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Synthesis and characterization of novel nonviral vectors for

tumor-targeted gene delivery to C6 glioma cells in vitro
LIANG Bing,et al

(Department of Neurology,the Second Affiliated Hospital,Sun Yat-sen University)
[Abstract] Objective:To enhance the transfection efficiency and to reduce the toxicity of the polyethyleneimine (PEL),we
synthesized PEI derivatives and tested their toxicity and transfection efficiency in different cell lines. Methods:We first developed
PEGylated PEI to decrease the toxicity of PEl,and then we conjugated folate on the distal end of the novel PEG-PEI to
introduce specificity for special tumor cells.Following we checked the characterization of polymers and tested their toxicity and
transfection efficiency in three cell lines with MTT assay, EGFP/luorescent image,reporter assay and flow cytometry. Results:
These copolymers effectively condensed plasmid DNA(pDNA) into nanoparticles with positive surface charge under a sui
table N/P ratio.These derivatives reduced the cytotoxicity of PEI 25ku in different cell lines (i.e., HEK 293T,glioma C6 and
hepatoma HepG2 cells).More importantly,compared with PEI 25ku,the transfection efficiency was increased. Reporter assay and
flow cytometry showed that FA~PEG-PEI/pDNA complexes exhibited higher transgene activity than that of PEG-PEUpDNA or
PEU/pDNA in folate—receptor(FR) positive(HEK 293T and C6) cells but not FR-negative(HepG2) cells. Conclusion:These results
indicated that FA-PEG-PEI might be a promising candidate for gene delivery with the characteristic of good biocompatibility
and relatively high gene transfection efficiency.
[Key words] FA-PEG—g-hy—PEI;In vitro gene transfer; Transfection efficiency; Tumor targeting; FA-receptor

. SFEPFESEFRTEBRNER, A HER
EENAR: £ $(1978- ), %5 . ¥+,

S g & AL BN RIS R T B 0 £ Bt
EIREE: B3k, B, 84, E-mail:pengyl 2@yahoo.com, R, MDNAE A AREERERO K REREN
BLTE: BEAEELAA (30672411 to YP # 50673103 0 XS)o  TATT NEEIE Y BT REMERU A BRSEY, ZBRRYT HETE



BHRER KT 2008 £ 33 £MF) 1 (Joumal of Chongging Medical University 2008. Vol.33 No.s1)

B R T B R VAT B9 KRR T 1) BIKe SR T B
BARERRE,

EERRT RIS, BARNE—-EREXE
B ORIEZ —2Y, —NMERNREREZE DD
Wiw B2 A BRI Z 2, BRTEANIE
HEREBBERNAKREFEEREHEFEST
gkpEE, # FMANER ZF W (Polyethylenimine,
PEI)“3, £ 5 #1 2 B2 ( Poly-L-lysine, PLL)9 , fii Z B
Fe22¥E( Chitosan )94, BFTIESE , B4 F R HPEIE
BAREERNRARNGAARENFEE.HE
ST itrREE s, BIFEPELS T Lid T il g
BN TFRZ _M(PEG)E , BN AT R FFPEIAIFE J 3
2, [ A] PRI A0 M B 44019,

PR EENBRE KNSR, HEAKT
BPIE AN TFEE SRR, BT MR A RE
HAE B M BRI BIE MBI R RS, H30%H
Fisel 0 R RS2 A R B Rk, A R Y
Fi I8 , BB 2 5 AT LA LA e e 400 L i R A2 A R B
1] BB F SR AT HE [ B RTA Y -4,

Hit, A SCE B IR R Z BB LR
W2 (FA-PEG-PED) MR Z "B AL R LB T
B (PEG-PED) I T H A TR DNA (pDNA) )
8811, ERE A YHVRLAE (zeta—HLAL , FETE R AME T
T AR EE R R, ME T ##FA-PEG-PEIRY
H N LRACR RARBEE R, I REFH T
R B R B BRIR YT AT TR SRR
i,

1 #REREE

1.1 KB A

KEBAEFHEUTIHEPEL 25 000U B HHEPEG(mPEG-OH)
3 400U JBX T4 —MRAT N, N' - IR BR — TR (DCC) N-
RRIBIARET A (NHS)FIMTTE A £ E Sigma—Aldrich(St Louis,
MO, USA YA R %,

1.2 Fi#DNA(pDNA)# # &

BT 7 B g Tk % 3K Y6 BB B UpAAV-EGFPHIR A
RAEMMIPCLI, B XBHITHE PY 1, A5 FHOIAGEN
B g i, B389 FRLE i 50 T 7E260nm
280nmif ALK I A B s 70 1.0% RIS AE R SR H 2L 100V L
FE L 5k 40min, A B H 5 B o Ko BRI ET-20CH
Ji: 8
13 "tRELMEHE IR TH BB (FA-PEG-PED#
AR

mFE 1R ,0.2g FA-PEG-COOHRIDCC/NHSYEFL,0.45g
25ku hy-PEIZ ## 75 10mIPBS (pH=7.4) F , R G L 215 L i
FA-PEG-COOH®# Blhy-PERAB+ , 2R T BCER, #
HE 2[5 24h, FIMWCO=8ku 7 48 76 2618 /K H3& H748h, 12 TR
FH518 B KGR 1 1K0.5g (=378 % )i,

r ‘O"m‘ COOH

u,n NN -z:oon Folate

§ z Folate-PEG-O1
N
HOFECN ;j TN '@;‘,"o CONHCH;CH,SCH;CH,CH(OCH,CH,LOH
2| coon

15

Folate-PEG-COOH
DCCNHS
DMSO

Fetate PEG-COOR L_..'%z_.*
wgb~ u‘}:./\fnd\*_ﬂ”‘ ‘)'m.
fointe ( IL_ Ha oun’{'\/nMN’\'!’."x”'
H1 ME®EZ_BEsSUEZBTR(FA-PEG-PEL)H
BRI

14 #@WmiaiEdk

Cok R RIGAMI(C6 glioma), AFE'HE 40 (293T) #1
A8 40 M (HepG2 ) BN 10% FBSHI1 %A R (HE
RAEER BIDMEMIE SR RAE 5% CO S5 F3T CHHEFR
1.5 #KHAPDNAL 44

FEEppendor B, ¥ 1 . g pDNAFEFETESO w IR FFBSH
DMEMH, R 143, 3 FIN/P EL IR MR B a9 K A5 A A
B 55 Sh—F 564 50 p IR A FBSH) DMEME) Eppendorf & 71 , 8}
BEFAREZRET RS SminfF2I5NE Y.

1.6 #*i#3fezeta-wALtGR ¥

4k b1 % ipDNA K & Y9 7EN/PH. A 1SR BN K A1 e vk 2
6.5mg/ml, B /R X Nano-ZS9OHL B K zetaHi (7 53 H7 4 E I E , %
525C, A $9625nm,

1.7 FRSHER YK

FA-PEG-PEI.PEG-PEIFIPEIS H| Bl ] il — 7 5 A RV
B IR LR MR VR, pAAV-EGFPAIZE X A BHEN/PLE R 1.5,
10.15.20.25 F130E & /5 , MefBMBisR e g s, bR
F4 A EBr(0. 1 ng/ml) 1.0% 5 BEFE |, 7EPBSH LL100VAYHS,
FE #i40min , B 1d EIMT MBS
1.8 fmie &K B (MTTH)

MTTH &3 BAR R T AT 3R g A B Fle 0004
MHEFEIGFLAR T s 2405 BILIMA E7H 150ng pAAV-EGFP
B4 K 41 6 pDNA &L A 0 #0150 . 1R 85 I 3 3% SR L HE AT 45
4y, BANPYREEE HIEANTLA , 48hZ fE I A20 1 MTTHRH
(5mg/ml) , #ke 3t FEah, NOR AL LS EBIEBE A
1001 DMSO, ZEIR IR Smin/5 , B i3 b2 & Y BE R (LI €
7E570nmAk B GAE . 3R IR 14, RIE A 2 A K



WK ERIKEHZ 2008 £ % 33 #MTI 1 (Journal of Chongging Medical University 2008. Vol.33 No.s1)

HHE/pDNAK AR, 35 ACOH M I T & gk bk
#FH
1.9 #EHRKXE
LAY WM x 10N B TLIEERTE24FL K
_EHEsR2a0, A EET0% , TESE S AT4h B R FBSEIDMEM
EHEBRSFR A ERRERFIMASH L ng pDNA
A FIN/PH 8 B & 1 F1200 1A & FBSHY DMEM 35 57 2, 78
37C T ¥ 5k4h, MBS YW, M ADMEMSE 37 3 E37C T 4
LEHEFE 20,
LO2KNEEMBNREKTRN 2K E SpCI3R &Y
FE24FUMR 48 LR T AT B R B A Bl SR AE I
ANFLHP ,48h /7 RIPBS YL, BFLINA 100 o 4T AR R, Z 1R
HCE 10min, FHEH IR % 45 R EN4RAE10~15min, BRSO p 1 L2
L, MAZRE B, BILIMASO LI EBEAVIEY , 7E
FERETT R, FIARNRRE A AL A & R (RULwel )R
HAsF IS X 14, FE RS Kb #HpDNAE & 1
A,
1.93F BRI EHMEMM pAAV-ECFPRIZIKMEELF
%FC6.293THIHepC2AAMIFE YL f5 , Fo 2 LB HE SR B BB
R RIREMMpDNATEI R4l FP AGHE G038 A FNikon
FOURRMIR . Horh3Rrgifts 148, el & g1k ip
DNAR S Y,
194 R AWML pAAV-EGFPRIGY K41 %L & 4 35513
MAMERE, FE E RIS, A AS00 ] Hank’ s F45
HERSE, RIFHAFACS AriaTMZ S R XS E
EAMHRAE . 3R aIE 14, Fata 494
KA HHpDNAK & PRI SE Pk R
110 it

LB F (2 +5)FR , B FISPSS11.0GEH #4847
Gt F AN, 2R B ERR B HNS T T AR SE;
P<0.05 R P<O01 2 AR R ESIEA G B X MBE G %

2 & R

2.1 #¥if2Fezeta- AL

AR FEMALVERN Zetasizer Nano ZS90Y 2§
_I ¥ %€ FA-PEG -PEI/pDNA .PEG -PEI/pDNA2 F 44
KE A VRIR AR M zeta—BLAL, WNEI2F77/R , FA-PEG-
PEI/pDNAK A Ri42 4 (26445 )nm, T PEG-PEV/pD
NARRIAZ 1A% (39625 )nm, FA-PEG-PE/pDNA R
AR AR (+20.623)mV , J5 & K HL O AR T & 5t
WK, RA (+6.92+3)mV, M 45 - & FA-PEG-
PEl/pDNA%ZS & B LT (P<0.05 )
2.2 BB K

WNE 3R, FA-PEG-PEIFIDNAKI € &4 B 7E

N/PLH RSB EIEEE , MPEG-PEL PEIFIDNARISES
254 W HIFEN/PE 100 BT LAFA-PEG-PEWE R4
YRS HEEEN/P=S, MPEG-PEIAIPEINEZE =10,

400 - Digm:ltz_r(nm)
350 -
300- Diameter(nm)
250
200 -
150 -
1(5)3 ‘ zeta- zeta—
. P " 1 al{ V) .
0. o) | ey
1 2

B2 FA-PEG-PEIpDNA(1)«PEG-PEUpDNA()FFh a5k
8 &k MPI R M zeta— AL

B3 TSV ISR

13 A n

RIPEI 25kuw kXt BB, ZER R HINPZ HIXEC6 ,293T
FHepG2AUHIHEAT T MTTH , A AIANKAF R 1A
A —E AR, WE4RT IR 7E3R0 4
L, R TEE N BIN/P , FA-PEG-PEIRIPEG-PEI
ARG R LLPEIEE R (P<0.01),N/P<156 , PEG-PEI
FIFA-PEG-PEUpDNAMIFEIEHAE Y, HEFENP>
156f FA-PEG-PEI /) 4 i 77 & # F . PEG -PEI
(P<0.05),
24 fRAHERR

YIRM R 5 pCL3GE AR S 3R % 6 R
R ERFKFIESHR , FE3F 4 P, M B4
KE ,BEN/PHIE K, RLU/wel 38 B , ZEN/P=15K1 A F)
BRAH T T BRI A0 K b1 46} 51 SRpDN A B 24
BRIk B 5 pAAV-EGFPFEN/P=15H B & )5 ,
TEIFP A P AT YL, RIS 4 B R B B 0O B s
AR ., ZECEF203TRIFP M+, FA-
PEG-PEUpAAV-EGFPE S YIS BRI E 418



BWEERKFEE 2008 £ 33 T 1 (Joumnal of Chongging Medical University 2008. Vol.33 No.s1) — 17 —

Cc6 ce
1t t
0.8 | 0.9
L 2 ——PEG-PEI
0.6 ~—PEG-PEL % 0.8 t
0.4 b —o-FA-pE-bEI g ——FA-PEG-FEL
0.9t —4—PEl 25ku g 07} ——PEI25ku
o L 1 ) — i 1 1 ] 0’ 6 I i 1 1 J
0.01 0.1 1 10 100 1000 5000 5 10 15 20 25 30
Polymer Concentration( pg/mi) NP It
203T HepG2
1 Iy
0'9 0‘ 9 E
0.8 e
:g\ 0 7 —[F-PEI g‘ 0.8 | ——PEG-PEI
§ 0.6 - FA--PE g U - FPEE
% )
& '°'P”‘”k“ T - PEl5ku
Ov') 0. 6 i 1 i} 1 1 —
5 10 h 2 P 3 5 10 15 92 %N
N/P Lt NP H.

B4 PAMERARKSEETEHRRPHORBEE

KEKIE(P<0.05), TG R A6~ , FA-PEG- ZHHfiP , FA-PEG-PEI/pAAV-EGFPA R L HE
PEVpAAV-EGFPFEIAH B AT, 2293 THIMIPRE.  HAYRERERMER, E7RXAMRLPLER
TAFRRE A IMFI REEAARE, MiffHepG2 — WIELTRX—%it,

1.293T 2.C6
8.E+06 © DIPEG-PEI MFA-PEG-PEI EIPEL 25ku NgM 2.E405 ¢
O PEG-PEI WFA-PEG-PEI BIPEI 25ku

& 6.E+06 o 2, B+05
i <
s i
“ 4. E+06 &

2.E+06 -

0. E+00 :

N/P=h N/P=10 N/P=15 N/P=5 N/P=10 N/P=15
2 E506 ¢ 3. HepG2

OPEG-PE] W FA-PEG-PEI BPEI25ku

N/P=3 N/P=10 N/P=13
M5 MEAYWESRMN/PILEXREBEBRIEKE



EXER AR 2008 S£ 5 33 M7 1 (Journal of Chongging Medical University 2008. Vol.33 No.s1)

3

1. 293T
100 [
—_ I
® 80
= T
& 60t
é 407
g
§ 20
=
0 | I
PEG-PEI  FA-PEG-PEI PEI 25ku
3. HepG2
50,
g
T 30
g 205
%
£ 100
3
P 0 1 1
PEG-PEI  FA-PEG-PEI PEI 25ku
H7 #AMENP=15ZE%ENEAREMAMLLE
15 I 4

ZEFBMAEREMBAR T HER BT I

PEG-PEI

FA-PEG-PEI PEI  25kD

A

H6 EEWMENP=15GBIAXEQRKKE

30 ¢

20

10 -

Fluorescent cell(%)

0 I} 1 i
PEG-PEI  FA-PEC-PEI PEI 25ku

XKr—, HEFHRMES T& RS Tkt
RIFHER AR R EREEF RN —FME
BEAA (R FEOG AT IE LT AR M i
MERRBBRAE SRR SR aHAT
HAEWER BRI o 2 SCBR i A R 0 e A 3 R
R, A RHFERSMEN T BB R 2 R
b3 2.4 e (FA-PEG-PE]) A F LBk R 2 — %
B AR LM T (PEG-PED B BRI A5 M Btk
AL 0] 4 JRIE YL RE ST

R Mzeta- N EHEE SYE S HMREGE
71 VA Bl it A 1R R E A 4B 69 3 3 FA-PEG -
PEISPEG-PEIE & pDNAJSHHTHN . BIE &
B ECHF T B, B2 7E200~300nm, fIFA-PEG-PEVpDNA
BARBUN AR , BLBIFA-PEG-PELS BUR K925



EEER A F$R 2008 £ 33 %147 1 (Journal of Chongging Medical University 2008. Vol.33 No.s1)

A HPEG-PEIFIPET 25kuBht, BR 5 SHMMIRLS .

KM BB AMDNAB S BEEREAE B
ARG SRR, — MUl o TR R BB B Uk R
5. FA-PEG-PEIHIpDNAKIZERZSETEN/PIL K
5, PEIFIPEG-PEI5 pDNA #4958 2456 W Hi BLZEN/P
HR10; BRLAFA-PEG-PEIE A5 A I8 7 2 AEN/P=
5, M PEG-PELN B = 10, H I AT LA G4 K #% %}
IR, LMERSEE.

e TN B B 5 YRR R AU MR R B
R ARKNARFEHXY, MEE SV T LE
B WA RE % e ik K - th B T B MTTHL B 35 2
IR R AN AR SR %, AR R TMTT
bt f5. 8. B 3T FA-PEG-PELFI PEG-PET I R 494 K b1 8}
HIAE SpDNAJG AIIRAR Y , A2 3R 4 ,FA-PEG-
PEIFIPEG-PEIE TR HINPIE N , 4 HIAF 15 ZRAR H
PEIE & ; FENP<158F ,FA-PEG-PEIAAZIE S HIPEG-
PEIRI A HTFIE R EEAM K, i55192%, EN/P>1587,
FA-PEG-PEI4HMIFF{E BAAX PEG-PEI T M, {HIL
PEIE; , ATTUERR & B 4K b1 R E [R1HE A B () B4
HFHEAKREKT

BT EEHERME, SR B TEAR FRIN/PE A
RERARBHpCLIE XA RAKALEAN
pAAV-EGFPE & /5 7EC6.293THIHepG2 3FM4EATH
HEATRE G, 42 5K FIR JE R B B R R A KFE M
B E WA TE R B T ORI LA B i =X 40 AR
W, 7E293T4IML , FA-PEG-PEVpGL3¥E Y5t
EEEE FAKFE HLPEG-PEIFIPEL 25kufBH , iX
B TF293 T4 M R Z I m H RikM , T LAFA-PE
G-PEV/pGL3 & 4 % Ye Bt 7] LA 388 1o - % 10 15 3 ] T
REHPME, BRARBER KRB KRG E
C64 B+ ,FA-PEG-PEIH % Yt K B 2L (H K 1k K
RSN B R MR B KT, XA RERET
CO4H M it BR 32K H i K3k , FA-PEG-PE/pGL37J
VAT ick Pt R 37 1 R 4 B 1) T PN 4 A R P e T
R ARIT , MR K B3 B R 5K AR 7 40 B
MM BREAKRFATHE SYERP, HepG24i i
iy FrBRZ AR NHE LSRR ATLIE , FA
-PEG-PEI/pGL3ME X R EHN KA K FEZR
PEG-PEI#/ME. 76 BREE T W LA K it 4 A
K45 Rt E L T FA-PEG-PEIf 5% Y230 R B 47 o
B I B] 4% B 4598 : FA-PEG-PEIA] LL4E H Co R
293 T4 g P4 B2 e 4% A B B Ak

B2, AP T FA-PEG-PEIRISER 5 YL
R AR EELE A, B ) R TT M S R
BIRTZAEROEEBREEL T EISMETRE
B, AT — £ AT RN TR G ERRITHE
JBE A

2 £ X W

{1] Mulligan RC.The basic science of gene therapy{J]. Science,1993;
260:926-932.

2] Zabner J,Fasbender AJ,Moninger T,et alCellular and molecular
barriers to gene transfer by a cationic lipid[J]. J Biol Chem,1995;2
70:18997-9007.

3] Zhdanov RI,Kutsenko NG,Fedchenko VLNonviral methods of gene
transfer in gene therapy{J]. Vopr Med Khim,1997;43(1):3-12.

[4] Godbey WT,Wu KK,Mikos AG.Poly(ethylenimine) and its role
in gene delivery{J]. J Control Release,1999;60(2-3):149-160.

[5]1 Fischer D,Bieber T,Li Y,et alA novel non-viral vector for DNA
delivery based on low molecular weight,branched polyethylenimi

ne:effect of molecular weight on transfection efficiency and
cytotoxicity(J]. Pharm Res,1999;16(8):1273-1239.

[6] Boussif 0,Lezoualc’h F,Zanta MA,et alA versatile vector for gene
and oligonucleotide transfer into cells in culture and in vivo:pol
yethyleniminefJ]. Proc Natl Acad Sci USA,1995;92(16):7297-7301.
[7] Fischer D,von Harpe A,Kunath K,et al.Copolymers of ethylene
imine and N-(2-hydroxyethyl)—ethylene imine as tools to study effects
of polymer structure on physicochemical and biological properties of
DNA complexes{]]. Bioconjug Chem,2002;13:1124-1133.

[8] Nguyen HK. Evaluation of polyether—polyethyleneimine graft cop
olymers as gene transfer agents[J]. Gene Ther,2002;7(2):126-138.
[9] Ogris M,Brunner S,Schuller S,et al. PEGylated DNA/transferrin
-PEI complexes:reduced interaction with blood components, extended
circulation in blood and potential for systemic gene delivery|J]. Gene
Ther, 1999;6(4):595-605

[10])  Zalipsky S Functionalized poly (ethylene glycol) for preparation of
biolgically relevant conjugates|J]. Bioconjug Chem,1995;6(2): 150-165.
[11] Lee RJ,Huang L.Folate—targeted,anionic liposome—entrappedpol
ylysine—condensed DNA for tumor cell-specific gene transfer{]]. J Bi
ol Chem,1996;271(14):8481-8487.

[12] Gottschalk S,Cristiano RJ,Smith LC,et al.Folate receptor med
iated DNA delivery into tumor cells:potosomal disruption results in
enhanced gene expression[J]. Gene Ther,1994;1(3):185-191.

[13] Shiokawa T,Hattori Y,Kawano K,et al.Effect of polyethylene g
Iycol linker chain length of folate-linked microemulsions loading
aclacinomycin a on targeting ability and antitumor effect in vitro and
in vivo{J). Clin Cancer Res,2005;11(5):2018-2025.

[14] Saul JM,Annapragada A,Natarajan JV,et alControlled targeting of
liposomal doxorubicin via the folate receptor in vitro{J). J Control Rele

(F#HE 22 7)



EXERKAFFIE 2008 £5 33 %187 1(Journal of Chongging Medical University 2008. Vol.33 No.s1)

SFSMEE ANG 5 i i ML K BRI P9 A 20 400 A T 8K
BRI B E 1 T F%, AT B S AT HSMRMEANG (th
ANG)HIFI B RIZI R A B R/ R ILEERT [E] %
B RS A BUEANGH B K HZTRE
HmeEA R SRR R G EE, XHSMNRYEANG
ot A R oL RO FRAEF T — 2B o

2 £ X W

[1] BLARE, W B0, SLE P SRR 5 1 B A 4 FR ARk dge i P i
A RAER BT I ] Wk E R4 Z7K , 2001526(9) : 699-700.

[2] Kaya D,G iirsoy~Ozdemir Y,Yemisci M,et al. VEGF protects
brian against facal ischemia without increa sin g blood—brain permea
bility when administered intracerebroventricularlylj] J Cereb Blood Flow
Metab,2005;25(9):1111-1118.

{31 Ay I,Sugimori H,Finklestein S.Intravenous basic fibrobalst
growth factor(bFGF )decreases DNA fragmentation and prevents down
regulation of Bel-2 expression in the ischemic brain following middl
e cerebral artery occlusion in ratqJ]Mol Brain Res,2001;87(1):71-80.

[4] Moenner M,Gusse M,Hatzi E,et al. The widespread expression
of angiogenin in different human cells suggests a bio log ical functio
n not only related to angiogenesiqJ] Eur J Biochem,1994;226:483-490.
[5] Nagasawa H,Kogure K.Correlation between cerebral blood flow
and histo log ic changes in a new rat model of middle cerebral
artery occlusion[J].Stroke, 1989;20:1037-1047.

[6] Longa EZ,Weinstein PR,Carlson S,et al. Reversible middle
cerebral artery occlusion without craniectomy in rats[J]. Stroke,1989;
20(1):84-91.

[7] BEFEHE, GUABHR, FKRIRBA. K BUR AL P AR i o A5 AU 5k i 2 B Y
SEACRRFL]. HEIRAG 2R, 2000;8(3):159-161.

8] # 8, RSB ERM K BRG nEEE R
TERT-EBM). #ITLE2,2001523(9):529-531.

[9] Krupinski J,Kaluza J,Kumar P,et al.Role of angiogenesis in
patients with cerebral ischemic strokefJ). Stroke,1994;25:1794-1798.
[10] Bellomo M,Adamo EB,Deodato B,et al.Enhancement of expres
sion of vascular endothelial growth factor after adeno-associated virus
gene transfer is associated with improvement of brain ischemia injury
in the gerbil[J]. Pharmacol Res,2003;48:309-317.

[11] ZEHERIL G 2 KT HFAJANGH EHERARBET
BRI CALEIRBBTFEL. PHEMO M ESMRIE , 20035 19(1):43-46.

(L% 197)

ase,2003;92(1-2):49-67.

[15]  Bettio F,Canevari M,Marzano C,et al.Synthesis and biological
in vitro evaluation of novel PEG—psoralen conjugates{J]. Biomacromo
lecules,2006;7(12):3534-2541.

[16] Shuai XT,Merdan T,Unger F,et al.Supramolecular gene delive
1y vectors showing enhanced transgene expression and good biocomp
atibilityfJ]. Bioconjug Chem,2005;16(2):322-329.

[17] Shuai XT,Merdan T,Unger F,et al.Novel biodegradable terna
1y copolymers hy-PEI-g-PCL-b—PEG:synthesis, characterization,and
potential as efficient nonviral gene delivery vectors[J]. Macromolecu
les,2003;36:5751-5759.

[18] Needham D,McIntosh TJ,Lasic DD Repulsive interactions and

#*******k

mechanical stability of polymer—grafted lipid membranesJ} Biochim Bio
phys Acta,1992;1108(1):40-48.

[19] Petersen H,Merdan T,Kunath K,et al.Poly (ethylenimine-co—
L-lactamide—co inamide):a biodeg
tive with an advantageous pH-dependent hydrolytic degradation for
gene delivery[J]. Bioconjug Chem,2002;13(4):812-821.

[20] Singh AK,Kasinath BS,Lewis E].Interaction of polycations with

pithelial cells{J]. Biochi

dable polyethylenimine deriva

cell-surface negative charges of Biophys
Acta, 1992;1120(3):337-342.

[21] Chul CK,Hoon JJ,Jung Chunget alFolate receptor-me diated
intracellular delivery of recombinant caspase-3 for inducing apoptosis

7). J control Release,2005;108(1):121-131.

***&*****************&*******************’é

%70/ 4 B 49 &
2009 % 5 A dg K A4T, k4G ot A te)

€ I IE FE IE FE IE INE IE I IAE I IE IE I IE IE IEIE IR I TE IE I IE IS I TE IEIE IE I IS IE IE I I IEIE NN

4 Lo T

A 2e 7€ e e FEANE S



