
centrifugation at 8000 r min~', the upper clear solution
was measured at 280 nm with a Lambda Bio40 UV-vis
spectrometer (Perkin-Elmer).

3 Results and discussion
3.1 Synthesis of mPEG4s—PCL4,—-PAMAs (mPECAs),
mPEG45—PAMA105 (mPEA105)

and PCL3 8—PAMA95 (PCA95)

In order to synthesize triblock copolymers mPECAs,
mPEG,s—OH was firstly used to polymerize ¢-caprolactone
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by ring-opening polymerization. And the resultant diblock
copolymer mPEG,4s—PCL4,—OH was then modified by 2-
bromopropionyl bromide to obtain mPEG4s5—PCL4o—Br
macroinitiator (data not shown). Finally, the macroinitiator
was used to initiate monomer Boc-AMA at 70°C via ATRP
to prepare the tribolck copolymers mPEGy,s—PCL4o—P(Boc-
AMA)s. As shown in '"H NMR spectrum of mPEGys—
PCL4—P(Boc-AMA), ¢, the single peak at 3.55 ppm was
attributed to the methylene protons of PEG, and the peaks
at 1.38, 1.65, 2.30 and 4.03 ppm were assigned to the
protons of PCL, respectively. The peaks at 0.84—1.00 ppm
and 1.81-1.95 ppm were ascribed to the protons on the
backbone of P(Boc-AMA) segment, and the peak at
3.38 ppm was of the protons of methylene adjacent to
amino group. The sharp peak at 1.45 ppm was the char-
acteristic signal of methyl protons of Boc-protected group
(Fig. 1c). After the deprotection reaction in anhydrous
saturated HCI solution of ethyl acetate, the signal of methyl
protons of Boc-protected group in 1.45 ppm disappeared,
and the integration values of PEG, PCL and PAMA
changed little, which confirmed the successful synthesis of
mPEG45—PCL40—PAMA100 (Flg 1b)

The composition of triblock copolymer mPEGys—
PCL,,—-PAMAs was calculated based on the integration
values of the peaks at 3.55, 2.30 and 3.38 ppm, attributed
to ethylene protons of PEG backbone, methylene protons

ppm

Fig. 1 '"H NMR spectra of MPEGys-b-PCL4o-b-PAMA oo in D,0 (a),
mPEGy,5-b-PCL,y-b-PAMA oo in DMSO-dg (b) and mPEGyus-b-
PCL4y-b-P(BOC-AMA () in CDCl; (c)
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Table 1 Characterization of mPECAs

Sample Mn? Mn® PDI cme
@mol™) (g mol™) (mg L)

mPEC 6500 8400 1.30

mPECA;s 12200 20300 1.54 151

mPECAs, 17900 25500 1.61 167

mPECA o 29400 36300 1.57 179

* Determined from '"H NMR

® Determined from GPC results

neighboring to carbonyl group of PCL backbone and
methyl group adjacent to amino group of PAMA, respec-
tively. Therefore, these three triblock polymers were
named as mPEG45—PCL40—PAMA25, mPEG45—PCL40—
PAMA5O and mPEG45—PCL40—PAMA100 (denoted as
mPECA,;, mPECAsy and mPECA;q, respectively).
mPEG45—PAMA 105 (mPEA 105) and PCL38—PAMA95
(PCAys) were synthesized and analyzed via the similar way
(data not shown). The GPC results of mPECAs were also
listed in Table 1, which further confirmed the successful
synthesis of these copolymers.

3.2 Characterization of self-assemblies of mPECAs

The amphiphilic triblock copolymer mPECAs could self-
assemble into nano-sized micelles in aqueous solution. It
was believed that hydrophobic PCL segments were locked
in the dense inner core of micelles, while the hydrophilic
PEG and PAMA chains formed the corona shell for their
highly hydrophilic nature [28]. As shown in Fig. la, the 'H

Fig. 2 DNA binding ability of
polymers. Electrophoretic
mobility of plasmid DNA in

a mPECAzs, b mPECASO,

C mPECAloo, d mPEA105 and
e PCAys complexes at the N/P
ratios specified

0 1

15 2 25 3 35

NMR spectrum of mPECA (o, in D,0 revealed the signals
of PCL protons were suppressed obviously but the signals
of the other components remained, proving the formation
of micelles. Furthermore, based on fluorescence technique
using pyrene as the probe, cmc of mPECAs was obtained
and listed in Table 1. MPECA (, showed the highest cmc
about 179 mg 1™' for its longest hydrophilic segment.

3.3 Gel retardation assay of mPECAs

The DNA binding ability of mPECA,s;, mPECAs5, and
mPECA oo, was studied through gel retardation assay. As
shown in Fig. 2a—c, three polymers could bind DNA effi-
ciently, and the required N/P ratios were 1.5, 1.5 and 1 for
mPECA,;, mPECA5, and mPECA(, to completely retard
DNA, respectively. There was not significantly difference
in DNA binding capability among all of them although the
number of the repeat units of PAMA varied from 25 to 100.
As is mentioned above, mPECAs could self-assemble into
micelles in aqueous solution, which might lead to the
aggregation of positive charges to a certain extent and
weaken the influence of the length of PAMA subsequently
[23]. As a result, when mPECAs mixed with DNA in the
aqueous solution with a concentration above cmc, poly-
meric micelles could condense DNA efficiently.

3.4 Measurement of particle size and zeta potential
of mPECA/DNA complexes

The particle sizes of polyplexes at various N/P ratios in
150 x 10~ M NaCl solution were examined by dynamic
light scattering (DLS). All three mPECAs could condense

0 05 1 15 2 25 3
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DNA into nanoparticles of 300 £ 20 nm in diameter at N/
P ratios in range from 10 to 30. As shown in Fig. 3, the
particle sizes of complexes decreased slightly as the N/P
ratios increased. At the same time, no obvious size change
of these complexes was observed with an increase in the
length of PAMA segments.

Zeta potential of the polyplexes were measured in pure
water and shown in Fig. 4. For mPECAs, the zeta poten-
tials increased a little with increasing N/P ratios and the
complexes of mPECA,y exhibited the highest zeta
potential at same N/P ratio. Generally, the zeta potentials
of mPECA/DNA complexes were all above 30 mV and
varied in a narrow range of 10 mV, suggesting that the
surface charge of the polyplexes was also not obviously
affected by the length of PAMA chains.

3.5 Cellular uptake

As well be known, the nuclear entry of plasmid DNA was
the ultimate obstacle to achieve a high gene expression.
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Most of complexes could translocate plasmid DNA into
cytoplasm but only not more than 0.001-0.1% plasmid
DNA could be transcribed [29-31]. For better under-
standing of cellular location of plasmid DNA in COS-7
cells, the cellular uptake of mPECA;(/YOYO-1 labeled
plasmid DNA complexes was investigated using a confocal
microscope. As presented in Fig. 5, the fluorescent labeled
complexes were observed to be internalized the cells and
some of them were translocated into nucleus successfully,
which implied mPECA | did affect the cellular uptake of
the complexes could translocate DNA into nucleus.

3.6 Cytotoxicity assay

MTT assay was utilized to measure the cytotoxicity of
mPECAs in COS-7 cells. As revealed in Fig. 6, a dose-
dependent cytotoxic effect was observed for mPECAs, and
their cytotoxicity enhanced with increasing concentration
of the polymers. It was obvious that the length of PAMA
could greatly affect the cytotoxicity of mPECAs. More
importantly, mPECAs showed a low cytotoxicity as com-
pared with bPEL

3.7 In vitro transfection efficiency

In order to evaluate their transfection activity, the lucifer-
ase expression of mPECAs at the determined N/P ratios
was investigated in COS-7 cells by using pGL-3 reporter
gene. Branched 25 kDa PEI, which was considered to be
the most efficiency gene vector, was used as control. As
revealed in Fig. 7a, gene transfection efficiency of mPE-
CAs depended on the length of PAMA segment. Among of
them, mPECA o showed the highest gene expression up to
3.2 x 10® RLU/mg proteins at N/P ratio 20, while mPE-
CA,5 that possessed the shortest PAMA segment, also
exhibited high transfection activity.

Since therapeutic gene transfection is in vivo, plasma
proteins and serum in blood have a great impact on
application of gene delivery vectors, especially for cationic
gene vectors. Transfection activity of gene vectors carrying
out in presence of serum would be more convincing. Here,
we used DMEM with 10% FBS to simulate in vivo envi-
ronment and evaluated transfection efficiency of mPECAs
in the medium (Fig. 7b). It was worth noting that all
mPECAs retained their transfection efficiency in serum.
For example, mPECA o, showed luciferase expression of
5.3 x 10® RLU/mg proteins at N/P ratio of 30, which was
about three times to that of bPEI at N/P ratio of 10 under
the same condition.

MPECAs had shown potential to be an efficient gene
vector for their higher transfection efficiency and less
cytotoxicity compared to bPEI in serum. It was supposed
that its unique properties were related to the structure of
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Fig. 5 Cellular uptake of
YOYO-1 labeled DNA from
mPECA (o/DNA complexes in
COS-7 cells: a COS-7 cells;

b H33258 labeled nucleus
(blue); ¢ YOYO-1 labeled DNA
(green); d an overlay

of a—c (Color figure online)

100 -

—a—mPECA,; —e—mPECA,,

—=— mPECA, ) —v— bPEI
80

60 1

40 A

Cell viability (%)

20 A

0 200 400 600 800 1000
Concentration (mg/L)

Fig. 6 Relative cell viability of COS-7 cells co-incubated with
polymers for 24 h

mPECAs. In order to evaluate the influence of PEG seg-
ment and PCL segment in mPECAs, diblock copolymers
PCAys and mPEA (s were chosen to compare with mPE-
CA go. In detailed, gel retardation assay showed PCAos
possessed better DNA binding capability (Fig. 2d, e) and
higher zeta potential (Fig. 4) than mPEAys. These results
demonstrated that the incorporation of hydrophobic PCL
indeed could increase the local concentration of positive
charges via self-assembly in aqueous solution, resulting in

better DNA binding ability [23]. Meanwhile, lower zeta
potential of mPEA s may indicate PEG could shield the
cationic surface charge [14]. Absorption of bovine serum
albumin assay was further used to investigate the function
of mPEG segments that could protect the complexes
against self-aggregation for its steric effect. Here, the
absorptive capacity of mPECA g9, mPEA s and PCAos to
BSA was investigated. As shown in Fig. 8, the complexes
of mPECA oy showed the least absorption rate of BSA
among these three copolymers, indicating PEG segment of
mPECAs could effectively reduce the interaction with
plasma protein. Finally, the effect of PEG and PCL seg-
ments on the transfection ability was also evaluated in the
medium with or without serum (Fig. 7). PCAgs in DMEM
displayed much higher transfection efficiency than the
other PEGylated PAMA copolymers, which illustrated that
PEGylation maybe led to an inhibitive effect on the cellular
uptake of the polyplexes [17]. However, in DMEM with
10% FBS, PCA s exhibited sharp reduced transfection. It
might be because PCAgs/DNA complexes aggregated in
serum more easily due to their higher zeta potentials than
the others. On the contrary, mPEA ys could keep parallel
transfection efficiency in FBS as compared to that in
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Fig. 8 Absorption of bovine serum albumin by PCAys/DNA com-
plexes (a), mPEA;yps/DNA complexes (b) and mPECA;y/DNA
complexes (c¢) at N/P ratio of 30

DMEM without FBS, indicating PEGylation did enhance
the stability of polyplexes in serum. It is worth mentioning
that mPECAy, showed better luciferase expression than
both PCAgs and mPEA o5 in DMEM with 10% FBS, which
implied that the combination of PEG and PCL segments in
one macromolecule might lead to synergistic effect to
improve the transfection efficiency of mPECA ¢, in serum
(Fig. 7b).
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4 Conclusions

In this study, we synthesized amphiphilic cationic triblock
copolymers mPEG-PCL-PAMAs and explored their
potential application for gene delivery. The results dem-
onstrated that micellar aggregates formed by these
copolymers could bind pDNA, translocate pDNA into
cytoplasm and release pDNA in nucleus of COS-7 cells
effectively. The studies also showed the incorporation of
hydrophobic PCL segment in triblock copolymers could
enhance the binding capability to pDNA and increase
surface charges of complexes due to the formation of
micelles increasing the local charges. The presence of
mPEG in gene vector decreased the surface charges of the
complexes and increased the stability of the complexes in
serum due to the steric hindrance effect.
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