& F F IR

ACTA CHIMICA SINICA DOI: 10.6023/A13121248

"Mn-CCPM-RGD #y3kHi FRIE B R ENE S FRIGHHR
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Design and Synthesis of '"'In-CCPM-RGD Nanoparticles for Dual-modality
Molecular Imaging
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Peking University Cancer Hospital & Institute, Beijing 100142)
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Abstract The multi-modality probes are essential for multi-modality imaging. Dual labeled imaging probes allow the same
target to be evaluated with two different modalities. Based on the structure of c-RGD peptide motif, some examples of mul-
timodality agents have been reported in design of RGD for o, 3; intergin positive tumor imaging. The aim of this study was to
develop a dual-labeled nanoparticles for both single photon emission computed tomography (SPECT) and near-infrared fluo-
rescence (NIRF) imaging of o,f;. In this paper, c-RGD was conjugated to near-infrared fluorescence fluorophores (Cy7)
entrapped polyethylene glycol-coated, core-crosslinked polymeric micelles (NIRF-CCPM) labeled with a radioisotope in-
dium 111. The labeling efficiency was over 96%, the radio chemical purity was over 99% after purification. The in vitro sta-
bility tests were presented in 5% bull serum albumin (BSA) for 72 h at 25 ‘C. Less than 10% '''In dissociation was detected
by Radio-Thin-Layer Chromatography. '''In-CCPM-RGD seems to be a promising candidate for dual optical and nuclear
imaging applications in tumor detection. Its structure was fully characterized. Serial SPECT imaging of human glioma U87
tumor-bearing nude mice revealed that tumor uptake of '''In-CCPM-RGD got a substantial growth from 24 h to 72 h after
post-injection of 11.1 MBq nanoparticles, corroborated by in vivo NIRF imaging. Tumor uptake as measured by in vivo NIRF
imaging by region of interest (ROI) with the unit of average radiant efficiency. The ROI of tumor NIRF imaging were 4.81 X
107 and 6.91 X 107 [p/sec/cm?/sr]/[uW/cm?] at 24 h, 72 h respectively. The in vivo SPECT imaging was general concordance
with NIRF imaging. The combination of these nuclear and NIRF imaging technologies will significantly improve the accu-
racy in tumor diagnosis. The persistent, excellent, and a,fs-specific uptake of '''In-CCPM-RGD in the tumor, observed by
both SPECT and NIRF imaging, warrants further investigation and future clinical translation of such nanoparticles-based
imaging agents.
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.
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DRAORL T Tk 5 b 8 R 7 52 Ak 45 B S I 40 K 245 400 1 4 1)
PE. Surujpaul 2PN B E(TOC) 2R N AR & FE 15
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5. Cai ZEUOVE B T #E 1) JPR7 8T 26 1 A () RGD-NPs,
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IR (1 e

AR O Th Hb o 4 T EL AT DR R IR R B R
OB HI T 4 A % AT TR R AR O 4h ok kL
(NIRF-CCPM)!"?L. {HiZ gl Kb 3R K [ 2 3 451
REAE AN M aEtE, JH P 21 2817 i b A2 3 it 5
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B a) N (EPR) ™ AE B HERr e MR 4 5. T Bk g Kok
TFIEMEEL &, AL TCAEAT 3R 1O 35 4 (2 225 7 25 b
B4, DG) & 1 o 55 15 o] 7] I 1 k% /404 BAR 1)
""In-DG-CCPM  #h >k i 7. 5 b [ i, TNYL-
FSPNGPIARAW ZJIK X IEECEE 1 5 (Annexin 5)fHIEH
NIRF-CCPM th 4k it 1o,

AWFFTLL NIRF-CCPM A A&, K FAT g 4 1w
MZ K c-RGD 54K bL Ik, FRAFHT 2L 1 b8 L 1)
IR A 0K 2 7484, "' In-CCPM-RGD 4K 73 145
EHBeth . A BUEIARE S T B8, WITRIET 28
25 T L 1) 0K 2 ) B BV A,

2 H#RE5ie
2.1 "In-CCPM-RGD M i&E7s 59 FIRETHIS B
2.1.1 ¢-RGD-SH #5445,

T 2B 5L ¢-RGD-SH &% R4, SEsiH &
W, BTSSRI A A Y c-RGD-SATA, HK
{RAE. fEAWTFE, K c-RGD-SATA RMNAKR, il
il 2% v RO B AT . BRI H LAY
c-RGD-SATA 4 (4 f[# A. MALDI-TOF/MS 4} K745 i &
R, TR miz 720,295 B IMA-H] B FIE. T
B om/z y 742.322 [(I[M+Na] & ik, i 1.0 Hialid
LC-MS #iihk T&X — . 40 F &N 7204, B T
C-RGD-SATA 24k, BAILERI. ¥ RGD-SATA ¥
fi-T- DMSO 1, HIA 0.5 mol/L IRk, Htbkid i, B
A3 H A& c-RGD-SH. 43t HPLC 4ifk. T
JE B AT . %) ¢-RGD-SH [ MS 43471 &% HPLC 4347 L
Supporting Information Figure 1, 2.

1.0

[M+H]": 720.95
0.8

0.6

0.4

Intensity/(X 10* a.u.)

0.2

L [M+Na]": 742.322

L
700 710 720 730 740 750
miz

B 1 RGD-SATA () MALDI-TOF 47
Figure1 MALDI-TOF Analysis of RGD-SATA
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SEM. NIRF-CCPM 1 %) 180 MR FR (&K, AEAIIT
gk A THER KL 19 4~ DTPA, & LR
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2.2 "™In-CCPM-RGD 4K FHIXFHMESF RS
iy
2.2.1 "™In-CCPM-RGD #j %5 M i 6440 547

CCPM 7£ OD 780 nm 4k ‘g7 th fge s IR 20 AN, AE
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2:7% supporting information Figure 4. 7EX CCPM & 1ffiit
Firf, FURTERGOKRR 7R ITEAT 20, JEARgmILn
¥ NIRF [RWOBCrE e, DRt ] DLE ) e & 1 i 40K
FLF17 OD 780 nm IR FEAR, HRHEIZIR S -6
R TSR IR, ISR T s bR AN 5L o
R, 277 "MIn-CCPM-RGD I KZ1H 0.45
mg/mL.
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T 5 T AT 0 A2 TS 12 24 40 o o 4 i E 9 1 2
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Figure 2 The stability test of '''In-CCPM-RGD in each buffer
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2.3 "In-CCPM-RGD 443K FHIUE 7S B 15
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7E 24 h B, BT CAE BILE R AL 51 JRE IR BRER AT,
A EARR T =, BT/ RER Cy 7 Bf
JE K2R B 255 F3, LEAREM R I, TEik g2 BT 5
. T AR AR, FMBEE T BT R4 m
RIS 0] b Rg AR TR, b, TR KR
KONFRIELIR, A 0 ) TP g A AR e AR . Bl I
) PRI RE AR 72 h ZE AR SBAGE, 2 A0 g DX ek 5t 7 1 I
BN, VR4 A RS R% ROT 1=6.91 X107
[p/sec/em?/st]/[uW/em?], TGLE 24 h I, 20 e 347 f)
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Figure 3 The Nano SPECT imaging of U87 tumor-bearing mice. Yel-
low arrow indicates tumors, Green cycle locates the heart. P means prone
position. Left, 24 h SPECT imaging, Right, 72 h imaging.

ROI 2 4 7.43X 107 [p/sec/em®/st)/[uW/ecm?], i 72 h (X
ROI 2 2 7.53 X107 [p/sec/em?/st]/[pW/em?]. IXWEAFE K
AU IRE A, I AN TR R, ARG Kok 11 4
T EA S FE AR ) c-RGD,  HIX RIS -4 7+
PERRE. 15 A5 DR BRSO (0 AR S M BRI B, 220
JIe T2 AN 1) 5% HC o A B (1] ) B 15 I 22 AT ) 140%.
AL R IR — A 2 PR B .

:::::::::::::::

X108

B4 UST PRI ZLAN AR, € M T RIE IR IX 3K ROT 1 2 i
JETRALI AR, ROL 2 JHRBRARAL JAE R AR, Py HUBEEY sl sy i A
AR M.

Figure 4 The NIRF imaging of U87 tumor-bearing mice. Blue cycle of
ROI 1 locates the tumor and blue cycle of ROI 2 indicates eyes. Left, 24 h
NIRF imaging, Right, 72 h imaging.
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FBEIN. AR, LERRBRERAT 1 48R T AR A S 15
TR, SRR /N BRAE A S 3 R B
KR, 75 SR, "M In-CCPM-RGD 4K r 1 (e R IR B 17
(FRER, FF8AT B IR PR S KT A 2 k25 AR 4k

M=, Mid nano-SPECT, fE 2 DR W
IERS T AR, b CT @G 25, Reld Won Mkl
REFTAE (R LARAL B (HBEE IR RE K, 76 72 h )&, o]
DA DL 2] 58 P O P B 5 A% 35 1) 32 A T i 2 FAAG.
WA AR, EREEIE RN JE, T LLA BT T
AL HAE 72 h 25, AR L0 A0 RS 3 [ 1)
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% 6.03 mg (10 pmol) c-RGD & T 1 mL pH 8.5 [
MREZ M F. A 2.7 mg (12 pmol, 1.2 equiv.)
SATA ¥f#T 100 uL DMF AR, Tl RN
2 h. I35 BT 8 HPLC 4307, LA semi-HPLC 347
Y. BREEMRVERBIA(A: 0.1% TFA H,0 B: 0.1%TFA
ZJ5): 0~2 min, 5% solvent B; 2~25 min, 65% solvent
B. ii# 4.0 mL/min, 84218 nm #&:3). - RGD {81
I} ] 4 10.5 min, RGD-SATA {4 B3 I 7] 4 17.6 min. LA
BB RT3 R Bk 432 mg, 4
B # 60%. 41t MALDI-TOF/MS 1 LC-MS 43 #7. W
supporting information 1, 2.

RGD
C27H41NgO7
Exact Mass: 603.3129

RGD-S-Ac —>» RGD-SH

C31H45NgO9S
Exact Mass: 719.3061

Bl 5 RGD-SH {4 2k
Figure S The synthesis of RGD-SH

CogHy3NgOgS
Exact Mass: 677.2955

e & 0.5 mol/L FRM . 1M Jo B & 45 2 RGD-
SATA 3.60 mg (5 umol)JIIA 1 mL H,O #. ifij )5 [ HeHp
BIA 200 uL 0.5 mol/L F2 /K. M5 pH 2 7.4. T
AN RN . L osemi-HPLC 4y i 42 4l
RGD-SH {4 8 I 7] 24 16.6 min. 3£75 2.03 mg 724, 735
F= % 80%.

4.12 '"In-CCPM-RGD #44- R B AR L

I 1.0 mL (2 mg/mL) CCPM-DTPA /] 0.1 mol/L
Na,HPO, 77 pH % 8.0. X5 MA 58 pL 0.4 mg/mL
GMBS (1.0 equiv. to CCPM){E 37 ‘CJ [ 4 h, HERZHE
70%, LLPD-10 H: 170 .

531 0.6 mg/mL CCPM-DTPA-GMBS %, [
S 20 uL (0.073 mg/mL)RGD-SH (3 equiv. to GMBS).
TEW RN, L PD-10 AT 20 5. 53] 0.45
mg/mL [FFRiCHET 14 CCPM-RGD.

%Ga X%} CCPM-RGD [ Tilhric. HU 10 pL M
8Ge-Ga &L #241LL0.01 mol/L HCLH &bk vk 1) **Ga
W, A 100 uL CCPM-RGD (0.45 mg/mL)H, i
SV 30 min; K] ITLC-SG N2 574, KM Radio-TLC
MSEFRIEF 90%.

HY 100 uL CCPM-RGD, A 2.5 pL (37 MBg)If]
" InCly £ 36 %W 30 min; SR ITLC-SG 4 Y F5#4, K
i Radio-TLC W5 #5ic % 96%. HAKGFE W, supporting
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information 3.

4.2 "In-CCPM-RGD 44 F Bk SMa B /5 S 14
15

42.1 FEE MR

I 20 uL (1.85 MBq)(#) "' In-CCPM-RGD %543 3!
A 1.0 mL 0.01 mol/L PBS (pH 7.4), 0.1 mol/L NaAc
(pH 5.5)/% 5% BSA %, BT 25 CTFWaE, 7 10
min, 2 h, 12 h, 24 h, 48 h f1 96 h BUH 20 pL # AT
Radio- HPLC 73#.

422  RFHERNE

AHFF5EH 8 ) NanoDrop 2000 73 Y66 A, HEH
AP E B T T 780 nm ARSI, AR
W B AN A B2 () CCPM-DTPA, 43 5130 5 JHL A8 o) 7 3k i
IO, AE R WO i S i S 4 S e A
FpfEid Fi P CCPM-GMBS, CCPM-RGD (WG L, Jf38
b BE WO R R, TF S IR AH BV 40 KR 1 1) S B
WepE. BAKZ I, Supporting information 4,5.

43 "In-CCPM-RGD WA FHGHR
431 FHMAERES

6 WA A 2o A ) B S MR ) B AR A
0.8~1.0 cm AN 598 US7 41 M) BALB/c #i5.
432 '""In-CCPM-RGD #) SPECT/CT R %,

nanoScan SPECT/CT f1E & M4 & scik 1/ Nsh¥y
SPECT/CT g R4z —, Lo EEkH] 0275 mm
(Micro PET ##%f8iA %] 1.0 mm), REJEIEF] 10000
cps/MBq. Hon] LAAERf s it tH 258075/ N S A4 9 AR D

AWF5EiEL Nano-SPECT #£4%, M %¢ ''In-CCPM-
RGD FricdftEW7E UST I il rb (4 It L. 5w
A 24 h, R ER KA S 111 MBq/0.15 mL
""In-CCPM-RGD, 737l T4 )5 24 h 1 72 h ¥H4T
SPECT A%, DAMEE 1000k iHHCh 2 it, FICRETE
20 min oAy, B BAZHTAE Summit AS-1-000-7 /NEh4)
IR R S AR AT 3% 57 S R AU SURRINE, RGO e
HERES 1% 7 e BRI, SPECT 284 R i
Inveon R4 KA, PridEdiif ASIPro VM R4
Iy HTALEE.

432 '"'In-CCPM-RGD #419) BALAF R,

EHEAT SPECT RA3)5, LIS R FL/NEG 2 B
ARG EHAT R AR BRI LA 2% (R FR 73 H0 1) 53 9 e
HAAREGEAT R, R8BI Ll 0.5%~
1.5%(AF O I U AT 4l RF. RS C
Fonl(12.5 cm)MEF, FEOCRERAIA 1 min. K H
Spectrum Living Imaging 4.2 # AT GALHE. b i
T, PEHUR SR X 3 (region of interest, ROI)K
F IS 2% (Radiant  efficiency) by B4, ELAK B 47 K
[p/sec/cm?/st]/[pW/em?].
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Figure 6 The synthetic strategy of '''In-CCPM-RGD nanoparticles.
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