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E . BH #TH R 8E S5 TR "F-NT £ 5 R B AT B N e dedp i, HJE4: "F-NT fed sl
PR 09 AR RAL AL RIIRIE . T3k B & F-NT, SFRRMEZLFEN, RRZE AW EBEELZTHRA
(NTR1) 89ABTI G0 % PC3, 4 3 LAk ATan 0L & 0 57 4 2 0hdl | [ABT AT BA (%5 "F 5B
F), AR m T mNES FBTF, FBAEmE T "F-NT, M4 0P A "F-NT A 30 min e
AN ZEEEE (NT) BATFET, 45 PC3 8752 RAEA , - SSih A fe [T 20, AF20 3 R, FABTZLEK
RARRES NT 0.2 ml GRAEA 1 mg/ml) ; FI2ES 0.2 ml A &K, 30 min /& F AR REHIS F]IEH
37 MBg/ml 49 "F-NT 0.2 ml, 1 h ELARARR,, 4 & ERMEEZBIBLAL, v 3N ENE 0 L6935
ST W LAY T8 20 RO A9 ACHHHE T SR Y B 48 R A AP AR B (%ID/g ). &R P H & "F-NT, LEALMR
BERRIEIGHR IR, MRS F R, PC3 @i E I8 HA4 (5825.00+ 1 074.52) /min, & T FLETZL
(1941.66+17358) /min, AL, Z74A%FEL (1=7227, P=0.003), w3 RBLALHHAAALH (170.33+56.59 ) /
min; 7 2BAT TEAR BAR 9 A 5 L3R, "F-NT s iF i d e, £ 22 SR, SR BRRmag g,
A (1.0240.49 ) %ID/g, MBI GIRPALIEAK, & (0.21£0.03) %ID/g, BH IR, 2FARTFEL (1=
2815, P=0.049 ), Z5if "F-NT ARt £ feak sk &, RIME AT, WP B0 A PC3 44 "F-NT &, PC3
AR R AP IBIRI CF-NT &, @A /539 feak NT A 20l , /54 "F-NT 3ee sl 7 1% NTR1 242
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Experimental study of a novel radionuclide molecular
probe “F-NT targeting prostate cancer

Kai-li Zou, Yong-xiang Tang, Ming Zhou, Jian Li, Shuo Hu
(PET-CT Center, Xiangya Hospital, Central South University, Changsha, Hunan 410008, China)

Abstract: Objective To investigate the targeting of a novel radionuclide molecular probe "F-NT in prostate
cancer cells and tumor bearing mice, and to provide experimental evidence for in vivo imaging of “F-NT targeted
prostate cancer. Methods "“F-NT was prepared, and quality control testing was completed. A human prostate cancer
cell line PC3 with high expression of neurotensin receptor 1 (NTR1) was selected. PC3 cells were divided into three
groups. The control group received free "'F ions into the cells. In the experimental group, “F-NT was added to the
cells. Neurotensin (NT) was added to the blocking group 30 min before addition of "F-NT. Nude mice were divided
into two groups (experimental group and blocking group), each group had 3 mice. In the blocking group, 0.2 ml of

1.0 mg/ml NT was injected into the tail vein of each nude mouse, and each mouse in the experimental group was
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injected with 0.2 ml of saline. After 30 min, each nude mouse in the two groups was injected with 0.2 ml “F-NT
(the radioactive concentration was 37 MBq/ml). After 1 h, the nude mice were sacrificed and the major organs and
the tumor tissues were separated. y counter was used to measure the radioactive count of the organs and the tissues.
The radioactive count of PC3 cells and radioactive uptake values (% ID/g) of the tumor tissues were analyzed
statistically. Results The "F-NT was successfully prepared, its physical and chemical properties and the quality
control indicators reached standard. Cell-binding assay showed that the radioactive count of the experimental group
[(5,825.00 + 1,074.52)/min] was significantly higher than that of the blocking group [(1,941.66 + 173.58)/min],
the difference was statistically significant (1 = 7.227, P = 0.003), while that of the free "F control group was only
(170.33 + 56.59)/min. The in vivo biological distribution experiment of the two groups of nude mice showed that
blood removal rate of “F-NT was fast. The “"F-NT was mainly metabolized by the kidneys. The radioactive uptake
value of the tumor tissues was the highest in the experimental group [(1.02 £ 0.49)% ID/g], while it was significantly
lower in the blocking group [(0.21 + 0.03)% ID/g], the difference was statistically significant (# = 2.815, P = 0.049).
Conclusions The "F-NT has high labeling rate and radioactive chemical purity, and also excellent in vitro stability.
The uptake of “F-NT is very high in both human prostate cancer cell line PC3 and PC3 tumor-bearing nude mice,
which could be effectively blocked by NT. This experiment can lay a good foundation for the follow-up targeting
NTRI1 in vivo imaging.

Keywords: "F-NT; prostate cancer; PC3; cell binding experiment; biological distribution experiment
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[ EZ ( Neurotensin, NT ) Z—Fhr1 13 R IEFL AN
FIRNZE N IR, AR . B0 . R A R
R OBRACARE . S A B S TEE. AW
WFFEFIA Y, NT 762 Fh M 4 2R A A 5 2R 35,
NT J H EEAZ R NTR1 A F 05 S @ 480 1 g iy
B RIEREA B B RS ER . NT A 3 Fpaz ik,
PRZREIEZRAZAR 1ONTR1 ) 2R R R 2K 2( NTR2 )
FIMR 2 [ 5 %524 3 (NTR3), Hrb NTR1 $E 78
A A8 R 2T, T A O I i 9 A 2 e AR />
FEK T AN NT Sl NTR1 K35 HAR g s3]

H 3 Fpaz ik NTR1 SECAR NT B)26 1) i, ASF
5% il 2 —FPHL [ NTR1 (458 B PET 43 F A% 5] "F-
NT, FH 8 A0 20 S P 4 A S o A e R B A
AYARSEE, SRIGIEINT NTR1 REPE, B4 5 0T
B g AR A ) AR BAS SR TR AL SR
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1.1

1.2 E&5iEHA
1.2 &% Qilin MIGEMNE LS (SEEMEHARS A ),

Fastlab FN BUE LT 2596 BB ( SEEEH B AR
Al ), 1260 AU EZOR AR (351 . Biocan Flow Count Jilt 4
PERTIGS . SEAMEIMES (€ E Agilent /AH] ), Bioscan
system 2000 772 @ 3E 5L ( 5E1E Bioscan 4] ),
HH6603 54 v JiC S e o3 B A (b g s B A
BN ] ), EX125DZH BYHL T K (MBS AE
AR ),

122 XA FHH NT (HiR) (EEILRP kgR
SpEME ), 2 (95 TEDIA A6 ), QMA (Sep Pak
Light ), C18 (Sep Pak Plus) ( 3% [E Waters 2% #] ),
0, % FE [ #% [ MN 2 7 VP NUCLEOSIL 100-7-C18
(5 pm, 16x250 mm) |, Millex GS 0.22 w m %51 3
#r ( 32 Millipore 24 ) ), RPMI 1640 15 #: A& ( 56 [
Gibeo 28] ), BEfRERZZMR (PBS) (RIUH1E4EY)
FARART] ), HAARFE A ™
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1.3 ZWAHE

131 "F-NT #94)&  HL300 wg AifA NT 1 ml
ZNETR, A 500 w1 pH=4 [RFSHR 2% whi A1 30 Wl
2 mmol 5 1L 50 AICL Ji5 % B 21 B e J i 4 . "F-
(700 mCi) £ 0.3 ml 0.9% S AL8N NaCl ¥ Wbk e 21
N T 80°C IV 10 min, Fifif5 /& R 28 HPLC 2li4k( 30%
CNE ) PR i I, SR n PR AR AR B
A TCETENE = S (60 mCi ).

132 "F-NT &9+ pH {4080 "F-NT 9 pH
fHo H0.5 ml BB A i (0.2 mCi) 0.5 ml
NT RS 5 E AR, FH HPLC 553
M= hali g, L 0.1% TFA 30 = T0({AFRE )R 20 -
IR R MR BN 30% Z G

1.4 ZHAESELE
141 wmiasds R AHTSIIRIE A PC3 BT 10%
FBS 1) RPMI 1640 5¢ 4> 15 #% £L 09 55 F i rh, CA
37°C. 5% CO, WIEEFRAH T MAEAIEFR . SERTTLA 1 x
10" A4~ /LK A AP A 12 fLARh, &EFLJIN 2 ml RPMI
1640 FrFR RIS SR

142 wiese ik BUEE PC3 I 12 FLAR,
FHLZYE 1% 10" B I, ik PC3 ) "F-NT
LS ALK . 7 3 4, B 3 NE AL, 2B |
BELWTZL AN B2 (Ui F 31 ). HAASIRT . O
Bt gk BiE W, H PBS Vi 3 k. @FHL
Jn 0.5 ml F5 R, BEIBTZ M AMEEE R 1 000 wg/ml /)
NT 0.2 ml, HABFGLAN 0.2 ml PBS ZE 0, %IR 25°CF
I E 30 min, SLHGL . BHWTLHL 43 50 AR P TR
FEHE 7 0.185 MBq/ml () "F-NT 4 ml, X HRALIMA[H]
STV TG R VR R S UF 4 ml, AL P TS
0.74 MBq, =i 25CTFI#H 60 min, @I EWEW,
FH PBS ZZ k4% 3 Wk, LA EBRAN AN S B
PR SEHET , BFLINA 1 mol/ml A NaOH 0.5 ml 24441
i, KLY ARE . O v THE ORI L
SHETEUE

1.5 FIRIE

1510 AHshHmAaEAE Rab T XA KA PC3
(AU AL, B B BV, T A i B i
1x 10" /ml) $EF0 0.2 ml THER ISR T, fFhh
JEEAL 0.8 ~ 1.0 em BT AEY)2EA 10 525

152 "F-NT A4 5454 LK 6 H PC3 fafE#i i,
BENL UL (B 3 ), SCd R FHIkESS 0.2 ml 2E
HHERIK , BHWrAL R F k4SS 0.2 ml /) NT, 30 min J54&f

R IR S o 37 MBq/ml (1) “F=NT 0.2 ml,
Lh JEfBRIRERIM, FHE AR IE/ N . 53 IR
OEL ERE. EE. AR, N VAL B Bl i
AR TS, T BIPREE , I PR, TR %ID/g .
153 HE & g5t PC3 Mg gl 2L K
P e s PR BT BCE 5 B8 AR A4, FH bk H R [
gk, B IR S A, XA TR HE
Yefh,,
1.6 #FitFEHE

BdE =R 1 SPSS 19.0 Geit#rit, fFa1ERS
A BT EEAE AR = AriERE (Y =s) FoR, RAIM
STREA 1 K5, P <0.05 N2ZESA LG FE L.

HR

"F-NT REEH RIEEN
HPLC 43 #7 45 3 8 75, "F-NT /) ) 1§ B 6]
14 min, FRic%E K 8.6%, Fric)5 6 h ik 4if)y ik
99% .,

2

2.1

"F-NT B4 A0 R
BFE 1 hJm, PC34AMIZR 1 h "F-NT {8 . 5256
ZH (5825.00 1 074.52) /min, FH Wi 20 (1 941.66 +
173.58 ) /min, XFHEZH (17033 +56.59) /min, SZH64H
SEBHWTALY 3 4%, PR A 22 A Gl 2= X
(1=7.227, P=0.003 ), SCH2H 28 %] AL 34.34 1%,
WE R b ES A SR X (1=9.102, P =0.001 ),
2.3 “F-NT ZEE/MNRERBNED ST
PIZHAETEST "F-NT J5 1 h (9LEY2 00 A Bom (U
F 1) SLHed L BT A I R EUE 53 5K (0.10 +
0.06) F1 (0.14+0.11) %ID/g, TEMZEHEAR, Pl
"F-NT ZE MRS BRI BRI  , SEaa 2 AT
4350 (0.84+0.20) 1 (0.76 +0.46) %ID/g, W
AR ) L B R S50 2 g A BH T 4 A%
MR R S S I, B (1.02+0.49) Al
(0.21+0.03) %ID/g, Z5AGiH#EX (1=2815, P=
0.049 ), "F-NT 7 HAh 4% 1E 5 U8 B 1 R KT
g (DL 1 AN 2), 2, BRE / BRERY T/NT {4
9 (1.29+0.83), A Al 5 1 265 9 D AR i . i
WS HAS ERALAS TN HE TNT KT 6, H
R 7 LA G TUNT S (6.97 = 1.44), Ui SHE
1 h (RO PE AR I AIE 5 e / i 1) TUNT e i, >
(38.27+19.9), Ui WL LR b .

2.2
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F1 EREREH F-NTE1hERSH  (n=3, %ID/g, X+s)

SR 0.10 £ 0.06 0.10+0.10 0.06 + 0.007 0.05+0.01 0.84 +0.20
RHWT2H 0.14£0.11 0.08 + 0.05 0.08 + 0.07 0.16 +0.24 0.76 £ 0.46

XN -0.489 0.283 -0.642 -0.831 0.279

P{E 0.650 0.791 0.556 0.453 0.794
a ows ® B m W ww
M| 0.15+0.07 0.16 +0.14 0.18 + 0.069 0.03 +0.019 0.13+0.03 1.02 +0.49
BHLIr2H 0.09+0.11 0.06 + 0.04 0.17 +0.22 0.04 +0.07 0.23 +0.10 0.21 +0.03

t1H 0.71 1.241 0.083 -0.315 -1.584 2.815

PiH 0.517 0.282 0.938 0.769 0.188 0.049

H: %ID/g 4B A) FEIRE 1F

1.6 7 ¥
O B

14 -
| el

12

TEIUE /( %ID/g)
(=)
[=)
1

"1k e

M CHE O ORPRE O OBRAE O OBERE O OBAE ONUN OB B K e
T S RHLWTE MR L EE, P <0.05
1 THERMERES "F-NT /5 1 h F RS HEREFRRIE

®2 MESEEEREAAN "F-NT B LE

B3 10.87 +3.04 B 1.29 +0.83
IE 14.60 + 8.36 LA 6.97 +1.44
ST 16.29 +7.07 =y 7.19 £2.14
B2 EBABNIBFEREER (HEx200)
NI 21.61 +8.62 7 6.84 £2.42
i 8.71+3.12 figi 38.27 +19.91

T TNT S SEH g -5 25 41 SURER "F-NT i LU fE

2.4 PhyE HE #6
WHLHE e, 158 ARIFIIRHLULIE 2, PC3 fif
98 BRI LH A LK 3,

B3 #HR PC3MERIERELER (HExX200)
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4% 16 0] ARIFIT, 4 s BT THREE P-NT BRI S IRA I SR T
3 itig WA L2 LR R g, nl o e SeRi s i (A

AR 2 W . 0, JC RGBT R A E
RISAARFIEE, Yo AT S, Batidks
TR SR T B R, NTR1 7R
IEE TS R A PR IR, TR TS B P Rk
SEHGAL % " 55 3R W], 7EHk = MR 1Y T s1) i
JErh, NT/NTR REAEE PR 14 . 78 TAYLOR 4§ "
AR S rh, B A T 91 R A0 08 0 0 i e
NTR1 Mk BN, A2 " e, ERTS R
FEAIML R PC3 A7 NTRI1 (3 33k, SUTHERLAND 4§ ™"
W R, NTR1fERTSIBE AR PC3 A i 3R
ik. DI NTR1 A5 AT REALA B S AG 0 . ARSI
PR I Z "F 70 5 NRT1 B S-S540 NT, )
VESERE BT RAZ 5], i s & 508, 459 8oR,
PC3 A SEEG AN "F-NT FIFEBGTEE N 5 825/min,
RELWTZH BB G M 1 941/min, XiF FRZH AOFR BG4k
B} 170/min, 5 BH AT BRI PC3 41X "F-NT 45 #%
SR AERRE 1, FLZARIAE J) nl R AR IE Y NT A 3K
FELOBT, 58] NT 5 NTR1 Z [al 45 & 2R e

PILHAPRE BRETESS "F-NT J5 1 h, MREBHBUE AT
[ SZB4H.(0.10 £ 0.06 )%ID/g, FHKTZH ( 0.14 + 0.11 )%ID/
gl, UEH “F-NT 7ZE MR g BRACI, AR ICARMG . Ok
JEFRE « FBUIIE | il B | i S A ) BB U5 AR S 230
B2 AR B £ [ 2564 (0.84+0.20) %ID/g, FH
Wiz (0.76 +0.46 ) %ID/g], PiHH “F-NT =23 it B
HEE . WAL RE AR T, BELIBFZH U [ 0.21 + 0.03 )% ID/
gl RRAR TS84 [ (1.05+0.46) %ID/g], FEHA NT
AEA S PHIBTZH "F-NT A48, iF—2 Ui "F-NT 5
NTR1 Z 45 GRSt 25 BTk, “F-NT Xf 07T
G BRIERG e — A AR A R S M 1) AR, AT R
VB Ry 3 2 AR i 91 B SR kL . R AL AR
W) —Fh TR T HRE

ABEFEH, "F-NT IR TRE A, bl s, A
HMRRE T o Z5A AN A S AN far 98 B 4 43 A 51
BT, ZEH NN, UF-NT XF NTR1 A 841 H 50k
TR AR, L T/TN (B4, 1 h R

BER MBI IS ) W9ZhY) PET AR LI IR PR
PET WARMFTE SR UL LI, S e Ui T8 Ji o ek PR
SrS R L BAG T T3 S E S PR AR R AR D

£ % X #:

[1] SIEGEL R L, MILLER K D, JEMAL A. Cancer statistics, 2016[J].
CA Cancer J Clin, 2016, 66(1): 7-30.

KIRBY R. Optimising the management of early prostate cancer[J].
Practitioner, 2014, 258(1770): 15-18.

T, R RZET A S H M SRR BARKT T AR
W AU ELRITSE (1), AR R 220, 2010, 19(6):
549-550.

DUPOUY S, MOURRA N, DOAN V K, et al. The potential use of

the neurotensin high affinity receptor 1 as a biomarker for cancer

[2]

[3]

[4]

progression and as a component of personalized medicine in
selective cancers[J]. Biochimie, 2011, 93(9): 1369.

VALERIE N C, CASAREZ E V, DASILVA J O, et al. Inhibition
of neurotensin receptor 1 selectively sensitizes prostate cancer to
ionizing radiation[J]. Cancer research, 2011, 71(21): 6817.

ELEK J, PINZON W, PARK K H, et al. Relevant genomics of
neurotensin receptor in cancer[J]. Anticancer Res, 2000, 20: 53-58.
SWIFT S L, BURNS J E, MAITLAND N J. Altered expression of

[6

[}

[7]
neurotensin receptors is associated with the differentiation state of
prostate cancer[J]. Cancer Research, 2010, 70(1): 347-56.
SEHGAL I, POWERS S, HUNTLEY B, et al. Neurotensin is an
autocrine trophic factor stimulated by androgen withdrawal in
human prostate cancer[J]. Proceedings of the National Academy of
Sciences, 1994, 91(11): 4673-4677.

[9] TAYLOR R M, SEVERNS V, BROWN D C, et al. Prostate cancer

targeting motifs: expression of avp3, neurotensin receptor 1,

prostate specific membrane antigen, and prostate stem cell antigen

in human prostate cancer cell lines and xenografts[J]. Prostate,

2012, 72(5): 523-532.

[10] AMORINO G P, DEEBLE P D, PARSONS S J. Neurotensin
stimulates mitogenesis of prostate cancer cells through a novel
c-Src/Stat 5b pathway[J].Nature Publishing Group, 2007, 26: 745-
756.

[11] SUTHERLAND M, GORDON A, SHNYDER S D, et al. RGD-
binding integrins in prostate cancer: expression patterns and
therapeutic prospects against bone metastasis[J]. Cancers (Basel),
2012, 4(4): 1106-1145.

(3 4t )

.21.



