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RO MR BEAR AS1411 181 7Y
S 90K T N B 9 HeLa 40 Bt 550 S5
B R P 5% )

Lkt WEL B KRE

[{#ZE] BHM R F(PEG) AUKIRIE LR ASI411 &4 4 99 KR F ( AuNPs ) XF A
B U Hela 40N S BURPERY S, 3% PEG Ml PEG-AS1411 43 BB i 2847 15 R 4038 Ji 1k
#4519 AuNPs , 145495 KB T AuNPs@ PEG F1 AuNPs@ PEG-AS1411, 4359 CCK-8 : HI 5 B8
DA TR T AR MR . H R B 5 S TR A (ICP-MS) 46: i HeLa 20 Jf X6 40 K i 1Y)
Wi, S BT IR R A RORL F 6 G X S 4R IR X HeLa 4HMIAA TG SR M, #5R  CCK-8
45 H R AuNPs@ PEG 1 AuNPs@ PEG-AS1411 XF HeLa 4975 EAR /N (P > 0. 05) , i s pe T
PSR EE M SR 10 d J5 HeLa 40 A A2 TS TR FRIK (1 =4.38 ~11.60, P <0.05), Fi AS1411
B4 AuNPs, 1] LU AN Z0 XS AuNPs B9, AuNPs@ PEG F1 AuNPs@ PEG-AS1411 %] HeLa 40 g4
HA G EAER (F =7.90 48.23,P <0.05) , Au ¥ JF 4 10 mg/ L i, HIE L2500k 112 F0
1.20, %58 AuNPs@ PEG F1 AuNPs@ PEG-AS1411 XJ HeLa #1814 2 M 20 M 34 50N, (H AT K 1A
FME, ] AS1411 &4 PEG 1LY AuNPs, AT LASSEE AuNPs FTU S OE T
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[ Abstract ] Objective To study the effects of AuNPs @ PEG-AS1411 nanoparticles on
radiosensitization of human uterine cervix cancer Hela cells. Methods AuNPs were synthesized by citrate
reduction method and then functioned with PEG and PEG-AS1411, respectively. CCK-8 assay and colon
forming assay were used to detect the acute and chronic toxicity effects of AuNPs on Hela cells,
respectively. At the same time, clonogenic survival assay was applied to measure the cell survival rate of
HelLa cells after exposure to AuNPs@ PEG and AuNPs@ PEG-AS1411 combined with X-ray radiation. The
intracellular uptake of AuNPs@ PEG and AuNPs@ PEG-AS1411 in Hela cells were detected by ICP-MS.
Results The CCK-8 assay showed that AuNPs@ PEG and AuNPs@ PEG-AS1411 were not toxical on HeLa
cells(P>0.05). But the clonogenic survival assay showed that AuNPs@ PEG and AuNPs@ PEG-AS1411
had toxicity on HeLa cells significantly after 10 d(¢ =4.38 - 11.60, P <0.05). AuNPs functioned with
AS1411 could increase the cellular uptake of AuNPs. AuNPs@ PEG and AuNPs@ PEG-AS1411 both had
significant radiosensitive effect on Hela cells (F =7.90,48.23,P <0.05). The values of SER,, for
AuNPs@ PEG and AuNPs@ PEG-AS1411 were 1. 12 and 1. 20, respectively, when the concentration of Au
was 10 mg/L. Conclusions AuNPs@ PEG and AuNPs@ PEG-AS1411 could cause chronic toxicity on
Hela cells instead of acute effect. PEGylated AuNPs functioned with AS1411 could enhance the
radiosensitivity of HeLa cells in vitro.
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AT SRR T IR () R BT B —, M i
I %) B S R L e g ) R ) RO AR, WE SR
2 1 ey 240 i A S AR 1) 25 W, o v e R
AT A EERE X, £90KK T ( AuNPs) JE T
o AeFrE e e, oW ARy AT A
Sl g, MRS  AuNPs 195500, AT RLBE
I 28 2 A R MAC R , DT 484 5 o R R A5 RN T
YK AR 38 R 5 R A AR ) 9 K Gk Y Tk
JEAE AN X AuNPs {9 W% i 5 H: 3 1 15 1 2%
PIMIE)  ARHBFSE LA NE 85U HeLa 41 R X 42,
SR 2 ZBHE BY AuNPs ( AuNPs@ PEG) M B
2 T FE IR E BC AR AS1411 184 AuNPs ( AuNPs
@ PEG-AS1411) Zb 3 HeLa 40, A58 H Xt HeLa 28
i 4 S R ) S )

HR 7%

1. B2 AR - E R £ -2 3 (NH, -
PEG-NH, ) (X} F it 2 x 10°) [ 1-(3- " H &3t
L) -3-£ Btk e Eh IR L (EDC) | Ag Wi 2 F s
R ER (MES) 1 F 75 M 1 58 35 A A FRA 7D
FPEEIR =40 3-SR LTI R (MPA ) |\N-F2 FEBE 3LV i
(NHS) It FI 35 [ Sigma /A A ; 8 42 ( HAuCl, ) 3%
PR CHRXT 23 F BT EE 1 x 10°) JREE-AS1411 (JF 5
5" COOH-TTGGTGGTGGTGGTTGTGGTGGTGGTGG
3") KXt BF S cApt (JF 418 5° COOH-TTCCTCCT
CCTCCTTCTCCTCCTCCTCC 3') W [ b iR T3 A
DMEM Zff 8% 72 55 /N4 M3 W A 92 [H GIBCO 2
) 5 200 A B K A0 R A I 3R & (CCK-8) T
R ARA RGBT ; 2 DI RREE AR X ( 35 B Bio-Tek
I3l Synergy 2) 4K BE 43 AT AN (DE [ T AR SCA
F] , Zetasizer Nano 7ZS90) | FL /AN & 46 B TR % AL
(ICP-MS, 9 [H Thermo /A #) , ELEMENT 2) ,

2. AMRE R 5 G S5 F . B S Hela 41
HA TG EARAE, BT %A 10% 09/ 103G 1Y
DMEM }; 353 ep 7E 37°C 5% CO, {1 FIIRE 444 F
AR IR N B2 A ARG 77, O 850 A K 0 4
HATEEE . W 22 [E Radsource 23 H RS 2000 PRO
AU X S A BRGHA HR ST 2B, S 2R fig = 160 kVp,
W% 1. 15 Gy/min, JRHUEE 40 em,

3. AuNPs 1 il % . ¥ HAuCl, ¥ W 6 B A%
0. 01% W& B 200 ml JnFA = 3k 15 ; e 0c 8 T hnA
4 ml 1% IR F7 468 B2 = BN K V8 I, 4k 28 I 3 & b
15 min, BHEEIRG 4CECRAEEH, HIS0

AuNPs Fll AuNPs@ PEG HYAL4E 53 7] 4 44 F148 nm,
AuNPs@ PEG-AS1411 il AuNPs@ PEG-cApt H9¥ 4
50 nm,

4. AuNPs@ PEG il & . iR 5 =5 SCHk [ 4 ] 48
BEEY I 145 AuNPs@ PEG ,  FH 4N KL 20 BT AU
I AuNPs@ PEG Hi4% , ICP-MS ¥l AuNPs@ PEG
R

5. AuNPs@ PEG-ASI1411 F1 AuNPs@ PEG-cApt
B % B 7 ml 50 mmol/L. MES &%, F K,CO, &
WA H pH A4 6.0 Z£ 45, A 7 mg EDC
10. 5 mg NHS, $i ¥ 30 min, IR 541, M EUH
0.7 mlAEW 5 0.3 ml 0. 1 mmol/L AS1411 IFWIR G
B4 564 30 min, SRJ5, A EIE HI 514 130 ml
AuNPs@ PEG %W H , i FE 24 b, JE¥ T A AR 7
4% 60 000 x g B5.0> 15 min, #5500 3 K, 15 5]
AuNPs@ PEG-AS1411 %W, FH A8 KA 53 B 13U
I AuNPs @ PEG-AS1411 %45, F ICP-MS 4 il
AuNPs@ PEG-AS1411 ¥ WA 2, H cApt B
AS1411 4% AuNPs@ PEG-cApt AT .

6. ML AuNPs & i I . 40153 AuNPs@
PEG % . AuNPs @ PEG-AS1411 41 fl AuNPs@ PEG-
cApt 34, H4l Hela 20 it 1) S 20 R R, A A
T 6 FLAR, TR0 A EH FLIE 80% J5 , 23 N Au ¥
JE 4 10 mg/L /) AuNPs @ PEG, AuNPs @ PEG-
AS1411 AuNPs @ PEG-cApt 5373, A3 &
fLo 55524 hJ5, 72 W) Je B 97 4k PBS BE3 K, B
Bt AL, N 3 ml BEFRFEWAT Al T ECREAL
A BCE, B0 k4R 15 em, 1 000 r/min &0
5 min, SCE LA, ] ICP-MS W& 5 FREAS T Au 1Y
WERE L AR AR TR AR BEAS P AT i KR B R 4 vk
FEH A R EE A AuNPs £,

7. AR SE I . OGR4 T R B 4
LB, BT 96 FL A, AR 45 455 5% B[] i 122 b 4
MO, K5 5% 24 h 43R0 5 000/4L, 35 5% 48 h 412
fih 3 000/4L, B53% 72 h 418ERP 1 000/9L, B FL A&
100 i ZHAEEEFREE . BePh A0 4323 o B (15 57
BoOREANN) N IR (BRI + 40 M) RN SE I 4
(AuNPs @ PEG . AuNPs @ PEG-AS1411 F1 AuNPs @
PEG-cApt + Ji 25k + 40Md) . HEFP MM 24 h )5, 7F
S8 4 40 43 )i A AuNPs @ PEG , AuNPs @
PEG-AS1411 AuNPs @ PEG-cApt, fif o289 Ji£ 43 ]
5 M0 mg/L, HABE6 MR L, 1E37°C 5% CO,
KA AR B 2 R 43 i Ak 2l 5 3% 24 48 F172 h )5,
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R 3 MR B B AR T AN R 5 RN ] Hela 2RO A7IE 3(% ,x % 5)

kT Au ¥KJE (mg/L) FEA KL 24 h 48 h 72 h
AuNPs@ PEG 0 6 100 100 100
5 6 103.4 3.7 107.1+4.6 98.9£2.1
10 6 104.6 3.3 108.1 +4.3 97.7 2.1
AuNPs@ PEG-AS1411 0 6 100 100 100
5 6 106.1 5.5 105.2 +4.7 101.2 2.2
10 6 107.1+3.4 101.0 2.7 98.5 +4.2
AuNPs@ PEG-cApt 0 6 100 100 100
5 6 106.5 +3.5 107.0 £3.7 101.1£2.2
10 6 103.7 +2. 4 106.0 £2.7 97.5£3.2

WU RS TR, sl g e, AL 90 pl BT iy DMEM
KigR M 10 pl CCK-8 ¥, LA 37°C 5% CO, 1
R 5 ARSI E 2 he 630 nm K NS I
K, 75 2 D RE RN AL 4L 450 nm 3 KOG E
(AVE. AMAFIER(% ) = (RIAT- A - =
X BRZF-34 A {H) / (KT RRATE 3 A (B - 25 X IE
AP AME) x100%

8. ST BRI & X G4 G5 HeLa 4 1Y
FEIE S OGHEICA: A 0 200 60 ) ol B 240 o YA, AR AR
HRSR ) 4 O [R] A AR B &, WRGRI B2 0.2 4.6
18 Gy B 43514 500 ,500 .2 000 .6 000 F110 000/FL
FERAEAR N 60 mm KR LA AR AL AR 7 &
W3 AFATRE, 44> AuNPs@ PEG 41 AuNPs@
PEG-AS1411 Z1F1 AuNPs@ PEG-cApt 2H ., ZH il 4% 5h
JE TR 24 h, SRR, S AU A W EE 5 0.5
110 mg/L MUAIRAE A AuNPs 5535 5 | 4k SL 8% 5%
24 h, 160 kVp X 52R RS 4 AL 4, W) i
HH02.4.6F8 Gy, MEIFAkLEEFR 6 h 5, i
Al R SRR AR S SR 10 A, HEEEE 0.5 b, fiR
FEGf5 0.5 h, 714 50 4L E R sE TS, i
BANATIG 7B (SF) |, SF = 52 W20 Jifd 50 B T iR/
A FEIRH A B S B B, A s B IE L (% ) =
BT B R AN x 100% , AR B 22 HAR
RISF=1 - (1 - e = """ AN L,
fit D, = DyInN, HRA4E D, Fl D 8, 53 5 i+ 5
SER,, fl SER,,,

9. Gt b . 25 H » =5 FoR, SR SPSS
16. 0 BRAFHEAT 0T, dLBl LW BCR O 24007, 2
FLBR F LSD-t K 3, P <0.05 M2 F A 52

# =X

1.3 RGOk T 4l e 1 . 32 1 o CCK-8 &
B3 B AuNPs @ PEG ., AuNPs @ PEG-ASI411

AuNPs@ PEG-cApt % HeLa 4 i 715 & 5% Wil 114 52 36
ZER. 3 Fh AuNPs % Hela ZH M BOFF 75 R A H B
B2 0 (P > 0.05), %] AuNPs @ PEG, AuNPs @
PEG-AS1411 F AuNPs@ PEG-cApt X} HeLa 41 Jfi ()
SUEFBMEIR/N,

2 WA FEIE LS 21 AuNPs @ PEG
AuNPs@ PEG-AS1411 F1 AuNPs@ PEG-cApt b3 41
Jit 24 h, X} HeLa 20 A7 3 Z6 52 Wi (1) SE G 25 2%, &5
JIR  HeLa 20 M0 715 W] W FEAR, RWIX 3 Ff
YK F %t HeLa HA K WEEPE,

F2 A[FERREL 3 FhKRRFYERHE 10 d Hela
MIFTER (% % +5)

BT AR 0mg/L 5 mg/L 10 mg/L
AuNPs@ PEG 3 100 90.4 £4.9° 82.7 +4.5°
AuNPs@ PEG-AS1411 3 100 86.9 +4.0" 78.2+4.2"
AuNPs@ PEG-cApt 3 100 89.2+3.8° 80.6+4.0°

.50 mg/L H#E, " =4.38 .8.60;"1 =7.33 11.60;1 =6. 35,
10. 80,P <0.05

M 1 R 2 Y SCIR & T LUE W A 3
10 mg/L B}, AuNPs @ PEG , AuNPs @ PEG-AS1411 |
AuNPs@ PEG-cApt X Hela 40 il & PEFEPEAR /N, (H
FEER IR

2. YIAPY 3 A AuNPs F & . & Au W
10 mg/L HY AuNPs @ PEG ., AuNPs @ PEG-ASI411 |
AuNPs@ PEG-cApt DMEM £% 3% 3& 55 5% Hela 41 ffY
24 hf5, #F A B &S 40 i ) AuNPs 22053 i
(3.09 £0.42) x10° (11.67 +0.33) x10° (3. 68 +
0.37) x10°, &5 E/n, fA 4L h AuNPs@ PEG-
AS1411 % 2 AuNPs@ PEG 193.8 5 (1 = 27.8,
P <0.01) ,MET408H AuNPs@ PEG F1 AuNPs@
PEG-cApt 22 55 4t 2 3, KW AS1411 7]
AP I 200 BT 20 K 4 R i W

3.3 Bl AuNPs Xof 24 Jfd 5 S BUR PR A 2 DL R
2 W10 Gy A7 R R i, CHARRTAF G R N
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100% , T 45 25 i) 4 B A7 3 SR 31 T TF , DT A5 3] 448
MAEE R . B 1 AR AuNPs@ PEG Hildh
PRI G X SR IRST S HeLla 40MI7ETE h4k . S84
AR (0 mg/L 2H) FuA, AN [R) R B 4 A A7 906 2R 22
FAEG I E X (F=5.65.7.90,P <0.05), £
AuNPs@ PEG ] LAl HeLa 20 0 (%) 5 S BURRPE |

10° ¢

2
H o Omg/L 4
o102 | o 5mg/L 4
A 10 mg/LAH
-3 L Il L L J
10 0 2 4 6 8 10
BB (Gy)

.50 mg/L HHE,5 meg/L BHE5IH A5 , F =5.65,
P <0.05;10 mg/L W47 55, F =7.90,P <0. 05
Bl 1 AuNPs@ PEG 4KHi T Xt HeLa 458 SR A5 00

E 2 JAS[EHEBEE AuNPs@ PEG-AS1411 i kb3
A X ST IRSTE Hela UU/A 16 Rk, 554l
HESTZH (0 mg/L 20) LA, AN [R)Hk B 20 i A7 3 e th 46
LRHGFE L (F =14.97 48.23,P <0.05),
ZiMH AuNPs@ PEG-AS1411 o DL Jil HeLa 40} A%
RSN U

3 AN E AuNPs@ PEG-cApt i &b BRI
B X BT IR 5T G X HeLa 40 7736 ik, I 3
A LLE Al BT ZH (0 me/L 4H) Lois, ARk
JERMAETE R ML E R A =B L (F =524,
7.51,P <0.05), W] AuNPs@ PEG-cApt A] LA N
HeLa 21 Jfd A% 4 S5 BURRAE |

fift H B oh Z RO BT R G A AE s i 2k, 15 h i
D,.D fH W3 3, 45H %W, SER,, . SER,, K %
AuNPs@ PEG-AS1411 ¥ B (3% finimi 1 i, 3 gl ok
KL AT LABG N HeLa 48 0 1% 468 S B50R%PE | 185 B L

10° ¢

10" ¢

o Omg/L 4
o Smg/L A
4 1omg/LA

FIEDH

4 6
& (Gy)

3

.50 mg/L HEE,5 me/L W55 5, F =14.97,P <0.05;
10 mg/L A4 F 5, F =48.23,P <0. 05
B2 AuNPs@ PEG-AS1411 4Kk %t HeLa 4% 5t
AR 1) 5 i

100 ¢

RS

o Omg/L 4
10~ o 5mg/L 4
A 10mg/L4
_ 1 1 1 1 ]
1074 ) 4 6 g 10
TR & (Gy)

H:50 mg/L HAE 5 mg/L WP E 5, F =5.24,P <0.05;

3 AuNPs@ PEG-cApt 2K -5t Hela 45 S Uit i) 22

5 Au B IE A OE, {HAE 0 ~ 10 mg/L Y5 Rl , 65
BORIE AW L, AuNPs@ PEG-AS1411 fY 34 8 1 5
K, AuNPs@ PEG HI AuNPs@ PEG-cApt 445 1o
M 2% 55, U] ASI411 &4 AuNPs 7] D) 3% 5%
AuNPs FR ST HUAE R

w®

CA ISRV, AuNPs A48 SIS EUE A HEOR

R3 3 FGORRLT ARSI

ki T Au HJE (mg/LL) FEAEK Dy (Gy) D, (Gy) SER SERp,
AuNPs@ PEG 0 3 1.90 2.38 —
5 3 1. 80 2.10 1.06 113
10 3 1.70 2.05 1.12 1. 16
AuNPs@ PEG-AS1411 0 3 1.90 2.38 — —
5 3 1.78 2.09 1.07 1.14
10 3 1.59 2.00 1.20 1.20
AuNPs@ PEG-cApt 0 3 1.90 2.38 — —
5 3 1.79 2.10 1.06 1.14
10 3 1.68 2.05 112 1. 16

=" MR, SER. S g LE
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Au ¥ BEE 3K 3] 500 me/L, A A W 5 Ay 19 G
FI248T i R Y AuNPs E A FEFER K 1
4R, Cho 25 BFSEIESE 4. 26 mg/kg PEG &
i 13 nm AuNPs 75/ FUHIE H 5 | E B 5 98 i A1
TS, ARBFFEH W IR E 10 mg/L i 40 77 75 R %
B2 80% , KW AuNPs FATER I BETE, BRI, S ik
X IE R L SR 05, T AuNPs AR 3 50 75 B
AuNPs #8 [i1] 1) il 8 40 il . Hainfeld %50 BfF 58 26
AuNPs S48 5 200 N AuNPs B9 ¥ B A G 20 i
Xif AuNPs IS5 94 KR 9 K/ | 32 1T A8 1 2 )
FHSE BT 20 P 4 90 KU B, 0200 AuNPs i 3%
[T R R I N I o AN U L
Chattoppadhyay %512 % 3 F| F Her-2 15 4fi AuNPs,
ek SFLEL 1) 20) o 4 A R 2L 28, T LA R A
SRR, AR AuNPs S Ba e vk 22, I Hahk
B HE AR AR 25 5 4 I Ik S8 JAL I v 14 5 0 4
. AT HE R AuNPs (RS YR AE WA 21, B
L P s 50 0 ) T 0 T 5 o, e G
WL PEG Mgk b 7% . T PEG M1E
FH, AuNPs@ PEG XfE A A S P, {5 25 0% B 7 20 i
i F, AuNPs JE AR A RAR/DD . THEAE PEG 1)
B b o W - 2 LB B VA b AN, L 2 O
MR B 47 F, Q04 M 2F B AR BB S 45 A - R
(necleolin ) [YIE A4 AS1411 %5, i AuNPs HE [ fifya
A, 75 5 Sl AR, K OB ARy
A~ 02 E H AN B A v = B A i 1 Tl TR A
B, 5B EAN10% ", BImEB AL/
AYITIHE LA VR A AR 1 A A ORI R 1A
PR 3 Ak 8 5 M A 3 Qe i A R
2 S 7 1005 e ST S (R 0 S o % = ]
Xof PR A K A PR 4 i, DU 40 iR P e R
K IR S R A T O e AN A R 1T A A
AT RTAE Ay el yed 4 B 1 b 2 40 , o T A Ay i) e g
Z B A s IR AT T ) A2 AT DL L
T4 D200 35 T 326 80 A A% R T R AR 4 i
FMA-ZEE B AuNPs B8 [ 512 3] e 40 i
W AR E B AR AS1411 A% A R B4 5 v Y
i, HA BN 2 T e A o vk i o T6&
J B TG i SR A A R AR Y
W 6 AS1411 &4 AuNPs@ PEG, 1) JH fith 42 40 Jifd
TR RIE, I 40 2 o R g
S AuNPs $E [ g 40 i, 7R A R B s
Rt B AuNPs Sz 2P A i iy . i i 4 PEG

il PEG-AS1411 1& i ) AuNPsAuNPs @ PEG Al
AuNPs@ PEG-AS1411, 5% AuNPs@ PEG , AuNPs@
PEG-AS1411 7 Hela NIJUTAR, LA K& AuNPs@ PEG ,
AuNPs@ PEG-AS1411 % HeLa 4 it 45 5 Sl 1 5%
Wi, 45 S F 0 AS1411 &4 AuNPs 1] LA3E il HeLa
YL AuNPs 2i, X T X 554k, AS1411 7] DL
58 AuNPs@ PEG 158 538 BUVE T, 3 BO8UR 5 90k
VR BE B IEAHOC, ALK AT g 5 AS411 &M iy
AuNPs 2555 i A\ 2 Iy i i A7 ¢, Au HREE L5
10 mg/L i} HEEL LA R 1. 20, IGEORCR AR 3, 1
B0 AR ) JBE IR 2 {6 T A AuNPs 3 BE FL A, 48 i 1y
AuNPs K/ 5200 Bl Jg 4B N AuNPs ¥ B2 1) P &R
RE %, gl Kok F BIRAS RTINS, B7 2
PEATHE— AT SE 5 AuNPs 4R ST B080R

2 % X M
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