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ORIGINAL ARTICLE

Synthesis of ®Ga-labeled gold nanoparticles for tumor targeted positron

emission tomography imaging

Jongho Jeon* and Mi Hee Choi

Korea Atomic Energy Research Institute, Advanced Radiation Technology Institute, Jeongeup, Korea

ABSTRACT

Herein we present the synthesis of ®*Ga-labeled gold nanoparticles for in vivo PET imaging. A novel chelator

DTPA-Cys was easily prepared from diethylenetriaminepentaacetic dianhydride in high yield. The o33 in-
tegrin receptor targeted gold nanoparticle probe was synthesized by using DTPA-Cys, polyethylene glycol
and cRGD peptide. ®Ga labeling of cRGD conjugated gold nanoparticle was carried out at 40°C for 30 min.
Observed radiochemical yield was more than 75% as determined by radio-TLC and the probe was purified by
centrifugation. In vitro stability test showed that 90% of %Ga-labeled gold nanoparticle probe was stable in
FBS for 1 h. Those results demonstrated that ®*Ga-labeled gold nanoparticle could be used as a potentially
useful probe for specific tumor imaging. J Radiopharm Mol Probes 1(1):46-52, 2015
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Imaging, MRI) ]| &-8-5]= AFeHd, ARepgd7t U dx} 71
2]aL F5+g HOptical Imaging)oll ©]-8%= thafgt =t
H(Quantum Dot)Th= HH=2A] & WA= 11 AAZ
A WollA FEsH] ol TARE 7HAL Utk &
i 2= 2 ofe] AtAsol Qe X-rayg7F 2
=9 E4o] &grlo] HFETZE Y (computed Tomography,

QA= JhEE o] geh4,5). TLeuh olHgh Aol
L E6kal Yot Al W Xerayd s 271 Sl
- =2 T 3 YedA F 845 = AR 7
A3 Qi o3 A= e A EAS K=
e Qo] 545 aesteate A WollA fHAZ <l
FAES 7 & 5 S AeR oidE:

AL = ‘45:?:17\}94 20" YA FdS YAl o
gt A FRlYAE FEASt] EAFG el 283 At
So| w9t QEA R “Cy, BF, %G, UL T =
o] thefgt WO R o WAt FA|Eo] S A
A W e B7tet TF Sold FHA HE 7 ZY

(positron emission tomography, PET) 2 whaxlHl&7
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352 (single photon emission computed tomography,
SPECT) ¢1to]l 28| 9ltke-11). 53] o % “Ga2] 7--
Q717 68202 AdolAe] E-gof H3lshHcydotron
ol PETFA] 7hsst 22 HE Ao l A o8t &
IS F8l A A = Q7] el & thedxke]
A ARth tefRt BRI AT Ol aeew &
|3 = S ZoE gqEnt A7 F ey Ae
Ga FAo] Tot A= Y= YA}ef| 1,4,7-triazacyclononane-
triacetic acid (NOTA)S Z=QI5}0] ¥Gag A1) A <
Aol 285 AN} d|EA 0% kel k2. B AT
o A= A W FdATel 8L 5 e =R Uie
=8 Est7] flste] Aol EAE 235t = ¢F
A T U=dAte) e a7fskar) ghek E3F
T EolA = Sldll cyclic RGD fEto|=7F =) &
F UedAe] “Gas e £ B4 & 5 Qs 5e
Z
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Materials and Methods
1. & 2 A

Chloroauric acid, trisodium citrate, diethylenetriaminepenta-
acetic dianhydride (DTPADA), triethylamine (TEA), cysteine
methylester hydrochloride2 Sigma-Aldrich (Korea) A& A}
2319tk 30 nm, 50 nm, 80 nm =7]¢] & Y=UA= Ted
Pella (USA) A|Z-2 AR5} L mPEGsyy thiol, amino PEGsg
thiol-2 Laysan Bio (USA) A& ARBIAT] Sulfosuccinimidyl-
4-(N-maleimidomethyl) cyclohexane-1-car-boxylate (Sulfo-SMCC)
+ Pierce Biotechnology (USA) A& AMESIATE RGD pep-
tide (RGDfC)+ Peptides International (USA) A& ARES|
ot} ®Ge/ ¥Ga AHH|0]E]= Gydotron co. (Obninsk, Russia)
AFS AHgalsick

2.13 nm 2 Lt I}l EHA

13 nm & Yr=YA= chloroauric acid 89U trisodium
ditrate 2 FFYSI= WS Eslo] 3T 2= 9J%ith 1 mMO)
chloroauric acid-8-9Y 200 mLE 7}€3slo] #<¢l & 38.8 mM
9] trisodium citrate 8-} 20 mLE w24 A7}stct 9F 15
B 5 7MEs HEAL 89S AR0= A3tk 045 umo)
syringe filterS ARE-5F] I 5 U=QdAF 8ol ot
stol @8k 13 im 2719 F hegAE 8 4 22
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3. Ga ZIY|0|EX| (DTPA-Cys)9| gt

DTPADA (715 mg, 2 mmol)& 20 mL2e] DMFo] =91t}
70°Co| 222 71 3§ 10 mLe| DMFe] =0} Qli=cys-
teine methylester hydrochloride (695 mg, 4 mmol)2} TEA
(0.6 mL)E 27} A= g éﬂhu} 2A]7F RRS %
HHS OIS 0'CR ARtk T % W Sxolx P B
S A1 0] HCI'TEA &G-S glass filter= 0140}3111}. & DMF
| 7ekE=r|2 )R E AASH 3 20 mLe] chloro-
form Hlele] Anbze] YAE fEah AT P

=& gdass filters ©]-8-3lo] E&3t Schloroform o 2 2-3
W A, ol AFoIA ol s £l Aol
DTPA-Cys 1 (1004 mg, 1.6 mmol)& 9S4 1tk HRMS
calculated for [M+H]" 628.1953, Found 628.1949; Elemental
analysis calculated: C, 42.10%; H, 5.94%; N, 11.16%; S
10.22%, Found C, 42.40%; H, 5.98%; N, 11.26%; S 10.19%

4. Polyethylene glycol2 E™H JH& = 13 nmz
Lt Xt &4 (2-5)

{

Tween 20 (1 mM, 1.5 mL) ~8H2 ¢Jo] H}Ho = 3
= 13 nme Y=AH10 nM, 15 mL)Q} Ao] Fa1 15
¢ DRESte}, Wh-3-8-ol o DTPA-Cys (100 uM, 0.9 mL) 4=

2 Ar7}slal 1587F wHtsteh 71 3 mPEGsg-thiol

oo AL ox

(o)
24

)!]
00 UM, 2.7 mL)E 93 24|17t ZoF wulsic) vk 28
Q4] E-8](15,000 rpm x 3 H, 208, 4°C)S 3to] HH7|
H w5 eyt 2E 48 5 Atk WEEAHEH
1838t & WAt diES A5kl 2F100 nM
L& Zslo] REsich 30 nm, 50 nm, 80 nm =7] 2]
EAE 2o HH-S &3] mPEGswo-thiol £ 7|2

AikE (5e E= 4 A

—~
—

O

_L

& ool off o X o

-

5. Cyclic RGD H!E}O| =7} conjugation=!
37

= L= 2Xte|

Tween 20 (1 mM, 15 mL) 2=8-o12 o]o] uhwj oz 3
A ® 2 =K10 nM, 15 mL)9} 4lo] 3 15587F W
akale}. DTPA-Cys (100 uM, 0.9 mL) =818 Z7}s)al
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1557F WHkskeh 1 3 amino PEGswo-thiol (100 uM, 2.7
ml)E Y31 2A17F FoF wRkshc) 141E-2](15,000 rpm X
3 H, 208, 4£°05 B3l &q "SR] %2 PEGsow-

J

thiol & A A5}t
500 uL in 10 mM PB, pH = 84) $~8-94-&
7t 59t ZFsHAl whket & 41E-2](15,000 rpm x 2 H, 20
H £0)E Ea) g0 vresA] aF2Sulfo-SMCCE Al A
Stk 1 3 cysteine©] EZF H cydic RGD HElo|=
(cRGDFC, 300 uM, 500 uL in 10 mM PB, pH=7.3)5 & U}
Aol HolFanAt Fot shA wrke & AR
2](15,000 rppm x 2 ¥, 208, 4°C)& F3l A5t HWepo]
E7t =YE v e A 72 2 5 QI UVvEE &
HEedS B3] & YR}t AHES Astar oF00 nM
FER F55ke] Hysith

U Q)=} pelleto]] Sulfo-SMCC (300 uM,
ML o] Fr} 14]

6. 2 LI QIXto| BGamX|

Cyclic RGD #Helo| =7} =915 & =%} 7 (100 nM,

o]-g3to] pHE OF 452 9&?—1 45 °CoflA 30827t 4]
150 Wagelelt EATRS 24k Al ITLCE
ARAFO 2 0.1 M citric ac1d— ol Ao 72 Zh7F AR5
J2ulE I uE A8 }1 AME radio-TLC scanner=

=%

Bk #4 & QRS Fo) gAstd “Gart
24 @ 2 Y=zt % 5%2] radiochemical yield2 A
& 4 A9k

7. PGaBX|E 2 LI QXIO| ASTLY OH-A T}

glo) Wyl o “Gai EAE F e} 8 (0.1 mL)o]
fetal bovine serum (FBS, 0.9 mL)S A< % ZFzZF 30, 60,
120, 2408 7FA S 2 ITLCE TAATCZ, 0.1 M citric acid
S olgitom 77k AMgele] AzntEaduE Alge)
AIE radio-TLC scanner® £-418}9ith

=
al

Results and Discussion

0.3 mL)o| “Ge/“Ga AdolEloA &EF “GaCly 37 A EA YA BAE FedRts FEAY 24
MBg/0.1 M HCl 0.5 mLE Eil 4lo] &t 1 M NayCOs& 317] Y= FGad EAIT 5= = A oHAI7F Ui
O (0] CO.,H HO,C
a A i A
N N
j\/N NVCL HS A co,Me HN ~TONTY NH
—_—
0 \/\N N~ 0 I\
TEA, DMF M602C COzH COQMe
CO,H 80% SH SH
1
Scheme 1. Synthesis of DTPA-Cys 1
rCOZHHOZCW
J\/N\/\ /\/N\)I\ -
HN N NH — |/ \|
Meozc)\ kcozH H\COZMe \ /_/_
SH 1 SH
HS/\,(O\/)HO/\/OMe = hs SN _/_/ \
mPEG5OOO thiol
Citrate stabilized gold nanoparticle (GNP)
2: 13 nm GNP
3: 30 nm GNP
4: 50 nm GNP
5: 80 nm GNP

Scheme 2. Synthesis of DTPA-Cys and PEG conjugated gold nanoparticles
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Figure 1. (A) ELS analysis of gold nanoparticle probes (13 nm, 30 nm, 50 nm and 80 nm). (B) Zeta potential analysis of 13 nm gold nanoparticle 2.
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Figure 2. UV absorption spectrum of ligands (DTPA-Cys and mPEG) modified 13 nm, 30 nm, 50 nm and 80 nm gold nanoparticle probes.

Al Rl Efofof tar, thefet Hefoll A2l pH B &2
0] @ 5 ol ZAelA AR thegArh o
t}. o] Ao “Gad EAT 5 QloA FAlO F
ezt S & o e ZEolEAE AIE
o= FAgskIA Sk
“Ga BA] Sle
DTPADAS} cysteine methylester&

A o5 A|(DTPA-Cys, 1)=
7] 27of|A BEGAIA

A &8 4= AAHScheme 1). A EIDTPA-Cyse=
thiol7]7} &= 7l Zg}Ee] Q)22 13 nm 7|9 & Y
wle) Alo] #912 W Aol A Al &
ol =ek 4= 9ith DTPA-CysS E et 5 A i
AE 8l B EARF 50009]  polyethylene  glycol
(mPEGs00- SH)% = ]’]'EF—CQZ}OH E3f = th(Scheme 2).
ojlgA E ¥ ukdAes A H AH7l =4
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CO,HHO,C

o r Ny o
iy AN \/\Nk/\/N A
Meozc)\ COH (LCOZMe
SH 1

N

D

HS/\,(OV);O/\/NHZ —

amino-PEG5gqq thiol

>

HSSN"NH,
2!

O

+Na'03S o o H/ FI‘,G\D

o 0 /

1) N o s C~f

(e] I [¢]
o ‘A -
Sulfo-SMCC @ o> O

> .G

-G N R

2) T D GRTCEaN &/\Q\(/O_/—/ o s C~f

HS . C~¢ o HN \ \
O
cRGD peptide M / \ o
0 N
N H HN o
R-
D’f\?/\s o O%\/N S ¢ b
\G'R o f
Scheme 3. Synthesis of cRGD conjugated 13 nm gold nanoparticle 7
(pH=1-13) 28|31 =2 5%9] GaCl; (10 mM), NaCl (200 ZL9] ot Aol 24A17F o)A} B 9-X|E= AL Tl 4~

mMDOlA] Lhegl ko] QbgAo] 2 gl A8 shela
2= 9l9ith o]} e W HEH O Z 30, 50, 80 nm]
T UReslA RO % 7] £59] EKhE (DTPAGys,
MPEGro SH)E 7Hek5}A| =t 2 194c Hlectron light
scattering (ELS)E-4] AT} mPEGson-SH7} =4H & Ule
A= Y 71K} 9F 20 nm AEE £ size=2 2H7F
ZHE] Q) ST zeta potential Z-S B35 EAS SlA =
YE7F =€ 13 nm 2719 5 YRS £4T
QI TH(Figure 1). Zeta potentiali24] A3} 20|28 7[X|+=
citrate=2 PFSE & =R = -34 mVoe] X2k DTPA-Cys
Y7terF =AERAS A 9F -18 mV 1E8]3l DTPA-Cys
F mPEGson7} EAI0] =AE B -4 mV g Hlck
o3t By o @ sHAE 30, 50, 80 nm F7]2] & L9
A= EE 1 x PBSoA| B aggregation T4} Qo] &
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ASAH(Figure 2).
ole} T2 AIE vg O R 0,35 integrin receptorE- tar-
A= cyclic RGD HAeo|TE ZF 2R}
U4 EojFog JAsiet L]—l.:?jx}
ekt kG th(Scheme 3). © 3ol
= Y=ol w2 9] cycic RGD2} 2 E-]]O]Exﬂﬂ- =

],
Yelo] F E Solyo] A S/ 4 9L Wk of

Uzt ®Gao] TR ELE Zlels a9E B 4 Qe

oz 7]=ch Cydic RGD MEpo|=9] E9]S o}yl
59| %= PEGswo ©|-83}o] Z8¥g 4= A3ich Sulfo-
SMCCe} Whg3te] & UtedAto] maleimideS = 9fatal
o2 "0 2 cysteine®] Rl cyclic RGDyCH} WE-S-5}o]
A efo] =9} polyethylene glycol 12|37, 0| EA7} =
€ ZRE 7S A S Uleh oA TAE F e

=

geting F &

=3t

zgedHE = 3+

e
= [ A=
[} AT

o] 4
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Scheme 4. ®Ga labeling of cRGD conjugated gold nanoparticle 7.
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Figure 3. (A) ®Ga-labeling of gold nanoparticle probe 7. (B) In vitro stability test of *Ga-labeled gold nanoparticle probe 8 in FBS.

A= 0.5 M NaOH, 0.5 M HCl 12]a1 1 M NaCl 2710 4]
24N 7F Eob o)

“Ga& FAE"Ge/"Ga Aol oA BFH “GaCls
(37 MBq in 0.1 M HCl) ¢} cRGDHE}O|=V} B2 & Y
QAE o] g3slo] AFYE|ITHScheme 4). 1 M NaZCO
o]-§sto] pHE oF 452 Y511 45 C°ﬂ/\1 30
o} #4] We A3t= radio-TLCE &

- EANRSS AJZFSRAL 28 Sofl= ‘Eé% 2] *Gao]

q— =Y =

AEA 2 AHR doldle Ae #EIg
W

gai

ﬂm
o

olo
ol
ol

r
il
4>
b

2 oo ﬂJI

F ol Gl 3

ol & r
rE
' oo e

28] “Gag xﬂﬂorfﬂ "SGaOl
AR Z2HZ 75%9] &R AT

e Z2Ho AT W 4
0.1 mLe & YX=YA= 0.9 mLe] FBS
o Bystgich. ZF A7k WE radio-TLCE 243 & Ul
YA Zm B o) Qb Ai= theak Zrh(Figure 3B). 60

ﬁro o
fo o

2

QL

)

2

i3
(ol
)
ol
=
)
W
~
ol

B 5 oF 90%e] “Gaol F Lhegixjet AP 912
SRIg 4= 9lat 1208 Foll s 670 sk RS A
T 4 gtk “Ga] WIEIVE 8HAS TSt o)
B Apold GHE F heddt ZENE SRy
FHOE BE ST JOR AU FF B Ao
N GBS B \hee ZRuE wgelel ol
F9F Sold PETGA Agol a1 ool w3t

e Qlafol AT “Gad] QPgAS B ATelN e A
ek o F74A717] 18] AR P2 Aol =A)
4ol e =3 glek

Conclusion
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W QHg/d EBSolA AlZto] AUA s AT
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