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ABSTRACT Objective: Gene delivery vectors: PET 1 and PET 2 were synthesized by chemically conjugating polyethylene glycol
(PEG) with polyethylene imine derivatives (PEI-Et). Respectively, the article investigated the cytotoxicity of the two vectors on Hela
cells, MCF-7 cells and transfection efficiency on HeLa cells. Methods: PEI-Et was prepared by cross-linking PEI 800 Da with ethylene
biscarbamate linkages. Then PEI-Et were conjugated with polyethylene glycol (PEG) in different molar ratios (1:1, 2:1), to get the PET 1
and PET 2. MTT method was used to detect the toxicity of PEI-Et, PET 1, PET 2 on HeLa cells, MCF-7 cells. The transfection efficiency
was detected by the fluorescence intensity. Results: The cytotoxicity of PET increased with the increasing of the concentrations and
weigh ratios. Compared to PEI 25 KDa, PET cytotoxicity was significantly reduced at the same concentration and weigh ratio, especially
PET 1. And the transfection efficiency of PET 1 was the highest at the optimal weight ratio. Conclusions: As a non-viral gene carrier,
PET 1 showed high transfection efficiency and low cytotoxicity.
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Fig. 1 Cytotoxicity of polymer/DNA(A/B) and polymer(C/D) in MCF-7 cells(**P<0.01vs PEI 25 KDa)
Notes: PET 1: npgp: np=1:1, PET 2: npgg: np=2:1.
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Fig. 2 Cytotoxicity of polymer/DNA(A/B) and polymer(C/D) in HeLa cells(**P<0.01vs PEI 25 KDa)
Notes: PET 1: npgpg: nps=1:1, PET 2: npgrge npeg=2:1
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Fig. 3 Transfection efficiency of polymer/DNA in HeLa cells
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Notes: PET 1: npgg: nppg=1:1, PET 2: npgrp: npp=2:1

T8 3G 0 o R K 2 S O 2 il TR P R ) DT L
R, B 37N AERAE TR HURT , PET 1 #5232 4E 10%, & PEI-Et
{f) 3.35 4%, PEI 25 KDa [ 5.21 {#(P<0.01).

25 L SUBG R TGRS B RUFR M IR 3R S5 DNA B4
JEEAYEENE, PET 1 (98N PEL-Et, J:HAERMAFR L
B PET | pftidusiess . Bt PET 1 G A1E I S 2k,
3 ¥1ig

F7E FHAM Y DNA siRNA 1] DL 3 DNA i .RNA fiff
R fm 2o B AR HE R 02 O ELIE A B R A A G R AT, B
DNA 5% siRNA Afiggiad iR E A QAR B /400
HHIZERGIEIIT T

PEI XA W& R — RN m TR EY RN AN R
HBENEHRSE, BREYNHRYES T LS55
EAMBTR L RS R ARG, AR, B9 KL PEL #;
il R B HAT S5 RN, 54850 PELAH L, 43 3 PEI
HAEWZ R A, AT AT £ ) DNA 5 RNA, {Hixsk
WFsE e #E PEIL 25 KDa fE - F B4, AR PEI 8t S
oAy UEAHDE , B AR SE 30 36443 5 2 PEI 800 Da 1F k43
FHR, LRSI AR EEMER H 1

43 3¢ %9 PEI & SE K it 2 BAA VT L& A 40 £ 11 DNA,
{28 A 2 1 Ly 25 B AR 38 A . PEI #5747 B4 I Ry ] DA 55486
ORI E 25, BRI AN AR A 25 4 , 84 2 i P ey 25
R AR R 1S, O T SOl — B, X 43 527 PEL T
(O WY 5 s (R [ L L AR A WG i e -0
PIRREBEHAFR 5 | A bk (72 0T,

R R 2 ZfE (PEG) 1EREK B REHEM 2% #:F PLA
S A AR G F T ARR T S E AL A BRI
Bt PEG J&—Fi e Pk i K A, Toi RS A
PRI PE R, KIS R RS PEG &5, TT LA
R AR 22 A I R AT, TSt o 20T L 77 3 224 TR e A 9 7
PEL-Et fY3ERlE 5 A PEG, PLKEI Mg A kLR i i,
LM RIPE

ARWFFEERE ST R AR 533 7 PEL 800 Da 1E 03 FE 4L,

Pl PEG Bk Z AR MR, DhSBI R A e e sk ZR )
AR AR AN B ARG AN EEMESCS6 WK PEG B AESL /Y
IR BN . Feye st b, A & LA PET 1 630
Hi L PEI 25 KDa 5115 A5G 4L 3% H: (P<0.01), 3 H L e e m 1
PEL-Et, MIMIERA T 51 PEG J& , R Yeib PR 25 M0 o F5 546 1
o ) R B PT R R A A R A M B M IR, A A s TRl
e nT B PET 1 W] DL 5 B0kl DNA 2 &, TEE/NMY
EEY), IR I 12 AL, ARERR A

4 &5k

AWEFEh & W PEG LA &My PEL-Et B PET, AT
P:RH BA%F PEI 25 KDa }; PEI-Et, PET 1 5 PET 2 It , 4}
BRI, S LB, PET 1 40l e o iy M R RIS 48
PREA A

% # 3T #k( References )
[1] Lungwitz U, Breunig M, Blunk T, et al. Polyethylenimine-based

non-viral gene delivery systems [J]. Eur] Pharm Biopharm, 2005, 60

(2): 247-266
[2] Molinaro R, Wolfram J, Federico C, et al. Polyethylenimine and

chitosan carrier for the delivery of RNA interference effectors [J].

Expert Opin Drug Deliv, 2013, 10(12): 1653-1668
[3] Fang G, Zeng F, Yu C, et al. Low molecular weight PEIs modified by

hydrazine-based crosslinker and betaine as improved gene carriers[J].

Colloid Surf B Bionterfaces, 2014, 122: 472-481
[4] Mahmoudi A, Oskuee RK, Ramezani M, et al. Preparation and in-vitro

transfection efficiency evaluation of modified cationic liposome-

polyethyleneimine-plasmid nanocompexes as a novel gene carrier[J].

Curr Drug Deliv, 2014, 11(5): 636-642
[5] Yu P, Liang L, Sydney P. Glial cell line-derived neurotrophic factor

gene delivery via a polyethylene imine grafted chitosan carrier[J]. INT

J Nanomedicine, 2014, 9: 3163-3174
[6] Yuan P, Qida H, Guping T, et al. FGFR-targeted gene delivery

mediated by supramolecular assembly between b-cyclodextrin-

crosslinked PEI and redox-sensitive PEG [J]. Biomaterials, 2013, 34

(27): 6482-6494
[7] Tseng WC, Su LY, Fang TY. PH responsive PEGylation through metal

affinity for gene delivery mediated by histidine-grafted polyethy-

lenimine[J]. Biomed Mater Res B Appl Biomater, 2013, 101(2): 375-

386
[8] Chunxi L, Fengxi L, Lixia F, et al. The targeted co-delivery of DNA

and doxorubicin to tumor cells via multifunctional PEI-PEG based

nanoparticles[J]. Biomaterials, 2013, 34(10): 2547-2564
[9] Wang YQ, Su J, Wu F,

polyethyleniminederivative ~ with

et al. Biscarbamate cross-linked
weight, low

INT J

low molecular
cytotoxicity, and high efficiency for gene delivery [J].
Nanomedicine, 2012, 7: 693-704

[10] Weber ND, Merkel OM, Kissel T, et al. PEGylated poly
(ethyleneimine) copolymer-delivered siRNA inhibits HIV replication
in vitro[J]. Control Release, 2012, 157(1): 55-63

[11] Wang YQ, Wang F, Deng XQ, et al. Delivery of Therapeutic AGT
shRNA by PEG-Bu for Hypertension Therapy [J]. PLoS One, 2013, 8
(7): e68651



+ 3620 -

IREYES#E wwwshengwuyixuecom Progressin Modern Biomedicine Vol15 NO.19 JUL.2015

[12] Peer D, Lieberman J. Special delivery: targeted therapy with small
RNA[J]. Gene Ther, 2011, 18(12): 1127-1133

[13] Salcher EE, Wagner E. Chemically Programmed Polymers for
targeted DNA and siRNA Transfection [J]. Top Curr Chem, 2010,
296: 227-249

[14] Kwok A, Hart SL. Comparative structural and functional studies of
nanoparticle formulations for DNA and siRNA delivery [J].
Nanomedicine, 2011, 7(2): 210-219

[15] Ruponen M, Galli E, Raasmaja A, et al. Mechanisms of
polyethylenimine-mediated DNA delivery: free carrier helps to
overcome the barrier of cell-surface glycosaminoglycans [J]. J Gene
Med, 2011, 13(7-8): 402-409

[16] Zintchenko A, Philipp A, Dehshahri A, et al. Simple modifications of
branched PEI lead to highly efficient siRNA carriers with low toxicity
[J]. Bioconjug Chem, 2008, 19(7): 1448-1455

[17] Park SC, Nam JP, Kim YM, et al. Branched polyethylenimine-
grafted-carboxymethyl chitosan copolymer enchances the delivery of
pDNA or siRNA in vitro and in vivo[J]. Int J Nanomedicine, 2013, 8:
3663-3677

[18] Garofalo C, Capuano G, Sottile R, et al. Different insight into

amphiphilic PEG-PLA copolymers: influence of macromolecular

architecture on the micelle formation and cellular uptake [J].
Biomacromolecules, 2014, 15(1): 403-415

[19] Qin JB, Peng C, Zhao BH, et al. Noninvasive detection of
macrophages in atherosclerotic lesions by computed tomography
enhanced with PEGylated gold nanoparticles [J]. Int J Nanomedicine,
2014, 9: 5575-5590

[20] Ernsting MJ, Murakami M, Roy A, et al. Factors controlling the
pharmacokinetics, biodistribution and intratumoral penetration of
nanoparticles[J]. J Control Release, 2013, 172(3): 782-794

[21] Bridal S.L, Nicolas V, Jaillard D, et al. The performance of
PEGylatednanocapsules of perfiuorooctyl bromide as an ultrasound
contrast agent[J]. Biomaterials, 2010, 31: 1723-1731

[22] Banerjee P, Weissleder R, Bogdanov A. Linear polyethyleneimine
grafted to a hyperbranched poly (ethylene glycol)-like core: a
copolymer for gene delivery[J]. Bioconjug Chem, 2006, 17(1): 125-131

[23] Glodde M, Sirsi SR, Lutz GJ. Physiochemical properties of low and
high molecular

weight poly (ethylene glycol)-grafted poly

(ethyleneimine)  copolymers and  their complexes  with
oligonucleotides[J]. Biomacromolecules, 2006, 7(1): 347-356
[24] Jokerst JV, Lobovkina T, Zare RN, et al. Nanoparticle PEGylation for

imaging and therapy[J]. Nanomedicine (Lond.), 2011, 6: 715-728

(E#% 3604 TT)
development to disease[J]. Circulation, 2012, 125(14): 1795-1808

[2] Kage H, Borok Z. EMT and interstitial lung disease: a mysterious
relationship[J]. Curr Opin Pulm Med, 2012, 18(5): 517-523

[3] MengF, Wu G. The rejuvenated scenario of epithelial-mesenchymal
transition (EMT) and cancer metastasis [J]. Cancer Metastasis Rev,
2012, 31(3-4): 455-467

[4] Medici D, Kalluri R. Endothelial-mesenchymal transition and its
contribution to the emergence of stem cell phenotype [J]. Semin
Cancer Biol, 2012, 22(5-6): 379-384

[5] Kahlert UD, Nikkhah G, Maciaczyk J. Epithelial-to-mesenchymal
(-like) transition as a relevant molecular event in malignant gliomas
[J]. Cancer Lett, 2013, 331(2): 131-138

[6] Zhao J, Tang N, Wu K, et al. MiR-21 simultaneously regulates ERK1
signaling in HSC activation and hepatocyte EMT in hepatic fibrosis
[J]. PLoS One, 2014, 9(10): ¢108005

[7] Srivastava SP, Koya D, Kanasaki K. MicroRNAs in kidney fibrosis
and diabetic nephropathy: roles on EMT and EndMT[J]. Biomed Res
Int, 2013, 13(376): 125469

[8] Sohal SS, Walters EH. Role of epithelial mesenchymal transition
(EMT) in chronic obstructive pulmonary disease (COPD)[J]. Respir
Res, 2013, 214(16): 120

[9] Siddesha JM, Valente AJ, Sakamuri SS, et al. Angiotensin II
stimulates cardiac fibroblast migration via the differential regulation
of matrixins and RECK[J]. J Mol Cell Cardiol, 2013, 65(24): 9-18

[10] Wang X, Lu J, Khaidakov M, et al. Aspirin suppresses cardiac
fibroblast  proliferation and collagen formation  through
downregulation of angiotensin type 1 receptor transcription [J].
Toxicol Appl Pharmacol, 2012, 259(3): 346-354

[11] Wynn TA, Common and unique mechanisms regulate fibrosis in

various fibroproliferative diseases [J]. J Clin Invest, 2007, 117 (3):

524-529

[12] Lang H, Fekete DM. Lineage analysis in the chicken inner ear shows
differences in clonal dispersion
mesenchymal cells[J]. Dev Biol, 2001, 234(1): 120-137

[13] Zeisberg EM, Kalluri R. Origins of cardiac fibroblasts [J]. Circ Res,
2010, 107(11): 1304-1312

for epithelial, neuronal, and

[14] Hay ED.The mesenchymal cell, its role in the embryo, and the
remarkable signaling mechanisms that create it [J]. Dev Dyn, 2005,
233(3): 706-720

[15] Nawshad A, Hay ED.TGFbeta3 signaling activates transcription of
the LEF1 gene to induce epithelial mesenchymal transformation
during mouse palate development [J]. J Cell Biol, 2003, 163 (6):
1291-1301

[16] Hashimoto N, Phan SH, Imaizumi K, et al. Endothelial-mesenchymal
transition in bleomycin-induced pulmonary fibrosis [J]. Am J Respir
Cell Mol Biol, 2010, 43(2): 161-172

[17] Chen LJ, Ye H, Zhang Q, et al. Bleomycin induced
epithelial-mesenchymal transition (EMT) in pleural mesothelial cells
[J]. Toxicol Appl Pharmacol, 2015, 283(2): 75-82

[18] Zhou Q, Yang M, Lan H, et al. miR-30a negatively regulates
TGF-betal-induced epithelial-mesenchymal transition and peritoneal
fibrosis by targeting Snail[J]. Am J Pathol, 2013, 183(3): 808-819

[19] Yu JW, Duan WIJ, Huang XR, et al. MicroRNA-29b inhibits
peritoneal fibrosis in a mouse model of peritoneal dialysis [J]. Lab
Invest, 2014, 94(9): 978-990

[20] Zeisberg EM, Tarnavski O, Zeisberg M, et al.Endothelial-
to-mesenchymal transition contributes to cardiac fibrosis[J]. Nat Med,
2007, 13(8): 952-961

[21] WangY, Mu JJ, Liu FQ, et al.Salt-induced epithelial-to- mesenchymal
transition in Dahl salt-sensitive rats is dependent on elevated blood

pressure[J]. BrazJ Med Biol Res, 2014, 47(3): 223-230



