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Comparison of effects of antisense bcl-2, IL-6 and IL-6R oligodeoxynucleotides
on small-cell lung cancer NCI-H446 cells

ZHU Liang-fang, CHEN Xin-ji, HU Jian-da ", LIN Zhen-xing, CHEN Ying-yu, HUANG Lu-ye ( Union Hospital Affilia-
ted to Fujian Medical University, Insititute of Hematology of Fujian Province, Fuzhou 350001, Fujian, China )

[ Abstract ] Objective:To compare the effects of antisense ( AS) bel-2, interleukin-6( IL-6 ) and interleukin-6 receptor
phosphorothioate oligodeoxynucleotides ( PS-ODN ) on the proliferation and apoptosis of small-cell lung cancer NCI-H446
cells, and to explore strategies of target genes selection in antisense oligodeoxynucleotides therapy. Methods: Bcel-2 AS-
PS-ODN, IL-6 AS-PS-ODN and IL-6R AS-PS-ODN were synthesized and were used to treat NCI-H446 cells. Proliferation
and viability of NCI-H446 cells were measured by cell clone formation assay after treatment; apoptosis of NCI-H446 cells
was detected by DNA content analysis and MitoCapture detection kit; and the expression of bel-2, IL-6 and IL-6R mRNA
was examined by RT-PCR. Results: ( 1 )All the three antisense phosphorothioate oligodeoxynucleotides 1L-6, bcl-2, TL-
6R AS-PS-ODN inhibited proliferation and viability of lung cancer NCI-H446 cells, and induced NCI-H446 cells apopto-
sis, with the inhibitory effect of IL-6 AS-PS-ODN more effective than those of bel-2 AS-PS-ODN and IL-6R AS-PS-ODN.
(2)AIl the three kinds of AS-PS-ODN decreased the corresponding gene expression, with gene expression decreased by
(84.1+5.01)%,(62.6+3.42)% and (60.3 £4.45 )% in IL-6, bcl-2 and IL-6R AS-PS-ODN group, respectively.
('3 )AS-PS-ODN not only inhibited the expression of its target gene, but also regulated expression of other genes. IL-6 AS-
PS-ODN decreased bcl-2 expression by (132.2 +0.20 )% and bcl-2 AS-PS-ODN increased 11.-6 expression by ( 74.3 =
4.13)%. Conclusion: IL-6 AS-PS-ODN is more effective than bcl-2 and IL-6R AS-PS-ODN in inducing apoptosis of
small-cell lung cancer NCI-H446 cells, so IL-6 may be used as a target gene in antisense oligodeoxynucleotide therapy of

small-cell lung cancer.
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17 &( MitoCapture™ Apoptosis Detection Kit )W [
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Life Technology /37, Taq DNA &l H £ 3L
Ao FTASIHH LA T A TRA R A A .
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1.2 BOUBRA B B 5 IO B 3 R AR
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phosphorothioate oligodeoxynucleotide, AS-PS-ODN )
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JF3°H 5'-TCTCCCAGCGTGCGCCAT-3", LA JE X7
51)( bel-2 NS-PS-ODN )5'-TACCGTCTGCGACGCCCT-
3R B SOFH B4 XS B . TL-6 AS-PS-ODN /&
BEXT IL-6 LRSS — 40 W51 )7 51, P 51 )2 57-TC-
CTGGGGGTACTGG-3', LA H: 5¢ 4 H %k /) 1E L JF 5]
( IL-6 S-PS-ODN )5'-CCAGTACCCCCAGGA-3" 1 Ky
X TL-6R AS-PS-ODN J&41 X} IL-6R mRNA FF i
B EHERL 4Ry 5 BRI F 8], HF 81 h 57-GACG-
GCCAGCATGCT-3', DIHSE 2B AMY IE L7 51( 1L-
6R S-PS-ODN ) 5'-AGCATGCTGGCCGTC-3" 1 g %f
M. AU YI4 OPC A8 HPLC 4lifk, LAt
JEAE BT R, - 20 CAATE . B A S
M35 9 RPMI1640( Gibco BRL A ] )55 FR W I i
1.3 ik

/N il g 4 B Rk NCI-H446 FE 10% Ja4- 1
5 RPMI 1640 3532 3L 7E 5% CO, i AR 1Y 4%
FRAETP R . LI i R A0 A KO B, A
2580%
1.4 fafe T R FIeA M da f 38 78 7 e B &

AR AN L B 10% JiG 4R 1075 1) RPMI1640 1557
FEHERAE 24 FLER SRR, REAL T A5 2 x 107 4,
SEYG ISR 3 41, B AS (AN IRZH TG SCElE 2%
WA R 2], Horp s (O BR A R 3 B 9 3
25 W% IR ZH 4045 s bel -2 NS-PS-ODN L IL-6 S-PS-ODN ,
IL-6R S-PS-ODN; S X 25 4y 2 4 4% : bel-2 AS-PS-
ODN .IL-6 AS-PS-ODN .IL-6R AS-PS-ODN; Ji5 Wi2H 2§
YIH 1449 10. 0 wmol/ L. B A 3 AL,
RRFLZART 1 ml, KE 3R 250 7 KA va 5,
DARF a4 T 20 DMHMEE R 1 Db, sl sl
(100% ) =( SeFEH/ HF AL ) x 100% -
1.5 AXmpe Rt e ek %
1.5.1 &Arfkis Ew Wi, & 10%
JR2E IS5 B RPMI 1640 5532 34%F0F 50 ml 555700,
ERHCRERPAIIECN 1 x 10°, SEEG 5020 K 2458 ¥R JiE ]
Hio H53% 48 h JFUREEANAE ., F% MitoCapture™ &K 4
PATARNR G B TR I . S AT 3 UK
1.5.2 DNA A4 20 o 5 [R) 2 b R 15 st ey
PRz, WS 37 48 h (4N, B0 UTvE e A 1/15
mol/L By PBS ¥ 2 K, I A kenesis 50 ik 5] &
( Bio-Rad 24 &) ) H, B 18 ~ 25C 5 & % & 30 min
J& , AN AT DNA f5 R8T
1.6 RT-PCR | i 2m it b A8 % B B & ik 49 T 4L
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RT-PCR 46 fifi 98 48 .. HCI-H446 ' bel-2 . IL-6
FIL-6R £ mRNA K135, IFLL B-actin

NS, 8 H R IE R R BT EE S . B3
Ko SIS 1 FiR.

%1 RT-PCRE|¥FF . JBFEKEMBENERE

Tab.1 Sequence, amplified fragment length and annealing temperature of RT-PCR primers

Length of amplified Annealing

Primer Sequence Cycle
fragment ( bp ) temperature( ¢/°C )

B-actin 5"-GGCATGGGTCAGAAGGATTCC-3’ 500 Variable * Variable *
5'-ATGTCACGCACGATTTCCCGC-3’

1L-6 5'-TTGAGAGTAGTGAGGAACAAGCCAG-3’ 191 66 32
5'-GCGCAGAATGAGATGAGTTGTCA-3’

IL-6R 5'-CATTGCCATTGTTCTGAGGTTC-3’ 250 60 29
5"-AGTAGTCTGTATTGCTGATGTC-3’

bel-2 5"-CGACGACTTCTCCCGCCGCTACCGC-3’ 318 66 35

5'-CCGCATGCTGGGGCCGTACAGTTCC-3'

* Variable means the annealing temperature changes according to target genes

ARG SR 24 h (IR, $2 U RNA, 4By Ho 4l
JEFIREEIS , — 80 CARFFE . cDNA & % [ 5%
SR G U BT, B T E PCR §7314 . 4 dE X
51 B AR OB RTIE IR EGX 3 S8 T PCR
Ui, &SEUX AT RE AR R — S T 1T
PCR B WA Z 25 pl, Horf ¢DNA 2 pl . B-actin 5]
YIMEIE 0. 05 pmol/L, H B 3L H 51 Wik FEE R 0. 4
pmol/L.Taq DNA &N 1.5 U, 5594 CHAEN
5 min, F} 94 CAEME: 30 s, iRk 40 5,72 CHEfH 40 s,
)5 72 CHEMH 5 min,

HU5 wl PCR 7= BAERLTK , 2858 I IR 3 AT X
TR AT UK S 26 sR B, B 1 EE ) mRNA
KRR R IA T F )N B EEH 4547 5 B-actin
TR L AE, BB E R(% ) =
(SERHF -SHHAF )/ HHF x100%

1.7 %itsam

K H1 SPSS10. 0 %4, Levene HE4T 7 224017 5%
PERG S, 257 2555, FHER IR 207 22 3, 4L [B) S 2
e LSD K5 56 5 5 7 224855, H Games-Howell 7
5307 -

2 5 R

2.1 AS-PS-ODN x{ i % 2m i, NCI-H446 52 % T 5%,
BRI AT

TERESL IR 25 B R - 454 AS-PS-ODN HJRE A ]
TR HAM ] NCI-H446 A0 s TR R 3 2 ). W

410 pmol/L B, 4520 AS-PS-ODN (1) 41 g 52 B T 1%,
Ay ) 2. bel2 AS-PS-ODN 4 i ( 13. 25 =
5.58 )% ,IL-6R AS-PS-ODN ZH°M( 11.88 +3.42 )%,
1M IL-6 AS-PS-ODN 2l T eI il X HRAH( fuds s
P X 8 K T B AE SO FR4H ) 545 2 UL 22 Ja] g

SWEAGH¥EX(P<0.01 ), AW, IL-6 AS-
PS-ODN X 4 it 5 B I i 1) 49 il 4 FH f5e 5, 177 bel-2
AS-PS-ODN 1 IL-6R AS-PS-ODN & 411 fil £ JH] A %f

&2 AS-PS-ODN {ER /& NCI-H446 48
EEERENTN n=3,%)
Tab. 2 Changes of clone formation rates of NCI-H446
cells treated with AS-PS-ODN( n =3,% )

Group Clone formation rate
Control 22.75+1.32
bel-2 NS-PS-ODN 24.37 +3.30
bel-2 AS-PS-ODN 13.25 +5.58" "4~
IL-6 S-PS-ODN 23.50 +3.54
IL-6 AS-PS-ODN 0.00£0.00" "4
IL-6R S-PS-ODN 24.88 +2.72

IL-6R AS-PS-ODN 11.88 £3.42* =44

** P <0.01 vs control; 22 P <0.01 vs NS-PS-ODN or S-PS-ODN

2.2 AS-PS-ODN 2+ NCI-H446 Bfi J5 2m ieL 08 T 44 3% v
MitoCapture ™ 47 (A P 745 I 34771 65 Kz ) 45
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(K 1,523)im: 441 AS-PS-ODN TR 5 T2
FA T HRZH K6 R 14 TG X Bl aE X R P < 0. 01 ),
IL-6 AS-PS-ODN #H & T bel-2 AS-PS-ODN 41 il 1L-
6R AS-PS-ODN 4, HE 5 HA G128 L(P <
0.01 );TZs X AR ZH 5 06 Yol 1E SCXT IR 21 2 ] 2%
FRG 2 E L

DNA ﬁ—?ﬁiﬁj\*ﬁﬁ MitoCapture™ Z& 7 {74 T~ 4

) 2% B A —3% , bel-2 AS-PS-ODN ZH 20 1% N
(11.74 +0.24 )% ,1L-6 AS-PS-ODN £H #( 23.53 +
1.43 )% ,1L-6R AS-PS-ODN £} 8.58 +0. 16 )% o

25 P A FURH Bz 1% TG Bl IE L2 4 X B2 43 53l
JE:(5.23£0.13)% .(6.38 £0.22 )% .(6.87 =
0.11)% .(4.63 +0.90 )% . H:H IL-6 AS-PS-ODN
HiFE T F & P <0.01,K2),

B1 R4 ARKN AS-PS-ODN ER
i 22 40 R R T et S AR B LY R 4K
Fig.1 Changes of mitochondrial transmembrane potential in apoptotic
lung cnacer cells treated with AS-PS-ODN as detected by FACS
A: Control; B: bel-2 AS-PS-ODN; C: IL-6 AS-PS-ODN; D: IL-6R AS-PS-ODN

%3 AS-PS-ODN E NCI-H446 AT RMTK
Tab. 3 Changes of apoptotic rates of NCI-H446 cells
treated with AS-PS-ODN( n =3, % )

Group Apoptotic rate ( % )
Control 1.45 +0.10
bel-2 NS-PS-ODN 1.24 £0.03
bel-2 AS-PS-ODN 6.84 £0.41""
IL-6 S-PS-ODN 1.29 £0.05

IL-6 AS-PS-ODN 30.23 £2.55° 740

IL-6R S-PS-ODN 1.66 £0.04

IL-6R AS-PS-ODN 3.40£0.27""

** P <0.01 vs Control, NS-PS-ODN or S-PS-ODN;
58P <0.01 vs bel-2 AS-PS-ODN or IL-6R AS-PS-ODN

2.3 AS-PS-ODN b 523 4m it P A8 5% Jk B &5k 64 %o
RT-PCR 45 ( 3% 4 ) W75 : bel-2 | IL-6 #1 IL-6R
FLNTE NCI-H446 A 5545 Rk, 7305120 :0. 91 +
0.04.0.45 0. 11 F11.21 £0. 15, £ k&=L IL-6R
B, 1L-6 F /K. bel-2 IL-6 1 IL-6R JZ LA HfE
VAN SE R ) 2R 58, o DL 106 T IR R R A K, iR
(84.1£5.01 )% , 5HHN Ay JC SCEIE X0 HRZH | 25
X IR e AT i 22 55 (P <0.01,813.4.5 ),
53 4h, bel-2 AS-PS-ODN 1E H J5, IL-6 & ik |
(74.34 £4.13)% , 575 FAXT AL LY P <0.01;

IL-6R 2535 FJ#( 3. 05 £0.28 )% , 525 FAXT FE4 1
BICWEM225; IL-6 AS-PS-ODN fE )5, bel2 #
IETFIH(32.17 £0.20 )% ,IL-6R Fik FIH( 65.76 +
3.15)% , 525 X A L34 P <0.01;1L-6R AS-
PS-ODN YEHIJE ,bel-2 2 TL-6 3635 523 % A2
HeA o o 200 . T UL, bel-2 AS-PS-ODN 1EH
Ja PEA IL-6 ik B ¥ FH; L6 AS-PS-ODN 1§
G WPEAR bel-2 FIk )83 T 9 ; 1Mij IL-6R AS-PS-
ODN 1EFHXt bel-2 F1 IL-6 A5 JCHH 5200

%* 4 AS-PS-ODN {E A5 X EE mRNA FiLKTFEHHE

Tab.4 Changes of mRNA expressions of related genes in
NCI-H446 cells treated with AS-PS-ODN

mRNA expression ( % )

Group
bel-2 IL-6 IL-6R
Control 0.91 £0.04 0.45 +0.11 1.21 £0.15
bel-2 NS-PS-ODN  0.88 +0.03 0.46 £0.10 1.24 £0.17
bel-2 AS-PS-ODN  0.34 £0.01 " 0.79+0.11 " 1.25+0.11
IL-6 S-PS-ODN 0.89 £0.02 0.43 £0.03 1.21 £0.10

IL-6 AS-PS-ODN  0.62+0.02""%0.07 £0.02"** 2.01 +0.20 "

IL-6R S-PS-ODN  0.88 +0.05 0.47 £0.11 0.48 £0.09

IL-6R AS-PS-ODN 0.86 =0.06 0.50 £0.07 0.48 £0.04 "

“*P <0.01 vs Control, NS-PS-ODN or S-PS-ODN; 2P <0.05 vs
bel-2 AS-PS-ODN or IL-6R AS-PS-ODN
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Fig.2 Changes of apoptotic NCI-H446 cells treated with AS-PS-ODN measured by hypodiploid DNA analysis
A: Control; B: bel-2 AS-PS-ODN; C: IL-6 AS-PS-ODN; D: IL-6R AS-PS-ODN

|! mtin
wil2

3 AS-PS-ODN {Ef/Ehfi#E NCI-H446
#AH bel-2 EE mRNA RiEM TN
Fig.3 Changes of bcl-2 mRNA expressions in NCI-H446
cells treated with AS-PS-ODN

M: PUC mix marker; Lane 1: Control; Lane 2: bcl-2 NS-PS-ODN;

Lane 3: bcl-2 AS-PS-ODN; Lane 4: IL-6 AS-PS-ODN;
Lane 5: IL-6R AS-PS-ODN

1] i b 1 i

S R

4 AS-PS-ODN {ER/fi#E NCI-H446 48
IL-6 EF mRNA RiXHIEN
Fig.4 Changes of IL-6 mRNA expressions in NCI-H446
cells treated with AS-PS-ODN
M: PUC Mix marker; Lanel: Control; Lane 2: IL-6 NS-PS-ODN;
Lane 3: I1L-6 AS-PS-ODN; Lane 4: bcl-2 AS-PS-ODN;
Lane 5: IL-6R AS-PS-ODN

J=aithm
[

5 AS-PS-ODN {EFi/SHiiE NCI-H446
#BAE TIL-6R E[E mRNA RiXHIEN
Fig.5 Changes of IL-6R mRNA expressions in
NCI-H446 cells treated with AS-PS-ODN
M: PUC mix marker; Lane 1: Control; Lane 2: IL-6R
NS-PS-ODN; Lane 3: IL-6R AS-PS-ODN;
Lane 4: bcl-2 AS-PS-ODN; Lane 5: IL-6 AS-PS-ODN
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3 F 5 X bel2 Ml X IL-6R, % [EH AT BEAY JE A .
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ANIEPER LA B 43 W F 55 43 W 1 TL-6 114 AE 1) 24 4
o Keller 2520 i 1 LAt 11-6 F1 TL-6R Y 19 ol
2 SCSERZAT TR 245 ) 6 A S BVl 200 1 ) AN [R5
i), % PR IL-6R AS-PS-ODN X 21 Jifd (k) 410 1) 4 i 5 5,
BRI FH R 2 g AN IR AE Y 1L-6 41 i P 7 3%
1, 8 IL-6R AS-PS-ODN AV AERH T 1L-6 & ¥4
AL AR T IL-6R Y B IE . WA SCHESE U
L3 1) TL-6R AS-PS-ODN {9 4E F 4, i A J% 11-6
AS-PS-ODN, X FhELZ Ay S K AT B S i T I L2459
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RT-PCR 5 ] 2] IL-6R F1 bel-2 P Fh %& K 7E NCI-
H446 4 Ak G FE AT R IR K2 TL-6 17 2 ~ 3 £,
T IL-6R 7E40ukk NCI-H446 | Yk K IR &,
Al REE IS I T AN T IL-6 T R AE A, R
B E WY IL-6R AS-PS-ODN fE M\ — & FL I I Uik
AR I TL-6R A9 3R 3K, (H X I A5 e 4 it (5
IL-6 KAFAEH T s ZEAY TL-6R A& ; T LIRS TL-6R
AS-PS-ODN fg h— 7 F2 B L BHIBr TL-6R (321K, {H
VA MARAS [ BHIT 1L-6 B9{E 54 Sk, o5,
IL-6 Ab TR ¥ 4% i 76 /0N 240 Il 98 40 i bk NCI-
H446 1 ,1L-6 AS-PS-ODN fEH 5, bel-2 #ik T ;
1M bel-2 AS-PS-ODN YEHIJ&, IL-6 B & |, iX
UEHATE NCI-H446 4iffdkkH, 1L-6 5 bel-2 A Al GE4b
Tla—4sE -, B IL-6 8 T Fipiaa Ly, fets
PEHE bel-2 Feik, [RIAT bel-2 AR RE I 1 7 5 15k 77 =X
2 1L-6 9335, bel-2 AS-PS-ODN fE )5, IL-6 %
ik FIEDE SRR X bel2 BIVER . PR AKE TL-6
AP R A BLAE T TR LR SRR 2
Ry AR R BRI IS R Ry S SUIR YT I L
, AT BRSSP IS 2

A5 235 S XF g s SCEE RV 7 S L R 1 1k
HA—@E 35 e, X4 ) SCEE RNA YT IR
H—ErE .
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