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Influence of siRNA targeting against ATM on DNA damage repair for hepatoma cells after X irradiation”
LIAN Jian-ping, WANG Hong-mei, WANG Chuan-xi, et al.

(Department of Radiation Oncologys Nanfang Hospital, Southern Medical University, Guangzhou 510515, China)
Abstracts: Objective To study the influence of RNA interference targeting against ataxia-telangiectasia mutated (ATM) gene
on DNA damage repair for human hepatoma cells HepG2 after X irradiation. Methods According to the genetic information, three
siRNA sequences of ATM were designed, then transfected into the hepatoma cell by liposome,and chosed the effective concentration
and time. The expression level of ATM mRNA and protein was detected by qRT-PCR and Western blotting respectively. The cell
proliferation was assessed by MTT assay and the changes in cell cycle and apoptosis were evaluated by flow cytometry. Results
The valid siRNA sequence which could depress ATM gene was boltinged. qRT-PCR demonstrated that the best inhibitory effect on
ATM mRNA expression in HepG2 was 72% in the third siRNA sequence. Western blot demonstrated the inhibition ratio on protein
expression was 78% in 48 h after transfection. The proliferation of HepG2 cells was not marked changing by siRNA*™ . The num-
ber of cells at G;/M stage in HepG2*™ group was obviously increased, yet the number of cells at S stage was manifestly decreased
after X irradiation. FCM showed the period apoptosis ratio in HepG2*™ group was 2 folds than that of the negative control group.
Conclusion The RNA interference targeting against ATM gene significantly inhibites DNA repair response of hepatoma cells after
radiation damage. It may be helpful to provide solid foundation for studying the function of ATM in the therapy of liver cancer.

Key words: RNA interference; ATM gene; hepatoma; transfection; radiotherapy

B 40 048 B sk-3 T 2R 9 28 48 3 N (ataxia-telangiectasia 1 MH5FE

mutated , ATV 25 Je 8- T 40 1L P 5K AE (ataxia-telangiec-
tasia, AT) Y2 AR JL P, AR WF 98 & 8L, ATM L 78 DNA
U T 4 W I R A8 A e o R BV Y AR R A2 i D) F 5T
B ATM 5 [R5 JITF 988 28 3 v 2 B 28 3K i T 48 A i 98 s
T R i 5 TR L ATM AV I8 T B 38 S5 A 1T fE S
HFE BRI YT W R BT Ay 22 . RNA T4 (RNA interfering.,
RNAD ZAE RS AR E B AR, B —MiRE
R BE B UBK L R Ml & SR SR IR AR . B B mRNA B
e 0] 3 NS X8 S BB e (O NTR NN N o 8 =g S = 2
LI/ F T4 RNAGIRNA) fff [P 40 Lk HepG2 H ATM
FIKULER I MEEEE Y HepG2 J§ ATM mRNA F HE (% ik
O RIS 45 T X L BN L5 H N 4 55 18 52 19 52 i
HR 3T ATM 26 JF 9 b i V8 FBIL AT 58 B 3k BRYR 97 4
LS I B

*  JEETH . EEARBIFEIES I H (3077253007 KA HARRE RS W H (200504776), &

E-mail: flelh@ hotmail. com.

L1 PR AP0tk HepG2 w7 [ il 52 06 2 S, iy 2F
175 \RBMI-1640 2 Gibeo 7 i » UL A ATM Sy 855 e 44
Bobt BT (= 51> B B Abcam 2 W, J§ B K
(lipofectamine2000) i T4k 71 & | 4 i & # 1:X5F & 4 Invitro-
gen P2, i B PCR A SYBR Green PCR Master Mix I H
TOYOBO 2 #l 5 % £ PCR 1% 4 ABI PRISM® 7300 Sequence
Detection System,

L2 gl M A 1000 a4 i ) RBMI-1640 55 5% . 37
C 5% CO, 5 F7 W BE B 37, 0. 2500 B (3% 0. 0294 ED-
TA)HHIHEA,

1.3 siRNA JF 5 K3l ¥iit M Ambion 24 Bl fE £ siRNA
BETT PR 5 o S T X 0 ATM B9 siRNA #¥ 51, H Tnschl
B I 3 4% siIRNA (R 1. A H B9 &% it 5 M Primer
Premier 5. 0 #31 ATM & & PCR 84514, 1% :5-ACTGGC

W IHAEE 5 : 8620-61642136



FTHREF 201056 A% 39455 114

1339

*®1 BT AR 3 & siRNA F 3l

5 iE SCEE(5'-3D) 2 SCAE(3'-5")

1 CCA UGG AAG UGA UGA GAA A dTdT dTdT GGU ACC UUC ACU ACU CUU U
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CTT AGC AAA TGC-3', F#f:5-TTG CAG CCT CTG TTC
GAT-3',

1.4 siRNAFYe oIR8 40 09 BT 8 4 i HepG2 iE 4T %
HIHALIS LA 5 X 10" /ALBEERF 6 fLA . 24 h o M E 40 it
Bl& B g 60%, #EA7 YL, 1. 5 mL optinn MEM K 5 pL lipo-
fectamine 7345 44 3 45 siRNA,L6 h JG B H 2¢ Y6 cy3 siRNA
T B N LSRG e

1.5 qRT-PCR #EHCAE A9 TR E KA mRNA KF 4%
TR 45 TRIzol k4 AN B RNAL SR 5 K G 4l i e 5¢ 3
PE. R4 2% siRNA B HC 3 A4 BE 1 A7 5 3 e B8 07 32k 50 46
(25.50.75 nmol/mL) , ¥ % 5% . Fl qRT-PCR #fi 5 fiw i ¥R B J¢
il mRNA 7K,

1.6 siRNA #3: HepG2 40 J5 ATM 5 14725 Ak (55 |4 Ji Bl 5
B BEY 24.48.72 h 5 WoAK 40 ML 5 R TR 4 A 2 4 X
10°, A 1XSDS b4 Buffer, SDS-PAGE %5 1, vk Bl 1% 2T 4
FERATG R 7% i, TBST 550k . 5 %6 JB AR Wy s W 2= iR 341 1 h, — 47t
(125004 Catf, ZHi(1: 2 000) %W H 1 h, TBST ¥,
bR B,

1.7 MTT d A6 D0 40 0 38 58 0% o5 IO 2504 4 300 A9 40 il LA
0. 5X 10" /FLB BEH AT 96 FLAR, 43 3 41, Y 40 M Al 5 B ik 3
80V A AT I HEAT A U, vk IR I AT . Ar BIAERE L) 2,34,
5.6 d.IMA 5 /L B9 MTT 20 pL,37 ‘CHREOLIFE 4 h, i H 5
W AEFLIN 150 pL. DMSO, 86 I 32 % 10 min, fF5E &%
fif )5 FHEEARAY 570 nm A6 Y6 % B2 {8 (OD D . [R] A 3% X iR
4, B4l 3ANEf . EREE 3K,

1.8 it = 4 A A A 0 24 g J] 44 Em;l%@f:ﬂ;ﬁ B4 ) 5 <
10° /FL% BE LR T 6 FLAR . 40 3 4. e e X RI F AT, 2440
FELAL T X R FE L 4 i 52 0.6 Gy X BRI, RO 24 h
i VAT 45 2L 20 I ) ok B 20 Ak VL R AN 5 Ry 1< 10°/
mL, A ) PBS 3% 3 K, 1 500 r/min &> 3 min J5 20 °C
W ZBE(70%) & 1 h, B 1 500 r/min £ 3 min J5 M
RNA fiff (R JE 50 pg/ml) K PICAHFE 30 pg/ml) R YL
40 min, 7 040 A AR I 45 301 4 At S 40 bb

1.9 AR A0 IE T A0AREE AR L Y B BR W AT, Y
0 i b T X HOR BT . 433432 0.6 Gy X R IRGT, G 24 h
i VAU 25 2L 4 L o) o o 4 LB, B Anmexin V/FITC 0 &
Xof 2 B AR AT A L R G8 15 min, FH 3 2 40 A AOAS: I A
T 53 b o

1.10  Zeitorik iR T4 s %R . R SPSS13. 0 4t
T 2 ARBEAT Kok R R E R L DL P
<0.05 HESHAFZITFE L,

2 & ES

2.1 AT LE  siRNA # Y HepG2 4 M A5 R
iKF 90%, WL 1, 5 3 & FFill siRNA #l 5 F & =, 5
2%, W 2, HIL,MEFH RS 3 4 siRNA fER F— 38
) H A3 8

2.2 qRT-PCR ffi i siRNA & & T 4w B K46 ATM mR-

NA K 2EAY B RNA, H OD260/0D280 4 1. 96, U JC
AT B DNA 75 % s RNA HL 3k Bl 7R RNA 58 48 M 5 g (&l
3) 3siRNA ¥ JE N 75 nmol/mL I 3171 1 8% % % 75 (& 2) 5 qRT-
PCR A& mRNA /K, WLE 2.4,

--

A C: LB M T 1Y HepG2 40 ; B.D: IE % 1Y HepG2 41l
1 siRNA 3t HepG2 L R

Hﬂﬂrlﬂjﬁ

o é‘%ﬂfg e e

[

o,
Sir e S D

x  JIHI R = B SIRNA F 31,
2 HAL GRNA F ATM mRNA FikkFE

L L S N L O R

'ﬂnunrnnHW“r“-'nvn

1~3: %M1 1.2.3 4 ;4~8: 4510 25 nm-BHPEXT IR 25 nm-B#E X
18 25 nm-1.,25 nm-2.,25 nm-3;9~13: /514 50 nm-BAPEXS .50 nm-
B % HR .50 nm-1.50 nm-2,50 nm-3; 14~ 1845l 75 nm -FH Pk Xt
875 nm-BAPEXT IR .75 nm-1.75 nm-2.,75 nm-3; M ; Maker,
3 R RNA S 2

IRy

R T T T T
-

4 ATM ¥ fh 2k

2.3 siRNA #J HepG2 J ATM &AM EL L GAPDH
RS TR T AT R sIRNAMMZAE 24,4872 h i 2



1340

S¥BIH T0% . 78% . 40 Y0 . AH K T 1 of MR 21 Fe A5 1 % R 20
ATM HEHRBY B TR 72 h 5 HE O REZ#H LA, K
5,

i
L5 LI H
<
u
Lo | FRa

1%

R

1~9: MK I 24.48.72 h Y lipofectamine2000 ZH . siIRNAATM 4 |
RF it BR A
5 siRNA # 4 HepG2 f5 24.48.72 h EAR
EN 37 i 46 i 45 SR

—— zi=Hn
—— k] 1k ¥,
Tim2hnl

SR Y5 7E H 2

LI e o

B 6 HepG2 #ifa%e # siRNA

“J“\. - -

e A gl

TR
el !

A IE# HepG2 40 g 18
HepG2AT™M 2 41 g 18 51 /5 .
7 X & B8 5% 5 40 B A HA 44 i

J& s Be B P Xt TR 21 40 o B 9 S C

A IEH HepG2 4l i B8 5 )5 5 B BA M X5 08 20 40 jfg B8 4 /55 C.
HepG2AT™ 21 41 i #8 5t /5 .
8 X £k BB 5 J5 40 AR T4 i

2.4  siRNA %I HepG2 4l il 3% 5if 09 52 W) siRNAA™ % e
HepG2 A5 . MTT 2 5 7% 41 B %5 B 25 5% 50 A% 33 fin ot 33 A
5 K, 4L AT OD (B 43~ # {0 HepG2™"™ 4 5 [ 1
¥t 8 2H % lipofectamine2000 ZH X} b & DLW 2 5+ % . LAl 6.

2.5 siRNA X HepG2 4 B HIR 52 76 R BRI R, 3 24t

FTREF 201056 A% 39455 114

M BT 23 L X B {5 6 Gy X & IRSS 24 h 5 L8] B
1k, IE# HepG2 40 . B VEXT FRAL 0 ML B TE WX Gr .G W, T
HepG24™ 4 G, /M 140 i 01 5 3% 22 . S W40 i BT o 1 43 LE A
23. 8 %R 11. 4% (P<<0.05), WK 7,
2.6 AUMIITORIN A5 2 AN AR R R AT RS T B R (07
6 Gy X &MUt 24 h J5 & BLIE % HepG2 40 . 1 it B 20 20 g
Z I TG 0 A8 Ak HepG2™N™ 20 F 101 4 T 40 e 14 1 43 b 2 B
Xf HRH 1 2 f% (P<<0.05), L&l 8,
3 it it

AR &I ATM 15 DNA X4 Wi 24 (double-strand break,
DSB) Wi il Je 16 52 v e #E B BIVE AT L 2 40 M 52 2 b L1 A
DNA it 5 b, 76450405 30, i 4515 5 Ae s BRI ATM /38
TG AMSE4E 2 DNA Wi, W BF 512 He AX A9 85 2 1k . AT 3 3L
ATM H B B 5 WY, W) B B R 1k 22 %0 2 55 40 J R A
P DNA $U5 165 198 3, 3% 86 8 (4235 p95 . Breal .p53.,
Jieo g 49 ) e AL L A R 0T O B S chk2, SMC1, BLM Al
FANCD2 %, 3 & ATM xf £ & & & 15 i7" . ATM
A SRR LG RE R 15 5 . MRS B E H O E AW MRX/
N 455 31 DNA [ 5 41 o 3F [ %K 3 3% 3 DNA g g0 e,
H a5 A J& DSB 1918 &2 68 1 i 3F DSB 44 B ok v & il i
RIFFIEI S Ik, ATM 7E 408 DNA XUsE 0 405 6 5 47
& EER AL

RNAI AR5 5 K 2 fig EL A 548 18 808 i R
U TG P AL 4 R P R L L AR T A X ATM it

3 2B siRNA FF41, i i lipofectamine2000 fig i 14 5%

Peik o siRNA ﬂ%ﬁﬂ‘%i’é)\ﬂ?éﬁﬂ@ﬁ HepG2 1, i@ i qRT-
PCR i3k 55 3 4% siRNA FESI/E ABESE H YR FES

Holen #“ il B A — /N4y sIRNA REAT RS M HE N %
3K B FAZ R 2 R Y siRNA, HeFE# mRNA #4958 1 7R A
[l BEE S R [, SIRNA B0 6] R R b > R R, A s
5 43 A il ATM B XoF R R o s Y 2, 3 ok g Joi 4k s e vk
gqRT-PCR Kl 75 24 siRNA ¥R R 75 nmol/mL B, 5 3 4
SIRNA B 28 2 fe 78 1K 729 [ I 2K 7 5 B b ek 45 2R
7~ sSIRNANMEZILE 24 h if ATM B £ 5 H B F B, 48 h if
ATM B 250 B .M 72 h FHE RSB LI, 3
DI siRNA TER UL f5 48 h ISR fe iF . 72 h Jg Al 2OR
WIS 3k T RE S ARSI Y SIRNA HR BRI e R g
A K, W ATM TG HepG2 41 i A= ¥y 2 Th i 77 T B9 BF
F WA, ATM JTBE X4 s s e h Tl g, v e & 5
ATM B P FUZE 20 453 495 5 62 A/ T o TG 68 L 6 240 L ) 344 58 TG 52
R SN SO = R N 7 R 2R U I S ) i i A AP
HepG2" ™4 G,/M BI4 i B & T 55, S 31 40 i 75 4 L B b e
1% A3 A R A AT RE T HepG2A™ 20 i g ATM K 11 52 3411
il AW T A AE 32 B i AR O S ATM AR B G /S G/
ML 24 Bt J) R A5 4 B AR B ATM KB M G1 /S, G /M
K g6 SR 3. FIRHEAE ATM BRI G /M K 55 & 45
ML e 20 o 4K 78 G /M I8 i, S W1k 2>, X 5 Li
ST ATM 85 200 Hh 20 50 S IS 200 S A 400 0% A &5 2R —
. TORINGE R SR HepG2h™ 4 1Y B 43 Hot K T B3 %
PR BB # Al , R R AT RE S ATM 0l 5 B ZREH T
R 2%, 52 345 - 1 B g B 9 R A 2 SR — 3

AHIFFE B T G 26 AR AT AR UL ATM A9 siRNA FF 41,
RNA T4 ATM fg X &I G /M W20 i 3 2, 5. 10] 44 Jifg
PR, UET ATM S IS BE 52 0 48 5T 5 32 45 40 g N DNA



FTHREF 201056 A% 39%5% 118

U016 S 200 ] ST A 00 R 4 A T R L T DR K R e T 4
X B OB . R, ATMOBIT Y 2 AR R T S8 T S 3R 97 Y —
AT T 1

£ % 30k

[1] Mouri K,Nacher JC, Akutsu T. A mathematical model for
the detection mechanism of DNA double-strand breaks
depending on autophosphorylation of ATM[]J]. PLo S
ONE,2009,4(4) :e5131.

(2] 2w, Eo2 M, Broe e, & VR i 3 ATM R ikK
P B HL I R ST )T AR BE 2 ,2008,5,29(10) £ 1652.

(3] 5 WE ol JFF 400 0 JF o 5 S 07 IR 5 R B [ . v A Jih e
B ¥4 24 35,2009, 16 (13) : 96 1.

[4] Ahmed N, Riley C,Oliva K, et al. Integrin-linked kinase
expression increases with ovarian tumour grade and is
sustained by peritoneal tumour fluid[J]. Pathol,2003,201
(2).:229.

[5] Jeang KT,Xiao H,Rich EA. Multifaceted activities of the
HIV-1 transactivator of transcrip tion Tat[J]. Biol Chem,
1999,274(41) :28837.

[6] Pardo B. Gomez-Gonzdlez B, Aguilera A. DNA double-
strand break repair:how to fix a broken relationship[ J].
Cellular and Molecular Life Sciences,2009,66(6) ;1.

[7] Bakkenist CJ, Kastan MB. DNA damage activates ATM
through intermolecular autophosphorylation and dimer
dissociation[ ] . Nature,2003,421(69) :499.

[8] You Z,Bailis JM, Johnson SA, et al. Rapid activation of
ATM on DNA flanking double-strand breaks[ J]. Nat Cell
Biol,2007,9(11):1311.

[9] Cline SD,Hanawalt PC. Who's on first in the cellular re-
sponse to DNA damage[ J]. Nat Rev Mol Cell Biol,2003,
4(5):361.

[10] ZEwgud, pdede. ATM 7E [ g c 5 38 506 7 vh i BF 91 i
JELT]. WK EE%,2007,36(21) : 2224,

1341

[11] Junya K, Hiroshi T, Benjamin C, et al. Histone H2AX
participates the DNA damage-induced ATM activation
through interaction with NBS1[J]. Biochem Biophys Res
Commun,2009,380(4) :752.

[12] Bunsyo S, Zou L. Single-stranded DNA orchestrates an
ATM-to-ATR switch at DNA breaks[]]. Mol Cell, 2009,
33(5):547.

[13] Czornak K, Chughtai S, Krystyna H, et al. Mystery of
DNA repair:the role of the MRN complex and ATM ki-
nase in DNA damage repair[ J]. J Appl Genet, 2008, 49
(4):383.

[14] Kim YC,Gerlitz G,Furusawa T,et al. Activation of ATM
depends on chromatin interactions occurring before induc-
tion of DNA damage[ J]. Nat Cell Biol,2009,11(1):92.

[15] Caplen NJ, Mousses S. Short interfering RNA (siRNA)-
mediated RNA interference (RNAi) in human cells[ ]].
Ann N Y Acad Sci,2003,10(2) :56.

[16] Holen T, Amaizguioui M, Wiger MT, et al. Positional
effects of short interfering RNAs targeting the human
coagulation trigger tissue factor[J]. Nucleic Acids Res,
2002,30(8):1757.

[17] Xu B,Kim St,Lim Ds,et al. Two molecularly distinct G,/
M checkpoints are induced by ionizing irradiation[]]. Mol
Cell Biol,2002,22(4) :1049.

[18] Li W,Jian W, Xiaoping X,et al. Enhanced radiation-medi-
ated cell killing of human cervical cancer cells by small in-
terference RNA silencing of ataxia telangiectasia-mutated
protein[ J ]. Int J Gynecol cancer,2006,16(4) :1620.

(191 =8, A=k %, TP Bo R, 1 2 A & vk 40 i 0 o 98 4k,
ATM EH R B M BURERM X R [T] T RE%,
2008,29(3) :4009.

O f H#1:2009-12-01 & 18] H #].2010-03-02)

(B8 1337 50D

[5] VanEeden SF,Klopper JF, Alheit B, et al. Ventilation-per-
fusion imaging in evaluating regional lung function in non-
penetrating injury to the chest[J]. Chest, 1989, 95 (3);
632.

[6] Cohn SM. Pulmonary contusion:review of the clinical en-
tity[J].J Trauma,1997,42(5):973.

L7] REKCE M TR, S5, 75 1] B PR T Fif it o 4 458
RIS [T, QIO AN . 20046 (4) : 269,

(8] sk, £ 14, %K. 70 408 G b #5 /y CT 2 Wi
[J]. MR PR 2 ,2008,19(2) 1 113.

[9] £ .5 %, BKE & EMIE I i 42 6] 1 ik R

SrHLT ] )T PR BE A2, 2009, 31(6) : 887.

[10] EBIE. SPECT Ay Il R IL LT, o B o Tl BB 24 2
#£,2000,3(5):434.

[11] Cohn SM. Pulmonary contusion:review of the clinical en-
tity[J].J Trauma,1997,42(5):973.

[12] Tennenberg SD, Jacobs MP, Solomkin JS, et al. Increased
pulmonary alveolar-capillary permeability in patients at

risk for adult respiratory distress syndrome[ J J. Crit Care
Med,1987,15(4) : 289.

Qi B 1#1.2009-09-09 &[] H 31 . 2010-03-02)





