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GRA Y A S AR R R 1) N BRSBTS AT (3R 39 ) o TR S OB LA T W A ST
FEAS ¢ KB 0T s R IR YT B IR R Y L R HE E MR 2001, SR AR E58 B
7 ,DOTA-4P (FAPI) , FHIFALA FAPI-46 120 ik BEAEAHRL(3.29 1 2.15 nmol/L) , PET A&} E
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[ Abstract] Objective To develop a tetramer probe targeting fibroblast activation protein ( FAP)
named 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA ) -4P ( FAP inhibitor (FAPT)),,
evaluate its biodistribution and PET image in FAP-positive-tumor bearing nude mice, and explore its feasi-
bility as a novel radio-regent for treatment of FAP-positive tumor. Methods FAP tetramer probe was con-
structed on the FAPI-46 motif with four mini-polyethylene glycol (PEG) (PEG;) spacers between the four
FAPI motifs, denoted as 4P (FAPI),. DOTA was used as the chelator for radiolabeling with ®Ga and "’ Lu.
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The FAP binding characteristics were test by in vitro cell competitive binding experiment. Small-animal
PET, in vivo biodistribution, and radionuclide targeting therapy were performed in HT-1080-FAP tumor
bearing nude mice (n=39). Independent-sample ¢ test was performed to analyze tumor uptake data, and
two-factor repeated measures analysis of variance was utilized to compare tumor volume data in radioactive isotope
therapy. Results Cell experiment showed that FAPI-tetramer and FAPI-monomer had similar half maximal
inhibitory concentration values (3.29 and 2.15 nmol/L). ®*Ga/""Lu radiolabeled FAPI-tetramer had better
tumor uptake and retention than FAPI-monomer in small-animal PET and in vivo biodistribution experiment,
with the tumor uptake for ' Lu-DOTA-4P(FAPI), and """ Lu-FAPI-46 at 48 h of (18.72+1.32) vs (2.72+
1.20) percentage activity of injection dose per gram of tissue (%ID/g) (t=15.55, P<0.001). ""Lu-
DOTA-4P ( FAPI), group showed best anti-tumor efficacy compared with '’ Lu-FAPI-46 and control group in
radionuclide targeting therapy. On the 2nd day after the start of treatment, the tumor volume in the tetramer
treatment group was significantly smaller than that in the control group (mean difference 67.19 mm’, P=
0.049) ; on the 14th day after the start of treatment, the tumor volume in the tetramer treatment group was
significantly smaller than that in the monomer treatment group (mean difference 414.33 mm®, P=0.005).
Conclusion FAPI-tetramer can improve tumor uptake and retention ability compared with FAPI-46, and

""Lu-DOTA-4P (FAPI), can be a promising radio-agent for FAP-positive tumor therapy.
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2Y FRiC FAPI-04/46 45 FAPL N ISR T 259078
e 0 e R 2 P o R R P R T
A RE - AR e s B N TR G ARSI
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10-tetraazacyclododecane-1, 4, 7, 10-tetraacetic acid,
DOTA) -4P (FAPL) , , " HAE FAP 3Rk FH 1 1o 98
B ) PET RARFA 53 A, TR A
RS E25 T FAP BEYER IR T 154k

MR 57 %

1. DOTA-4P (FAPT), (1l & AU AR L, 3
F FAPI-46 JLRbFH: FAPT DU A, 7E 4 4 FAPT I
PEFEATZ A& I A 4 A8 5 & — B (polyethylene
glycol, PEG) (PEG,) [H][#, Lk DOTA 1 R % & 7 H

TR RS Ga M1 Lu B9FRIE, X T%Ga Frid,
# 25 nmol 4 FAPI-46 #1 DOTA-4P (FAPI), /3 5vA T

1 ml NaAc(0.25 mol/L 7KIEH) ,H/EH5 % 4 ml ®GaCl,
(1.3 GBq,0.05 mol/L HCI ¥ #) 1,95 °C ik
K% 15 min, P29 33 C18 # ( WAT020515, 3¢ [
Waters A #]) Zlifk, XFF7 Lu #nic, B iR arik s
f#AE 1 ml 0.25 mol/L NH,0Ac(pH=5.6) " £ %E 4 ml
" LuCl, ¥ (1.85 GBq,0.05 mol/L HCl ¥k ) , i
JGTE 95 °C TN AL 30 min, N5 =4l s C18
FEGliAl A FH R 1 e AR A o D 7™ ) P i
feali, I I AL A M H AL 4 h 5 ARt

2. 20 MR IBURT R A ) S B HT-1080-FAP 4]
i, BV AS R R B R N U £F A TR 98 A0 i AR HT-
1080 FasE s Y FAP JE IR AY 4N MOk ™ 75 20 15 Bt
FIBHWTS2 36 | H4° Ga-DOTA-4P ( FAPI) , \* Ga-FAPI-
46 .* Ga-DOTA-4P ( FAPI), iR & & #5ic FAPI-46
(11.4 nmol) 3 HZ5H 73 S A A ML IR F 60 min,
FERA JID E S g v B0 BEURE (5.6% 107" ~ 5.6
107 mol/L) BYAARIC FAPI-46 5, DOTA-4P (FAPI), 4%
SIIAZEMH | BES A% Ga-FAPI-46 {1 H 60 min, %
ARIEH 1 ml PBS PEAZNME 2 YK, ARG AT mol/1.
NaOH (0.5 ml) 2%, ffi ] v i+ 501X ( WIZARD
2480, % [ PerkinElmer Instruments 2% &) ) A il 4 &
TR

3SR BB A, TR S St R Y &
JEITR2FSh Y P #5480 B 2% 51 S ftbufe, I IR ()
TR S sy o P B S e ) R T, A
THALJE B B 5> 107 /ml ¥ B A b 96 40 it Bk,
T ANy S8 M BRABE AR RA 2 B 100wl HT-1080-FAP
Yl BB FP T 6~8 JEliliY BALB/c #1 R (W FJb 5t 4k
ARSI SRR A R AT JE (36 H) ;g
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4. ff AR B PET A%, B HT-1080-FAP fif
Rl 6 Hoar 2 4, 4 3 H, R 2 4
INEEE ST ) 7.4 MBg/ 2 B9 Ga-FAPI-46 5{* Ga-
DOTA-4P (FAPL) 20l FiESHE 1.2 14 h F7# S
PET( microPET , f&[#] Siemens /A 7)) WA% ., X} FAPI
DU SRAARFRET S ] FAP A7 4R S PRSI K LA i 73 4
FUESTZ 7.4 MBq/ R 0% Ga-DOTA-4P ( FAPIL), , 1
S5 4 h 1TH#S PET B8,

54T, IR R 15 R TAY T
MLy, #% 0.74 MBg/ HF 5% Ga-DOTA-4P (FAPI ),
% Ga-FAPI-46 J5, U % & [® Ga-DOTA-4P
(FAPY), JHAETE S5 4.24 .48 F1 .72 h 73 Bl 4L 5L /)N
(BRI n=3) 5 B0 (P Ga-FAPL-46 ) ZH 7£ 14
S5 48 h ABE/INER 45 4 34 U R AN B B A AR
i, W O R, IR B R R A B A
H o3 S K (percentage activity of injection dose
per gram of tissue, %ID/g) .
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100 mm® B, U 15 00k 3 A (g4l 5 ) it
45245 . A 21,100 ml AE3ER K XTI B 41,29.6 MBq
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TRITIE AR 2 d WA 1 U AR I R AR T8
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20% I AT RALAL B
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1. DOTA-4P (FAPL) , R4 KA . sl & ik
4 4~ PEG, :H1H1 DOTA #4571 FAPT PUZR{K *Ca
N Lu BRI H 4 >90% , B AL Al X8 52 95% ; #5
FARC = HLE BE 4 A 22 F1 12 GBq/ pamol , % Ga
57 Lu ARic U SRR S R AR G R ISR E 4 h
Jei AL E 3] Gk 25 0 o 4 i R S T, R R
AR ERGEE,

220 L 5 B SR RN T L A A i IS
F, HT-1080-FAP il Jifi X} Ga-DOTA-4P ( FAPI), fJ
FEHCH R T Ga-FAPI-46 [ (42.37+£6.14)% 5
(21.58+0.40)%; t=6.76, P=0.001], PFH W 525
T, R bR A 1Y ET A (FAPI-46) B T Ga-
DOTA-4P(FAPI), 5 FAP Hy%54 [ (3.28+0.76) % ;1 =
12.64, P<0.001 ], Ml %N 92.26% , UESE T Ga-
DOTA-4P ( FAPL), #[a] FAP & (0947 550, 4006
SEAI S5 FAPT AT 2R A 1)~ B30 il vk J3E
(half maximal inhibitory concentration, 1Cy,) {H 435
g 2.15 F13.29 nmol/L,

3. ®Ga-DOTA-4P ( FAPI), 7 HT-1080-FAP fuf
JARREUTAY PET B8, TESE 1~4 h,#35 PET
1575% Ga-DOTA-4P ( FAPT) , 75 b — E AR R 4005
AR R (] 1A) o 1E R A5 v 483 BRI, K]
GEA RAFISE/ AR b, 78 -5 40 [R] 550 5 F0 EL 3 B
()% Ga-FAPI-46 X} H S5, 2 PR Y 44 P 43 A 15
AL, PET 25 w45 R, ® Ga-DOTA-4P (FAPI),
% Ga-FAPI-46 MR IAE T /5 1 h 22 %5
P24 X (9.90+0.87) 5 (9.70+0.78) %ID/g; t=
0.30, P=0.782] ,fH{ES )5 4 h JiE X1 Ga-DOTA-
4P (FAPT), HY4EHCIA {2 5 T Ga-FAPI-46[ (10.57+
0.76) 5(7.00+0.87) %ID/g;t=5.31, P=0.006] .

XU 968 R BB B A VR 5 Ga-DOTA-4P (FAPL ),
J& 4 h 11/l PET/CT AL (E 1B) , A FAP [H
PEPIRE I B AT UL, bR 5 AR RS X LY B e i 2
FAP B e £5 JCHA S A% A5 0 BH 1 8 [ (0.89+
0.13) 5 (10.57+£0.76) % 1ID/g;t=-22.55, P<
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(FAPI), ¥0] FAP A K94 54
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1.69) %ID/g, HIEBRAXT 1S fE 515 24 .48
72 h 4535 (20.43+3.22)  (18.72+1.32) Al (17.41 =
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JETRIAY K (2.72+1.20) %1ID/g, B BAK T Lu-
DOTA-4P ( FAPI) ,(t=15.55, P<0.001), 7EIE ¥ JIE
ferh " Lu-DOTA-4P (FAPL), % R4 TIN5
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XU B A2 FAP BAME A7 00 FAP BEE) dhid) PET/CT AR P, vT UL I8 rb 484t 43 ) S22 BH P BB ( 20385 Sk s ) R A B B ( 45 3k
IR) 3 %ID/ g J B TE AL LN SRS R

%1 ""Lu-DOTA-4P(FAPI), X '" Lu-FAPI-46 VE5H)5E AN G| E] 78 HT-1080-FAP fafJsd 45 B
TRNBIA ) AT S5 R %ID/ g5x4s BLM(Q,,Q5) ]

U ek "7 Lu-DOTA-4P (FAPI) T u-FAPL-46
Jierye 4h 24 h 48 h 72 h 48 h
D E 3.62+0.33 1.66+0.08 1.60+0.59 1.30£0.27 0.14£0.13
JHF 5.28+1.12 6.28+0.66 6.60+1.34 7.52+1.03 0.60+0.18
Jiti 4.12+0.86 1.83+0.26 0.92+0.13 0.95+0.46 0.09(0.04,0.32)
B 4.39+0.26 5.68+1.20 6.17+0.82 6.65+0.87 0.54+0.21
JG I 3.49+0.68 4.51+0.48 5.00+0.94 5.40+1.67 0.45+0.31
B 1.85+0.95 1.00+0.15 0.74+0.19 1.32+0.59 0.12+0.06
g 2.73+1.01 3.81+0.45 2.81+0.78 2.99+0.43 1.20+0.38
WA 3.98+1.10 2.01£0.51 1.88+0.39 1.40£0.31 0.43+0.22
N 1.59+0.43 1.2320.14 1.15+0.20 1.00+0.33 0.09+0.05
1L 7% 7.70+0.58 1.77+0.33 0.35+0.03 0.15+0.04 0.01(0.01,0.21)
i} 0.33+0.07 0.25+0.05 0.21x0.09 0.28+0.11 0.08+0.12
fihyg 20.90+1.69 20.43+3.22 18.72+1.32 17.41£2.12 2.72+1.20

%D/ g A S H U E SR, DOTA 4 1,4,7,10-PUE IR+ 2 hE-1,4,7,10- U LR, FAP Sy BREF 4 41 i 38005 25 1, FAPL 4 FAP

)

TR (A 4) P ibe A R e L, 26 18 R4 s 1
/N ERETR R AR R T 1 500 mm® Mgk 2 4R4E ;" Lu-
FAPI-46 697 2H (B 2H) HPoW 22 31 B A 4 et B 441
AIXTHER (AASRFREE AR 5 28 Kk 5 /N H
1 4 HE B AR T 1500 mm® $E2E5R5E; 757 Lu-
DOTA-4P (FAPL) , JAYT 4 (C 4) H, B A= K BH
SN PR AREUNES 6 KIFURZE /N, (BAFES 14 Kt
i A FH P U % 4 34 K, 5 28 K T e AR R
(257.81+176.86) mm’ (& 2),

Ay 22 s BN IR BRIk, 3
A B[R] TR AR AR AE AR S, HLRRZH 45 T Flde it T 1)
i (A RR Bt (B AR AT AR Ak (F {H.3.75~48.16,3% P<
0.05), A BN, AR IR G55 0 R, A~C 4l

(IR AR AR 22 S+ g1t = L (F=0.86, P =
0.450) , TEIRITIFER G 5E 2 K, C 20 Mg (A R B
INF A YL CFHME 20 67.19 mm’ ,P=0.049) ,{H C
MRS BHZEF LS #EX(P=0.999),
TEVRIT AR 14 K, C A Mg AR B B/ T B 41
CEYEZ(E 414.33 mm®,P=0.005), 5 8 KI5 &
4 JE ) W st R PN, © 2 Hh O 5 3 de A 1 B bR o
B, H5 A B 2 4] e R FRT) 22 S i s (1) 328 37 34
Ko 3 A5 S PA UL 21 B S 1) A o 1 T B

Wi
VRS —Fh ) 15 A R #E A B[] FAP (970152
BEARITAFAAE MRS W h B T R4 (14 11 PR R
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B2 ARERNAIF 4 HT-1080-5 £ 2 40 3475 4 11 (FAP)
TR MR B AR IR RSt 26 A 4L (PRER) TR 4T 100 pl A= 38
KB 4 (LLR) 5T 29.6 MBq #9'77 Lu-FAP #1571 ( FAPI) -
46,C 41 (E4k) 5 29.6 MBq A9 Lu-1,4,7, 10-P0 & 23K+
TE-1,4,7,10-T9 Z. R (DOTA ) -4P (FAPT) , . AT UL A £H 988
AR R B AR AR A AU AR IR (EA SRR K
C 2L A K B S Az k] AR B S /NF A B 2 41

PR WHEDE THE ) FAP &% R IGIF M IT I &
&, (RZIIT FAPL AZ 0 1A I7 19 I R I 505 45
R P R TE ROE R BLAR O AT RE Y R A
k. BRI FAPT #REF K Z R /NrF s, &2
M) 1 SR A R AR IR kT A B L O B R
FAP R ZIGTT AR, WE R B AT C AT 1 FAPT £
EREAT T — R BRI AL A0k, LA EksE FAPT 1A
WG B PR, BN, 381 5 S A (Evens blue,
EB;—Fh 8 (4547 BB f 2 1 EB-FAPI
DI B T8 B3R BR 45 49 1 FAP 2 KR 51 FAP-
2286, 4 Wt S T O PR egRg P A B E
M T B IRT PR ™

B LR Sems o, F 22 AR 22 4 5507 38 5 i
SR ORIy B R R e Ak TP I VA . A
WIBFGE | AR 20 7F FAPI-46 #R4F 5Lhl it &
JRT — o B AR R EE DOTA-2P (FAPT),
S S K A0 A Y I PR ATE 52 B 7%, Ga-DOTA-
2P (FAPI), 3% Ga-FAPI-46 HA 5 2 1 filsgg 45 S 1
BRI, AU e TR RIS,
FEERY FAPT 284K DOTA. (SA.FAPi),( Hrh SA H
J7l2) . DOTAGA.(SA.FAPi), Fl BiOncoFAP 7 i
R I B TR FAPL-46! " P, 28 Ak
AT —Fh A 8L AR ET DL AL SR W, 35T FAPT U
PRI AE A B — A0 R A e v B BBO A
i B4 At 1]

A 41 g 5256, HT-1080-FAP 41 fifd %§** Ga-
DOTA-4P ( FAPL) , 2230 1 45% Ga-FAP1-46 i 15 (1445
B, RO BE R FAP 254 3k A8 H B9 38 hn, ] 20k R

JRIEB FAPT e SR8 5, 34 T U MR ST 5 FAP 1
ghihy, I BEAR H A i 3R BE A, Ga-DOTA-4P
(FAPI), BERE AR ARIC Y FAPI-46 ¥ Hij {4 45 57 1 BH
W, B03iF T DOTA-4P (FAPI) , X} FAP ¥ 5 454 (44
Sk, 20 B SR RN ) SE 8t DOTA-4P (FAPL), 5
FAPI-46 FHRIM) 1C5, (H7 A 2 RAL MG X FAP $E 13
(425 RN 1 R RN

/N PET BARSCEG b, DU SR A A B R e B
T HRE IR P B NI A e SR AR BROSUN 43
SR H AR FAP BH A BH P A9 b g B 78, 2 Fp
Jieoge 1) g A5 7] 45 LA 76 B i 2 5 3% B i g o A
F1%Ga-DOTA-4P (FAPT ), BFHEHUH FAP /v 5 A0 4%
SRS AR R, Lu-DOTA-4P
(FAPY) , 7E13 8 5 BRI A R RS R Mty B4 F Fbig, 72 h
i 5 BT 0 3k (17.41£2.12) % 1D/ g, i B4 i) ]
B Lu-FAPI-46 K MR 4T, 78 S 48 ] 36 97 55 5
W, Lu FRIE R FAPT DU SRR BE A 2030 il HT-1080-
FAP g A=K RS 7 A5OSR X B AT Lu-
FAPI-46 VA7 41, ' Lu-DOTA-4P ( FAPI), A &
R — A SRR IR T 25

TR, BB IR WERs , JU R AT 5 R
X7 Lu-DOTA-4P ( FAPL), A4 T Lu-FAPI-46,
4t v 1 A B B BT B S A N M 2 W A D R
IR, L R R I S AT i — 2R
K FAPL BB D0 Ak b R 76 42 /a7 b 98 £8 LY
[FIBS B8 ARG FL 7 T 5 I 258 v i A S PR ER L, T
FAPT BAPRTEIG R PET &A% H £ R HY R G (il ¥/
AL, W DY R AR & A 00 T i g e G A
MRYT ISR, TR YL BA] HT-1080-FAP 1 T
FAP 55 B 235, DU SR A i 9 £ O S iy B8 AR T — 5%
RS IEAS I f | ELAE 1E 5 J0E 28 P 9 A S5 B
o SRINIE T Ied 1) S B MR R A, I IR A i 2 2
FAP Ff B R K () R g kb, XoF - G350 4 i i, O 2R
IR HU I B v e — IR A L, A
R BT IRG I ROR (A7 L — 2P ik S AR
RILMH B RE G

AFRAAAELL T A . (1) K477 Lu pRic U R
5 RN SPECT BAGXS e, HaEAT T AR A 953
RIEFE, (2) S25 BRI A O A B A5 rh i
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