<312 - rPAER B A 5 0 TR A 2026 4E 5 A5 46 555 5 Chin J Nucl Med Mol Imaging, May 2026, Vol. 46, No. 5

o-ZRAIEE E PET 4 FHR$HEEIA & 750 D 50 R

RrpEm TEH ORE
KEBEMKFEERFERFR . LT RS ERMEESHA, L% 200120
BAEVEH R FE, Email; petcenter@ 126.com

[WE] o RAEEM (a-syn) B5E RERME A0 (PD) KA T fidk 2 9% (Un % Z) 7k Jhi
R LZRGEES) N T TR E, a-syn FE5F M PET 420 THREN AT 8 PD KR SE 808 0 L0 S ik
W R R S AR ER RO T B, SRR I R AU 9T B R 5% AL B B o-syn PET 4 F4RH7E
PD Pyt . BESHREL P 2RI R AT A W RN IR S IR AT AR ) A 4 A SRR T ) o R % I g
Jit Bl 7 1 RIS, WD G RFG S . ARB & 1 45 4 S 4R AT X a-syn JR AR 4R 11
R MR LA RN g B i, LAHES AR PD RS Wy R0 Ak vh iy 1 o

[X88i1A] SN ;o ZMZE S ; ERTLZHE2 B8R &R

EE£ A . HZXK AR FH4 (82472026)

DOI:10.3760/cma.j.cn321828-20250626-00217

Research progress of a-synuclein PET molecular probe in Parkinson disease
Zhang Jianzhow, Ding Jie, Zhao Jun
Department of Nuclear Medicine, Shanghai East Hospital; Shanghai East Clinical College, Dalian Medical
University , Shanghai 200120, China
Corresponding author: Zhao Jun, Email; petcenter@ 126.com

[ Abstract)
disease (PD) and other synucleinopathies (e.g., dementia with Lewy body, multiple system atrophy). Alfa-

Abnormal a-synuclein (a-syn) aggregation is the core pathological hallmark of Parkinson

syn specific PET molecular probes provide crucial tools for early/specific diagnosis of PD and related disor-
ders, as well as dynamic tracking of disease progression. This review provides a comprehensive summary of
advances in a-syn PET molecular probes at both the preclinical and clinical-translation stages in PD. Among
current candidates, benzothiazole derivatives and diphenylpyrazole derivatives exhibit excellent binding af-
finity, target selectivity, and blood-brain barrier permeability, with preliminary clinical translational poten-
tial, representing the most promising directions for future development. Future work should enhance tracer
specificity for a-syn fibrils and optimize in vivo imaging quality to advance a-syn PET in early PD diagnosis

and therapy assessment.
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W4 % 9% ( Parkinson disease, PD) & 4BREE — K41
Frikgem, fefk EEEA 1 Z Ak B 25/ & . HAT PD I
PRAZ W e BEAR S B REAR (N b MR R 2 3R 2% ) (2 i
PRI SR A SRR 2 LR s 2800 B R T2k, S 8T A AL
PR G I, SRR IRE AL S A AR R R T R
JREY), - A% F (a-synuclein, a-syn) & PD A HA
S Ml 25 1 [ AN B% B IR 4R L 2 R G824 (multiple system
atrophy, MSA) DR h B 0407, R RAETE L
He T AR PD e BLFAEME AR BRAR IR AR T, a-syn
TER i P 1E P 2388 BRI L 2 T R A S S i ) 1 v
PrEEREREM A . PET HAR MBI PD FHi & R4 5%
s BRI 0 Sk T BT T AR SR B B R EA
a-syn PET LIRS . ASLRBEN A o-syn PET ¥4 7% PD
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11b 52 a-syn 21432 I L & 202 R0 7, FLA5 #) v il B HUAR
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100 nmol/L( K, =32.1 nmol/L) K 5554 &%), Bagehi 41 75
R FF A BB BRI R AT AR ) 3-RL DY AR A gy
%[ (3-iodoallyl ) oxy-phenothiazine,, SIL23 7, fit i 4 55 b {1 51
PD BF AL AT A, BRI T 3T SIL23 1Y3E
GeES R R, SR, 11b X B-VE B AE & 11 ( B-amyloid,
AB) 1 tau 25 P BB 1 AR IR IE" | SIL23 RYE N H1 (K, =
148 nmol/L) A5 AN J& LA & 6 A W AR oK )| HLw & 77 4
JE¥EME log P 33 5 (11b: 3.79; SIL23; 5.7) 5 Wil Il ik e b
(blood-brain barrier, BBB) 5538 FE AR5 P45 A (4 ()81, R il
T AR BARR
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BRI 5 0 TR 25 2026 4E 5 %5 46 555 5 Chin J Nucl Med Mol Imaging, May 2026, Vol. 46, No. 5 - 313 -

BF227" BOHAR AL AT A9 N-14-[ (E)-2-(1, 3-8 G mg-2-
) LI HRIE | -2-" F-R-N-H R 1R I [ V-(4-( (E) -
2-(1,3-benzoxazol-2-yl) ethenyl ) phenyl ) -2-'* F-fluoro-N-methyl-
benzene-1-sulfonamide,, "*F-2FBox ] (i s BORAEMR AN R —
FE YR oi-syn ZTLE YA 7, B R e DAL /DN BRURR Y R A ik 26
ZURUEH SR AESE B I AR . XS R i, (H 42
PN ST R (i B A A AR ) S R P D PR B S B
PERUR SR 2 —

3ORIR LM RT AR, ORISR AL S )R a-syn
PET /R 557 1 B Bt 3% . 3% 1) A A /2 Woagner 5517 &
B 5-(3-IRFHE) -3-(6-"F-9ATF [d][1,3] Z5BE-5-5E ) -
IH-AME [ 5-( 3-bromophenyl ) -3-( 6-" F-fluorobenzo [ d] [ 1,3 ]
dioxol-5-y1) -1H-pyrazole, '*F-anle138b], iX —ft & ¥ 7 & 4
X e BE A A oc-syn SRR HAT XUHE 400 4 1 (S K0 il ik
JEH 50~ 100 nmol/L) , Hi v SC i 24 28 AT R4 5 1 BUAR A3
(JCHIEMIALR ) sl oA 25 A R 45 0 7 F ik, 2%
WA T SRR LKL A T, Anle138b #F a-syn F5 5L A
ANERRRE AE 2252 S IR H B2 10 J8 I8 B P s BETORR
UM B35 P IR S M L By AR O AR BT R A T
anle138b HYRZEZR , Maurer 2513 T & T T B MRIRET C-
3-(1,3-FFF EIR-5-3K ) -5- (3-JAHE ) - TH-MEmE [ 3-(1,3-
benzodioxol-5-yl ) -5-( 3-bromophenyl )-1H-pyrazole, anle253b ],
ZHREN T E A o-syn £F 2 R B 3 A0 7 (RO e B R
1.6 nmol/L) , HZ/Neh ¥ PET il 52 AT KL 4f (1) BBB 2% fiE
J1 (il SUV =2.1) (BAFAE R T i (log P=5.21) F1ELIE BE
PR (15.1 GBq/ wmol ) %5 [a] 81

4 A REIATEY . Ono 55 I RGEWFFT T A /R E AT
A AR IR OC R BT A I 4 FhbRIC R R 1,
3- 2K KL-2-TN H-1-Hi ( 1, 3-diphenyl-2-propen-1-one, IDP-1)
% IDP-4], HH1 (2K ,4E,6E,8E) -9-(4-— Fl & KL 4 3L ) -1-(4-
WCRHL) F-2,4,6,8-DU4-1-Hi [ (2E,4E,6E,8E) -9-(4-( dim-
ethylamino ) phenyl ) -1-( 4-iodophenyl ) nona-2,4, 6, 8-tetraen-1-
one, IDP-4] X & 4H Q-syn R ETN I Bl (B 8 K,=
5.4 nmol/L) ,{H H jof K 1y 1 4 WUBE 5 SOMA X 43 o i 4 K
(455.07) 5 MR E AR [ 0.45 4 Se AL 8V F S 55 1t %
(percentage activity of injection dose per gram of tissue, %ID/g) ],
SRS AR R, S AT AR FH AR b 22 R 5 2 SRR S vk
TEA IR Z 5 AR KBRS 1), A7 AR 43 T i ok
FRAEFFB AR 73 T B dit, JF % 1 * F-(2E 4K, 6E ) -7- (4-fi
FERIE) -1-[4-(2- 2 0E-3- 5N AL ) MEIEHE | BE-2,4, 6- =0 -
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BT ARETMRE R SR AT (K = 3.4 nmol/L) |, Jiki B B Gk 2
2T+ % 2.40 %ID/g, I HAFFEHAE a-syn AL/ BT rp il
LB ARSI TR B O U e ) e T
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B 12 Kuebler %512 5% FH RN, g 304X TR 2 35 55 s [ A1
FERRYE PR T C-4-[ 5-( 2-TR ML IE-4-JE ) - TH-NHE I -3-2E ] -V-
3L 28 1% [ 4-( 5-( 2-bromopyridin-4-y1 ) -1H-pyrazol-3-y1 ) -N-
methylaniline, MODAG-001] , %} o-syn J& £F 4 14 3% 1 H1 = ik
0.6 nmol/L, BEFEPEULLL 1au I AR 5 30 fi%, SR, 763 5 1
P SR AU R A B R S A, HER T A 20
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TF 5 P A e TR T K19 (d, ) - C-MODAG-001 3 12 [
P AN T AR R E M. R4 MODAG-001 3 1 )
S T AB/tau AYAE X N AT SR T R B, TR, Saw
PP R T R AT EY" C-4- 5-(2- TR IE-4-
L) -1TH-ME me-3-3 ] 2 % [ 4-( 5-( 2-bromopyridin-4-yl ) -1H-
pyrazol-3-yl) aniline, MODAG-005 ] , i b & ¥ 75 (& 4h 52 56 v
S 4988 AR 9445 45 1 (K, =0.4 nmol/L) FFE acesyn
F/NR A LG R E S SMG , NI 2 H 1
SR 49 MBq, HHEHT S 60 min, LI 2 5T bR I 4
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4 G5 2 E 2 8 1 SPECT 45 8 & B — 20, R
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2 RTFEMEATT HE W AR 2R Al A A G M S
HE5H 5 B PrE MBI SER T, 18 a-syn UG PR B I A RR
HIRFFE M 18 Miranda-Azpiazu 2024 3 pau B4 2-((1E,
3E)-4-(6-( F1a %) MEmE-3-58) T-1,3-0-1-56) -1, 3-8 JF
WEME-6-15 [ 2-( (1E, 3E) -4-( 6-( methylamino ) pyridin-3-yl ) bu-
ta-1,3-dien-1-yl) -1,3-benzothiazol-6-0l, PBB3 ] H & T (E)-2-
(4-(2-90-6-( WAL ) ML IE-3-2E ) T-1-05-3-F-1-4E ) 260 [d]
WEME-6-BF [ (E)-2-(4-(2-fluoro-6-( methylamino ) pyridin-3-yl ) but-
1-en-3-yn-1-yl ) benzo[ d ] thiazol-6-0l, C05-01;K, =25 nmol/L ] ,
BT T EEE T ARABFEAE AR/ tau 38 XL Z5 45 HAT A (E) -1-
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If[d] wEme-6-3 ) S HE ) P-2-1 [ (E)-1-fluoro-3-( (2-(4-(6-
( methylamino ) pyridin-3-yl ) but-1-en-3-yn-1-yl ) benzo [ d ] thia-
701-6-y1) oxy) propan-2-ol, C05-05 ] LAt 1" 251X 5 Jy 2 45 1k,
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B2 T AL 4% . Matsuoka %50 B & (19" F-(E)-1-91-3-
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AR MSA w58 i 5 41 AL R IR 1Y) a-syn IR 5
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e BRI , IO 4 1 RAEUE TR IN . ARSRST
TR =7 (1) M 2 5 N T RE RS 1k
VRET 45, STE0 40 BE IR G R A 1 5 20 LR A R PR IX
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