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FEE  ONHTST AS1411 X B 2E HeLa 4 10%R S GV, R y-H2AX S5 6% M4 HeLa 4 DNA 137
Pttt IR AR I AS1411 XF HeLa ZHARE I KT IREIH . 45 RER: & AS1411 FALIE (Y HeLa 44
A% ) DNA Wi S8 H I8 2 AS1411 FUALEEASS2 00 e S 51 e i) 40 i FE BARE , (H REAS (e k4w 5 15 =
) HeLa 4 T3 35K . AS1411 3853 PR 1E BHER T 51 21K DNA $4% 8 & & 75 K 40 I3 T 38 1 HeLa 481

FfE ST B, HIbERPLE SR T k.
EIE HESTIEAL, AS1411, HeLa 4ij
hESHS RS811.5 TL71

BIRRE P EEREENBRILED, &
BB ZRAEYEIhEE: RN A RS R,
S 5qfE. Ak, R, RERER. Z
{ZHIRAESS . AR IE R Qb A A (e 40
ELE i 200 A AP 43 2 40 e 11 400 Al J5i ok i Rk
HER BB, AS1411 R SR T
FRIERC A, W] LS IR g R I i A R e e e
AP AS1411 24 26 ML G4 FFRIR, H
BT CAE N HUE 25 it N IR AR RIS HT 9T, Eon i
TR (0 frb 8 4 484 B3 R0, AST1411 3L T3
S FGEAE T AR AR AT R R S B A T
FARIE R B PR A G E X5 i@
A NF-kB i . PRMTS 0 3 KLdE A bel-2 Ftif
ToIR R0 AL I 5 7 T AR S 56 28
AS1411 BR& X S 2 RS PR AIC U 5 HeLa ZH I A7
W%, H HeLa ZHJfI7E AS1411 ¥ Jy 500 nmol- L™
IS (TS 186 5 L (SER)AB ) 1.8911, AR AT 7 LA 25 51
FEANHE HeLa A%F %, M DNA 45 4 & A A0 4
FELYE T A I 7 T — DR FE AS1411 (145 S 34 L
B, R T R U R T SR A SR AR -

1 MRISEE
1.1 EERFIANE
AS1411 K HXTHGERCAR cApt (E AW T

FEEIH : TLIRA RIS A RHE B H (PAPD) Bt B
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(i) HRAFD, AS1411 FFFN 5-TTG GTG

GTG GTG GTT GTG GTG GTG GTG G-3', cApt ¥
%9 5-TTC CTC CTC CTC CTT CTC CTC CTC
CTC C-3'. DMEM #Ziffis#dE. /NEIE (EE
Gibco AFD. il RN BERAAARA A,
1L AT (Propidium iodide, P44k} (H3&E Sigma 2
AV L y-H2AX /MR TERERTA (H3EE Upstate
AT ZHCEPUR-FITC) (F5 Tk [X 143554
R 2EA PR 7)) BSA(Roche 24 7] )+ TritonX 100
(Amersharm A &) ). DAPIT JeiE AL Y6 K Fr
A CERRAEVH AT . Annexin V-FITC 4
TR & IR AE A IR A D, Hokdt
BAE DM (TCS SP2, Leica A]), 401X
(Cytomics FC500, Beckman Coulter), CO, £57%48
(Thermo Forma3111), BG4 (BIO-TEK 2
F] powerwave xs), 3B 45 (Olympus CK41).

1.2 ‘mREIESE

B MR HeLa ARSI =R, BTH
A 10%/N 1L DMEM 323, 78 37 'C. 5%
CO, B FRFh IR IR, B R s E RS 9%, R
BAE K A B AT 5206
1.3 AS1411 F1 cApt f#7F &4

AS1411 F1 cApt K H £ 57 /KB H IR A
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Immol-L™" MIfEFEW, T 4 CUKFRAE, 18I
DMEM 35723/ k.

14 BBEIEH

3% E RADSOURCE 4 7] RS2000PRO 7! X
STERAE YIRS RS A0 PR, STZkREE 160KV, HEST
FIEH 1.15Gy-min ' JEETI (£ B2 60 mm 1)
RS R FR IL(Gibeo), LA EE IR AR 2 mL,
Hg 35 75 P 5T B G DXCOIgrh g, R XU 0 40 eme

1.5  y-H2AX S3ZRIEEKN DNA 155

B 5 AR K A o 4 SR A PR R, B R L
W E ST, M TR, WEIEY
KHREH . FRafZnae . Al RS AT IR 2 A,
Bi7% 8 h UM RE . R Az . B +25 4
N AS1411(BE cApt)f#i £ % A 500 nmol-L™" Al
Lumol-L™'s 24h J&, X SFLRIAST Al 4l, B
2N AL, USRS A 0 Gy 4 Gy # 8 Gy,
JEJE 2 h A RALE: IIAPT y-H2AX /N R L e
PLiR(1: 500) 4 CUKFEH R, BT FEHR-FITC —
Pi(1: 400)=EHFE 1h, I DAPI 4 4et% 5 min,
HJE NN 6 uL PUR NG K 7, F s A B B LR
WY R b, o, TEECEIL R BT WA
YA PN DNA XURE W 2B 7= AR (1 5 G BT s 3
FEANLEF /DI 100 N0HE, 0% 3 ANMRET.

1.6 ZHAREHARI

HCHE B K A0 M ] &% SR A R, B IR LS
7= 8h ARG EE . A JC MG DMEM £5752E, [F
WA 12h ordH: IR TR, Az PRl
SRR+ 25920 . saiZgA . a2 4
AS1411(cApt) i £ ¥ J%¥ A4 500 nmol-L™" Al

lumol-L™'. 24 h J&, Faiffial. Ms+294 X
SRR an L, FEA & 8 Gy, MU /E T 24 h B[]

TSR ;)% AR, A B 4T
WPEN(5-10)x10° mL™", B5.02(1000 rrmin”~", 5 min),
¢ iE, F PBS ¥k 2 &, NN 70%KLEE 1 mL,
WRITH5], IR, &5 2 RN 50 ug-mL ™" PI 4eth
W, B 4 CHREGGY 1 h J i e\ M AR I 24 & 38

1.7  4ABECATHN

HHR B K A M 1 5 B g B, X 10° A
A TR R, IR IR, FAiZGY)
. iR AR+ 254, H55R 8 h A A G

B, A 252 | IR+ 25 Z4H R N AS1411(cApt)
1844 )9 500 nmol-L ™ 1 1pumol-L™'. 24h J5, #
aifeny A . MR 2G4 X AR ar i, R
FIE59 0 Gy 4 Gy fl 8 Gy, HEHT/E 24 h HIJEE
B A, USCER A, s A R, TR
I R S G L 9(2—5) x10° mL™', EBS40(1000
rmin ', 5 min), =JF40M0, Annexin V-FITC Fl
Propidium Iodide %4 t%, 544 30 min J5 i 2040 LA
For A A T

1.8  SitFAIE

SISO 3 ANPATRE, SEIREE 3 K. MH
SAS8.0 Brit# AT /3. SEIESRA(X + 5 )&
N, BEEWNERMTTZ0, HEHECRA A%,
p<0.05 AZEFA FITF 5 o

2 4

2.1  AS1411 X HeLa Z0Af DNA 15898200

B1 AT 2 g i o 3 IR A R W %
AS1411 F cApt kA X 5 4% HeLa 402 DNA
KUBEWT 2L, W E(DAPT) AR, 40 (. (y-H2AX)
RUEEWT R . 1 3a. B 3b AR IKEEE 1. & 2
Guit i P A A% DNA Wi S0 AR A
MK 3a FTRAE H, WRIGRIEA 0 Gy IFF, AS1411 10
Y 5 IR R T ZE ] IR 4Gy B, Xt
fB4. 500nmol-L™"/AS1411 4441 1 pmol-L™'/AS1411
2H A% N U W 24 B R 0l D (9.681 £ 2.13) 4
(16.137£2.03)M1(21.024 +2.25) 1 W& AN 8
Gy I, X . 500 nmol-L™'/AS1411 #H A1 1
umol-L™/AS1411 4 ¥ 1A WUk Wy 24 B 145 %k 75 53l Ay
(20.789+2.73). (45.685+3.04)F1 (61.052+2.68)1;
BP AS1411 Befig 9 In4@ 5 % HeLa 40/ DNA [ 305
Wrd . M 3b 7] AAS 21, WRSGRIEA 0 Gy I, cApt
INZieH 5 IEH R T 200 WISGRI =N 4 Gy B,
X4, 500 nmol-L ™' /cApt ZHAT 1pumol-L™'/cApt 21
1% A XU M 2R B R 88090 00 9(9.681 £2.13) (11.011
+1.63)M1(10.026 £ 1.22)1; WIFIEAN 8 Gy i,
X4, 500 nmol-L™'/cApt ZHA1 1 pmol-L™"/cApt 21
1% SR W 2 58 ) K70 1) 0R9(20.789 1.73) 4 (19.057
+1.86)F1(21.052+2.16)1;  BI7E R — M5 T,
5 LA P XU T S4BT 55 BORH LU T 22 3
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A

20pum
g

1 BobILREBMETNEE AS1411 BA X 2RI ST HeLa 411 DNA XUEE Wi 2L
Confocal microscopy images of AS1411 combined with X-ray irradiation on HeLa cells DNA double-strand breaks

Fig.1
500 nmol-L™" Iumol- L™

Control

0 Gy

20pum 20pm 20pm

4 Gy

L 1
20pum 20um 20pum

8 Gy

20um

20pm
B2 BOLHRERMEIE cApt Bk X-SF 20 HeLa 21/l DNA XUHE K2 15210
Fig.2 Confocal microscopy images of cApt combined with X-ray irradiation on HeLa cells DNA double-strand breaks
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nr (a) & Control * 250 *

: 0 500 nmol-L! _I_ - B (b) = Control
= g 60p 21 pmol-L! i 2 500 nmol-L ! *
P £ 3 20t 8 | ymol-L'!
EZ sor : 2=
5% o G
o= 40F o 2 15+
53 40 23 ! *
—Bad 3.8 *
2E 30+ o %
g, é, * = 10+
8 20r * g3
$§ 2 55
oo 2 o
23 10 g *E
i

o=z ek 0 .,;J—I—E{_l i i

) = 3 L =
0 4 8 0 4 8
Dose [ Gy Dose / Gy
3 NEREE AS1411(a). cApt (b)BCE X SRS T P38 A 41 Huk% - DNA Wi A% B

Fig.3 The average number of DNA breakage points in each cell nucleus treated by AS1411 (a) and cApt (b) of different
concentrations combined with X-ray irradiation
*Compared with the corresponding control group with different irradiation dose, p<0.05 (a) and p>0.05 (b)

2.2 AS1411 X HeLa 406 E ARV E2 N0

1R 2 Rl i R AS1411 A
cApt X} HeLa A & i 3 A SEIR 45 K. 2 1 W& H,
TEAEESZ X FERIRH KT, AFRWKRE AS1411 4
S GO/GL #1. S #1. G2/M A5 1EH X B2 AR L
ToI 225 8 Gy X-S 2R IS f5 tH B G2/M JHRH T,

{2 AS1411 FALEEH% gk G2/M BAFH S, 1X %K
AS1411 3411 HeLa 40 B 55 3% B0 A L 2R 5 41 i J& A
oK. K2WER], TEZ X HEBHFMET, &
[V E cApt Ab3 5 5 1E 5 0 JEZHAH bL s, #5340
FAMAATRA KA 8 Gy X BHERIB S Hal
G2/M HABHY, cApt AbFH4H 5 el i85 20 AH b AR
1k, AI15HY cApt %t HeLa 2 5 #A 20 A7 A 5200 .

£ 1 AS1411 RFAAE AT HeLa 4080 #9652 H

Table 1 The effect of different treatment groups of AS1411 on Hela cell cycle distribution (%, X£5s)
2H53ll/Grouping FfA E/Sample number  GO/G1 S G2/M
Control 48.86+0.25 36.53£1.70 14.61£1.95
500 nmol-L™" 3 53.45+0.97 35.66+1.49 10.89+1.74
1 pmol-L ™ 3 54.25+0.82 34.69+1.02 11.06+0.87
Irradiation 3 3.15+0.32 6.57+0.34 90.28+0.02 *
Irradiation+500 nmol-L ™" 3 3.82+0.48 9.09+0.30 87.09+0.58 *
Irradiation+1 pmol-L ™" 3 3.96+0.99 9.27+1.59 86.77+£2.45 *
A RAMEL, p<0.05,
Note: *Compared with the control group, p<0.05.
£2 cApt ANEIALFLHNT HeLa 4008 235347 (80
Table 2 The effect of different treatment groups of cApt on Hela cell cycle distribution (%, Xxt5s)
2H 51)/Grouping FEAH/Sample number  GO/G1 S G2/M
Control 48.86+0.25 36.53+1.70 14.61£1.95
500nmol-L™" 3 48.06+3.48 35.75+0.53 16.19+£2.93
1pmol-L™! 3 45.80+0.74 36.66+0.30 17.54+0.58
Irradiation 3 10.19+1.46 11.45+1.17 78.36+2.52 *
Irradiation+500nmol-L ™" 3 7.64+1.25 11.37+0.91 80.99+1.74 *
Irradiation+1pmol-L™! 3 9.81£1.28 11.75+£2.66 78.44+3.67 *

VE: 5 R gt ML, p<0.05,
Note: *Compared with the control group, p<0.05.
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2.3 AS1411 X4EHES HeLa 40 AT IS

R 3. K 4 A AU AS1411
N cApt BEAANFF & X 526 B8 84 % HeLa 40 1
R EE R R 3 v WL, FERIHIEAN 0 Gy I,
BEE AS1411 MR, HeLa 4HHIH TR HiE

dry e, RO 25 e S man B g T fEAR R R
FHET, AS1411 BeA X G2 I8 i 2H 45 i i i
MR TR m, HSRERIEILER, XK
B AS1411 AT Er AR S AT S BN 4RI T2 HK 4
] WL, cApt X HeLa 4 T- R B AH 0.

F£3 AEWE AS1411 X HeLa A T-R KR

Table 3 The effect of different concentration of AS1411 on Hela cell apoptosis (%, Xx5s)
W& / Gy #1238/ Apoptosis rate
Absorbed dose Onmol-L™" 500 nmol-L " 1 pmol-L™!
0 5.86+0.8 7.71£1.51 8.91+1.04
4 15.44+1.41 19.67+1.90 21.31+1.74
8 35.90+1.92 39.02+1.91 41.99+0.65
£ 4 FFEVRE cApt X HeLa 40HJE T K0
Table 4 The effect of different concentration of cApt on Hela cell apoptosis (%, Xt5s)
IR / Gy J#T-3/Apoptosis rate
Absorbed dose Onmol L™ 500 nmol-L ™" 1 pmol-L™"
0 491+£1.27 4.99+0.28 5.26+0.41
4 15.37+1.22 14.31+0.27 15.3942.58
8 34.80+0.40 33.67+1.05 34.05+1.65
3 e XUHEWT4(DSBs) 2 L B R AF Y DNA fi ™

5 4 38 057 (Radiosensitizing  agents) [ HF 72 /&
PR TR T B — N B AT ). S I R
RERE38 9 AE VAR TSR U ME R — 8, BT e
PG Z MR AR . PHRCR IR e R . AT
1 ] 5 SR 1 i R 4 P PR TS BB, B
JRER, WNTRRETT RAEER L.

HIRIERA AS1411 BA ZAtRrEgE: B/
Jits R Em . wls R SRR SRR E I
FSEAN G, R R NS IE 5.
{232 AS1411 590 E L, AS1411 REfgIE
IEAMIRZAT 2R (0 % B Th e & PR 1 D10,
5| P bel-2 H [ Rk & BRI T 12 32 40
T2, 41 NF-«B B35, FH1E DNA 15 )% . Bates
2LOVE T T AS1411 X 80 it A\ SR4H i £ 131
BATENE, I L% BT 1 e 4 it 34 5 # A 1R
U b J A R, TG IE 4T M A B 1 1R N .
AS1411 BA FRAR s, A8 H 0] DR e i 58 800 L
B PR A IR, AR TR S Ay B — D B A
AS1411 MHIZAZ 2 BT RE KA i e 240 Jf 1) S
U

HWGE L, DSBs &5 Bl T B S BUZTER)
TEPE S . DNA WIS, Wi miftin e A
H2AX [ C K 22 ARk FE > PUd R AR, B
B y-H2AX. y-H2AX % H 7] LU KA DSBs 141
M, T y-H2AX 5 DSB & FJ2 LR A,
Rl y-H2AX E BRI DSB 3 it aebriEl'™, A&
S5 N BOGIL R BB WA K E AS1411
A X S5 HeLa 408 DNA 5 05em, 55
Won: FIEN O Gy I, AS1411 Nz 5 1% xt i
HIMLE L ZR; FEN 4 Gy. 8 Gy B, 500
nmol-L™'/AS1411 41 1 pumol-L'/AS1411 HE X
WP A B 2 T R Al R T A 5 X 3R B AS1411
R 38 I 56 5 4 i DNA [ XURET RS, B AS1411
X HeLa 20 Ha ()% 5 384 Gop 138 5 F 38 I DNA #1451
A X,

1 i P s S U 5 2 PRI 2 %, EL I DNA
SUEERT 2B S . MR . R TS R B C.
R AEKE T2, A S Bk & a5,
TERSHEITH, MR 20 w7 i R
MRES G 51 DNA $ifs, #f54x A HE 4 i fE 3R BE A 2L
S, YA BIRBRE SAARFE T AT,
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YR IE R G1/S IS 7 AR G2/M S 28 A ARAIE 40 )
1. 24 DNA #0540 s /g i,
P T AH SRR PRI s, R e . ARk Se
Hh P 97 2 BSOS ) 4 e BRI O AR AL, I
A B aG 45 IR T LA e FEAEESZ X T2 R G
T, ANEWKEE AS1411 435 GO/G1 . S 3.
G2/M 5 gt IR AL AH EL I B 2 5] 8 Gy X
LRI S B G2/M HHBE AR, {H AS1411 FilAbHE Jf
BEA P> G2/M RS, XK B AS1411 19/ HeLa
Y11 B 8 S U M PO LB 5 G e R A TS 5% . M4 L 07
ToSRaG 45 A3, AS1411 #E7 HeLa 4 12K
23R EEIEAADC, R AS1411 BERS(E 4R i
S¥ HeLa 4T, X 52 mTHORTFe 4 32—,
AR E i e BT SR TR UE B AS1411 BEA
X B AT AR IR S 5 HeLa ZHMAETG R, fens
1 HeLa 2 Mo A RO A, AT 52 st —2BAIE
B AS1411 @i 34 e 5 %+ HeLa 40l DNA fXUsE
Wrd. (EtEE S5 S HeLa 40M0E T 3R (34 Ik
Perm S HeLa SRR ST BUE, KN e i
(TR V8 T7 SR AL 3 — 25 1 B O A0 31 A0 55 At S 56 Ak
o AR YIRS B A E, AT
— BRI

RPN
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ZERMFEE . AS1411 FE ST HEESHLEL AT 5T

Study on radiation sensitizing mechanism of AS1411

LI Dongmei HONG Chengjiao ZHANG Baoguo
(School of Radiation Medicine and Public Health,Medical, College of Soochow University, Jiangsu Provincial Key Laboratory

of Radiation Medicine and Protection, Suzhou 21512, China)

ABSTRACT The aim is to investigate the effects of AS1411 on radiosensitivity and the relative mechanism on
uterine cervical cancer HeLa cells. y-H2AX immunofluorescence technique was applied to observe the DNA damage
of HeLa cells; change in cell cycle and cell apoptosis rate was detected by flow cytometry. The results show that
v-H2AX foci of HeLa cell increase significantly after being pretreated by AS1411; AS1411 pretreatment does not
influence the cell cycle arrest caused by radiation, but it does accelerate the apoptosis rate of HeLa cells induced by
radiation. By increasing the DNA double-strand breaks and inducing cell apoptosis of the HeLa cells caused by
radiation, AS1411 can enhance the radio sensitization of HeLa cells. However, the mechanism of the radiosensitizing
effect is uncorrelated with cell cycle.

KEYWORDS Radio-sensitization, AS1411, HeLa cells
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