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Scheme 1  Synthesis Route of the CBA-PEI-PEG Copolymer
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Table 1 Preparation of polymers
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capillary viscosity measurements

ALK ) CBA-PEI M 1 & vk A4S P2
TN 8710, Bl - M TAETH S A
PEI1800 (M, = 1800 . JG. BE— 25 K AN A (4%
FHEEGI K mPEG-BE 31 Bt WV 1 4 R T ( mPEG-SPA)

B CBA-PEI 445 [ 43 % PEG L1 CBA-PEI
(fAj#% CBA-PEI-P) . 3% 5116 W fi A IR B 1) 3% A AR
AR %40 A R N B AR s 2, ik 1 v
BRERAE T PEG & &5 I N Bk L 41 386 A
—3.

I A B AR A I g R,
Kl 1 7R PEI IRFEVESE R AE 6 =2.5 ~ 2.9 At
MAE 6 =3.47Ca)~3.07(b)~2.39Ce) H B4 E
I3 VA JE CBA P17 Y56 U6 DA 2 A 445 15 frde WUt

0
PEG HN—PEG
PEI
CBA-PEI-PE a b M ¢
b
CBA-PEI A <
1 1 1 1 1
1.0 35 3.0 25 2.0

)

Fig. 1 '"H-NMR spectra of CBA-PEI and CBA-PEI-PEG
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Fig. 4 Gel retardation assay of polymer/DNA complexes

The polymer to DNA weight ratio used to form each polyplex is given above the corresponding lane.
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Fig. 5  The percentage of viable cells at various polymer

concentrations for PEI25K, CBA-PEI, CBA-PEI-P-1, CBA-PEI-P-
2 and CBA-PEI-P-3
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- 7 Transfection efficiency of polymer/pDNA at various weight

ratios in KB cells
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SYNTHESIS AND CHARACTERIZATION OF A CROSSLINKING POLYETHYLENIMINE
AS SMART GENE CARRIER AND EFFECTS OF PEGYLATION DEGREE

CHEN Lei', TIAN Huayu'> CHEN Xuesi's PARK Taegwan’s MARUYAMA Atsushi’» JING Xiabin'
(" State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry »
Chinese Academy of Sciences> Changchun — 130022)
(% Department of Biological Sciences, Korea Advanced Institute of Science and Technology, Daejeon  305-701, Republic of Korea)
C Institute for Materials Chemistry and Engineering > Kyushu University, Hakozaki> Fukuoka 812-8581, Japan)

Abstract A smart biodegradable cationic polymer ( CBA-PED) based on the disulfide bond-containing cross-linker
cystamine bisacrylamide ( CBA) and low molecular weight branched polyethylenimine (1800-Da, PEI1800) was
successfully synthesized by Michael addition reaction in our recent study . Furthermore; a series of copolymers ( CBA-

PEI-PEG) with different PEGylation degree were obtained by the mPEG-SPA (5000-Da) reacting with CBA-PEI at
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various weight ratios directly. The molecular structures of the resulting polymers CBA-PEI and CBA-PEI-PEG were
evaluated by nuclear magnetic resonance spectroscopy (' H-NMR) and capillary viscosity measurements all of which
had successfully verified formation of the copolymers. The polymer/DNA complexes based on CBA-PEI and CBA-
PEI-PEG were measured by dynamic light scattering and gel retardation assay. The results showed that the particle
size and zeta potential of complexes were reduced with increasing amount of PEG grafting, even no particle
formation. The particle size of CBA-PEI/DNA complexes was in range of 103.1 to 129.1 nm; and the zeta potential
was in range of 14.2 to 24.3 mV above the 2:1 weight ratio. In the same measure condition, the particle size of
CBA-PEI-PEG complexes was reduced to a range of 32.2 to 55 nm, and the zeta potential was in range of 9.3 to
13.8 mV at the 2:1 weight ratio. In the gel retardation assay, CBA-PEI showed a strong DNA-binding capability .
Plasmid DNA was completely retarded at the 0.1:1 weight ratio. By contrast,» CBA-PEI-PEG which consists of PEG/
CBA-PEI CW/W,38.9% ) or PEG/CBA-PEL ( W/W,95.8%) displayed a poor retardation effect even at the high
weight ratio . PEG-grafted showed a shield effect in polymer/DNA complexes. However it showed the reduced DNA
binding ability if the cationic polymers were modified with too much PEGs. Moreover, the CBA-PEI and CBA-PEI-
PEG were evaluated in CHO and KB cells for their cytotoxicity and transfection efficiency. MTT assay revealed that
both CBA-PEI and CBA-PEI-PEG had very lower cytotoxicity in CHO cell lines compared with PEI25k. Although
CBA-PEI showed 4 times higher transfection efficiencies compared with PEI25k; the transfection efficiency of CBA-
PEI-PEG was reduced obviously with increasing amount of PEG grafting.

Keywords Gene delivery, Polyethylenimine; Disulfide bonds; Biodegradable, PEGylation





