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Inhibitory effects of carbon nanotube-PAMAM-anti-survivin oligonucleotide
compounds on proliferation of HepG2 cells
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( Department of Bio-Nano Science and Engineering, Key Lab For Thin Film and Microfabrication of Ministry of
Education, National Key Lab of Micro-Nano Fabrication Technology, Institute of Micro-Nano Science and
Technology, Shanghai Jiaotong University, Shanghai 200030, China )

[ Abstract ] Objective: To investigate the efficiency of carbon nanotube( CNT )-PAMAM mediated entrance of anti-sur-
vivin oligonucleotide into HepG2 cells, and its effects on the proliferation of HepG2 cells. Methods: CNT-PAMAM-anti-
survivin oligonucleotide compounds were prepared and characterized by AFM and 1% agarose gel electrophoresis analysis.
TEM was used to observe the distribution of CNT-PAMAM-ASODN compounds in HepG2 cells. CNT-PAMAM-ASODN
compounds were added into the medium and co-cultured with HepG2 cells for 24 h, 48 h,72 h, and 96 h at 37°C, 5%
CO,. MTT method was used to detect the effects of ASODN and CNT-PAMAM-ASODN on the proliferation of HepG2
cells. Results: CNT-PAMAM-ASODN compounds were successfully synthesized via AFM and agarose gel electrophoresis.
TEM showed that the compounds were located in the cytoplasm. When CNT-PAMAM-ASODN ( 1.0 wmol/L ) and ASODN
(1.0 p,mol/L) were used for a 48 h culture, the inhibitory rates of HepG2 cells were (45.97 +4.28 ) % for CNT-PAM-
AM-ASODN compounds group, ( 9.33 +0.85 )% for ASODN group, and ( 6.37 +0.69 )% for CNT-PAMAM group.
CNT-PAMAM-ASODN compounds at 1.5 pmol/L inhibited HepG2 cells by ( 70.22 +7.25 )% , and the inhibitory effects

were in a time- and concentration-dependent manner. There was statistical difference between experiment group and con-
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trol group ( P <0.01 ). Conclusion: CNT-PAMAM compounds may serve as a gene delivery vector with high efficiency,

which can bring survivin ASODN into HepG2 cells, inhibiting HepG2 cell proliferation and markedly enhancing the inhibi-

tory effects of survivin against HepG2 cells.
[ Key words ]

SR WA 2 — . B AR R R K&
Ji& , WA K RUBE BRZG 7 I OB i@ A2 2 H 45 1800 [
MAMIFFE RS R B R antisense oligonu-
cleotide, ASOND ) J& — ! Lt 3 A % 1 2 N 36 97 F
BT L ER T 5 0 L PN A T R A L 5 T 3R A i
TNk PRI FH A2 BRG] o 44 K B PR 388 58 28 492 O figk e 1 1] et
R T HHOMLIE . Survivin 3 PR S — AN T4 o)
e N 2R T4 il 25 H K% inhibitor of apoptosis
protein, IAP A — BB R . Swrvivin FEHFHEIEES
JHIRR R A R e VARG o IRt , B4 Survivin A R i
WEITHA A AT RE 4 R T A RO I A O B
40K ( carbon nanotube, CNT )[]3']4]@1‘7{[%}%?( den-
drimer ) 17T AR SR K R K A R 22 1) RE 44 K b
BB A R PR 5 DNA % 45 4 fEA Y DNA
ARt ' AEWIE 5 T KM R E 43
F( PAMAM )E 8 75 20 M 3 T2 SR 8 K AL L S v 280 ik
PR 6 R AA 0% A S0 5 B 4 K - 43 F A
HE YL Survivin KX SERAT IR UE AT HepG2 4 Jifd
WL G5 HepG2 4R AR ARk RS B 9 K A8 -
(R (LR St AN V& S pri e A 17N
JO7FH B85 S g Bl

1 #REFE

1.1 ##

FUBERR KA T F TR 9K A BR A 5 X
FENE RIS R T X Survivin FER TR F 5 1
SCTERAEAZ T R( ASODN ) I i#F 47 R e A B, i 1
WA TR W A R, 7 4 T 57-CCCAGCCTTC-
CAGCTCCTTG-3'; iF X 5 Jii % 4% # B2 NSODN J¥ %1 Jy
5'-CAAG2GAGCTGGAAGGCTGGG-3" , & M5 B T R
S AR E i lifh, LBk B NI R AN i Ak
HepG2 T Lifg T3 n AW H AR HBRA Ao PAMAM ##
oy F A AAAF . MTTC EME S I [ b [ A= 4 H AR
AIRAT . RPMI 1640 £ 57506 314 H Gibeo A7 .
1.2 BUARE-HH 5T 44 CNT-PAMAM )49 4] &

0.1 mg BEEGRAYKAE 43 HLT 5 ml H,S0,/HNO,
(3:1)IREmRT , ZIRTEAAAIES b, E R 24 h,
TEUERR IR G R, 2RI K B0 DR 3 I T

carbon nanotubes; dendrimer; Survivin; antisense oligonucleotide ; hepatocarcinoma

[ Chin J Cancer Biother, 2006, 13( 3 ): 176-180 ]

2.0 ml ZERKH B 120°C 1 25 min B R K, ITA
1.0 ml 1 mmol/L f 4.0 f& PAMAM B JE 2 F /K ¥ i,
FIR A 2 h, AR5 EBEFE 24 h, H 0.22 um kR
BRI DR IF PR 3 WK, B it £ 19 PAMAM #E 73 7,
315 CNT-PAMAM E 451,

1.3 CNT-PAMAM-ASODN X B 8 &4 4 ) &-

Survivin ASODN F/RN & I35 19 RPMI 1640 1% 3%
VA FE R 150 wmol/L B A PRI & o SEI i AR &
1ML 9 RPMI 1640 ¥ i fi# CNT-PAMAM, AL i 200
pe/LAY B . A VSN B WO AT, IT00 W0 3 0 L
$75.0,75 5] CNT-PAMAM-ASODN 2B 59
1.4 BAREEWHHTFALL S MG RIENES
W, vk AT

TRANAKAE W53 F DL BB 9K - o T2 6
Yo i e = B 3R, AR TR S R
TR AFM ) ELHEZ WL ; [V , 325 55 (4R b i o 380 4 ) 2
1, AR T )5, & 9 L 85( TEM, JEM -100CX 1T, J
EOL ) ELH2WEE; [AAE, 35 & B FE o A B 1% B iE b
BEREARE S L ,40 V FHLIK 20 min, SYBER Green I 44 {f
J& AEBER R R G R .

1.5 MIRF AFE CNT-PAMAM-ASODN 3¢ HepG2 21
A3 78 09 % v

WA HepG2 41, VAL 4N M % 0 2 x 10°/1, %
il T 96 LR, ZARFR K9 200 pl/fL, 33 & FL,37°C 5%
COMH 4 h 247, 1 4 U5 BE 3K 40% ~ 50% Bt 43 3
ZH:( 1)4HMEXT B2 ;( 2 )ASODN #H;( 3 ) CNT-PAMAM-
ASODN & & W2, 43 3 in A ML 9 2 & ). ASODN
20, KRG F A 435 ASODN Ji, F-H A 3] 55 3% 1 40 it
i, 7E37°C 5% CO, M FUREERE 3% 0.24 .48 .72.96
h, 8 8 A 22 B 85 Leica DMIRE2 ) WL 40 I Ak K 1
50, 3 MITT 325 A6 1000 200 5 8y 400 ) 2
1.6 IR F % E CNT-PAMAM-ASODN , CNT-PAM-
AM . ASODN *t HepG2 4m fitL3% 74 4 % v

WS HepG2 ZHMI, JHHE B B2l 1.2 x 10°/ L, B2l
F 96 FLM, ZARF N 200 Wl , 5 3 52 FL, 7 40 I B 1k
40% ~50 % Wk, 43 4 #H:( 1 )ASODN 4H;( 2 )CNT-
PAMAM £H;( 3 ) CNT-PAMAM-ASODN £ ;( 4 ) NSODN
o 4 HAr AR RN 55, W BERRFE Ry 0. 25,



s R

F13 %

0.50.0.75.1.0.1.50 pmol/L. £417E 37°C 5% CO,%&
PR AkLE s 37 48 h, {3 B W 0B UL 2 40 il A= KA Ol .
B FIRRZE 1 x 10° 40, 75 24 FLAR Ak 2 5
I 24 h, W MTT 32 , 76 il 56 G 28 A5 T4 0 5 4% £L
FHEE( D), B EE 3 3 N AL, 115 iR 4 At
HR . AU = [ (1 - S8 FL D )/%HEFL D
{H ] x100%
1.7 CNT-PAMAM-ASODN i# X HepG2 4 &L 649 47 H %
AR LE MG B A AL

4 HepG2 A IE ] 2 x 10°/L, K5 F2 F 25 om’ £
T, FERLZARTR S ml; FEA0 IR BE 3K 40% ~ 50% B
A CNT-PAMAM-ASODN & & #)( % ASODN, £33k )&}y
0.75 wmol/L ) ; [A] f 15 37 1F % 4 b 855 75 X iRl . B 35
48 h WAE A, DL 2. 5% 1 B F 1% 4k R XL 5E
Spurr F A3 LKB &8 #Y A ALY R, B SRR 100
kV T X4 200 it R T 25 4
1.8 %itzam

G v+ 5 Fos , RJHECXT ¢ K256, 68 SPSS10. 0
BT AL o T Ab 2

2 & R

2.1 CNT.PAMAM % CNT-PAMAM #9 45 M 45 2

WL TEM Fl AFM EL 20058 CNT .PAMAM #JE 73
F K CNT-PAMAM & & YL AME I 1 s . &
A 7R H,S0,/7HNO,( 3: 1 )4k B 5 () B BE Bk 40 K45 /Y
KEEZ)H 50 nm 2247 ;8] B 7R G4.0 PAMAM #JE43
TR, HERA N 4 ~6 nm; & C & CNT-PAMAM
W71 AFM I8 R, WRWIE4r 7 S 9IRS 455
ZJa MIE 0 FALZEAE CNT B9, JERL T 20 nm 245
KNG APk B D s PAMAM #JE 4 F
FUZEAE CNT 18 2 )5 , 7€ CNT (3R HE i — 2 F8 1y
BEWZE, KW 1IESE T PAMAM BHE 4 432576 CNT
BRI, JE AL CNT-PAMAM 4K A4, iX J& i T CNT
R REE S PAMAM W IE 73+ 19 2% 1 e 36 & A= ALy
AL
2.2 Hg ¥ k3t CNT-PAMAM . PAMAM-ASODN ., CNT-
ASODN 9 4E M5 H#res R

BERC R TR A BT i 25 i 2 s, &5 SRR
CNT-PAMAM & &) R H 51 G4. 0 PAMAM #JE
57 F 53 5 ASODN J& Wi 2% & ¥ ; 3% 11 17 HL faf 1Y) CNT
A5 ASODN JERLZE G W) HL UK &5 S UF S5 i 28 B 1E
FJ& CNT-PAMAM 5 ASODN 2 [al 454 1 2 EAEF /1 .
2.3 TEM L% CNT-PAMAM-ASODN £ 4-# f& 4 i,
89 &AL

K 3A I 7/x, CNT-PAMAM-ASODN & & ¥ 5

HepG2 # L [R]85 3% 48 h J& , nl UL 201 JiE A% 40 A% S AR X
SEHE Y AT B 5 3 AT ORI S5 R S B A T
B A=, m AL T P S D, 20 A 1 ] L A T IR
/NS RSk TR ), X2 /NI 2 CNT-PAMAM-
ASODN B 59, Mo B3 A H 30 /N R 5, 3R B CNT-
PAMAM-ASODN A AN EAZ . & 3B 5745 41 i
) 200 6 I PN B0 B 25 Y Y N A R IR 1
INBURIC 22 R A ), %] CNT-PAMAM-ASODN # A T 41

B1 BHKE WESTFERIKENE
S FEAYN AFM.TEM MEER
Fig.1 Images of CNTs, PAMAM molecules and
CNT-PAMAM compound by AFM and TEM
A: CNTs treated by H,S0,/HNO,( 3: 1 X TEM );
B: PAMAM( AFM ); C: CNT-PAMAM( AFM );
D: CNT-PAMAM( TEM ); — 20 nm
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Fig.2 Electrophoresis analysis of PAMAM, CNT,
ASODN and their compounds
1: CNT-PAMAM (5 pg/ml );2: CNT-PAMAM-ASODN
(1 pmol/L);3: PAMAM-ASODN ( 1 pmol/L );4: CNT-
ASODN (1 pwmol/L );5: ASODN ( 1 pmol/L)
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Fig.3 Location of CNT-PAMAM-ASODN
compounds in HepG2 cells by TEM
A: CNT-PAMAM-ASODN located in the cytoplasm; B: CNT-
PAMAM-ASODN located in endosome and mycosome
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Tab. 1 Inhibitory rates of HepG2 cells after treated with CNT-PAMAM-ASODN for 48 h
Effective dose ( wmol/L )
Groups
0.25 0.50 0.75 1.0 1.25 1.50

ASODN 7.86 £0.26 8.23+0.33 8.75+0.24 9.33 +£0.85 10.96 £1.20 12.71 £1.52

CNT-PAMAM 2.35+0.36 3.22£0.41 5.45 £0.62 6.37 £0.69 7.98 £0.75 8.56 +0.82
CNT-PAMAM-ASODN 10.23 £1.20" 21.25+1.56" 36.66 £3.20" 45.97 +4.28"" 58.36+6.32"" 70.22+7.25""
NSODN -1.36 £0.26 -2.33+£0.56 1.02 £0.96 -3.61 £2.69 2.95+2.15 -0.36 +0. 14

" P<0.05, " P<0.01 vs ASODN or CNT-PAMAM groups

£ 2 A EBTE CNT-PAMAM-ASODN 3} HepG2 40 RS 5E RN HI R( % )
Tab. 2 Inhibitory rates of HepG2 cells in presence of CNT-PAMAM-ASODN at different time points

Culture time ( h)

Groups
0 24 48 72 96
ASODN 0 2.53 +3.21 8.75+0.24 22.96 £8.90*  57.38 £2.69%%
CNT-PAMAM-ASODN 0 24.50 +6.92" 36.66 +3.20" 50.64 +2.10"" 80.30£1.95""

*P<0.05,"* P <0.01 vs ASODN group; “* P <0.05, “**P<0.01 vs 24 h or 48 h
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