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(# =] HIP: Brmmm polyamidoamine , PAMAM )M TE 73T 1= R A WIHE R survivin 2 LSEZ T FR( survivin antisense
oligodeoxynucleotide,, survivin-asODN )Ek {4c% 1% 22 48 1) T 4704 LA Bk AT 98 SMMC-7721 40 i I8 1~ ¥ 52 i Ji % ¥ 200 pne/L
survivin-asODN £ 3. 66 wg/L PAMAM R Al £ PAMAM J SRR & A9, R i £ BH 25 7B SR A S SR &2 A 1 S st il
BRTHRFEMERE SWIEA KR, Zeta AL HTAONE G YN zeta AL, 8500 3R SMHOC AN 2 2 & W a3
LRSS DNA BEHCHE . 1 LR TRP 3L R 2R 52 & W56 YL SMMC-7721 4, 5 HE YLK s Western blotting K63
LY TR AN T survivin 25 11097235 5 02 40 MO ARG I Fibod A B PR T, A R I 4 PAMAM S YRR IR 2K R 4:
PAMAM-survivin-asODN, 1% & ¥ #RiA2 /N T 18 Bi i -survivin-asODN AW A RAZL (64.9 £9.60 Jus (193.9 +£32.20 ) nm,
P<0.01 ],H zeta A7 TG [ (37.7 £3.80 )us(22.6 £2.20) mV,P <0.05 |; HZEHEFH L A ELEELS,;
PAMAM % ISR S 5% DNA FRELREGA 14 d, BRBUAL G R472: 5 do PAMAM-survivin-asODN %% Y% [ 200 A 1) 801
3 T8 A -survivin-asODN( P < 0. 05 ). %% 4% J5 AT 9 40 MY siurvivin & BT 38 B ZK T8 R & 5910 ( 26. 80 +5. 65 )vs
(36.96 £5.89),P <0.05 ], iZ4 My T2 1o 2 v TR IR E & W0 Qe 4l ( 60.3 £8.25)% vs (48.7 £9.39 )% ,P <
0.05 ], 451: PAMAM 1ER# ik R G5 A84% survivin-asODN 2585053 2 P4 SMMC-7221 400, 755 AR 40 i i i 1=
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Construction of survivin antisense oligodeoxynucleotide polyamidoamine carrier
and its influence on apoptosis of hepatic cancer cells
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[ Abstract ] Objective: To investigate the feasibility of using polyamidoamine ( PAMAM ) dendrimer as survivin
antisense oligodeoxynucleotide ( survivin-asODN ) delivery system and to explore the effects of polyamidoamine den-
drimer-survivin antisense oligodeoxynucleotide on the apoptosis of human hepatic cancer cell line SMMC-7721. Me-
htods: The PAMAM-Survivin-asODN complex was prepared by mixing the 3. 66 pwg/L PAMAM dendrimer and 200
g/ L survivin antisense oligodeoxynucleotide. Meanwhile, the liposome-survivin-asODN complex was prepared as
control. The shape and size of the complex were observed by transmission electron microscope and the zeta potential
was measured by analytical tool. The encapsulating efficiency, DNA loading level, and the in vitro release speed
were determined by ultraviolet spectrophotometer and centrifugation. The transfection efficiency of survivin-asODN in
SMMC-7721 cells was measured. The protein expression of survivin was measured by Western blotting analysis and
the apoptosis rate of SMMC-7721 was assessed by flow cytometry ( FCM ). Results: The PAMAM-survivin-asODN
complex was successfully prepared and the diameter of complex was shorter than that of liposome-survivin-asODN
complex ( [64.9+£9.60 Jvs[ 193.9+32.20],P<0.01 ). The zeta potential of the complex was higher than that
of liposome-survivin-asODN complex ( [37.7+3.80 Jws[22.6+2.20],P<0.05). No significant difference in
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the envelopment rates and loading levels were found between 2 groups. The in vitro release of survivin DNA lasted 14

days in PAMAM-survivin-asODN complex and 5 days in the liposome-survivin-asODN group. The transfection effi-

ciency of PAMAM-survivin-asODN was higher than that ofliposome-survivin-asODN ( P < 0. 05 ). The expression of

survivin protein in PAMAM-survivin-asODN group was less than that of in the liposome-survivin-asODN group
([26.8+5.65]ws[36.96+5.89], P<0.05) and the cell apoptosis rate was higher than that in the liposome-
survivin-asODN group ([60.3 +8.25 ] vs[48.7+£9.39],P<0.05). Conclusion: The polyamidoamine den-
drimer can effectively deliver survivin-asODN into SMMC-7721 cells and induce SMMC-7721 cells apoptosis.
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BRI e S B DR e Ye i At R OGS R, K
L AL ) A A R 1] R R 3o K AR, 1 TR R
B BT polyamidomaine , PAMAM )R IE 43 1
R — TR R R RL AR N S SRR
PAMAM FEHA [ 2 1~ 480 A 14 5 DR e 80 L 2
MREHEAE > R R H HR( antisense oligodeoxy-
nucleotide, asODN )J&—F L 454 & 1 5E IR Y7 F
B ARSI L) PAMAM 3% % survivin-asODN %
T, WL PAMAM PR e Y adOR S e e N
IHE AR SMMC-7721 Je 3755 e 4L U8 T P
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1.1 St R B E 2

DTS20 AR SMMC-7721 g [ BB b i 40
LR, % YL i 5 i BT 1A Lipofectamine™ 2000 14 H 3
[ Invitrogen 23 A, PT N survivin £ 5w BEPUIA I H
% [H Santa Cruz 24 A, BUAL TN REIG H 22 [ Sigma 23
7] , Western blotting B & A 1A F . Sur-
vivin-asODN /1 ¥ 4 T8 & & W, #5 h. 5'-
CCCAGCCTTCCAGCTCCTTG-3", ¥t 5 1~ B MR i ik
FIHBAEME, 5 5 L FAM FRic , PAMAM BHIE 4> 1
P b YA KRN KA 5% e A ok T AR 9T &
Ffit,

1.2 PAMAM R SUK B 2 &4 6494 &

MR T 56 45 2 HH e AR 2, B survivin-asODN
HIAR &5 137 B9 RPMI 1640 3% 3% W b, TE A% 200
pe/L I A WL IR EEIR TS 10 min; A5
B TC I R R, 730 A PAMAM FAE BTk,
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I3 B EC B R E R 3. 66 mg/L 11,83 mg/L i) B
TSR A IO B IR AT, 15 3] PAMAM -sur-
vivin-asODN FIfg & /A -survivin-asODN & &4 -

1.3 PAMAM EX AR EAMTHE 425 zeta
W, A ]

B /b & PAMAM-survivin-asODN F1 g & {48-sur-
vivin-asODN & &9 1 55 W N7 78 55 i B 1) 4 1
b AR TS H 2% B2 1 4% 2 min, T B G H
TR N MR GIKRIE ST IR, FEERGKRTR
B i, IR KR B I FH 80 A O U e
660 nm ELH N 90° A& T M 55 = A
YIRiAR , BN GE 6 WK FH zeta HRLA 43 BT AL 2
zeta L7, L& 6 IR,

1.4 Hb4Mhadkaz

B8 5 AR -survivin-asODN F1 PAMAM-survivin-
asODN B 5,59 250 x g B0 J5 W B b 7 9, 48
A3 96 6 BE T 260 nm AL E G BE(H D, 1%
1D =33 pg/mlit B H W ' DNA W B, #fE 50 5
DNA B & it % PGB E R, A E(% ) =
( B DNA & - %25 DNA £ )/ DNA & x100% .
1.5 AoMHmEHBFEE

B g 5t /K -survivin-asODN F1 PAMAM-survivin-
asODN Z 54 10 mg, il A =& H 0 78 5015 i e
PRI TE & 0%, IR 71821 1 min, §HE 3205, W
LT W Y B A, 4SS DNA & i, iR B
1.6 PAMAM R UK R 8 G- R 9 AR B AR 2o 2

B8 i AR -survivin-asODN I PAMAM-survivin-
asODN 24145 20 mg,2 FNEE 24 h BUEE 0.5 ml,
FEAN BT B 9 PBS Z2 4P 0.5 mlo A HCH A
17 136 x g0 J5 2 FiE W DNA & &, Bl R
i QER
1.7 PAMAM B UK B 5 &4 3% 3 iy 78 am i B 2
EXF T &

¥ SMMC-7721 it 3 x 10°/FL 5 HHERD T 6
fLARMEE SRR, 1 B AR B ZH A PAMAM 41, 43 J31)
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il A Bg FE #-survivin-asODN 1 PAMAM-survivin-
asODN A1 200 wl. 37 °C 5% CO, k&8 3% 24
h 5 18] B 2O Wi R N SR A . 48 h JE IR
ARV PBS PRis 2 K, il s o 4 A B L it =X 4
JHLASCARG T 240 L 2 € 556 o NN I PN SF- 34 9 6 B X,
THA AN N DGR NON = x X)), B FRA )
Hr 10 000 21, SEg0E A 5 K.

1.8 Western blotting # | i & 28 it 3% 4% J& Survivin
E G W kik

B 18 J& A -survivin-asODN I PAMAM-survivin-
asODN B &7 9% 4 SMMC-7721 4] 24 h, 25
X RGN A I Ry R BB R Y 2 A, 48 h 5K
225 x 10° A4, S T B 11, 17 SDS-PAGE
BERSHLYK, B B S A —PUEPLN survivin Fl L
FPife 1gG/HRP Jf £, B e G o A AL 43 #r [
8, LIAHNE B8 11 250 197 3 K (%R survivin 25
EESILY o
1.9 R am B A Y 5 20 JL 4% 3 )5 69 A = &

A3 5 LA B8 5 A& -survivin-asODN Fl PAMAM-sur-
vivin-asODN & & ¥ 4b # 1T f SMMC-7721 4l Jifd 24
h, 25 PO BRZEL AL B R0, AR S5 55 48 h, IigE
5 x 10° 20 il & HR 40 B L A 70% %/ PBS
0°C [ , W A7 T -20 CAH . KillFrLL PBS H &I
PRI, N A RNA fi§ 137 CWFFE 1 h A fb e
4 CHy, HU 4 B AR 40 A T4
1.10 %itsas

K FH SPSS10. 0 Ge it F kA7 45 b 38, Kl
F x+s 2, R ¢« K56 K 5P 205 2250 Mr( 4[]
Z BN H LSD i ).

2 # R

2.1 PAMAM RSB e & Hfz Aol s

175 5 EL B U0 4% 18 T AR -survivin-asODN il PAM-
AM-surviving-asODN & & ¥ ¥4 5 [RE 8528 [BE ks
(1), BRFi{A-survivin-asODN & & ¥ ki 12 KT
PAMAM -survivin-asODN & & %[ ( 193.9 +32.20)
nm vs( 64.9 £9. 60 )nm, P <0. 01 |, 1fij B8 Jii {&-sur-
vivin-asODN & & W 1) zeta HL {7 /X T PAMAM-sur-
vivin-asODN E&5H[ (22.6 £2.2 )ws(37.7 £3.8)
mV,P<0.05](%1).

E1 BEHEHENE PAMAM R X EE
SEEMHIFE( x12000)
Fig.1 Shape of PAMAM-survivin-asODN complex under
transmission electron microscope( x12 000 )
A: PAMAM-survivin-asODN complexes

B: Liposome-survivin-asODN complexes

2.2 PAMAM B XA Z &ty 3t e 25 5

g i {&-survivin-asODN 1 PAMAM-survivin-
asODN & S W B3 A RIAMPL, 225705
PR D),

x1 EAYHNRE zeta B BEHRMFHAR

Tab.1 Diameter, zeta potential, encapsulating efficiency, and drug loading level of complexes
PAMAM-survivin-asODN 64.9 £9.60 37.7+3.80 86.5 +£6.97 3.8+0.76
Liposome-survivin-asODN 193.9 +£32.20 22.6£2.20 83.1+6.33 3.3+0.73

t 9.405 8.388 0.923 1.202
P 0. 000 0.000 0.378 0.257

2.3 PAMAM B SUK B I 44 2k BB 69 4F 5

B8 4K -survivin-asODN &2 &%) 24 ~48 h N A
DNA AR R, S8 5 G T I, 6 d i E A A )
DNA it ; PAMAM- survivin-asODN & &4 24 ~ 48
h WA BRI, SR 5 2818 T [, PR FREE 2 14 d,

W] PAMAM X} DNA HA ZRAEH .

2.4 PAMAM BSUA B 5 &4 5 5 it 98 tm R 50 R
UL 24 h 5, 5O I AUEE T LS PR ZH 20 i N 34

A DLEREA 5, PAMAM & & W5 Y i) 20 i 9 2% (2

PN 5 IR TS 6 W e G () 240 B PN 2 €8 0 D1 SRR
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fE—8 AR BN AR ETTE 2 TIRE(E
3 ). Pt 20 MR % B[R] 15 0, 3Rk S €6, 5 1) 4H
BN R R 48 h A ARG R SR, W
2 ARG D 4 L PN 5 S0 B B T 4R 2 ¢ D 3
T PAMAM 4[ (47.5 +9.04 )us( 63.7 £8.10 ),
P<0.05 ],

40
g 30 —B—Liposome group
P — @—PAMAM group
z
2 207
8
T
=
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0

D1 2 3 4 5 678 9 10111213 14 15
Time (t/d)

B2 PAMAM 45K £ FE s #0 A8 B
BEE AR Sd DNA BEAT 2%
Fiq.2 Release curve for PAMAM gene nanoparticle

and liposome gene particle in vitro

B 3 Survivin-asODN £ §## % SMMC-7721
MAAfE R EREHHIFRIA( x400 )
Fig.3 Green fluorescence expression in SMMC-7721
cells transfected with survivin-asODN( x 400 )
A :PAMAM- survivin-asODN complexes groups;

B : Liposome-survivin-asODN complexes groups

2.5 Survivin-asODN % SMMC-7721 %@ A& survivin
R F R LA

25 0 TR ZH B SMMC-7721 40 survivin 5 136
KM 71.82 £5.49 ), IR AR F PAMAM 2043514
(36.96 +5.89 )HI( 26.80 +5.65 ), &L B EHXT
25 X FRZH( P <0.01 ); PAMAM 4 survivin 25 H &
FRT R AR P <0.05,E14 ),

2.6 Survivin-asODN xf SMMC-7721 g fe 8 = & &
EAL)

TR ARSI SMMC-7721 ZRARIE T, 523
FIXFIEA] (4.9 £1.53)% I3, R R E A4
[(48.7 £9.39)% ]#1 PAMAM & &¥4[ (60.3 +
8.25)% MR T- R B F I m( P <0.01 ); PAM-

AM AP TR FRRBRAY, & Z 22 7%H
Gt # e (P <0.05 ),

[ 2 3 M,
- - 16 500

B4 Western blotting #& il SMMC-7721
S SRS Survivin EHRFRIE
Fiq.4 Expression of survivin protein in SMMC-7721 cells
after transfection by complexes measured by Western blotting
1: Control group; 2: Liposome-survivin-asODN complexes group;

3: PAMAM-survivin-asODN complexes group
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Fig.5 Flow cytometry analysis of SMMC-7721
cells apoptosis rate after transfection by complexes
A: Control group; B: Liposome-survivin-asODN group;
C: PAMAM-survivin-asODN group
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LM A TR AR S MR 4 e fef
PRAZ AT, AT LA 8 0 /0 8 T B 4w IR T 25 4 B
BB R, Survivin S8 F BT 558 69 98 730 1
IR ¥, Survivin H7E IR 6 FE R b i 41 41 P o 35,
I FEHE 55 1E % SRR AL U AR Kk
PRI survivin 2 IR 5 R AT BRAR (O #EIE RS

AR AR I NIBIT R M — . HRTH
F18) 5 DR AR A A A B Y A R AR Bl B AR T e AR
BT A G 28 DU RN Vs 1 0 0% 1 5 BH B IR iR A
FEY OB AR T PAMAM & —Fh A T4 1
BRI KA AL, P 30 3 3 T T 1 H e A i S L A
DNA 43 F45% a5 67 o far A 8 112 3k 1A k2 i vl A
HLERE A, 85 i A YR IR 15
RS A G R o R A 1 B ARAR EL A, LA
J g 7 A M T 2 R I, PAMAM 44K i
AT VE R LR 6 AR . ARWFS &I PAMAM fe
B RH K survivin-asODN %% iz 21 #0411 i , 75 40 g N
AFRiC survivin-asODN BYE% {05 5 H B .
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RN AN SE 3 2 B, PAMAM [ HAth 85 2% 44
(ELFERR BAR )N FRE R e Je s R 2i v, L HAE N
{4 bR 240 Bk v B 2 A P4, DNA 4k R A
(RPARLAR K/ IV zeta BN JE 52 MO K B A5 W A AR
AT 2R R AR /NN A ) A R Tl
A 440 0 L R AR A P 1 A A, PR I T R R 4R
LY SOR ) Zeta FEL BT 1T 5 HL PR A9 43
B T =2 (] F 32, okl o b7 22 (] i L HE e
I3, 6 FAE AU E GW S obE E HL RS S g
{1 5 0 R 104 A0 Y I 2 ] 4 AH B AR, AT AR
Pk B AW S AR5 5 A9 PAMAM
YORE AW zeta UL T BLARSE Y 2640, kL
BANFRR AR AW, 8 ik i 2040 i AR G, & 3
PAMAM ZH 20 A X Js2 6 PR A 3 At B B8 o 1 i o
e,

AR il 26 & 1T & 2, i) A 2% survivin-
asODN i) PAMAM #4K; FIRSNBE L TIT B B BEAFAE
BSR4 SR BRIV ARG R RS R 14 do 1
AT W, A S ] 45 B 2 survivin-asODN A PAMAM
YA T LA T R T AL IR 00 T B B4R U AN
A B N Y6 .

AR LI, BE BARE A W F1 PAMAM 44K &
G YL M i, 5 S O R HE AR SMMC-
7721 40N survivin 2 A RIS W] AR, KT B
IR A ¥ survivin-asODN 3£ A 988 48 Ffd 17 Rg
71, I REBM S R B 4] survivin 25 H B R 15 ; PAM-
AM KEE DL 2H BY survivin 2B R IA W B K T8 &
PRI Y2l 33X AT R 55 40 K %o 32 PR A 2 e iR iy
A Ko A I 20 e ASOR I AR A R TR R,
25 [N HRZE 45, I A ZH I PAMAM. 26 41 it 3 1=
R FREAE( P <0.01 ); PAMAM 20 40 it I8 7= %A%
TR FRAL, Wi Z A BE2E5( P <0.05),

AWFFEUESE, PAMAM 5 5 B AR ¥ AT 4R R sur-
vivin-asODN 5512 2 /K , PAMAM % il 5 4 ) b 42
/N zeta HLDE T, I ELA 8 8 W G 1 R0OR, X T Y
FEPRA 2% 18 BE A9 20, I BE 8 47 survivin-asODN
A RH T P survivin FER W FEE, NiH S
SMMC-7721 Afa i =34 . Kk, #H PAMAM 1k
A survivin-asODN ¥4 iz 2 /K 1E H T SMMC-7721 JF
FEANM , AT ARAS RAF T
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