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ANBL AR B /N, GNPs REWS 55 IR #E X,
RAEAEMR AR RE, HREBEY R FIEFA488,
I B GNPs HAT € L Re 4
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MR B SRREYE TR, WSREREEL, T R R
R F A,

B T4 R4k, GNPs b 0] LA B4E 4 254
FHSRIG T IR, CYT-6091 42 55— AN 4 40K bL 1 254,
HHTCHH T NCL. USA HIf R i a6 21,

2 EIMGNPsHSHEERE =
2.1 Bt&EZE

Hainfeld 251/ 1.9 nm, 1.9 g Au/kg ) GNPs 4t
PRELAT e S R vy A 2R 11 /0 B Sk 3 0 S bR
FEAN, KIBLTE 68 keV I X SIS F, 42 Gy E 30
Gy B 78 X FHEkAER N 157 keV I, 50.6 Gy Lt 44
Gy BHR; (ERIRF A 42 Gy I, fER N 68 keV 1 X
WL 157 keV A R [A] B & B0 BT F0 40 5 52 Py [A]
1), T H GNPs fes s IX fh i [ 80N, BN T 50%
Ji g 7 BT AR LR, PR T IR &R

Rahman %7V 25 L3 ik 9 B 40 il (BAECs) 1 4
WFFTx %, A 1.9 nm ) GNPs & FE40 A, 3% X 5
2k (fie 90 80 1150 keV) FIHL T3 (fE 4> 4 6 T 12
MeV), 35X iesto, 1, 2, 3, 4515 Gy, 25k
iR AT, 80 keV 1) X B £k L 150
keV (1) X I 2500 4h i ¥ 3 A8 22 K, 6 MeV I HL 1 I
bt 12 MeV (1 FL - SO 41 (1 453473 % s AH ) B = 1) 5
2, 5.0 Gy & FUR S 41 B A7 5 d5 /o

WAL 8 % R 1.5, 7.5 F115 pg/mL 3 Fhik 1

FEBE RN 1) 15 nm GNPs, 43 5 8 3 F (LET=
70 keV/um) F1 X 5 25 (50 kVp) BIFP £, 72 51
M0, 1, 2804 Gy DUFps &, 4bBEN B 20 HeLa 41
Mo, SEae R 2 fros. ATLAAFH: 7E 50% 41 A7
KPR, GNPsEREA 7.5 pg/mL i, T X 5]

0

10 F ™

- .
g 10
s [ ¢ Xeraysonly  §;
= joPL® LSmgmbXerays .
C; ® 7.5 pg/mL + X-rays i
= [ o I5ug/mL + X-rays
= [ & Carbon ions only L8y
v 10 E © L35 pg/mL + carbon ions g 5
F * 7.5 pg/mL+ carbon ions \"':-\._‘_
I < 15 pg/mL + carbon ions R
1074 1 N 1 N 1 s 1 . 1 L 1
0 1 2 3 4 5
Dose/ Gy

B2 (2R ) AN R E GNPs 4 HeLa 41 il J5 76 X
4k (50 kVp) FIBEE T (LET=170 keV/um) H4 R Ky
0 A7

2[R/ R R B8 1 AR AR ) 2= 20N (RBE) A 148
REGEB T IR, 39k 65.3% F143.6%, Wi 1 s,
SIS R I, GNPs (1) 1505 38 503008 I R 5 W 5 IE AR
K, IX AR5 Hela 41 M6 AN [7] 3R B2 11 GNPs 11 5% H &=
FR, LA S AR E ) GNPs 15 1 G P BERLN:
BRIV A G, A S R — 2D 5.

£ 1 TREIRER GNPs 42 HeLa A5 50% ME7FEKTE (SF=50%) TiE X ST 005D

KRS F RBE EEME

GNP/ (ng/mL) EXRAE /Gy AR/ % WERETHME/Gy  RBE RBEMINE/%
0 2.88 0.56 5.14
1.5 2.52 12.5 0.44 6.55 27.4
7.5 1.00 65.3 0.39 7.38 43.6
15.0 1.55 46.2 0.42 6.86 33.5

2.2 GNPHIREMFIZERE

Brun 25813 H Jiki DNA pGEM-3Zf 1 52 4 45
M, fH T8, 20, 37.5, 74M191.7 nm [ GNPs (iK%
4 5 nmol /L) /£ DNA:GNPs=5:1 f149 keV [ X £k F
AbHE [AEE ] DNA:GNPs=1:1 ] 37.5 nm GNPs 7E 6
PN RE R X S Zekb Bl SRR A MISE0y
51245 91.7 nm [ GNPs, 5 nmol/L [f] GNPs.

Huang 2%°/ ] Tiopronin £ # GNPs, & & T 2,
6 H115 nm ] GNPs(#K L #8 1 nmol/L), flAl1HixX 3
FIAS[FRLAR (1) GNPs 43 7 40 #8519 MCF-7 44 g 24
h, 5% %15 nm [ GNPs HAEDEN G0 L b, 1 2

16 nm [¥) GNPs I GeBE N4 fuAZ b, 340 A% 7 Le 43
2350k 15.5% A1 16.6%.

2.3 GNPsHERmEEIRYEE

GNP & M 7] ASE GNP SR I 2L 4L
SRR, B FLGNPs 2 2 2 g g 41 2L —
PP ST B, 6 ARG AR AT 52 S

Liu %OV /N 6545 1 i CT26 41 i g 92 36 %
%, FH PEG &M 4.7 nm, 500 pmol/L [#) GNPs Hf
HREE 12 keV [ XU 2R AL AN MY, S 56 45 A o
K[ PEG-GNPs7 £ T4l b, FLACI 1 G g 4
Grills [N X5 2 51 A iR A 453 4 W A 1 5
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Geng 251 |1 14.37 nm, 5 nmol /L ] 1 15571 %5 Bi-
GNPs fll GNPs 73l B X 2R AN 51 5L 40 e, 5K
K B oR: Glu-GNPs AH 141 B A 1) 48 K 00 1) 75
L GNPs 2 T 31%, [ AR, Glu-GNPs A
Ab HEZH 1A 40 PN 195 T 4A (ROS) 7K ST R T 7% B 31
T Al IR 2R PRGN P s 5N 40 i 5 309 P9 11 40
Ji B B3R AT G5 3 R L Glu-GNPs B4 AL FE 4L 4 Go /M
W Go /G 9 B9 40 i e 51 23 i) o4 20.52% Hi127.82%,
I 2 O AL P 9 A B 309 1 40 L 910 43 30 A 9.28%
1 43.35%

Kong %1214 5] H] 5% 3 2, it (AET) F1 Glu 1& 1
10.8 nm [ Wk, 43 %) & % T 3.5 nmol/L ] AET-
GNPs f115 nmol/L ] Glu-GNPs, ] 1X 2 Fl' 44 >k #4
L3 5 Ak N L 9 MCF-7 41 g & A1 A 3 )i MCF-
10A 40 My %24, 48F172 h J&, K WL AET-GNPs 1
B A5 fE MCF-7 1) 4 f JBE F, Glu-GNPs U i A
90 JOF o A AE A0 R R s XS 26 (200 kVp) R
B 4b BE S % L MCE-7 F1MCFE-10A ) 47 1% 2 43 5l
A5 4 115% M180%, 1 H Glu-GNPs Fl AET-GNPs Hk
& X4 (200 kVp) &b # )5, KILMCF-7 41 J ¥ 4L T
R RN 60% A1 30%, 1 MCF-10A 40 Jii LA ARAR,

IeAl, GNPs TR Iide 4 B it R R 46 R 32 b &
X GNPs (1% 5 8 GOV 7= A 5% 0

GNPs USRNSSR R R Z, NAFEZ
[ R AR S A%, X I v e B R A4 T3 THI )
RZHLEE, TFE P T

3 EHRRLT RIS R IR 5

3.1 YRENLH

SRR TFFECE, SR TFEERE T
FE, MR (X BTl T P rEES ) E
JEL 38098 40 M B ZH 23 P 1) GNPs (6 T I, GNPs [ [
SR A B AR (R R AR R m AR ST BE R ) BR
ST (TR AR e R T), M
KRR L FIR BT, P K G 23 (1 e 1 T
T GNPs A H 20200, i e 40 g DNA [ FL el
W, A SSuE -8, WK 3 prR.

SR, GNPs YR TH AL G208 1k 2R 1) 52 56
AT IAE, HRefE— e B AT, [
i A GINPs P B0 W0 H: 5 TH S B8 56 4 fift B L 18 Rk
I, T DA TS B R P A 4 2 WL A B PR A
P2

Compton scattering
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Photoelectric absorption Auger cascades
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Increased absorption Increased dose localisation
and contrast and radiosensitisation
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3.2 HHFNH

(1) ROS R AL 1 520

Geng %M FIBRACH A5 BE 15 11 GNPs(Glu-GNPs)
B A3 XU 4 A 2N 2K B SR 9 SK-OV-3 40 g, i ik %) A%
it T ROS 2540 50 R0 20 1 1155 o0 ORS00, At A7 T K2
TAGHKE (5 nmol/L) ] Glu-GNPs 7£ 6 MV [ X 5} £&
NN AR AR SR ROS, X 28 ROS 774 TR
AR FR KT, AT 8 e 40 P 1 (R R

TR A AT T E LB A T A T
(1 DNA $i457, 1 GNPs [IAFAERE— 25 O T X Fif »
[l 5 5 T 4 AT ) A g A

(2) i 3 e

Roa M4 ] Glu-GNPs 1 2 X 1 2k 40 B H A7 4% 5
PUPE B R F1 i 40 i DU-145, & I Glu-GNPs g
75 K Go/Ga 20 Ji (¥ in o 2 A%, [] BF A5 4 g 85
76 Go/M e Bk, AR ATTHERT Glu-GNPs RE#H CDK
N QR P N T B W L S B i & A |
B A1 B A PR A A B U, B4 TR AR
i, Suneil 22017511 1.9 nm, 12 pmol/L ] GNPs &b
H MDA-MB-231 41/ 24 hJ5, KILAHIL Go/M #i)
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GNPs #
i >
a— Sa
leclinﬁl | Cyclin B11 |

Cyclin A §

Cyclin E-CDK2| |Cyclin B1-CDK2 Cyclin A-CDK2
Complex Complex Complex

==

4 (fEZRIE) GNPs £E 1T 51 i DU-145 4 g 5 R 1
21 ) T B )

BELYT S FE A () 240 e J) A [R5 A I

PATEL G = A A [ FE AT AR IR B B4 11 15 nm
GNPs 43 51 4k ¥ HeLa 41 il 24 F148 h Ji& 43 #7140 g 4 34
WPAH, SKEGgh R 5 pros, nlLLE 2] GNPs B4
) HEZEL I B S ) A0 i ) B B A 23 A 22 5, GNPs Ab B4
ENE SR G 2 AR

70

60 L 24 h-control

I 24 h-1.5 pg/mL
B2 24 h-7.5 pg/mL
24 h-15 pg/mL

(a)

50

40
30
20

2

® o LA
= G/G, s G/M
8 70_— (b)
Ak iy
0 § 48 h-7.5 pg/mL
sl § E= 48h-15.0 pg/mL
v
30
o
P
G,/G, S G/M

5  [F ¥ JE 1) GNPs 43 )] &b ¥ HeLa 41 il 24 h(a) 148
h(b) J& 144 i 5 SIS AH

GNPs X 40 i 39119 52 w00 ] B A2 FLe S 188 S ML )
o ARRIXFPE N S AU A 5 RN GNPs (3K
B M AR R A R, MR IR A Rt 2B IR ST

(3) 40T/ R 5

Ma 2SR 42 % 10, 25 #1050 nm (1 GNPs (3
%1201 nmol/L) 43537 T NRK 402 24 h, 45 R EIR:
KHE GNPs RRER AT, RN A4 T K=
i E AR, Sl BE P R SEE, ABATREL: GNPs#EA
20 M T S R AR T N AR TE R, ARG A Y
B L FORAR IR /N B U R (KEAR N, B Syt N
AH); NI A ) GNPs 8 i SR s A P 1 pH
{E,  BH 1k B WA 5 VA A 2 T 1 R DL SV AR 1 9
B8, N0 55 3 R fiE 0, a2 30 BEL L 1 R R IR
FUR A AR, 25 R AT .

UEAh, AFTEAR. A FPRIARI GNPs HE 40 i )5 1)
LA, LR 2 IR K 2 R GNPs R
SR AE LN A0 N e T AL I o AR E I 2D
fE, IRt 23 R R A1 S I 52 2%,

4 GNPsH ST &SN £ 40 B F0 sh 4 L 36
HEy R

4.1 HRAKISSE

Geng 25111114.37 nm, 5 nmol/L ff] GNPs Fl
Glu-GNPs 7£ 90 kVp F16 MV 4 F T 4b A 51 559 40
Jfl (SK-OV-3), &R WoR: AT R aif@i 4, Glu-
GNPs 4t 3 J5, 7690 kVp f& R, 40 M 59 56 Bl 99
il T 30.48%, {E6 MV H@ T, 41 By 3% 5 b 40 6 T
26.88%.

Roa 2141 50 nm, 15 nmol/L ] Glu-GNPs 4
XS 28 Ak BB A 5 S H0PE 00 N HT A R A i, R B
E2 Gy WEBET, MbTpaifEiEd, Glu-GNPsik
A A R AR KT I R T 1.5 ~ 2.0 £, [F)
I IRE A A BR AL A0 B Go /Gy JHIM B AR NP, Go /MBI
41 o BRI I TR 2 (6 A PR A 29.8%, X R
2 18.4%).

Rahman 27 H A [F 9 B2 9 1.9 nm [ GNPs 45 &
AR BB 5L 1 X G 2 A B2 B K Y B2 40, 45 R IR
GNPs B 2195 7 5 5 A B R 8, HBE#E GNPs
WREEITE 40 B £ AN B 14
4.2 XKW AE

Hainfeld %'/ 1.9 nm ) GNPs 45 & 250 kVp
X 5 £k Ab B 7 EMT-6 L9 i 52 110 /8 B 55 ik
S GNPs fE Mg N IR EE AT I8 7 mg Au/g, 45 %
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R —EWIAEE N 86%, I HalifE R4l 20%,
4l GNPs 400 %,

It 4k, Hainfeld 2500 J ki 42 4 1.9 nm, W JE
M 1.9 g Au/kg PRTE [ GNPs 45 4 A8 [H] f B2 A5 2 1 X
SRR AL B/ IN B SK B0 IR 40 fudis (SCCVIL), 453 W
TEREE N 68 keV X LI IRGS T, 42 Gy i GNPs X} i
IR A EE ] LG 30 Gy I BB R 7F 157 keV I, 50.6
Gyt 44 Gy EHR; fE42 Gy B, 68 keV L 157 keV
AT

Chang 21TV AS [/ KL 4% ) 200 K 4 45 45 1 PR HL 7
WAL H B16F10 M2 (5 R i 52 11 /N B, seie 45 AL
R BEAKES, AT RN T, MR AK
WY 2 204, RIS R BN TR0 43 il o 14, 30, 50,
74 F1100 nm ] GNPs K1, i 40 i £ B 5 oK ) 2 50
nm, TR GNPs 57 P ot 9 sy 2R B4 ifi SR 4l
JOAZ P, AT T e SRR K T e 45 5 | e A a3 4
B R T R

5 RHESRE

VEh—FoB B g kA kL, GNPs A2 58 Hi AR £
T2 BIHFTCN GL T ALRIN. R R 22 (1 S50 S UF
57 GNPs (WS SO, #5 GNPs Mk L& 3t
AR BEEBFTURN, AT GNPs 78442 Al
B VR IR T Tk 2 1 225Kk, GNPs )T AEfL
2 FEA R HASKR N R it s, ot GNPs 5
BB I TR IR AR I 2 N Y 11 B AU

SR, Bl W 9C K A 246 R GNPs ThRE I 2 #E Ak,
- L g R AR ) ) L R R AE R YN B T,
(1) GNPs [FPRiAR, WL S5 2R RE AL 1 5 2 [A) fR) 94
HCe) s (2) GNPs 11 504 52 56 sl PR 52 50 18 1) 25 24,
FEAL B IR AR R (3) 52 GNPs fEFF 2 ARG T~
A ROS 5 i) s (4) Dhfgft GNPs 7E4H il 1) &
B 5 53 A SR I R AL (5) GNPsIk & 4 i b
Gk DNA R 45005 2 A0 RSB TR HLER: (6) W fiy
g5 KA R 40 6 GNPs [R5 R S0 3K 28 ] 78 10 i o
i BLAS B Z PRI AR, SRR E IR B e 1y 12
KTE R, AR BEAE AR OG ) 1K) A0 il v, GNPs 788U
BRI Y. F 2 (R AN R RS 25459 21 BRI T
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Research on the Radiosensitizing Effect of Gold Nanoparticles

LIU Xit'23, LIU Yan'??, CHEN Weigiang"?, LI Qiang!?
(1. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;

2. Key Laboratory of Heavy Ion Radiation Biology and Medicine of Chinese Academy of Sciences, Lanzhou 730000, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: This paper describes the methods and results of the previous experiments, the experimental phe-
nomena of the cell and animal tests and the relative mechanisms on the radiosensitizing effect of GNPs. Together
with our experiments, the radiosensitizing effects of 15 nm citrate-capped GNPs and related mechanisms are ana-
lyzed and compared, finding that Hela cell killing of GNPs increase along with their concentration after exposure
to high- and low-LET radiation such as carbon ions and X-rays. In addition, the percentages of dose reduction
of the X-rays and RBE increment of the carbon ions reached their maximums 65.3% and 43.6%, respectively,
at 50% survival level when Hela cells were pre-treated with 7.5 pg/mL GNPs. Moreover, Hela cells showed no
cell-cycle synchronization after 24 and 48 h exposure to GNPs.

Key words: gold nanoparticles; radiosensitizing effect; tumor therapy
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