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Abstract: Polyamidoamine (PAMAM) dendrimers as synthetic gene vectors are efficient gene delivery
systems. In this study, a kind of a-cyclodextrin-PAMAM conjugates polymer (CyD-G1) was synthesized as a
gene delivery vector. Based on 'H NMR detectation, about 6.4 PAMAM-G1 molecules was grafted onto an
a-CD core. Agarose gel electrophoresis revealed that CyD-G1 could efficiently bind with DNA to condense
them into nano-scale particles, which showed a similar binding capacity of PEI-25K. Besides, it could protect
DNA from DNase I degradation in a low N/P ratio. When N/P ratio in the CyD-G1/DNA polyplex was 40,
the average particle size of CyD-G1/DNA polyplex was about 120 nm, and zeta potential was +21 mV. This
polyplex could maintain its particle size in serum-containing solution within 360 min. In comparison with
PEI-25K carrier, CyD-G1 showed low cytotoxicity in various cell lines. Cell transfection results showed that
CyD-Gl1 efficiently delivered DNA into cells at N/P =80 compared with Lipofectamine 2000 and PEI-25K.
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Unlike Lipofectamine 2000 and PEI-25K, in serum-containing test condition, CyD-G1/DNA polyplex could

maintain the transgene activities. The results of confocal laser scanning microscopy indicated that most DNA

entered into cell nuclei within 4 h, and this phenomenon was consistent with the results calculated by flow

cytometry. Taken together, CyD-G1 showed good transgene activities and the gene delivery vector could be

used not only in vitro but also in vivo.

Key words: cyclodextrin; polyamidoamine; serum-resistance; gene delivery vector

UTAESR, HE AT 19 BRI 72 1 50T, R
FE A S R 136 97 R 4 B AR R AH 5G9 AR, 4
PR O L R G BB R S IR KR T
AP B R 24 AR, a5
TREREAAD Y BB R AR AR I D A
— B, FEFEBRA YT A A S AT LA v AR R A 1
S8 R N TE 0 5 IR B A 0 KB DY IR, BHES T
BEMT ZMIENR RS, BB (poly-
amidoamine, PAMAM) & —ZRFIR Ko FEEF &40
B S5 K I3 A A2 WA R Bk A 25 4, 3 6 Jk A ]
DAEVF 2 ThREIE 145 &, fn s i 56 (™ VR Ho A oh
PR T DL 3 TR A A 2 o s e O AN iR 7 0B
PE, RTINS R AL YRR . T, AT E N
PR B AT

PAMAM ZRPIRFH B TR AW, 1ERZAFIHEE R
WA BRAZ CERE, HB TEREER 8%
A& 4 AL L), TR PR IS b a2 BAR KRR &1 1
B4 T & 1 PAMAM (BF 5 0~3 Q) AR H 8k
JUF R, Al ER>miE R m Ak, 5
TG RHAR ARG, FAE NI EAANT Dl
ST 5 UR DNA 256 f8 71 K5 20 I FE (v AE B4 A
ot L R 45 A AR E M, BT 4 i ) 7 M %
P i fe 11,

- HIKE (a-CD) I8 % % FHE B K P 254 11 A
B, CAIE B4 e M VA 1 24 WV A R R A 2 0 AR
EWMHM . a-CD 3 FRINA Z AR, Xk
A DU T A 25 e S, A BRI O R R R
BEFENL o VP2 SCHR CUARIE, NHZFTIEX o-CD
RIMPAT R T %% . o-CD 7 F&ih
HIVF 2 REHAR SR G4, R B S A A0 S 41 A 2 | 4
358 o0 356 IR e 3 2021 0 AR R R A T LA R [RIAR B
PAMAM #H47 T 251650 518110, 193] — 2% PAMAM
TS, FEXT TR R e Sy A TR RO 1018 19210
AW TSRS I, T o-CD 5 PAMAM fi&i
EEY (CyD-Gl), FHMAHE M RE, HECEA]H
PE L FeE PR S AR A IS A IS PR 5T 1) 48 i A

mRERE*®

##l HKE-293A #fiffgtk. Lipofectamine 2000
(3£ Invitrogen /A #]); BEL-7402 Al COS-7 40k
(P E BB B E); DMEM 1R %E . Ba4- 1
i (C[H Gibico A 7]); TAE Z2ohill. BEIRZE rf £h 1%
W (PBS) 1 E = Hr 4 ELf]; MTT. DMSO.
PEI-25K (%[ Sigma A A]); pEGFP-C1 i (J %
iR K S A B E B A B R R PE4L); Endo Free
Plasmid Kit (TIANGEN); a-cyclodextrin (a-CD,
[ 25 A TR A E)); PAMAM-G1 (7 [E B 50 F1 X
KA TABRA A, Bk —wkmk (CDI, Bz T 5
AIRAF,

8 LGI-18 BUAVRTFIRNL (AL VU EREL AL
#)7); INOVA-500 BURxmEILHRME1E (35 Varian
A T)); Malvern ZEN 3600 44K KB A7 e A7 23 1 A%
(JZ[E Malvern 2 7]); Olympus {8 B M Z B (HA
Olympus 2 7); Bio-Rad BgHk 42 9% £ #4% . FACSCanto
T A4 (35E BD A#]); LSMS10 ot bR £
SR (fEE Zeiss A F]); 5451D KEE 0L (FEE
Eppendorf A &),

CyD-G1 U4 ¥ CDI (5.84 g) BT 500 mL
B, FE/K DMSO (25 mL) #EHEEME, 7%
a-CD (0.39 g) V&fiET 25 mL /K DMSO . #8&
o-CD [Jo/K DMSO R E T8 i FHgig
“H CDI ) DMSO ¥, Inke, W= b
12 h, 2RJ5 ARSI .- R 2B IR A
#] (Et,0 300 mL +EAc 600 mL), 2505433 A
FRAUUEE, F 10 mL R AWV 2 S, 25 mL
o7k DMSO VMRS . B PAMAM-G1 (10.3 g) %
i T 150 mL JE/K DMSO 1, 8% Lk yiie )
DMSO BN T, ke, s w13 +E 12 he
B ULE BN B 2Bk 218 2. B8 IR A 7 (B0
600 mL+EAc 1200 mL) 53 FI47=yiiE, &0t
JE ke =) BT R AT RN 7 000 [IENTES R, &
B3 K, WURTIEE13 279 CyD-Gl.

CyD-G1/DNA EE5YIRYHI& AR N/P L



ZEvE V5SS 0-CD-PAMAM Hi L5 FH 551

RAE W KON S HAT o2k R A B ek RE VP A

EE]

+ 141 -

#1485 &4, Hod FUk DNA &~ 2 ug. CyD-Gl
FH T TR 7K s i T BB A TR B PR VA T, SR AR 5
i DNA IR &, =ik E 30 min [FEI1H CyD-G1/
DNA EH4.

B KRIPEAE LI ARAE IR Oy ik A& A [
N/P LU E AW 12 ul, Hh &4 DNA &N
1.2 pgo EAMFH 30 min 54T KL, &4N:
0.9% (w/v) BRBERERERS, 110 V HLE, HL¥K 45 min, R
b Z.%E (EB) et i BERAE R G MEE DNA %%
LR

B EROCARENMESGWHERSE SHRBT
DNase | IREEA IR G, KPS B LR 1.2 ng.
7637 C4&M T E 20 min, HILRAKRRE T 70C,
5 min 28 1 FEAR SN, N 15 mg-mL™ T2 75 W E e
HRDNA, =IEME 2 h J5, % ER &Mk
JREHLEK, AT DNA ) B8 45 100 o

SEAYRAEFBAMMNE KA NP HE
EEY), HHREEFN 1 mL, FH DR SCEOLR
JE LA S TR B R 2 R AT, AR S
&R S E 3 K.

MBS MSEIE  SCIGHT 24 hoK AR AL RN T
96 LA, AR IR ] 80% I, K M
B 77 W0 ) L 0 AN [ A B 1 SR G i A TR R AL
150 pL, 5 4 FLA—HBATIRE, IS B T4 s
FEAARETE 4 h, FRISIEIRHE, JFINN 150 pL B 7
Mg B FR%E, B9 36~42 h JGRFLIMA MTT %l
20 pL 4R4E859% 4 he HUBE, Wid LA s s 5ot
I DMSO 200 pL, B TRIKIEMEY, fFEen
iR J5 E B ARAX I 492 nm A1 620 nm XU K AR 72 T
FE (A), BWOIL-FIME, 4% T o B A7 E % .

A /A
Cellviability(%) = —2tumplo _~ Q06amle) . 1%

492(control) / Af,20(comm1)
MREAERSEIE  CRIANMIEEAN T 24 FLAR, fRRbiC
JEIKRF] 80% I HEAT S 56 W AL U RE IR LSS, I
TE M3 B L O FT R IR AL 550 uL, S Sl

NN L /SN
(L N-C-N_J

CDI

DMSO
at25 °C,for 12 h

a-CD

Scheme 1 Synthesis route of CyD-G1.
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a-CD: a-Cyclodextrin; PAMAM: Polyamidoamine
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Figure 2 Agarose gel retardation assay: PAMAM-G1, PEI-25K,

and CyD-G1 (a—c). Stability test against DNase 1 of CyD-G1 (d)
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Figure 3 Particle size of CyD-G1/DNA polyplex (a). Zeta

potential of CyD-G1/DNA polyplex (b). Stability test of CyD-

G1/DNA polyplex (c, size distribution image represents the CyD-
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medium)



ZR IS a-CD-PAMAM FUILTE FH B 158 A MU HOM i I HLA 9 S DR B AR B PR RE AT A - 143 -

4 CyD-G1/DNA KIS %R

R 7 1 2 DR A 1% B R (1) DNA 45 & 153k
R TRBAR A R E 1, BB, BAEWMIKE
PERAE R R BRI e e ok AF o ARSERG R, R ALt
i) MTT VEXHR R CyD-G1 A YIEWRAE— &
F 4 i i 3 AT TREAT, I BL PEI-2SK AR A BH 14
XFRRIEAT X LG, %2 B i R AV 40 i 55 K B
4a TR ARFYIFEAE HEK-293A b i dte. mT LA
A, EEMIEREFRFZMT, o-CD fl PAMAM-G1
BRI H B A0 g, A R R A
) 400 pg-mL ™" B, 407 R A AL E] 90% LA E.
PEI-25K U R I H o 270 () 4 i 351, MR IR FE N
100 pg-mL™" B, 4HAES R 2 FFKE 19.8%; 1
JREWRE N 400 ugmL ™' BHERA T %R 6.8%. 5
PEI-25K #itk, E#If CyD-Gl FHE TR EWEM
R A AR 2, R RN 400 pg-mL!
B, 5 70.3% MANRAFIER . o-CD AP TH PLSE
K OH My, RIH BRI 140 A 25 1%, PAMAM-G1
HRRTHEA NHy, H FR SR/, R W R E
P, 1M CyD-G1 4> ¥ il &1 K T PAMAM-G1, 4M%&
T -NH, /3 /i 8 2%, v] 238 % 8 1 = T PAMAM-G
{1 5 Ao

Without serum With serum

a 120 120

X 1~ N . 3 1' Fe—f—— g —

=~ 909 90 i v

2

S 604 60

]

Z 304 30

S

0 , : : ¥ 0 , : - :

100 200 300 400 100 200 300 400

b 1207 1207

X —_— —F— s S

R o 5 = 3 3 o0 . * 3 3

2

T 604 60

=

Z 30 30

3

0 . - - e 0 . " - 3

100 200 300 400 100 200 300 400

€ 1204 120+

X ¢———3—F—— f———F——F—3

< oo £ 3 3 LIPS £ 3 2

2

% 60| 60|

Z 30 30

3

o

0 0

100 200 300 400 100 200 300 400
Concentration / pg-mL"! Concentration / pg-mL"!
@ a-CD * PAMAM-GI - CyD-Gl ¢ PEI-25K

Figure 4 Cell viability of a-CD, PAMAM-GI1, CyD-G1 and
PEI-25K in serum-free and serum conditions for HEK-293A (a),
BEL-7402 (b) and COS-7 (c) cells
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Figure 5 Cell transfection efficiency of CyD-G1/pDNA polyplex
with various N/P ratios in HEK-293A (a), BEL-7402 (b) and
COS-7 (c) cells. PEI (N/P=10) and Lipofectamine 2000 (Lipo,
w/w=2) were used as positive controls. Blue bar and red bar
represent the transfection efficiency treated with serum-free and
serum-containing medium respectively
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Figure 6 Confocal laser scanning microscope images of
CD-PGl/rhodamine-labeled pDNA polyplex in HEK-293A cells
after incubation for 1 h (a), 2 h (b), 4 h (¢)
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