- 580 - AR E A 54 FRARAE 2021 4F 10 A 41 555 10 ] Chin J Nucl Med Mol Imaging, Oct. 2021, Vol. 41, No. 10

- FIeg e B I 25 -

B 1 AR B K R L AL 2 B Y PET $R & 1Y
il 25 S H R Ry e M 1 AR

KA T LM W AT R4

'R KFEFERE, M 5500252 K MG E R B AL TG B8 AR P AR E
B RHWEFSEEDAFRLE RN EEEE T BRI B A JRIUH BT R
AHRELERT LR THEEFREHEF AL F S 100142

WBAEVEH A%, Email; zhuhuananjing@ 163.com

(=) BRI A STk KRS 2( ACE2) T 1A T AR5 Ga-1,4,7 , 10-DU A
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[ Abstract] Objective To prepare a novel molecular imaging probe targeting angiotensin converting
enzyme ( ACE) 2 by using ®Ga labeled with 1,47, 10-tetraazacyclododecane-1, 4,7, 10-tetraacetic acid
(DOTA) -DX600, then the probe was evaluated in cervical cancer model by microPET/CT imaging. Methods
%®Ga labeled DOTA-DX600 at 95 °C, and the quality control, stability in vitro and lipid-water partition coef-
ficient (log P) were tested. Tumor-bearing mouse models were constructed using stably transfected ACE2
highly expressed cervical cancer cells (Hela). The distribution and uptake of ® Ga-DOTA-DX600 in normal
KM mice and tumor-bearing mice were determined by microPET/CT imaging, and the maximum standard-
ized uptake value (SUV,, ) of the main organs and tumors were obtained by semi-quantitative analysis of the re-
gion of interest (ROI). Results The preparation time of *Ga-DOTA-DX600 was about 20 min, the specific ac-
tivity of the probe was (18.74+3.72)x10° GBq/mol, the labeling rate was 82. 3%, and the radiochemical
purity was about 99% after purification. After placement in saline or 5% human serum albumin ( HSA) so-
lution at room temperature for 2 h, the radiochemical purity of the probe was more than 96%. The lipid-wa-
ter partition coefficient (log P) was —2.44 £0.04 (n=3), which indicated as a good hydrophilicity. In nor-
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mal KM mice, ®Ga-DOTA-DX600 metabolized faster in the blood and mainly distributed in the kidneys.

The probe showed good tumor targeting ability in the tumor-bearing mice and the SUV  of the tumor were

0.25+0.01 and 0.21+0.01 at 30 min and 60 min after injection, respectively, and the tumor uptake was in-
hibited by DX600. Conelusion * Ga-DOTA-DX600 can be obtained conveniently and fast and shows a
good targeting ability to tumors, which provide potential application value for researches on targeting ACE2.
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1L % 5k K % AL i ( angiotensin converting en-
zyme, ACE)2 J& ACE W [FIEY), —#H)E T 5 %-
M4 % 7K 2R - [ B & 48 ( renin-angiotensin-aldoste-
rone system, RAAS) [ BRI, R
Y, ACE2 1 b 98 235 W40 i 22 Fh fiosga i A K
ACE2 3R 25 175 W 4 A B 4 A ) (clear cell renal
cell carcinoma, ccRCC) B FH W R i mM #i)s, H
ACE2 TEMRHMAT ccRCC I R AT S 47 rh 35 HAT )
il bR A B VE L R, ACE2 A5 28 B i g
BITI— DR ICHT, 27 ACE2 Y45 5 1 I
JEHn ) 700 Bl 4R, W DX600 A fix 5 5 30 i 4
FI S BT RTMITAR AR ACER F¢ 5 PE IR
R H AR, £ B 5 AR B A WU RS 5 0] 1,4,7,
10-PURZ3r+ —be-1,4,7,10-M 2R (1,4,7,10-tet-
raazacyclododecane-1,4,7, 10-tetraacetic acid, DOTA )
HEAT® Ga WO PEAR I, 3R 153 4 F ¥R 41 Ga-DOTA-
DX600, FXif H #EAT A= )2 Pt Al microPET/CT i
B ARG AR 127 P R TS

M 5TTE

L) ALER K309, % Ga t* Ge/™ Ga K4S
(& [ Isotope Technologies Garching 2% ) B 1Mii
3 DOTA-DX600 H_I- i 5 8 A= Wy Bk B 28 Wl il
W ONE (B3E ) | =% & MR (trifluoroacetic acid,
TFA) #10 H 32 & Sigma 23 Al S HbEM H VL5 E F
SRAMRHCA R A T, Sep-Pak Light C18 4lifk Ay
H & [E Waters 23w ; BRI BE 1114 A 328 Capintec
N AB y THEAR (2740 Wizard 2 89) W A 75 %
Wallac 23 A ; 15 S0 AH €43 (high performance liquid
chromatography, HPLC ) 1% (1260 %) 4 H 2 [E Agilent
23 F] s microPET/CT Wy A -2 By B (RS L) A7 FR
A7), DMEM FEFRHEM H 52 Gibeo 237 5 i 4 ML
I H L) {231 Biological Industries 23 7] ; B 8 )5 Hela-
ACE2 Z Mk iy 7 MR I A= PR A BRA =) 5% 4 F
$24t, BALB/C #REL(9 H, MEVE, 4 A1 (A i 18~
20 ) LR IEH B (KM) /N3 B HERE, 4 i,
TR 18 ~20 g) 40 F At 5t 4E 8 R 42 S 56 3 Y4

ARA B T[4 AT HES . SYXK ( 5) 2016-0011 ], T
TCHREIRR AR R IR BE i 5%

2. ®*Ga-DOTA-DX600 Y CHT PEbRic, 15 &
HIH 4 ml HCL (0.01 mol/L) ¥ Ga Mk vE 224
195 wl NaOAc (1 mol/L) I & 1Y 3% B0 b, 1] S By
P AA 10 wl Bif& DOTA-DX600(5 mg/ml) , 7E0N
P 2R (95 °C,15 min) |, S A B £ 2liAk
Sep-Pak Light C18 /M, i 5 ml Jo/K Z A1 10 ml 4l
IKFEA AN B RS 3 ml Sl7KH B = 4
FEhnE) C18 /M b TS A S ml &k whk 4R,
A 0.6 ml RFUSEL 80% L ENCEE TS i, N
AGE A HER KRR R

3. ®Ga-DOTA-DX600 F4 J5 2 5 il K 43 Fid & %%
WZE . HPLC XhRic =P st A Thric R Ko fb gl
BAASI , 43 J) B i Ak R A4tk S e 4% 10 pl T
HPLC #EEE R, 4087 3 2 B9 3 sl AR o 5 IR B 4 8k
0.1%TFA B ZMEF WL R U 81 0. 1% TFA (1)
7k(§(&,/}ﬁl¥_jﬂ 1 ml/min, £ 3 1 1.5 ml &L
A 400 pl 0.01 mol/L R %k 2% WP ( phosphate
buffered solution, PBS) #1 500 wl 1F [ ( PBS 5 1E
VTN 24 W IRG) , B 3 B A
100 wl SRS 750 (3.7 MBq) , 252502 (3 000 /min,
BUDAAR 6 cm) S min J5 , FEA N EOE N LEMT
JZ S ANFEA (45 50 wl) SEAT 8L, B IME,
FF1T% Ga-DOTA-DX600 7 1F = BE A1 PBS H 4 i
B A FUAE AR 7K e 28X (log P)

4. ®*Ga-DOTA-DX600 {4 #MFa i t Az, 43 1
TE 1 ml 5050 5% AL A2 A (human serum
albumin, HSA) DL S AEFRER KA 10 wl Zifk )5
M=, F 37 CHRE 0.5.1 F1 2 h, B 20 pl #E 5T
HPLC #EFE Y EFENG 22 0.074 MBq, Wishiil 5
F A3, 43 B B AR Y00 R e T AR B
ST SR A 3 R 0 TR ) EUAEL, A BT AR MR E 1

5. MicroPET/CT 1%, 1E# BALB/C #R T4
ST AR R 1Y) B U Hela-ACE2 ZHMI(10° 4~/
0.1 ml) , K 2 0.7~ 1.0 cm BFFEATSE28 . IEH
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KM B LA K i 968 R B 2 78 2 e ik 59 24 7.4 MBq/
200 pl B TEZGY . KM BL(n=3) FHEHE 30,60
#1120 min ¥57 542, AR (n=3) THESFR 30
160 min FEA7RAZ, WEE™ Ga-DOTA-DX600 7E 2 Fif
ISR N B TBOR o A S L. BT (n=3) BRIE
SHRCSTHEZG P AL B TS 100 g DX600 5 it 420 44
B (fluorodeoxyglucose, FDG) ZH (n=3) VE R BHEXT IR
21T 6 h 258, B#IKIT FDG 7.4 MBq/200 pl; B 4]
25 FDG LSRR 60 min,  WAZRTT A W A5T
T o S5 5 FH AR R0 0 2% S 06 %8 /I BRUZEA T JRR e
PET By HHERTTE] 900 s, EGAd H Avator 2R {4 HE4T
B X FEENE AR HEAT I D4R X (region of interest,
ROT) /) 1], i 352 1l X 30 1) e KA 1 46 B ( maxi-
mum standardized uptake value, SUV,_ ), FH 15
JREHZVSGIE R L SUV, | FUAE ( BIFE/ RS EUAE) o

6.4 112 A B {fi Fi GraphPad Prism 5 DL A&
Origin 2019b FAEXTEE AT B, 75 IEA A (1)
SE PR xas o, 2 AHLIA) EGER A R P A ST R A
o K5 22 2 8] FU R B IR 2207 22 70 A, 4L 18] P
PRk R/ N 35 22 57 1 KB, P<0.05 22 5
Ayt E L,

# R

1. ®*Ga-DOTA-DX600 AIARIC B i it 45 1l . * Ga-
DOTA-DX600 [ il £ B[] 24 28 20 min, Ho= 23k
(82.57+0.09) %, LLi% B A (18.74+3.72) x10° GBg/mol ,
FRic ok 82.3% , Z4lifb 5 WAL 22k 99%

2 N8IK 156 2B (log P) .® Ga-DOTA-DX600 7E
HHHA PBS H 4L 0.003 2+0.000 38 (n =
3) BB R B (log P) N -2.44+0.04(n=3) 4%
B R%Ga-DOTA-DX600 435 /K YRR AT

3. ®Ga-DOTA-DX600 [ 14 4h £ & t.% Ga-
DOTA-DX600 £ A BEER /K AT 7050 5% HSA
HEREE 2 h JFHALEi KT 96% , R HHA
BT IR IMRE T

4. ®*Ga-DOTA-DX600 7£ 1E % /N R AR P 1 A= )
S A, IEH KM B microPET/CT BA% (K 1) /K
BE BB T RN RS IbE | 2 Iz R A A S
BRBNE, AV AEEHR (R 1) BRI A
i FS UL R 18 B8 AT o

5. ®Ga-DOTA-DX600 7 far J84 #i FUIAR P A H5 1L
MicroPET/CT SA% (F 2) 7~ 30 F1 60 min B 56514
2L I SR U B B, SUV,, 43 Il 0.25+
0. 01710.21+0.02 ; BL A&, "B JE 05 i A A v 43 1,

B1 EHEI(KM) NREH®Ga-1,4,7, 10-UE I+
J5-1,4,7,10-P4 Z, 7% ( DOTA ) -DX600 J5 A [7] B [i1] 25 microPET/
CT AR, 257 R M 32 B SR A B I B I

£ 1 ®Ga-DOTA-DX600 7EIEH W (KM) /NRAK P E S S
AR TRN B AE 90 534 (SUV s )

HAWE 30 min 60 min 120 min

ki 0.08+0.02 0.06+0.01 0.04+0.02
NI 0.33+0.03 0.22+0.02 0.12+0.01
Jiti 0.23+0.03 0.17+0.01 0.1420.01
S 0.39+0.05 0.23+0.03 0.20+0.02
5 i 1.4720.04 1.30+0.03 1.26+0.02
H 0.24+0.01 0.19+0.01 0.15+0.01
WL 0.13+0.02 0.10+0.01 0.09+0.01

TE A& LS RS o 3 H; DOTA 9 1,4,7,10-DUR 283+ —
$i-1,4,7,10-T0 218, SUV,, A RARHE R HUE

na:

TR L5 E®H /DR —2, EWonfhdhR
(3% 2) WoR, BRE MEAN T 16 R e v 9 2 g
VIR WEFLC M, H0 6 AT B X BR8] 3)
R MR BT B DX600 M, HLARE B A 4L Ak
AL E Y B R TP A M FDG 4 (3% 35 F {H:
18. 064 ~943.732 ¢ {1 :3.739~36.730, 3] P<0.05) ,

Tt it

ACE2 JE[H 4K 39.98 kb, fif T X Yt 14 11y
Xp22 fi# b, HIwh i 8 1 5 —FP 2 100 kDa fY
[ IR IR 1), ACE2 fEZ Rk h A &
TEAERIVE FEPLE , )™ 8 S0k P 0 25 5 1R e R 7
2 ( severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2) RV il i 5 1 3 I W 18 41 i ACE2 25
A T e AR 5 SARS-CoV 2K 1L, SARS-
CoV-2 AR R A b s M S & LWz
e A S 4n i LA ACE2 254, )5 I fs £
& ALY O ERNE ], B0 A K2R
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2 EHVE Hela- I Bk R AL 2( ACE2) miRI B Ca- 1,
4,7, 10-P0 & 8 B+ —%é-1, 4,7, 10-P0 Z, 2 ( DOTA ) -DX600
mircoPET/CT TAZ K (Fik /AR ) , AESE 30 min F5Wr
B B S 30 min R C A SHE 30 min =4ER] ;D
)5 60 min =4

£ 2 ®Ga-DOTA-DX600 7E'E Fiji; Hela-ACE2 faf i #1 i
N RS AS R [RIA AE 4 504 (SUV s a0s )

HLWE 30 min 60 min

ki 0.04+0.01 0.03+0.01
Yilie 0.19+0.01 0.17£0.01
Jiti 0.16+0.02 0.15+0.01
JHFIE 0.23+0.02 0.20+0.01
B 1.04+0.13 1.64+0.08
B 0.10£0.01 0.07+0.01
WA 0.07+0.01 0.05+0.01
Ji e 0.25+0.01 0.2120.02

VE 4 I ) A RUBE O 3 0 ACER I A 5% 9K B AL 2,
DOTA 4 1,4,7,10-PURIIAA " he-1,4,7,10-PU 1%, SUV,, Nk
PN 3L e
s % T ACE2 BIIR AT, B i g i
fifi SARS-CoV-2/ACE2 45 & PR X AL AR A 34 2% 52 i) (1)
CHE A B T4 2 54 B R 9T N2 W 28 e R
BERY IR R TR
Fritbz #h, ACE2 75 I8 7.0 I 4 1) fig ' ik 2
RE 7 T & 5 T B4R Y 5 TR AR 2 vk Ik B 40 il
o G I AE B B B i T e T E
fafa !, Uk, ACE2 B 5 E IR IR M A, 1fi B
HILL ACE2 S 153 FARET T BZARD 4% Ga-1,4,
-SRI TSE-1,4,7- =R (1, 4, T-triazacyclonon-
ane-1, 4, 7-triacetic acid, NOTA)-PEP .*®Ga/* Cu-
HZ20"'""7 | Bt PET MR FHMOE )2, Lo+
FAG T S MRAIR YT 2 W R I MRS
MEE L EARZIER TR T, % Ca BN
FAOR T°F, H R AP A2F 1 1 (68 min ) A1 fE 5 47 4h
Ko ARAR DGR AR IC W ZE AR P R A S VR TR I A

B3 E3UE Hela-ACE2 i # B mircoPET/CT AR E (#ik
A ) . Al TE 5% Ga-DOTA-DX600; B. 1 5% Ga-DOTA-
DX600+DX600; C. 34 5 it S #5i 8% ( FDG )

R3ESIAFERAG 1 h 5 EBUE Hela-ACE2 fif 3 #i il
ERALSE /AL LA U (x4s)

8 Ga-DOTA- % Ga-DOTA-

HAGE FDG
DX600 DX600+DX600

fii 5.58+0.41 3.65+0.18 0.70+0.01
ALk 1.74+0.10 0.67+0.06 0.13+0.01
Jiti 2.32+0.09 0.98+0.05 1.42+0.06
JiF 1.41+0.06 0.16+0.01 0.56+0.02
NG 5.85+0.68 1.79+0.08 1.28+0.06
HHE 1.68+0.08 1.4020.10 1.2420.10

T 4% Aot 1) A BB g 3 3 /A B E (B 3R e 5 IE W L 48
B SUV,, HAE  FDG B F A

WFFE L™ Ga X} ACE2 /43 F BRZE 3 il 5] DOTA-
DX600 A7 U AR 1E I HEAT T I R Fr % AL 9% .
AAFFEHT,® Ga-DOTA-DX600 7F IF % KM K A 19
microPET/CT AR R W, B PG B 2k R T
ACE2 BB M4 (B ML) DL A HEM 38 B (%
BE) , RBEZ N FIREHEAR N AR E 2
e, 56 /N a3 F 18 53 A3 DL AR RAAE . Ga-DOTA-
DX600 7 fi I8 FRAR P %) 5 U B0 7 | 3 4T AR B AR
U M 7R IR 6 B 8 i JUL IR 55 TE R 2 2R B
5%, EL7E g it 45 B ] 4% DX600 i, 76 £ 8 geE
(A A S LU 38 & T I 4L FDG 4, B4R
T ELA T A A [ P D 2 4

ZE L ARG A T — R I ACE2 195 T3¢
1434 Ga-DOTA-DX600 , HoAx i 5 32 fa B P |
FLAT B AR AES RE T, L A A 0 R b 8 38 137 5
WIS s BRI 2 A0 REHTE TE B KM /)N BRIy 98 45 BRLUAY
VGRS $8 A S 3 v R B, 3% I 92 245 40 1 12 3 . - g
W R A R e ek, AR HIEARSE T Ga-
DOTA-DX600 f4 i 4 52 vk oy 7 AR 5e 1, 1 2
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