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Abstract: To study the angiogenic activity of amphoteric brush-type copolymer complex of alginate-graft-PEI/pVEGF
(Alg-g-PEI/pVEGF) in vivo, we evaluated the toxicity of Alg-g-PEI/pVEGF complexes to rMSCs and zebra fish first. Then,
we used gel retardation assay to investigate the protection of complex to pDNA against DNase I, serum and heparin. For in
vivo study, we evaluated the angiogenic activity of Alg-g-PEI/pVEGF complexes by using CAM and zebra fish as animal
models, PEI 25K/pVEGF and saline as positive and negative controls. Our results show that Alg-g-PEI protected pVEGF
from enzymolysis and displacement of heparin in some degree, and its complexes with pVEGF were less toxic to rMSCs
and zebra fish. Alg-g-PEI/pVEGF complexes induced significant angiogenesis, which was dosage-dependent. In CAM,
when the dosage of pVEGF was 2.4 pg/CAM, Alg-g-PEI group achieved the maximum of angiogenesis, and the area ratio
of vessel to the total surface was 44.04%, which is higher than PEI 25K group (35.90%) and saline group (24.03%)
(**P<0.01). In zebra fish, the angiogenesis increased with the increase of N/P ratios of Alg-g-PEI/pVEGF complexes in our
studied range; when N/P ratio was 110, the optimal angiogenesis was obtained with vessel length of 1.11 mm and area of
1.70x10°* pixels, which is higher than saline group (0.69 mm and 0.94x10° pixels) (**P<0.01) and PEI 25k group (0.82 mm
and 1.11x10° pixels) (**P<0.01). Our results demonstrate that Alg-g-PEI/pVEGF significantly induces angiogenesis in
CAM and zebra fish, and has a great potential in therapeutic angiogenesis.

Keywords: amphoteric brush-type copolymer, alginate, polyethyleneimine, nonviral vector, zebrafish, chick embryo
chorioallantoic membrane, angiogenesis
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Fig. 2 Cell viability of rMSCs after incubation with
polymer/pVEGF complexes in 10% serum. **P<0.01 vs
PEI 25K group.
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Fig. 3 Protection of Alg-g-PEI to pVEGF against pVEGF heparin (HEP) (A), DNase I (B) and serum (50%) (C).
1: naked pVEGF; 2: pVEGF incubated with serum (50%); 3: Alg-g-PEl/pVEGF incubated with PBS.

1 mm

E 4 Alginate-Graft-PEI/pVEGF E&#13f CAM M EFHEMIF N (A AT BT, B A PEI 25K £H(N/P=10,
DNA &84 2.4 ug), C A Alg-g-PEI/pVEGF E54148 (N/P=90, DNA & &4 2.4 ug))

Fig. 4 Effect of Alginate-Graft-PEI/pVEGF on angiogenesis of chick embryo chorioallantoic membrane. (A) Blank
group. (B) CAM treated by PEI 25K containing 2.4 pg DNA (N/P=10). (C) CAM treated by Alg-g-PEI/pVEGF

complexes containing 2.4 ug DNA (N/P=90).
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x1 FTRE#HRLEFR CAM ME®R (VAICAM,
X %5)

Table 1 Vessel area in CAM treate by different
samples (VA/CAM, X %s)

Group The vessel area of CAM (x S)
PEI 25K 35.90+£2.16
Saline (blank) 24.03+£2.03
pVEGF control 26.22+2.30
Copolymer 26.04+1.87
DNA 0.4 ug 32.64+2.29
DNA 0.8 pug 32.324+0.97
DNA 1.2 ug 37.04+2.67%*
DNA 1.6 ug 36.46+£1.25%*
DNA 2.4 ug 44.04+2.87%*

**P<0.01 vs blank.
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Fig. 5 Kaplan-Meier survival curves of zebrafish embryos after incubation with Alg-g-PEI/pVEGF complexes at

various N/P ratios. P-value vs PEI/pVEGF at N/P=10.
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Fig. 6 Effects of Alg-g-PEI/pVEGF on the angiogenesis of zebrafish embryos at various N/P ratios (C-F). (A)
Nontreated zebrafish. (B) Zebrafish treated with PEI 25K/pVEGF (N/P=10). Quantization of length and area of
subintestinal vessels (G, H) in zebrafish embryos. White arrows are vessels assembling spikes. **P<0.01; *P<0.05.
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W] Alg-g-PEI 7EMR NP T R st B i 5
Rl A4 B, JF 2635 BB A5 4 i Jm) 78 1M 4
AN R, HAR R AT R R R
i — L HAF Alg-g-PEI/pVEGF TEAKIN 1Y
GARaVEMARYE, ATEE T Alg-g-PEI Xt
Flk-1 B a0 G ) 25 M R0 i 45 8 A i 02 2k 1
Mo SRS, DA EE5 ARTE
I R T A R v ) 5 DR R A I A R R [ R
PE . UGS G i e . 2 TUES . FRIRA
Gy ETEAERE AL, W) N T I A R AL S
T AR ot A5 3 A M 3G 25 W i O ik PO L B I
Kaplan-Meier A7k 45 5% (K 5) Bow, M4
N/P=45. 60. 90, Alg-g-PEI/pVEGF JL-F- A&
BEMMAE S ET, BOMERAA TR 15%
VI F, 5 PEI 25K/pVEGF X} BRZH AH L *P < 0.05,
i B4 Y B A Alg-g-PET/pVEGF HLA I #E 1k .
PRUBE o £ i T IV PR IS B AR TR R, HL5)
Ve, Gyt FRATE e MW S AE BT AR
N AR EE | SRR Alg-g-PEI/pVEGF
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52 G W RTBEE fal ERAE EEE T — R
S T I 2R, AT (IR I8 &
TRy A, B Y 50~100 um®, A
WH9E kK L, Alg-g-PEI/pVEGF 4 SiAE ik T B 1)
falp TR A, FERNE: BFmEME
PR 7 ) SRR 150 pm; L P00 A8 A4S T AU
Ky MEHEREKR, /3382, 8 EFIR
WA ET AR MAE A (8 6 Hiskib). XBEH
VEGF 158 T A s 3kik , B SC50 F— UCUE
T Alg-g-PEUpVEGF HAGEARM M, I FLAE
& A P I A A i o

MZ, AW GE RS LU T
Alg-g-PE1 5 pVEGF & & J5 X tMSCs FIHE
HHA AR RN, HAEA 2 IRY" pDNA.
Alg-g-PEI 645 pVEGF TE4 LA N 35 H
BRI RLA VEGF, 2 145 A4 i . Bk Alg-g-PEI
A Sy — b 5 DR 2 M LA 5 e %) o FH TG S N
W1, BA TRk — 25 Alg-g-PET (1% YL MLl
DL SAE R BN AR il 7 AR B i, B ARG
SR 1 1017 NIVAE 7t S )17 e M BN Tog |
SRR
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