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[Abstract] Malignant tumors’ growth and metastasis depend on tumor angiogenesis. Recent studies
had found that the integrin av33 had a high expression on the surface of tumor angiogenesis endothelial
cells and parts of the tumor cells, it can regulate tumor angiogenesis by cell adhesion, but it does not ex-
press on the surface of normal blood vessels or the normal organizations, or only had a low level expression.
Thus it can be used as a new target for the tumor angiogenesis imaging and treatment. Recent years, there is
a great progress on the design of the integrin av33 targeting agents, the selection of radionuclides, and the
latest research on the agents at home and abroad. This article will made a review on how to better design the
integrin avB3 agents, choose the appropriate radionuclides, and the research direction of these agents.

[Key words] Neovascularization, pathologic; Integrin avp3; Radionuclide imaging

ﬁﬁ%@ﬁ%*ﬁﬁl R e & AL 10 )
JRH MASTERE, (BRI BRI AT HRES B0 R
%%iﬁﬁiﬁikﬁiwolw,ﬁ%@MW@
FE A AT 7 Sk WA A SRR,
W& AR M B s k2 —, HRTRER N
Il R & 225 W (L 53 R s A6 2 A5 4
AR A R B Sy, B I R A 3T
JeE XA B e AR U BF-FDG PET 4% 5 B4 g

DOI: 10. 3760/ cma. j. issn. 1673-4114. 2014. 03. 010
HL&WHE . EZRHKBA4(30970851); JbatHrfIE2Epib
HHERME A (2012)J06); H E AR A B R F 05T & R
F4(SF1306); Ho[E B ARl B i B 2E P ird R 3 42 (ST1313)
YEBEAL: 300192 K, b mt AT ES 22 B b [ B 4Rk 24 B i
STEREF I, RN R 5 F AR TSR S
BEEEE: WK (Email: saluoo@163.com); K (Email

nalingsong@sina.com )

%i@E,MHTfQE%EMﬁ$ﬁ@mﬁ$%
[P, N, SR RV 5 IR AR, b
2R AGNS T g () R A S B AR A4, o —
Aiﬁﬁﬁmﬁ TR L RS 1 AR
BT %, R SR T A i 3 b EL A el
\*%ﬁ N R V7 85 R SR e 30 S 1 1) 25
Y. ARSOH H &2 26 HIEALF 2 5t BB
JEE A I A A R avB3 2R AR TR

1 PEFFEmE

HFIE 1971 4, Folkman i H MR £ < AA
MR, b7 K i R ™ AR 2 IS
AR, AR A Y B AR R A RS, AT
M R HAR B FIE SR, MR AR A 2l
i 1~2 mm, HAWE— B A Mt A K .



180 R R BCS BEA B BE 2k 20144F5 1 938455831 Int J Radiat Med Nucl Med, May 2014, Vol.38, No.3

iR B A R S T AR 7 R T AR LA )7
e, TR H HLPEA AR v, ARG ok 8 S B R/
55, PrIMZERAEAERE TR A SEPR R B BB, DLER
B T RARATI LS, M K R A B
THEHAIIRER 1L

e B A LA S PRI SR DA PR Y SRS T |
PUME 0L 250 o e B R 2% i, H
BT, YRGB LN A RARZ AR AR B3, I
W B E RN T2 A FIRE TG s S A, A S22
XTI B MRS R avB3 IR AR TLRA

2 EBEL5E B3 FK

BB R AL TR B AN M BE N |,
M o EHEFN B PGS [A] 2, JE Ak 5 20
il AL [ 2R FH (extracellular matrix protein, ECM )%
GRAT AN FIEL RS, 3 v X200 F 4 A T A
TP, AR avB3 ZHESR PR, &K
TR T ISR R A IS P B 200 B A o e 4 e 2 T
W RO | BRI BTR . R L i A
FUI RS, TR 30 R 200 0 i it A8 P e 4
MR AR IRE R KRB, BER avp3 BEE
B ECM H 0 4 & R - H & R - K A& & R (arg-gly-
asp, RGD)J¥FI, JF5HEEFHELEET, ECM
POREN, EEN . BREER . R, 1Mk
RMWEA 1. BHE AR von Willebrand K F4E
YEie, AT R ZoR PRI & RGD PRI LG
Yyal Z K, JFEAT IR BT A2 L 1) SPECT . PET/
CT R AZR FL 01 S Vb W D0 e gg o 9 4339
AR I A8 A 25 W 7 AR

— At A O 1 AR R 2% () P L4 B 3R
W, R MR ERGE . R, SRR . T
JHFES il BRSO A o AR ST SR X T i A 1 A
BR avB3 FEIA 2P . UL R 1 kRt
ik,
3 EEZ avp3 BEFIMIEIT

3.1 5IAXIR RGD

RV G i D 4 ) 254050 5 Bk A5G0 5 L
YERINE SR A BAE R B IR ARIIESE . B,
EAMFE RV, FIR RGD X4 &K avB3 H4:
SEPEE S, Yo Z%F RGD 54K avp3 [H A
HAEHBAT T FACE LR shasiail, H 50

FEGET RCD A HHA R avB3 LH4)E 1]
F A VR SE B, HFIT a5 R, K28
RGD FR4E A AR A PN 5 B ik 1 S SO I = B T, e
JEARARE, WER RGD WA 558 APt 8 1 /K
fEFREE, FRIR RGD B RLHA £ RGD (71 8L
i = 2 A RN R AR, HAEIR N RS E . BEAh,
RGD FABERIR B K F B2 A I SAAE AN [R5 05,
B~ Bk 2 [a] ) T S B IR E L, TRk RGD
BRI 5k H: A3 45 4 . RGD Z Ik 54 K avB3
[) A Bl AR S R R MR B 22 HE ok 201, PR RGDFV
(Hrp, FNRNERR, V SRR ) B H48E RGD
W& TR AR ovB3 B, ¢ (RGDIK ) Fl
¢ (RGDyK ) J2 W v FH B9 FRR AR, ¢ (RGDIK) 1
FIAT D-EWNEMR, ¢(RGDyK)H 5| AT D-BEE
2, Alam 25090 $Ga-DOTA-[c (RGDfK )], ( Horr,
DOTA H7 1,4,7,10-PU & 24 3 + —%¢-1,4,7,10-PU 32
%) 4T M21. MDA-MB-231F1 M21L 8 PET
B, RIBEEREE R avB3 RIBFMFEIR, MR
%Ga-DOTA-[c (RGDfK) ], £ Hit &2 (% ID/g) # K AR
(0.44%>0.17%>0.12%, P<0.05), FH] ®Ga-DOTA-
[c(RGDFK) ], MRES M S5 HERf R H5 o Oxboel S5
JH %Ga-NODAGA-E[c(RGDyK)], (H:H', NODAGA
N 1AT-ZRH T b -1-% R -4,7-— L8R ) Al
“Cu-NODAGA-E[c (RGDyK )], P Fft fith 2 3 £ 1f &
PET i fG50E 4T A i 5008 UST R 22 PN 43 I I8
H727 BRI PET BA%, KM 25413 5 &
W, WAHBHEEAS R B3 BE5H, B LM
c(RGDyK) XA % avB3 HA R, Hif5iA
K I $Ga-NODAGA-E[c(RGDyK) ], #1455 K 4 fith 98
HEERmE], H %Ca BS54,
3.2 WEEALE

BAGFBEIA LB B T st HAE AR
H %o Maschauer ZF2 IS B, BEIEAL ARSI
HEANTFAEARNIZ 3, 4 s e AR P T Rk
R, B R EERS T, Jin FERE, BT
o A B I X6F 78 JfE PR 2 AR ] “Cu - cyclam - RAFT -
c¢(RGDIK),(EH, RAFT N regioselectively address-
able functionalized templete) )5 4E, A [F] B 73 5F
Gelofusine(—FPBEFAME B AN L2 ), & vl BHWr
B TS 1 SSRGS PR, (R e FLA s,
WFFE 45 B Gelofusine 1T HH Ik FBAIG B BO 50 G P45
B, ORAPEIE, RSN T IhRE T B



[E PR ST BE 2 A R 2 23S 20144E5 H 55385553 Int J Radiat Med Nucl Med, May 2014, Vol.38, No.3 181

3.3 Sl AR A R 2 B (polyethylene glycol ,

PEG), #1 Gly,

T B RAGG R AR RN T L IR R A
BB Rt PRS2 7E W8GR
5 MBI PEG, F1 Glys % . Liu S5 BT %
B, 7EPIA RGD [8]5] A PEG, #l Gly; i RGD %
R(G-RGD, Hl P-RGD) BRI RGD — R A
AW ENEEER avB3 BTy, MESEm, 2
RSy ts, oo, HEMRWIA A 1/
NT A
3.4  FIARNIHEEESSF (bifunctional chelators, BFC)

BFC (175 | AT LA & b A4 i P A5 A
ko BFC HITHER/INV T2 IS U RAGSR, H
LA R 8 A5G0 A8 B A A A e v
AR B I TE), H BFC #5 R RN e & . 5
AL R R . PURRS i . AU B8
FUA AP REE S T . BRC B8R 3 BRI T
PR, HETH IO A O R BFC, &
B BFC f14E 6-hydazinonicotinic acid (HYNIC) |
DTPA . 1,4, 7-tritazacyclononane-1, 4, 7-triacetic acid
(NOTA) . NODAGA . 3,6,9, 15-tetraazabicyclo[9.3.1]
pentadeca-1(15), 11, 13-triene-3, 6, 9-triacetic acid
(PCTA). 1-oxa-4, 7, 10-triazacyclododecane-4, 7, 10-
triacetic acid(Oxo-DO3A )%, Hrr, HYNIC #A &
PR PTem Ric A, HARCHE, “YFeE. DTPA
KIET L MR OTR, A 8 N ZIKFTEE A AL,
VERIZ&PHRAT, DTPA B U A R 5+ T iR
VEJMEIRT], DTPA #0847 iZ MU MR R i, 2
EHZHT "n, *Y., ®Te” BY%RIC, DPTA Fricr”
YRR RS E PEAR™, DOTA K ILATAY AT LIS 4
JRIE AR E ) B = a Y, TR R
Z, 3% “Cu. ®Ga. "In, ¥Y, Y. ®Bi fil ZAc
Zeiol fRNAREMEE T DTPA, (HiRidHE . /=%
fiX, AldE A 4-52 CERVREE AR EY 2-(N-A ik
) LIl PR ZE WP R kb . NOTA & DOTA HIAiT
¥, A HFIEIRIE DOTA /Y “Cu bRic A7 767
il NOTA % DOTA B3 F HE “Cu bic, #AHE
FOAR B RO B, NODAGA P HLA 0%
IR R A N AR E P B IS T “Cu F %Ga BRil,
HARC =M RN FE PSR . PCTA Fl Oxo-DO3A
J& Yapp ZUHFH A8 RIBFC, Ho¥s DOTA . PCTA
1 Ox0-DO3A 3 Fl' BFC 433l 5 ¢ (RGDyK)EE A I 48

“Cubric, MIEMEERMEREN, ok B8
T & B8, PCTA F1 Oxo-DO3A Y S Fb 3% B
AL S EE Y T DOTA, LA g 0 3057 P 45 B
{HAIIT, 1H “Cu-PCTA-RGD A 5 4 (1) R #E ER AL
HRER, RIS, £ PCTA A
A “Cu prid 2 K s BFC.

4 FETERERRIERE

4.1 BB BARHEA

WO PEAZ 2R 0 R B LA AG ) (11 A I P g i
fill, SPECT Fll PET JEA% &4 Ay Wi Fh - B A i 7%,
PR MR AR N AT y ST iR . SPECT
AT DL s 2RI F I 020G o, RSB e AR
AL E . PERURIERRE, IR T =4E iR, H
H T SPECT G5 M7, H.— SPECT &%
B SPECT/CT Fruft, Bk HET A E it iy e
AR Z —, R TIRARB IS WA 2500 & 1)
AT HM, 80% LA - 9~F- I W45 F SPECT {4457
K T frido

PET 447 LA AR AR A AE ) 00 F- /K8 7R
PRI R . KB, BRI . PR mfE
G5 S A, HEE 1T B B = T SPECT.
PET/CT MIA I HA B & i s [ 4y B, $5
TXINRAIZ W RE 1. HATIG IR LT PET
A% 90% VI R HE T A 4URHY *F-FDG 1%,
X g 412 Wi LA 4 v 1 28 R T AN LR S
PE, im0 R AR R M R 2
Jir . B A5 23 93 SE-FDG 4BEUE N, PET W%
L B, ©Cu., “Cu M ®Ca SR E

CT il MRI £ 5 SPECT. PET BKAHH, fews
Kt R ANRTEAS | S5H I esAs , R e e RS
TENL
42 UREE R

B2 N BAR R BF. Ten, 21,
I ¥Cu, ®Cu, ®Ga, "'In 5, WHHINARITEES
BIp B[ Ty 0y Sy ¥Sp A Horfr, SR,
“Tem, I, "In B ItRIE RGD K™,

Tem A I AEZ RS, 24l vy b T & 5HAE,
PR 6.02 h, SHETHARCE BAG A SR T
JEREITE], 7EMAR N 2T 740~1110 MBq B AT, JRe
TN =R, B, JrfESs . frid
IR . 80% LA L A T i A2 F SPECT b 457



182 R R BCS BEA B BE 2k 20144F5 1 938455831 Int J Radiat Med Nucl Med, May 2014, Vol.38, No.3

PR #Tem bRics

SR 2 5B 109.8 min, SRS T RO ERR
ic, Hepwiima, (EbRid AR, HAMER
TR, TR E XU . SF W] DLGE o )
HZ 5K RCD ZkAH#E , W& FHE1T PET &
1% . Beer ZE20) BF-galacto-RGD 5 BRFDG BA% 3t
IXF b, RIAE— RS s R R 5 5%
B ERAL, ®F-galacto-RGD F) UM B I & T °F-
FDG, "F-galacto-RGD AU 5T EL 80 AN R IEZ By
Bt HAG, “FAsCr9por T RAH S PET BARKY
90% A -,

“Cu P HA R AP M B 2Rt T A S W
0, HOMIERFAZER, BRI 12.7h, RERS
) B YT/ (18%, E,.=0.655 MeV), {HK %
W S Tk . ik, HREGIHITYMER .
T AR N BAR A

SGa 22 B HK 68 min, HIAF . ML,
B BHOL, 2 A IR SF A
M PERE B S % R o Zhu 2P $Ga-PRGD,
(H:f, PRGD, & NH-mini-PEG-E[c (RGDyk)],) il
BR-FDG X KR G & BB HE 1T PET/CT B1%,
RILPE T AT AR A 848, {H “Ga-PRGD, 5
e ARASI AR A5 SE WA, RERE S v b Sz By g 7™ B
FERE, HATZIT ST EAE 3% [ E 7 DA ST e A 5
M. 2Cu BRI R 9.7 min, “Cu Fl ®Ga B3
Wik, AT I A SO A TR TR Sk

"n bRICR R, FRUEMEL, EEBIKIL 67h,
PR B 1 2 Ter, (RS mdds A nl, SRRz,
AR . BEAE, "n RREREAZ R, S PR,
UG 22 . KA i istieH . Amic kB s,

TLu MO HEA L, RN 6,75 d, K5
B T4k, (RSTLBE BN, BOLFRCMib & YiE
T/ IR RERIEMIRYT s Y B 2.7 d,
KH B S, H&EEMTLRER MR, Be
JoiE, HHHE, FET OV SR EE S oRmE Tk
TP IIRIRIIAYT o W 7L A1 OY BRA R, [H)
BARic, A XA KNI AR e ™ A B 1R

5 EEE ovp3 ZEEEGMHARTE

5.1 FIGRAR
Trajkovic-Arsic FP7ER N RAREE G K avB3

ZRED T RESE T, #id “Ga-NODAGA-RGD
PET W48 5% & R UEAE 680 55 1 45 (Inte-
eri Sense 680 fluorescence molecular tomography ) i
XL, BB S REHEAT IR AR, H. Inte-
griSense 680 I 15 RE % HERE fff M 4 2 1 il ig 48 B i1
%, N TUEPH IntegriSense 680 FEAL4EFFHL S avp3
254, HAETES ®Ga-NODAGA-RGD FiiEH] T In-
tegriSense 680, 4554 % B ®Ga-NODAGA-RGD .14
5 2 RIREAL . IntegriSense 680 J& 1153 I 1T LASK %]
AEZ /N BT, TR R R IG5 7T
HRER avB3 RIS ST AR . I R
RO TS, SR TR SR 24 h IR,
T FMT-CT O RAA T, FMT 5601 8=
BUR) . ZOCRBABANM . mARBUE . PR
ToH BRI LS,, 00T ARG S 1 )
52 XLREAR

i A AT S, PR IR SRR T 2Ry
2K, HHETA — AR, B
T BEAS [R] I 0] AN [R] 32 A A TR AR, BIRL
FEASSE ZRAK, DU i AR, U R A
AR S HERR PR AN EURE BB B b8 Wy i
&g o Ban, Durkan ™% 11T GRPr/avB3 (H:,
GRPr 2y WA R RO A2 1) IR 5 5 — R 4K RGD-
Glu-[*Cu-NO2A]-6-Ahx-RM,, H: "' NO2A & BFC,
RM, S Al L[5 GRPr HY8E B &K Z KUY, GRPr
RIS T Z MR AN R T P B Sk, AR S
RERW R RIS G, 4 PC-3 SRR PET/
CT WAR, KIZ R RG22
P RNERE, B i, RERSTE M Hi s
BRI R . AT T AR . TR
MR BRI | RIEWESEOA, B4 T GR-
Pr. avB3 S ST AR . Shallal 551 H i
W] 1 68 8 [a] i 5 0] A7 21) B 98 e S 1 2 1 A
avP3 AR &5 55 T K IRDye800, It4h, Rangger
S5 CTA I AR K i RS AR BT T — B RE A [] 1y
M) ovB3 FIRFZROIR | 32 IR0 AG], AFSR 4
KU FR HL g m O bR IC 2 . m iR A,
ZHE )53 AR SPECT/CT Rl & B M In Aic (L
XUHE (5 200K i A EL s e v B
5.3 MRI S i

I RATT R AR R R R B 325 “fuf
ERIIEFAL”, BRI I PRATI 5 16 7 BT T



[E PR ST BE 2 A R 2 23S 20144E5 H 55385553 Int J Radiat Med Nucl Med, May 2014, Vol.38, No.3 183

Jioges 52 7 B AG R — T A RS H o RS
D285 SR AR B B S PR B N B B . < v .
BINEFAA” X —d BE R NN BB R %
filko Debergh SF™ T T 58 2B, KBRS 1T R 3
BN EE ) MRI 5 8027 s BOR 45 G Re ff 0 4
I BRI A5 3 P R e v v T AR A . R
W] T —FhEERSHE ) avB3 AUHTAL MRI 317 5
# P1227, W] JE 4 M kg N iR T A i A IR A
P1227 REMETE MR 1 S8 A IS PN R S e ik i 2R
5, HARTEIEFHNIRASINERE, iHXT Y Gd-
DOTA DITE Mg A e WL LN 438 ey, i a0t
VU&7 R CIli 8 A= s 1 2590 ) 5, 7ERT 20 min N
feg A 2| P1227 By R LW By, 1 Gd-DOTA
MITCAEAE . FH P1227 s B 25 By B S Al b O 52
JD G ROR D K S LU E T S B A S 3
F ovB3 RILEE IR, FABHE T SR &
T ek o A5 2 245 1) R 2458
54 BRSBTS S
*Tc™3PRGD, S H i € A 0 FH 211 PR 1) A%
#, o, 3PRGD, N & A 3 4 PEG, [ RGD %R
i, BRI ESS T . B R
fili g A R AT AR, S T i — 2 A H 3PRGD,,
Shi ZEPH FITAY PR A% R 7 Lu #71C 3PRGD,,
TLa HAKGE 6.7 d (R, BRI 8- TR
H (KN 0497 MeV), AIHFTRFIRTS, GBS
FE e R AR B B PR R A, HLAE R R
I ST PEAR A, 2o R UST Mo i B 1%
KL, "Lu-3PRGD, 2 y WAL e 16 BhRa 3B 007 125
BAE[(6.03+£0.65)%ID/g], HBETH2E M7 g
&, "Lu-3PRGD, TE#R BUA P4 1Y 5 KTt 32 8k Y -
3PRGD, ) 2 (111 MBq vs. 55.5 MBq)., Itt4h, H:
W58 AT FI ] 7 Lu-3PRGD, #4784 TS e
EEYT, BT e B, R RS
S, BeMEI A R IR, A
(51257 SE B R R FH BB o

6 NEERE

iR B A M RS BN OT IR A BT A, R
R avB3 I TR AR A R, FEAEA R
avB3 ZH RAGH HHTEAL T Z a5 BB, H
Z L RGD KR4 &, (HA7 28 B 550 3d w] DLad i
RGD ARMKBIRA SHEA R ovB3 FEREE S, [HILE

WFR e /D, anAR RS Fr it o VR R A R
T7 K, H*Tem brid T7 IKJG, 4R AR/ N
IR A BRI A=) o A iE5E e B, #Te™T7 Al 7E i
JEFROLIRAER, H AT BAGR T e SR T
el R R L R A bR v R e ]
B A RERN AR R 25 . B
M, FHEESIAFIR RGD. PEG,. Gly; Zr &4 %k
A1, DA RO LT A5 M T 1 S5 A 33 o JHE A e S
PE, e E I E Rk Al A
PERZ 2 K5 | A B3l Y BRC 255 H b AT B4 i bR
AT BAR . TR BASSRI R Jr 1 v, X
A RAZ . WA SIRIT G G ISR T IS A
WAL R R T e . AT S AL 25 Py fig s
TEREE A ST . SR W . 24 R8P A R R )
THYT S T 2 MR T

2 % X #

[ 1] Liu S. Radiolabeled cyclic RGD peptides as integrin av3-targeted
radiotracers; maximizing binding affinity via bivalency[J]. Biocon-
jug Chem, 2009, 20(12): 2199-2213.

[ 2 ] Herrmann K, Erkan M, Dobritz M, et al. Comparison of 3"-deoxy-3"-
["®F] fluorothymidine positron emission tomography (FLT PET) and
FDG PET/CT for the detection and characterization of pancreatic
tumours[J]. Eur J Nucl Med Mol Imaging, 2012, 39(5): 846-851.

[ 3 ] Folkman J. Tumor angiogenesis: therapeutic implications[J]. N
Engl Med, 1971,285(21): 1182-1186.

[ 4 ] Hu XD, Xing LG, Yu JM. Nuclear medical molecular imaging of tu-
mor angiogenesis: current status and future prospects[J]. Chin Med
J(Engl), 2013, 126(14) . 2741-2746.

[ 51 XUIF5E, ZEH0fh, X7 IT. MEHERRIE RGD FoI Z k554K
avB3 2R R AR AT IEHERE(T). BE2R2R1A, 2006, 12(12): 757
759.

[ 6 ] Max R, Gerritsen RR, Nooijen PT, et al. Immunohistochemical
analysis of integrin av33 expression on tumor-associated vessels of
human carcinomas|J]. Int J Cancer, 1997, 71(3) . 320-324.

[ 7] 0, iEREEE, IR, 55, RGD IR K ILAT A WIAE i L A8500A
IR AR HERE (). [ bR R 2 R 22 2R, 2007, 31(5)
274-271.

[ 8] ABMESE, £ HIE. BEE avB3 2K I B AR BT T Bk R[]
[ BRAT BE 27 B2 2, 2014, 38(1): 33-36.

[ 9] Yu YP, Wang Q, Liu YC, et al. Molecular basis for the targeted
binding of RGD-containing peptide to integrin alphaVbeta3[J].
Biomaterials, 2014, 35(5): 1667-1675.

[10] Alam IS, Witney TH, Tomasi G, et al. Radiolabeled RGD Tracer
Kinetics Annotates Differential av3 Integrin Expression Linked to

Cell Intrinsic and Vessel Expression[J/OL]. Mol Imaging Biol,



184 PR O RS R B A kA 2014485 A 43384553 3M] Int J Radiat Med Nucl Med, May 2014, Vol.38, No.3

2013[2014-03-20]. http: //link. springer. com/article/10.1007%
2Fs11307-013-0710-3. [published online ahead of print Dec 6,
2013].

[11] Oxboel J, Brandt-Larsen M, Schjoeth-Eskesen C, et al. Comparison
of two new angiogenesis PET tracers “Ga-NODAGA-E[c(RGDyK)],
and “Cu-NODAGA-E [¢(RGDyK)]y; in vivo imaging studies in hu-
man xenograft tumors[J]. Nucl Med Biol, 2014, 41(3). 259-267.

[ 12] Maschauer S, Haubner R, Kuwert T, et al. ®F-Glyco-RGD Peptides
for PET Imaging of Integrin Expression: Efficient Radiosynthesis
by Click Chemistry and Modulation of Biodistribution by Glycosyla-
tion[J]. Mol Pharm, 2014, 11(2): 505-515.

[13] Jin ZH, Furukawa T, Sogawa C, et al. PET imaging and biodistribu-
tion analysis of the effects of succinylated gelatin combined with L-
lysine on renal uptake and retention of Cu-cyclam-RAFT-c (-
RGDIK-)in vivo[J]. Eur J Pharm Biopharm, 2013, 86(3). 478-
486.

[14] Liu ZF, Niu G, Shi J, et al. ®Ga-labeled cyclic RGD dimmers with
Gly3 and PEG4 linkers: promising agents for tumor integrin av33
PET imaging[J]. Eur J Nucl Med Mol Imaging, 2009, 36(6) :
947-957.

[15] Jamous M, Haberkorn U, Mier W. Synthesis of peptide radiophar-
maceuticals for the therapy and diagnosis of tumor diseases [J].
Molecules, 2013, 18(3): 3379-3409.

[16] Lewis MR, Kao JY, Anderson AL, el al. An improved method for
conjugating monoclonal antibodies with N-hydroxysulfosuccin-
imidyl DOTA[J]. Bioconjug Chem, 2001, 12(2) . 320-324.

[17] Zhang Y, Hong H, Engle JW, et al. Positron emission tomography
imaging of CD105 expression with a *Cu-labeled monoclonal anti-
body: NOTA is superior to DOTA[J/OL]. PloS One, 2011, 6(12):
€28005[2014-03-20]. http: //www.plosone. org/article/info% 3 Adoi
9%2¥10.1371%2Fjournal.pone.0028005.

[18] Yapp DT, Ferreira CL, Gill RK, et al. Imaging tumor vasculature
noninvasively with positron emission tomography and RGD pep-
tides labeled with copper 64 using the bifunctonal chelates DOTA,
ox0-D03a. and PCTA[J]. Mol Imaging, 2013, 12(4): 263-272.

[19] TEo%4, 2R, T3, SPECT/CT (I FHER(I]. CT 2t
SREAIIE, 2012,21(3): 577-582.

[20] SKFFWH, B4, £54R. RGD IR GHE R avp3 2L & AL
K SR R L LA BT ). R 2 2% R, 2009, 15(1):
76-81.

[21] Beer A J, Lorenzen S, Metz S, et al. Comparison of integrin a3 ex-
pression and glucose metabolism in primary and metastatic lesions

in cancer patients; a PET study using "*F-galacto-RGD and "®F-

FDGI[J]. J Nucl Med, 2008,49(1) . 22-29.

[22] Sugiura G, Kuhn H, Sauter M, et al. Radiolabeling strategies for tu-
mor-targeting proteinaceous drugs[J]. Molecules, 2014, 19(2):
2135-2165.

[23] Zhu Z, Yin Y, Zheng K, et al. Evaluation of synovial angiogenesis in
patients with rheumatoid arthritis using ®*Ga-PRGD, PET/CT: a
prospective proof-of-concept cohort study[J]. Ann Rheum Dis,
2014,73(6): 1269-1272.

[24] Trajkovic-Arsic M, Mohajerani P, Sarantopoulos A, et al. Multi-
modal molecular imaging of integrin av3 for in vivo detection of
pancreatic cancer[J]. ] Nucl Med, 2014, 55(3) . 446-451.

[25] Durkan K, Jiang Z, Rold T L, et al. A heterodimeric [RGD-Glu-
[#Cu-NO2A]-6-Ahx-RM2] avB3/GRPr-targeting antagonist radio-
tracer for PET imaging of prostate tumors[J]. Nucl Med Biol, 2014,
41(2): 133-139.

[26] Shallal HM, Minn I, Banerjee SR, et al. Heterobivalent agents tar-
geting PSMA and integrin-avB3[J]. Bioconjug Chem, 2014, 25(2) .
393-405.

[27] Rangger C, Helbok A, Sosabowski J, et al. Tumor targeting and
imaging with dual-peptide conjugated multifunctional liposomal
nanoparticles[J]. Int ] Nanomedicine, 2013, 8; 4659-4671.

[28] Debergh I, Van Damme N, De Naeyer D, et al. Molecular imaging of
tumor-associated angiogenesis using a novel magnetic resonance
imaging contrast agent targeting alphabeta integrin[J]. Ann Surg
Oncol, 2013, 21(6): 2097-2104.

[29] Ma Q, Ji B, Jia B, et al. Differential diagnosis of solitary pulmonary
nodules using *Tc-3PI4-RGDF scintigraphy[J]. Eur J Nucl Med
Mol Imaging, 2011, 38(12) . 2145-2152.

[30] Zhao D, Jin X, Li F, et al. Integrin avB3 Imaging of Radioactive
Todine-Refractory Thyroid Cancer Using ®"Tc-3PRGD2 [J]. J
Nucl Med, 2012, 53(12); 1872-1877.

[31] Zhu Z, Miao W, Li Q, et al. ®Tc-3PRGD2 for integrin receptor
imaging of lung cancer: a multicenter study[J]. J Nucl Med, 2012,
53(5): 716-722.

[32] Shi J, Fan D, Dong C, et al. Anti-tumor effect of integrin targeted
"Lu-3PRGD2 and combined therapy with endostar[J]. Theranos-
tics, 2014, 4(3): 256-266.

(33 ] BUK, B, RUREY, S5 IR0 T7 R4 9) T7-NGR
AR SR AR TR, 2008, 12(3): 240-244.

[34] M2, BUK, IR, 45, *Te dRic T7 KR ILAE#R BAE/h
M e A AL A A B AR A3 AR BIE SR (D). PP I 2, 2014, 17
(3): 189-196.

(ki H . 2014-03-20)



