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Abstract: Prostate-specific membrane antigen (PSMA ) is specifically and highly expressed on the
cell membranes of prostate cancer (PCa) , serving as a key biomarker for the precise diagnosis and
treatment of PCa. To date, diverse PSMA-targeted molecular probes with different imaging modali-
ties have been developed based on magnetic resonance imaging (MRI), fluorescence imaging (FLI) ,
positron emission tomography (PET) and other imaging techniques. This provides an efficient tool for
the precise diagnosis of PCa. Our review systematically introduces the research progress of multimod-
al PSMA-targeted imaging probes including MRI, FLI or PET, and elaborates on their design princi-
ples, mechanisms and current applications in clinical diagnosis. Finally, we discuss the current
challenges and perspective in PSMA-targeted molecular imaging probes.
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Fig. 1 Schematic diagram of the molecular composition and targeting mechanism of the PSMA -targeted probe(A) and the imaging

mechanism of the PSMA-largeted molecular probe(B)
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Fig. 2 Structures of PSMA-targeting small-molecule ligands(A ) ; distribution of the binding sites on PSMA (extracellular, trans-
membrane, and intracellular domains) toward anti-PSMA antibodies(B); commonly used chelating groups for PSMA-targeted

molecules(C)
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Fig. 3 Molecular design and mechanisms of the uSPIO-5D3-DM1-AF488/CF750 drug delivery system(A), and postmortem im-
ages, T,WI, and T,WI scans of mice in the uSPI0O-5D3-DM1- AF488/CF750-treated group(1 h before injection and 24 h after in-

jection)(B), and corresponding imaging results from mice in the non-targeted uSPIO-DM1-AF488/CF750 control group(C)™”
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ng/mL) (D)™

ENIR- I g At , NIR- 1L g nl GRS A A B R 26T, FFBEstFRU Ry, M
M Z PTG IR E 525 0) 3 FEE S, NIR- 1L 9 GRI B & EZHELELLT 3 FhugIr, DL & 54
BRAFEENIR- B — it @R k-t (D-A-D) 73451, FIH “HE—h0" W04/
I FRERR . RIS IR YRR KB Uﬂ?"ﬁ‘%?zﬁ}?ﬁuj‘kfkd}iﬁq%m; =R R AR,
SEPLE N K SR K RE AT . B, Huang Z5° Bit& i 7 2 w 3LHE45H) 19 NIR- 1T 28631 FC-
NE,, %50 A R et agik, BRI fae vk '?ﬁ:#ﬂ’b'ﬁ%ﬁﬁbo B N A (X (N TEB S



6 TR AR (http://www.fxesxb.com) 545 3%

AR RIS AL 3 1 1] PSMA () NIR- [ 8 688 EF FC-PSMA , IR EHEE O & b B il S ook = 1
PR S ) IR R ) BE T, REIE R B TR S AU SR o[RBT Jiang 557 T NIR-1 4Lkt
IRDye800CW 7E NIR- Il X & S & 47, #3E T PSMA-12-1RDye800CW #R%l (B 4C) . iZIREHEE H
T ERIE A B, SCILT AT PCa B FE A HE ) U0 5 IR AL M KO B, ARG T R A 2
PGS . RPSMLIEL, ZRE I 515 /ML T SRR IR, HWBZH 2 i)
NIR- [ 26 (5 5-uEnl 7 H m Rk (& 4D) , Rl BB A A S s e

45 PSMA 8 10) S SRR EHEIG PR H R AFFE B B R PR o 93 BT 5 SO B IO R dee SRR A, 5
A H AR, DR S ER R SN R P JE TR SR K ) A R SC B I AR R RS RS 5 i
Bro HA YR 5 AR 205 5 Fu A (TBR) IS B F AR A5 77 B, S8BT REH T AR ST .
FHAS T SRR e, TR R e e S s IR IR SR A S T, (AR e e 454 PSMA B4k
TIPS IR TR | 78 LR BG5S ) B ARl i, DA S 2P T A5 0) LE B 5 5 b s Y
PREFES I . R E , & TR R KGR BURBIRET R TR R R s, &
TR G ERGEE . BIA, Zhang %% T PSMA 8135 BU9E AR EF ODAP-490, HAr X
DR IREEF IO 5 Lys—Urea—ODAP i) SE A JEA 73842 . SEIRZE R EW, IR EL 5 PSMA FF
SYELE B, PR S TE30 s INPRIEEGE, HIOBMEETET: 29. 9~38. 3%, BRIEN T4 FAHLHISN,
H R FAL AR ST G A Y ) SRR . BT TRBUKEE M, Wu ST T Cy-KUE-0A
PREL, IZGREHEE SRS T I B AT R R, A ARSE Cy7 2 FIRIFESR N, 51PN HIFK,
MERE S PSMAZ ARG, RS, CyTMIESE, KM, PeE 508G %EEEaT/AR
BHI T2 S 38 BS RN 2R YT v S8 T R B S, R RAR rp AP A TR R SR
2.3 PSMAEEm@ PET £ %t

PET J§A% i [n] SR 2R P VRS *F . “Ca S5 UL RFRICHIREE R, SlPess R348 K4
B —XFRE A . 7 AR y e, M AR B MG SR8 R U A% R ERRITER N B oA o I RS
¥ PET/CT @b A5 )8d% , SEBUREUERF AL 2 07 5 ROPERG . 78 PSMA #L5] PET #8%H 70 T3 b, SRR ElpA
PRI & PSMA B 15 T HEAZ PR IC B A SE B PET AR WS I 5 4225 AT e 22 40 ) T A 57
SHAEFRICEE T, IR RECEAR M . SRR SR %, LR 3 M EEHSEEL T PCaly
Rk iz, K, e TrEE R o INBE SRR DR R . BEN B ARSI
HBED-CC) 5HHE A HI (A DOTA), FHESRIZMARic, SRS ; HIRES R FRiCN
T, ERN R e LE, E BRI ST, IEIRES A R “Ca-PSMA-11 R HIJFIREE
A HBED-CC, WIYEEMR M HEE A Ga™, & HEIN i) 1) PSMA PET/CT ZWitiel; Wigy7—ikik
FIAZ DR “Gal/ "Lu-PSMA-617 MR A IR EE A9 DOTA, ZE SR AARENENTEREE, EHW
EiErrid, BIEBEHIEE “Ca SIBITE R "L A T RE 0 TE40h, sZBl “FriLEIRpTE” .

Ry $Ga-PSMA-11 5Ga-PSMA-617

0 0y OH
) ¢
()zg(\)l\I> H()\n/‘\NJLNgOH ()

%Ga-PSMA-617
5 CARERIGART H PSMA #1i PET 73 745+ 52 W0 ] (L@ L8R Rkt )
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Fig. 6 Molecular structures of mono-targeted probe [*Ga]Ga~FAPI-04(A) and dual-targeted probe [“Ga]Ga-PSFA-01(B)"";

PET/CT images of [®Ga]Ga—PSFA-01 and [*Ga|Ga—FAPI-04 in PCa patients(C)rsﬂ; mechanism(D) and chemical structure

(E) of the PSMA-targeted covalent radioactive tracer™”
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Table 2 Comparison of the performance and applications of probes for various imaging modalities
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Fig. 7 Chemical structures of PSMA-targeting PET tracers "“F-1(with FITC) and ""F-2(with FAM)(A), PET images of mice
bearing LNCaP xenografts at 1 hour after injection of "F—1 or "F=2(B), bright-field(BF) and fluorescence(FL) images of resect-
ed LNCaP xenografts(C)"*"
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