AR EF 55r FRAZA%E 2019 4F 4 H 55 39 555 4 ] Chin J Nucl Med Mol Imaging, Apr. 2019, Vol. 39, No. 4 - 201 -

- BF-Alfatide I -

BT R LR AR 5 2R 30 172
B 5

RiER FLA RS mE 2K FTH FT4

KA A X4 4t RAL Ko
ANKRESTHREBHMEFALT S 361102, AITKFMEF — Btz EFH
361003;° L FIF LK FAFFIE 100875, P EEFHF 1w BINE R EFA, T
100037, £ BB PAMAIR ADEFHEEAD TRRLHT > FHERRELE
PR TS, EB L E 20 N AL 20892

RIER F L ARARA LMK LA R F K

WBAZAEH %, Email: 1jie74@ bnu.edu.cn; KL% | Email; zhangxzh@ xmu.edu.cn; %
1’70, Email; shawn.chen@ nih.gov

7

[WE) B F PRk (S F-Alfatide T1 ) 787 [7 i 988 22 BRUASE 50 v (14 5245 B2 Beagle K P
2B T4 ERE . FiE BUBALB/c #RER 24 H, 20l il £ B2 T far g R BRURSE 260 ( Jilides AS49 FIp 4858
9 USTMG) o7 Bl sizil ( AS49) A FLARE 7 (MDA-MB-231) 45 6 K, F 4 Fhfar i 4 FAs 7
T4 F-Alfatide T 55" F- /20205 (FDG) X LG A% ; T AS49 K¢ F @ i BRUSEL r 17 F-Alfatide T BH WG
SR AW A S SRS [ A= A JEL I e v ) AR ST s T Beagle K (6 H) & CD-1 /hEL(9 H) H7
GRS T, RAWIREAR ¢ Mgl &R 5°F-FDG Mt " F-Alfatide 11 £ A549,
USTMG J2 R Jifigs & AS549 JEA7 i & ( g /0o FU B, 4.50+1.17 55 0.95+0.31;1=4.125, P<0.01) .
MDA-MB-231 JEiZ LIRS (g / JILIA LA, 6.60+1.53 5 0.92+£0.43 ;1= 3.984, P<0.01 ) fafRi i BB 28 rp oAy B
IR AR, T T S BT R 3 (RS R H iR - K & R R-D- Tk B FR-# & R 2 ik [ ¢ (RGDyk) 1),
A549 gt F-Alfatide 11 AYBEEURAE T 75% . "*F-Alfatide 11 1 Beagle R IR T HLE TR, F 2010
(57.34=11.69) min, *F-Alfatide I LAJFZGIE XA N HOH B BR, 43 25)5 4 h N, (69.24+6.82) % 1 44
e RHE . & UF-Alfatide 11 7E A549 MDA-MB-231 US7TMG Mg A% A8/ JESE [b {4
=T PF-FDG, v i 24 i WA i, H2G R = kR iE R

[RER] I ORTER- H & R-K A Z R ; FUSCH PERMALZR  1E L R 2 AR K2
BEUAR X IS 254080 2 Mg s A s /N R K

DOI; 10.3760/ cma.j.issn.2095-2848.2019.04.003

Preclinical microPET imaging in tumor-bearing nude mice and pharmacokinetic studies of " F-Alfatide I
Zhang Deliang’ | Li Yesen® | Zhao Zuoquan™ | Lu Jie’ | Wang Yue’ | Yu Qian’ | Li Zijing' , Zhang Pu'" |
Chen Ruigin’ , Wu Hud® , Fang Wei® | Zhang Xianzhong' , Chen Xiaoyuan®
! Center for Molecular Imaging and Translational Medicine , School of Public Health, Xiamen University , Xia-
men 361102, China; *Department of Nuclear Medicine, the First Affiliated Hospital of Xiamen University
Xiamen 361003, China; *College of Chemistry, Beijing Normal University, Beijing 100875, China;
*Department of Nuclear Medicine , Cardiovascular Institute and Fu Wai Hospital, Chinese Academy of Medical
Sciences , Beijing 100037, China; °Laboratory of Molecular Imaging and Nanomedicine , National Institute of
Biomedical Imaging and Bioengineering , National Institutes of Health, Bethesda, MD 20892, USA
Zhang Deliang, Li Yesen and Zhao Zuoquan are contributed equally to the article
Corresponding authors: Lu Jie, Email: ljie74@ bnu.edu.cn; Zhang Xianzhong, Email ; zhangxzh@ xmu.edu.
cn; Chen Xiaoyuan, Email . shawn.chen@ nih.gov

[ Abstract] Objective To assess the imaging characteristics of "*F-Alfatide I in different tumor-
bearing mice and pharmacokinetics in Beagle dogs. Methods BALB/c nude mice (n=24) were used for
subcutaneous tumor models ( A549 and U87MG) , orthotopic lung cancer models ( A549) and orthotopic
breast cancer models (MDA-MB-231) (n=6 in each group). ®F-Alfatide Il and "F-fluorodeoxyglucose
(FDG) microPET/CT images were compared in the 4 types of tumor-bearing nude mice models. "*F-Alfatide II
blocking experiment, biodistribution experiment and imaging studies in tumors of different growth cycles
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were performed in A549 subcutaneous tumor-bearing nude mice models. Pharmacokinetic experiments were
carried out in Beagle dogs (n=6) and CD-1 mice (n=9). Two-sample ¢ test was used to analyze the data.
Results Compared with *F-FDG, "*F-Alfatide II microPET/CT images showed better imaging quality and
contrast in subcutaneous A549, U87MG tumors and orthotopic A549 (tumor/heart: 4.50+1.17 vs 0.95+
0.31; t=4.125, P<0.01), orthotopic MDA-MB-231 (tumor/muscle; 6.60+1.53 vs 0.92+0.43; 1=3.984,
P<0.01) transplantation nude mice models. "*F-Alfatide I could specifically target A549 tumors, and the
tumor uptake of "*F-Alfatide II was reduced by about 75% after pre-injection with cyclo ( Arg-Gly-Asp-D-
Tyr-Lys) (¢(RGDyk) ). "®F-Alfatide Il was rapidly cleared from the blood of Beagle dogs (t,, was (57.34%
11.69) min). It was cleared in the form of prototype drug and (69.24+6.82) % of cumulative dose was ex-
creted through the urine within 4 h after administration. Conclusions '*F-Alfatide II shows a higher tar-
get/non-target ratio than "*F-FDG in the imaging of A549, MDA-MB-231 and US7MG tumor-bearing nude

mice models, which is more conducive to the diagnosis of tumor. "*F-Alfatide II has excellent pharmacoki-

netic properties.
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ERR BT C18 41, 15 B4k )5 bR ic O i
W, T80 C AT, A KA 5 FH KV
1 TC T UE I A5 B AN P F-Alfatide TS
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Y . MicroPET/CT 1%

1. ®F-Alfatide T F1® F-FDG X} [t 5 A4 BF 5% F-
FDG M TR2AE S — B BEs T, 4 Fhapgd o1 Ry
TE#ES 2 #2589 (3.70~5.55 MBq/100 pl) , 15+
J& 40 min 77 microPET/CT W18, SRS E)S , it
5 CT 3938, TR AR AE PET 5038, AT =456 ¢ T
AR KR R AL 0 0 MR A TR %
[X (region of interest, ROI)43#T,

2. "F-Alfatide [ 78 A7) Az K 8] 1A i 988 v 1 Jd
BAF5E, B AS49 B2 R AR AR EL 3 1, 435I T iR
JERE 26 1 8 56 2 J8 58 3 JE4T microPET/CT 2
&, JEfT CT FH, BT B # MkE 9 F-Alfatide 11
(3.70~5.55 MBq/100 pl) J& 37 BIFT microPET/CT i
1%, 545 R4 0~ 50 min B, J5 #5 AR 4 120 AN
240 min 238

3. "F-Alfatide Il FYBHIKTSEER, 4 AS49 FZ T farded
PREIE 2 2H (440 3 24T microPET/CT 4%, I
ZHHH F-Alfatide 11 (3.70 ~ 5.55 MBq/100 pl) J& 3l
BRAE 0~50 min HOEUHE ; Z 5 FE AR 4 120 A
240 min PECHE ; AL L5 2507 15 min B2 8 Ik 5T
100 wg/75 wl ¢ (RGDyk) ¥, - 7E 41" F-Alfatide 11
(3.70~5.55 MBq/100 pl) J& 37 BIFT microPET/CT i
B, B R4 0~ 50 min PYECHE; #AR4E 120 AN
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HEWE Ao
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RIEZ SRR LR N QTINND  S =  =  : MS
W R BT i O 00 S S P T BELIBT 2 /N BT
SN2 15 min LRFEIKES 75 ul ¢ (RGDyk) %
(100 pg/ H)  FREEFIKTNT 0.37 MBq "F-Alfatide I
(100 pl) , 2525 )5 60 min 40FE , B |34 4H 4LFR i
FEDE PRI, TR s 22U S TSR] o
( percentage activity of injection dose per gram of tis-
sue, %ID/g) .,

75, PF-Alfatide TT 251030 J1240 5%

LR M2 - RN MZATST . X Beagle K 6 H,
A3 )Tk 5 F-Alfatide 1T (370 MBg/1 ml) J&
0.5.2.3.4.5.15.30.60.120 1240 min 2R Ifl 2 ml T
VAT LA TR 0 IR A o i B L
ST, e AT

2. "F-Alfatide ITA9HEH . BRUERE CD-1 /86 H,
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PRGEECZ 1 ml B0, 2 5IA 0.3 ml K H
BT B0 (B 0242 4.5 em, 13 000 t/min) 5 min [&
FUCTEY B, IR OE I 0.2 wm JERE L8 DI 2R
VESPEIORE S, X R i 2R A TS e v 380 A €535 (high
performance liquid chromatography, HPLC) 431, HPLC
%Ak . Phenomenex C18 £ ; Ji sl : A AH K (RFL
$00.1% = LIR) ;B AN CNE (0.1% = LIR ) 516
J&:0~2 min,5%B;2~22 min, 5% ~60%B;22~30 min,
5%B;TiiE 1 ml/min,

£ Gt

KF IBM SPSS 19.0 {4, £5 & 1IE &4 i 111
HHE L vxs R, 2 QLB H) FL R AR AR ¢
G50 3 RS 1) 2 A 5 8] L 55 SR FH 9 DR 25 A
W EMT, P<0.05 hERAGIH#E X,

s R

il & 09" F-Alfatide TIVESHRTC €8 18, R0 R AE

25% V)b Ak A>95% , LiE R T 11 GBg/ pumol .
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SEHL(FR 1) R BURIEEE 1 JE A 2 8 5 3 CF-
Alfatide 145255 2 h B9R/ WLIA LUAE 5330 2,42+
1.23 3.25+1.04 .5.45+3.05; 4524 )5 4 h B9 B/ AL
P AE A3 31K 2.68+1.50.6.43+2.67 4.65+1.73; M\
Y25 2 M4 h B BARET ] SORE S 2 s L
WAL & T4 1 8 (F=4.132,P<0.05) ,{H 5% 3 J&
M EAE B2 (F=19.79,P=0.142) ,

A549 7 58 #8 Bl microPET/CT T4 WA 1, 7]
LB F-FDG 7€ A549 F& T g fs — e 8L, “F- ¥4
TEFEHUE ( mean standardized uptake value, SUV, )
4 0.405£0.056 (HAR G RE T i i AR AR H IR
A AR F-Alfatide [I{E A549 J2 F g g F-
FDG A R 45, SUV, . 4 0.43420.058, LAY ik
JF I 25 B B BUAIR

U87MG fr I8 # Fl microPET/CT A% VL&l 2, 7]
WU F-FDG 7E USTMG K7 F s i A — & B HL,
SUV,,.....H 0.550+0.081, {HA% € 5 5 fisi | 7 1 45 F
P EINE W AR, PF-Alfatide 11 7E USTMG J2
Jirgeg v A7 B i B X, SUV ., R 0.953+0.074, H L
PRI | PFF U 2 = A e U AT

(2) JEAE IR, AS49 Ty fifi & fry 88 AR B micro-
PET/CT ZA% W& 3, Al W F-FDG £ A549 JE A fili
TP A R O BEE, SUV,,, N 1.768+0.100, {H.0> fIE
WA W B (SUV, N 1.861+0.167) , il /.0 fIE
BEHCEME A 0.95+0.31, M 5 T 3 1 X I i A4 )
Wr. " F-Alfatide 11 75 AS49 J5t A3 ifi J8 355 157 45 I A
(SUV,... 0 0.532£0.051) B AKX T F-FDG , {H H.0»
WA (SUV, oM 0.117+0.017) , Ifsd /00 I 5%
BN 4.50£1.17, 2" F-FDG 4119 4.7 £% (¢ =
4.125,P<0.01) .

MDA-MB-231 J5 A7 FL i 96 a7 988 R B microPET/
CT W A% VLI 4, 7] I F-FDG 7£ MDA-MB-231 J{y;

LRI R AU, SUV, . 4 0.369+0.048 , H A5
CRRINT G 18 S E R B A B A I/ L
A EA N 0.92+0.43, "*F-Alfatide 1T 7£ MDA-MB-231
JrAsr FL MR & v A R R B B (SUV,,,, i 0.856 +
0.050) , W/ WLA LA 6.60+1.53, & *F-FDG 411
7.2 f5(1=3.984,P<0.01) ,

2. "F-Alfatide Il PHIBrC5S, 5% SATAH LG, )
il 25 IR %o " F-Alfatide 11 A6 458 EIH S5 K8 ARG, e 55
JEREICHY 22 5 ] W AR (B 5) o RO 434 o, 45
Z45J5 40 min ZEA7 2 IR X F-Alfatide T f 4%
BURAR T 75% (X AL 54041 41 suv,, 709k
0. 434+0.058 F10.111+0.020;¢=4.521,P<0.01) ,

3. "F-Alfatide [ 75 A549 B¢ R farfg #1 B A i 4
Wt o3 A (2 2) o BELUT L £ Y 4 Bl e e 6 BRI b o
fi%. 7€ A549 B2 TRt B 452505 1 h bRg 48R
4 2.83 %ID/ g, i I MR S B 22 0.57 % 1D/ g,
255 80% , W *F-Alfatide 1 55X o B, A
BHR SR B sk, By miidss
microPET/CT A5 45 B —3%

4. "F-Alfatide 11 (9254830 J1 24058 " F-Alfatide 11
E Beagle R IME HPstiglE, 5245255 0.5 min HYI0L
T SAT O P e B (158 h 100% ) A EE, 45255 5 min
R H (46.32+14.07) %, %45 255 120 min [ 2 H
(2.97+0.63) %, K H DAS ver2.0 25945 i1 kb B4
A3 Hr T 45, U F-Alfatide 1T 7£ Beagle K A& P Y35 BR
N (57.34£11.69) min, MM AN (0. 54+
0.17) L/kg, iEFF N 0.01 L+ min™" - kg™,

"F-Alfatide I17E CD-1 /N DLRHEH A 3
YAPHJE 4 h N, (69.2426.82% ) HIZ5 27 hE i PR IBHE
R R 98% 5 93 4h 2% m i A HEL A
WAL IS R, 45 2 )5 60 min, CD-1 /N FUR
WHPLC AT AT A LB B:AR AL G 9" F-Alfatide 11 LLAb

K1 AEAEKFEMBHIRE A549 K TR RS F-FT: Bk (Alfatide 1) 2175 microPET S48/ LA (T/M) HAB (x2s)

58 F-Alfatide [1 5 AS[EIRHE 89 T/M H(E

IR I 1]

2.5 min 7.5 min 12.5 min 17.5 min 22.5 min 27.5 min
1 0.70+0.20 1.48+0.47 1.64+0.57 1.74+0.66 1.78+0.85 2.09+1.07
2 J& 1.79+0.36 2.07+0.13 2.06+0.16 2.44+0.76 2.26+0.27 2.38+0.65
3 0.75+0.28 1.09+0.62 1.20+0.70 1.67+0.93 1.63+0.84 2.19+1.29

TESTSF-Alfatide I1UFANIRIEE) T/M HLAE
TR S B T

32.5 min 37.5 min 42.5 min 47.5 min 120.0 min 240.0 min
14 2.06+£0.96 2.21+1.06 2.23+1.17 2.32+1.30 2.42+1.23 2.68+1.50
2 J 1.99+0.92 2.21+1.80 2.42+1.04 2.74+1.30 3.25+1.04 6.43+2.67
3 2.86+2.25 2.51+£0.83 2.11+0.81 2.30+0.73 5.45+3.05 4.65+1.73

TE - 2% I [R5 A9 B 3 1
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Bl 1 i AS49 BT PRI B microPET/CT SARKE , 1A. SF-BL4EHIZE (FDG) ;1B. " F-BTEAk(Alfatide 1) . T W'SF-FDG #£ A549 J¢ T
ifvge e AR5 v ORI, EL A 2 B AT T S BRI 5 '8 - Alfaticle T 4R IR 1R, (EL T MO BRIBUAES , o L 8 T 2 JRFE USTMG J2
TR U microPET/CT WARE , 2A. BF-FDG;2B. "*F-Alfatide I, 7T UL F-FDG ZEM r A7 — & $5H, (E A 28 B BB 5 S F-Alfatide T
FE R PRI R 1T R 2 AR OB 3 AS549 JRUSE IR AR HR BLEY microPET/CT AR, 3A. SF-FDG;3B. "SF-Alfatide T, A
ULSF-FDG 78 Mg oA v B, ELC IR AT W S BB 117 "8 F-Alfatide IR SR8 rPEEHCEAG, (L IE DG 458 B4 MDA-MB-231 JEfv 7L
BRI TR R B microPET/CT WA%E . A. BF-FDG;B. "SF-Alfatide I, 7 W F-FDG 7E MR b SR BURA, W AR T 18 F-Alfatide 1T (455 B
TR 5 A549 [ RIS F-Alfatide I microPET/CT RARE, AN IR B. 3 (R E - H EMR- KL EMR-D-I MR- EARZL
JK) [c(RGDyk) JHIHI4L . S5%F RRLLAE L , 3005 41 i Eg Xt 8 F-Alfatide 11 9 $5EHCHH & [AIG

F2  SF-BEEAL(Alfatide 1) 7R AS49 J2 T ga i Bl JEZ5 R R HEE
R NS 5 S RIS ] A= ) 2 43 A (% 1D/ g5 %+s)

5] it

PR 5 R ) 6 SRR

420 . | b B 2k “F-Alfatide Il 477 RGD - RARLE (1) —Fl
L 0.89+0.26 0.1620.05 1.39:0.24 B HERR IO TR . Guo % H#R T LR
JHFIE 4.38+0.88 1.06+0.32 5.92+0.66 [FIZERI RGD Kl 58 A% o B, MRS, H
Jil 1.82+0.30 0.490.17 2.37£0.55 i . ‘ e

(& 7.64+2.11 3.10+0.67 9.40+1.25 HF-Alfatide I A9 2 20 i # B  127.93 nmol/LL
i 2.47+0.40 0.40+0.12 3.10£0.51 (USTMG 4iiffl) (R 5B E R o By A EEF
i 0.84+0.05 0.38+0.21 1.11£0.47 § 1k e S N M

LA 1.07+0.45 0.2120.09 1.30£0.19 1, HAET LA RGD WM%’ I A NOTA &
L% 0.16:0.09 0.13£0.01 0.07:£0.03 HX} RGD ZIKAYIE PR A K 555 1 U0 F-
i 2.83+1.47 0.57:0.27 3.40+0.89 Alfatide FH LY, "*F-Alfatide 113835 A 2 4~ PEG, %

T A& IR S I R 4 B %ID/ g R s SV E A R V8 hn T RGD Bk [ 2k Hehn4g4> RGD 84
Ak PRI | FE B S F-Alfatide 11 76/ BRAKR N 2D RS G R ZIREE G LR, A R T sk S 52
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AT A7, DT 488 o2 Jiebog B, A SR &5 SR 5%
B, PF-Alfatide 11 HA B A7 K 0ORR E 1E AR AT
FIEFBEERR B poy  Afg FL 2RE R, P F-Alfatide 1T 2
il R SR AR E MR S B (A —
LT,

ARWFFEAE O A SCHR SRR L | 3 53 7 LR AR A Y
TR R BT rp AT microPET/CT A%, #fi5E T ' F-
Alfatide 1 7E45 25 )5 10 min 2247 8 45 BGSA B K
{H,40 min 247 iK% R 1A FE /4R LA, v i e ik
BER o B, RiB, LB ELEER o B, HRBNM
AR S vk A%, G s I A T AR AR
[ F-FDG A% . A58 &5 T sh ¥ K 1 52
W5, 5 0 IR B A AR K 22 00], " F-FDG 7E
MDA-MB-231 FLARE 798 B8 A B ARG, {H S F-
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