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H5 TSI — J3HME A A RAF5EEEHE R AuNC@ Si0, , AuNC@ Si0, il AuNC@ Si0,-FA 7E 500 mg/ml I %} & i
MGC-803 2 M A iE 8 B &R GES-1 40T pYFEME AR . 7RI~ SE 00 P, AuNC@ SiO,-FA g% 2 B 1] 5 68 MGC-803 4
MR E 5 GES-1 ZHM6L, DT Wb 28 0 AR s 26 B B B I B R A A oby , I A0 T AuNC @ Si0, J5 CT {55 W] W1 i
HU {8 f AT 129. 16 1715 383,32, £ % : AuNC@ SiO, RS H T HOEA CT AUE K 1%, AuNC@ Si0,-FA RESE A 5 9
YRS

[ kA ] A s S0k AuNC@ Sio, ); B9 s MG-803 4 ; 76 AL% ; CT A%

[ FESZFES ] R735.2; R730.4 [ XEktrERG ] A [ XEHS ] 1007-385X( 2013 )02-0138-07

Preparation of silica-coated gold nanocluster and its application in dual mode
imaging targeting gastric cancer cells and cancer xenograft

Zhou Zhijun, Zhang Chunlei, Ma Jiebing, Pan Liyuan, Zhang Xin, Gao Guo, Cui Daxiang ( National Key Laboratory of
Nano/Micro Fabrication Technology, Key Laboratory for Thin Film and Microfabrication of Ministry of Education, Depart-
ment of Bio-Nano Science and Engineering, Institute of Micro/Nano Science and Technology, Shanghai Jiao Tong Univer-

sity, Shanghai 200240, China )

[ Abstract ]
the potential of CT imaging of gastric cancer using nanocomposite probes of silica-coated gold nanocluster ( AuNC@ SiO, ).
Methods: The AuNC was coated by multilayer silica shells to obtain AuNC@ Si0O,. AuNC@ SiO, was conjugated with
cancer cell targeted folic acid ( FA ), and AuNC@ SiO,-FA was then used to investigate the feasibility of targeted fluores-

Objective : To investigate the feasibility of targeted fluorescent imaging to MGC-803 gastric cancer cells and

cent imaging to gastric cancer cells. MG-803 cells were injected subcutaneously into BABL/c nude mice to establish a
cancer xenograft model. CT imaging was performed to collect CT signals before and after subcutaneously injection of AuNC
@ Si0,, thus exploring the feasibility of AuNC @ SiO, nanoparticles in CT imaging of tumor mouse models. Results:
AuNC@ Si0, was successfully constructed with a uniform shape, good dispersbility and fluorescence optical properties.
AuNC@ Si0, and AuNC@ SiO,-FA showed a low cytotoxicity on gastric cancer MGC-803 cells and normal gastric mucosal
GES-1 cells at a concentration of 500 mg/ml. The AuNC@ SiO,-FA showed an effectively targeted ability to gastric cancer
MGC-803 cells rather than normal GES-1 cells, thus presenting a clearly fluorescence imaging. CT signals were signifi-
cantly enhanced in tumors after AuNC@ SiO, injection, with HU value increasing from 129. 16 before injection to 383.32.
Conclusion: AuNC@ SiO, can be used for fluorescence imaging and CT dual mode imaging. Moreover, AuNC@ SiO, con-
jugated with FA can realize gastric cancer cells targeted fluorescence imaging.

[ Key words | silica-coated gold nanocluster ( AuNC@ Si0, ); gastric cancer; MG-803 cell; fluorescent imaging;
computed tomography imaging

[ Chin J Cancer Biother, 2013, 20( 2 ): 138-144 ]
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1 #MREF*

1.1 &4

2412 ( chloroauric acid, HAuCl, ) A E A&
F1( bovine albumin, BSA ).3-& 34 3 = B & L nd b
(' 3-aminopropyltrimethoxysilane, APTES ) N-¥% & 3%
FAME IV #% ( N-hydroxysuccinimide, NHS ), 1 3-—H
RIEIE )3-2 3 m — W R FR [ 14 3-dimethyl-
aminopropyl )-3-ethylcarbodiimide hydrochloride, EDC ],
1EAERR O BE( tetraethyl orthosilicate, TEOS ) \FA 241
T BT fr TR A RA A, 5 ~6 J& i BALB/c
PR B AE 3 KA S S O b TR R S
) s AR AT BR 2 AL WA A& GIE S SCXK( I )
2012-0002, A 'HEEE F R 40 GES-1 F1A ' i 40
il MGC-803 1t [ Hh Bk B _L- 15 A= i Bk ik 53 e 240 Ml
Hls . NICOMP-380ZLS Zeta HL {46 X g [ 35
PSS /A ), NANO/ZEN 1600 System H7J3 73 # {1
e SR SCA ], TCS SP5- IO 5 A2 9% 5 b i
BEI [ E kR A T Fx Pro/FX 3% 1R 1% 2 558 11
E 0 % K Carestream Health 2\ 7], Inveon /)N 314
PET/SPECT/CT R R 400 A &P ]2,
1.2 AuNC@ SiO, ##] & & H & @ik 2 sk ik

£ R 16 8 AuNC., 2% SCHRL 22 TR )T
2, KRR AuNC@ Si0, ., Bk )5 vE.
14 200 pl AuNC WM BETE & A 2K 1Y 20 ml Jo/K
B R AT B 200 wl IERERR BRI R
VW, ARSI BN 51 h S PRI 200 wl 1EAERR
TR RIZUBERE 20 b 3R T 0 0 B Al Ak A5 3
AuNC@ Si0, , % 7E 2 ml Jo/K SEEH

¥ FA 5 AuNC@ SiO, 556 il £ EL AT Mg 412 1]
PE) AUNC @ Si0,-FA. B 5%, % 2 ml AuNC@ Si0,
WA 40 ml oK SBE IMA APTES, 434 4 h,
I O B AR B R I AR AuNC@ SiO, -
NH,. H:¥, ¥ EDC F1 NHS fin A& it B FA Y
DMSOE I H 38 S 1 h, 31k FA 2618 (52 56 .
PBEIEAAY AUNC@ Si0,-NH, fin AR FETE ALY FA
VWb, WP, S RN 3 he i B0
BAifbAS EIEEY AuNC@ Si0,-FA.
1.3 MIT 40 AuNC@ SiO, F= AuNC@ SiO,-FA %}
MGC-803 % 4m it GES-1 JE/% 4 il Atk

PLE 10% JIG 4 175 A1 1% ST RPMI 1640 1
FRWAE 37 C 5% CO, TR EE B 2551 T B =16 %

MGC-803 4l ifs f1 GES-1 4l i, #F AuNC @ Si0,-FA
AR R AL A 150 Wl AS [] 5 6 vk 3
(31.25.62.5.125.250.500 wg/ml )40 Kk 1, 15
B S ANEFL; A AXTIAUMA 150 wl Jig%k. 537
24 h 5, I MTT #4387 AuNC@ SiO, , AuNC @ SiO, -
FA X2 i 3 58 5 4 A 52
1.4 AuNC@ SiO,-FA ¥z § 7% 2 e 3¢ X A% 52 36

¥ AuNC@ SiO,-FA A=K EBEE 5 MGC-803
YU LG F, 5 0 AR R BN 500 pe/ml, FEE
3 ho FH0.01 mol/L PBS ¥t 3 WK, F+ 41 iE 7MY AuNC
@ Si0,-FA Fo5r e, 71 F DAPL 445, 5 min J5, H
0.01 mol/L PBS ¥t 3 ¥k ,2% £ 5 H & [ & 40 i, 61
UM R, OB IL R A B MU WA AuNC @ Si0, -
FA 75 5 9 40 B b () AR IS Bl o o 1 4 b ik
AuNC@ Si0,-FA DI J7 ik A MGC-803 4 il ,
BEE TG B4 55 — X B4 GES-1 41l 5
AuNC@ Si0,-FA 3555 55 X A AR X FA
) AuNC@ SiO,-NH, 5 MGC-803 41 i k557, 764
[ 25 AR AOKbL T2 B S A2
1.5 BAFRBHBER CT REER

PEFE S JHHY BALB/c #RE, K TRl MGC-803 4
M, EES T BRI, ERRARIAE) 0.5 em
J5 4 0. 01 mol/L PBS % fi# 1Y 1Y AuNC @ SiO, ( 224
mg/ml VESF AR B MR LIN ., FHERE, H
Inveon /N&I#) PET/SPECT/CT J8A% 52 48 % 45 #1 BU b
FETBAIES AuNC@ SiO, BRI CT {55,

2 & R

2.1 AuNC@ SiO, #= AuNC@ SiO,-FA # &/t

2.1.1 sz §l&H AuNCe Sio, JESi
— IR 1), AuNC BYSERRIAR R ( 2. 42 =
1.22 ) nm, AuNC@ SiO, 7 5 HL 5% 45 R M 8y Sy 22
PG I 45 B W) 4, AuNC @ Si0, Y ¥ ki 42
(58.46 +6.78 ) nm. AuNC 7EfLEE)S, B T 4h %
JE T AAARRESE NIRRT AuNC e iR
ZEFAY AuNC@ Si0, 4KHE T,

2.1.2 BB EAE ISR
AuNC F1 AuNC@ Si0, BA R 4F /9 0ot Rtk
WE 2 s, #4559 AuNC FY7E 289 nm AbAT i k48
AN 5 AuNC (92 - 78 420 F1530 nm i}
VA e KR WK, 7E 670nm AbA e K & S K
il £ AuNC@ SiO, 7E 289 nm Ak fit) 42 S S 5 1F
AT 2k s DT 76 540 nm A T RBLR K L 78
650 nm Ab A e K& S, AuNC A2 6 il %5 1Y
AuNC@ Si0, GKBFARIBRERE T AuNC B 415
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Fig. 1 TEM image ( A ) and dynamics light
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Fig. 2 Ultraviolet absorption spectrum ( A ) and
fluorescence spectrum ( B ) of AuNC and AuNC@ SiO,

2.1.3 Zeta ®LAL  KWNC & 3)45 R HIR, AuNC@
SiO, IR HLAL A - 56.7 mV , ZIEAB IS , 48 K kL

TR R R AR W AL R AR, Zeta L7 B
+46.9 mV 13 8] T 2 A& M AuNC @ SiO,-NH, .
MR 5 1 R BBk EDC R NHS 51k 5 5 AuNC @
Si0,-NH, HYZ 2 AL (HIK, 15 2] 7R mai i
i) COO~ & i ) AuNC @ SiO,-FA, Zeta N
-26.3 mV, FEJ3 Tk W 9 2K 7 1~ 2 T R 2 b A Ik 1
T FA 4 Fs

G
50 T m auncasio,

AUNC@SIO,NH,
25 | B8 AUNC@Sio FA

i

250 |

Zeta potential (V/mV)
e §

E 3 AuNC. AuNC@SiO, .AuNC@ SiO,-HN,
1 AuNC@SiO,-FA Hj Zeta BB {L
Fig. 3 Zeta potential of AuNC, AuNC@ SiO,,
AuNC@SiO,-HN, and AuNC@ SiO,-FA

2.2 AuNC@ Si0, ## AuNC@ Si0,-FA *F MGC-803
9B fm e GES-1 iE7% 2m el Ak

MTT ¥ K6 45 R W& 4 fir 7R, AuNC@ Si0, 43
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KA R e B N 500 g/ ml S 20 i A7 55 R
) (88, 74 +£5.48 )% F1( 86. 64 +2.87 )% .
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IE R 40 S 5, 9Ok MR B R VR EE R
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F(90.74 £6.99 )% . 45K UiW, AuNC@ SiO, Fl
AuNC@ SiO,-FA JCig /& X} MCG-803 ' i 4l Jfl if J2:
X GES-1 TE K 4H I i 15 G840 1) 4 T AR /N | 4t o
PEBIALAR .
2.3 AuNC@ Si0,-FA ¥e5) B 7% 28 fL i 52 6 s A%

AuNC@ Si0, 5419 7 F FA {5 B 5 i 45 15
F 1) AuNC@ SiO,-FA BE 5 5 53 14 1 8 1) B 9 40
MR E W A . B S Bon, MGC-803 ' i 4il g
S ] L 240 L o LA B 0 3508 43 440 B A ) TR A A B
SR LD, P AuNC@ Si0,-FA B Ik A
T MGC-803 #iififi. K 6 W n,GES-1 1E % 40 Jifd i
JE AN A A 20 e 055 A 20 8 92 ', T 40 AR 5 A A
YA A% JE LT %A 45k, & AuNC@
Si0,-FA JL-F % A # A GES-1 40, B 7 BN,
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MGC-803 2 Jfd 52 Jiil Fl | A8 A 4t A % B 0 35 ¥ A
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(4 FR Z 8] (4 A0 5. 45 5 VE #8151 MGC-803 4
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Fig. 4 Effects of AuNC@SiO,( A ) and AuNC@SiO,-FA( B)

on the viability of MUC-803 cells and GES-1 cells

2.4 AuNC@ SiO, ¥ § J& a0 fe A 558 69 CT s

& 8A &1 5T AuNC@ Si0, Z FiifI#REELAY CT &
1% IR A A W A CT (5 5. &l 8B ikt
AuNC@ Si0, ZJe R A R Y CT B4, i
SRR T AR 521 CT 55 R BRI R &6
fiiE S AuNC @ SiO, FI 5 CT 5% HU fE 4051
129. 16 1 383. 32, {4 /5 HU {EH¥E M T 3. 83 fi%.

HU fH# K, CT 55 5k . SEgu 25 R W, 54 1
AuNC@ SiO, 7EMREZL LI LA CT Bf%, BA B i
f) CT 55 . SEERIEM, AuNC@ Si0, A LI/E N CT
WG S5, B R 8 R 5

E5 MGC-803 545 AuNC@SiO,-FA
HIEE 3 h FHREEBRERK
Fig. 5 Confocal fluorescence imaging of MGC-803 gastric
cancer cells incubated with AuNC@ SiO,-FA for 3 h
A: Red channel, excited at 530 nm, B: Bright-field;
C: Blue fluorescence image of nucleus,

excited at 350 nm; D: Overlay image

50pum 50pm

— (C) (D)

6 GES-1 EEBHIEMAES AuNC@SiO,-FA
HIZEF 3 h FRRAEHBEN K
Fig. 6 Confocal fluorescence imaging of GES-1
nomal gastric mucosal cells incubated
with AuNC@ SiO,-FA for 3 h
A: Red channel, excited at 530 nm; B: Bright-field;
C: Blue fluorescence image of nucleus,

excited at 350 nm; D: Overlay image
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50um 50pum

7 MGC-803 BiEZ4Hi5 AuNC@SiO,-NH,
HIZE 3 h FRRAEHBEEN K
Fig. 7 Confocal fluorescence imaging of MGC-803 gactric
cancer cells incubated with AuNC@ SiO,-NH, for 3 h
A: Picture captured through red channel, excited at 530 nm;

B: Picture of bright-field; C: Picture of the blue fluorescence
image of nucleus of dark-field, excited at 350 nm;

D: Picture of the overlay image
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8 AuNC@SiO, EREHEIER CT K&
Fig. 8 CT images before and after intratumoral
injection with AuNC@ SiO,
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PR R oK F e AL J5 9 YR T R A T — 26k
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