% F F R oo

ACTA CHIMICA SINICA DOI: 10.6023/A14030185

FFHERRIZ IR A B TR R B B L R B & A 5 R AE
ME K fem  wWEE KAM it

FINRZEM RS A T2 VIR St Dh e 2> AR M R RS I3 215123)

WE MAWP R PR A hERESATRP) R G Y B RY, H 4 - FU0H 0640 6 BH 251 240 1 B L R )
P(PEGMEMA-co-PEGMA ¢,)-b-PDMAEMA. 155G, it ATRP 15|k BAATE £, — B 8 F I 385 P 5 R G (PEGMEMA)
AR B PN GIRTE(PEGMA) R &, M EIR G & f LM TE LR Y P(PEGMEMA-co-PEGMA); TR I HAE R K
SFEIRF, BRI GIR-2-(V,N- - FZ %) LFR(DMAEMA)#EAT ATRP JX R, 345 =245 W ik Bl
LY P(PEGMEMA-co-PEGMA)-b-PDMAEMA; )5, FIH PEGMA 25 e MEEREE, SR GWRN, #aH
R ) D e 2 FUBE 2> F-(Gal), Ih3K75 P(PEGMEMA-co-PEGMA g,))-b-PDMAEMA. H:/1, PDMAEMA |5 —
H B BE[—N(CHy )] 45 R R G IR PE A TR o] R AR 4k, TR RIS FHERL, fefsdi & DNA, IR, @it i
WEFAREE(H NMR) 2L G (FT-IR)FIAEKSGSE (% (GPC), MR EWINAL G . 20 T8 0 T i AT R 1E.
I 6% e BEL i LK T BH 25 1 2 BEIL IR W1 5 DNA (W45 &8s IR 3l &R0 GHC (DLS) A ZE FH i +/DNA &
GWIRIRIE zeta FBAE PR LORAR A, B AR FE M RIGMTT 720)RAE AR A DA, I+ IR &%t
200 (HeLa) 40 f A i (HepG2) 4l LI 3G G Bt ). SRU6 45 AR AH, 1K= FUIH e 18 1 10 B s - ZU Rl B L3R ) LA
TRV AR M RE Y, L8 TP g i PR 4 P LA ¥ £ 1) R .

KGR CPFLNENG WIEILERY; IR TR A RIS, BRIk

Synthesis and Characterization of PEGylated Brush—type
Polycation Modified with Galactosamine

Hao, Ying Zhang, Yang He, Jinlin Shang, Xiujuan Zhang, Mingzu Ni, Peihong*
(College of Chemistry, Chemical Engineering and Materials Science, Jiangsu Key Laboratory of Advanced Functional
Polymer Design and Application, Soochow University, Suzhou 215123)

Abstract Gene therapy has been generally regarded as a promising treatment for numerous hard curable diseases, such as
cancer, genetic and infectious diseases. Seeking a safe and efficient vector plays the most challenging role in gene therapy. In
the past decades, non-viral polycation has attracted much more attentions as a promising gene vector due to their good bio-
compatibility, high condensation ability, as well as easily-adjustable and controlled structures. In the present work, a series of
galactosamine (Gal)-conjugated brush-type cationic copolymer P(PEGMEMA-co-PEGMA g.)-b-PDMAEMA were prepared
via a combination of two-step atom transfer radical polymerization (ATRP) technique and polymer reaction. Firstly, random
copolymerization of poly(ethylene glycol)methyl ether methacrylate (PEGMEMA) and poly(ethylene glycol) methacrylate
(PEGMA) was carried out to yield the copolymer P(PEGMEMA-co-PEGMA), which was further used as a macroinitiator to
polymerize 2-(N,N-dimethylamino)ethyl methacrylate (DMAEMA), producing the cationic copolymer
P(PEGMEMA-co-PEGMA)-b-PDMAEMA. Finally, the brush-type copolymer P(PEGMEMA-co-PEGMA g,)-b-
PDMAEMA was obtained by the modification of pendent hydroxyl groups with galactosamine using N,N'-carbonyldiimi-
dazole (CDI) as the coupling agent. PDMAEMA is a well-known pH-sensitive polycation and has been widely applied for
non-viral gene delivery, while the brush-type hydrophilic chains provide the carrier with favorable biocompatibility, pro-
longed blood circulation time, and reduced non-specific adsorption of proteins. PDMAEMA block would be partially proto-
nated to afford some hydrophobic domains and positive charges at neutral condition, which can bind with DNA via electro-
static interaction to form polycation/DNA polyplex. The Gal moiety on the surface made the polyplex easily recognized by
asialoglycoprotein receptors (ASGPRs) over-expressing hepatoma cells and internalized via a receptor-mediated endocytosis
process.  The  chemical  structures, molecular ~ weights and molecular  weight  distributions  of
P(PEGMEMA-co-PEGMA g,)-b-PDMAEMA copolymer were characterized by '"H NMR, FT-IR, and GPC measurements.
The DNA binding capacity of this copolymer was investigated by agarose gel electrophoresis and zeta potential measure-
ments, which indicated that DNA migration could be completely retarded when the N/P ratio was higher than 1.5. The DLS
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analysis demonstrated that the polyplex held an average particle size of about 106 nm. In addition, in vitro cytotoxicity (MTT
assay) and transfection assays were also examined, the results showed that the copolymer possessed relatively lower cytotox-
icity than branched PEI (25 kDa), and the transfection of polyplex into HepG2 cells was more efficient than that of HeLa
cells studied by live cell imaging system owing to specific ligand-receptor interactions between Gal and ASGPRs on the sur-
face of HepG2 cells. This study presents a facile strategy for the preparation of biocompatible polymeric micelles that will act
as a promising platform for hepatoma-targeting delivery of genes.
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Table 1 Characterization data of the compositions, molecular weights, and molecular weight distributions of P(PEGMEMA-co-PEGMA) and

P(PEGMEMA-co-PEGMA)-b-PDMAEMA copolymers

Samples M,,T gre Agemol ) MW) greAgemol ™) PDI
P(PEGMEMA |¢-co-PEGMAg) 8670 11130 1.28
P(PEGMEMA 4-co-PEGMA,) 8810 11430 1.30
P(PEGMEMA ¢-co-PEGMA,) 7650 9710 1.27
P(PEGMEMA |¢-co-PEGMA) 7560 9510 1.26
P(PEGMEMA,;;-co-PEGMA;) 7460 9420 1.27
P(PEGMEMA j5-co-PEGMA)-b-PDMAEMA3; 12390 20600 1.66
P(PEGMEMA |4-co-PEGMA)-b-PDMAEMA ;9 12960 21450 1.66
P(PEGMEMA j5-co-PEGMA)-b-PDMAEMAS; 15870 26980 1.70
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Figure 6 Agarose gel electrophoresis of P(PEGMEMA ;5-co-PEGMA ;)
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min~', WRRIEEA 30 C; SIABOCEHUIAY (Zetasizer
Nano-ZS, Malvern), MRHHE N 25 C, FIH Zetasizer
WA AT R AL B B AR (PowerWave XS, Bio-Tek);
TEAN M T AESE &R 4:5(CELL R, Olympus).

42 BREYMMEK
42.1 P(PEGMEMA-co-PEGMA)#4- %,

kB PEGMEMA (3.15 g, 10.5 mol), PEGMA
(1.62 g, 4.5 mmol), 10 mL JE/K LEE. 515 MBP (56.8
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pL, 0.5 mmol), FcfA PMDETA (208 pL, 1 mmol). {1k
71 CuCl (0.0495 g, 0.5 mmol) T T4 S B, 78
AR IR ABR B AR, e R Amal A A, #
EEMRNVIET 30 CighiceE 5 h RNV EEHRE,
A 50 mL Jo/K SEERRE N A, A2 3did de A v ok
ALO; AT DARR 240 &5, e e 28 RAF WK 4, I
20 mL HEAUKFRE, HEZIZKZEN T (MWCO 3500) 24 h
JG, SRR TR 2R ERPRY (7 % 86.7%).
422 P(PEGMEMA-co-PEGMA)-b-PDMAEMA #)4- %,

UL Y P(PEGMEMA-co-PEGMA)E 4 K4
Tl kA, 51k ¥k DMAEMA %4 . MR
P(PEGMEMA-co-PEGMA) (1.87 g, 0.25 mmol), 15 mL
Jo7K L1, PMDETA (104 pL, 0.5 mmol), CuCl (0.0258 g,
0.25 mmol) A T4 1) 50 mL &M, 7o aizm/<
=R, mERBANEAAA, JFHE TN DMAMEA
(236 g, 15 mmol), K& B R NVE T 30 Clr i
PS5 h RWNEHUG, A 50 mL oK ZEERRE IOV
W), {2 0B E ALO; AT LA 22803k, el
FRATERIRGE. FHUKIE Chevtie s, T 25 CHAM
Farh T A E L, 19 B R 3R R R AR R
58.8%).
423 P(PEGMEMA-co-PEGMA ,)-b-PDMAEMA #)
AR

W, W IR K B P(PEGMEMA-co-PEGMA)-b-
PDMAEMA (2.155 g, 0.1 mmol), CDI (0.227 g, 0.5
mmol) I T41¥1 50 mL 3B, ARBGRaiA 3 Ik, &
KFN LR, AR 25 mL B/K THF, 784r
PEFE AR, 1625 C PR 12 h, JRNEER G, TR
2: THF, EIECHE S K OBMARILL A 8 1 2 IRAH
AP ytE R R RY B, T 25 CRAA T TR
RAEE, 193] A0 WPRIR [ 44 P(PEGMEMA-co-
PEGMA .cp1)-b-PDMAEMA (77 % 80.3%).

b5, PRIBCEFUBEIZ SRR 5(0.05 g, 0.231 mmol)#l
P(PEGMEMA-co-PEGMA cp)-b-PDMAEMA (0.2 g,
0.022 mmol)¥%fi# T~ 10 mL DMF A T4 50 mL 37
B 1 fE R R S F I 50 L TEA A1 10 mL
DMF, 7t 30 min P IEH B SCE R, 725 CF
RN 24 h. RNSERES, HBL7KZEN T (MWCO 1000)12
h, A URTIRARFL O AEEG™ % 72%).
4.3 AR PR A EE KGN

¥ RAEWE DNA 2l EELE 0.5 X TBE ZZil T,
B FE 40 1 mgemL ™' [FER A 4R DNA . HR4fE
ANEFIN/P L, ¥ DNA RS SR AV B0OR S, W=
G HRAEYY. Bl EEREREEGY S
DNA ME S, ¥ ERE SR (8 ul)5 2 uL
(1) EAEE MR (85% N —REAT 15% IRy W) &, siff
FIEH 0.5 pgemL ™ IR ZEE 0.8% KB B . Hibk
Hi ok 90 V, I TA) A 30 min, Z23FEWCH 0.5 X TBE. F)
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R AMEAUM-15E, UVP) M 4R DNA [T,
4.4 HHEEEMENRMTT i%)

FIF MTT AR 40 MRt ke N 4 i
(HepG2)'E T H1 10% MK IEPEIG 2 L35 1% 7 75 2 Mk
F R A DMEM B 5Eh, 18 5%01) CO, Uk 37
CTHAM FEFE. 156, 78 96 FLRH R 41 B LLAEAL 50000
AN % HEA T 100 pL (K51 10%I0L35 ) DMEM
BRFRFE R IR 24 b WA IR SRS o I
AFILA S0 — 595 24 h B, ARALH N
A 20 puL () MTT %35 mgemL ™), #F— 2 Hi9% 4 h.
Ji, WOEREFRFLIF I 150 uL DMSO, it FEbR (i
BE—ANFLAE 570 nm [WROGRE(OD). 4t R AR X 2547 B
29 [ODJsest/[OD]contro X 100%, i+, [ODlwes N 5 & W%
WATAE N IR [ODeonwol A A INEEE VIS
HELZL W A
4.5 fRSMEZRMIR

43934 HeLa F11 HepG2 41 Jiid & -t 10%HCK G PEfif
AMM35 . 1%75 87 22 FEE & = 41K DMEM 850k,
1E 5% CO SMRFN 37 CHRA FEEFR. QB EAES
e &L R FE (@ 35 mm) R IEEEEK, §59% 24 h
FEAN R IR A LUK L e . AEREFR L NN A 3E 1A
) DMEM #5552, —m s A NP L E SR G
JaEt, B 100 pL _ERE AR, B PE S5 7%
I, 7537 CHI 5% CO, %A FHiFR 6 h, WERFRIL
MIEEFREE, PRI\ 500 pL B (1 RE TR0, R4 s ml 5
FEFAT N ARSI SR 30 he JERLTE AN T A R4
furh DNA (W29 RIATE .
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