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is resistant to first-line prostate cancer treatments and poses a significant threat to men's health. The prostate-
specific membrane antigen (PSMA)-targeting radiopharmaceutical ['""Lu]Lu-PSMA-617 has been approved by the
FDA in 2022 to treat PSMA-positive patients with mCRPC, demonstrating significant clinical benefits on patients.
In this work, we introduced a chelator, p-SCN-Bn-DOTA, instead of DOTA for radiolabeling and constructed the
radioligand, PSMA-SCN, and systematically evaluated its diagnostic and therapeutic performance in prostate
cancer. Both molecular docking and cellular competitive inhibition assays indicated that the introduction of p-SCN-
Bn-DOTA enhanced the binding affinity of PSMA-SCN for the target protein PSMA compared to PSMA-617. For
diagnosis, [*Ga]Ga-PSMA-SCN was used to evaluate the tumor imaging capability and in vivo metabolic profiling
by microPET/CT. Quantitative analysis of microPET images shows higher tumor uptake of [*Ga]Ga-PSMA-SCN
[(46.27 + 0.45) and (31.15 £ 0.21)%ID-g"'] than that of [*Ga]Ga-PSMA-617 [(16.8 + 0.98) and (13.38 + 1.44)%ID-g"]
in LNCaP and RM-1 (PSMA *) tumor-bearing mouse models, respectively. [*Ga]Ga-PSMA-SCN also has faster
clearance rates in non-targeted organs. The possible reason is that the introduction of p-SCN-Bn-DOTA improves
the affinity of PSMA-SCN to the targeting protein and has no significant effect on pharmacokinetic metabolism.
For therapeutics, ['"Lu]Lu-PSMA-SCN was used in the treatment of tumor-bearing mice to assess its inhibitory
effect on tumor growth, and the results demonstrated a favorable safety profile. These results confirm that PSMA-
SCN has significant advantages in the theranostics of prostate cancer in comparison with PSMA-617. In
conclusion, both theoretical analysis and biological evaluation of the PSMA-targeting molecule PSMA-SCN
confirm its potential value for the diagnosis and treatment of prostate cancer. All experimental procedures
involving animals were conducted in strict accordance with the ethical guidelines of the Institute of Materia
Medica, Chinese Academy of Medical Sciences (ethics approval No. 00002217).

Key words: prostate cancer; prostate-specific membrane antigen; PET; gallium-68; lutetium-177; theranostics

I %) i % (prostate cancer, PCa) J& 33 P4 W JR A= 5
RGP WL MR AL . AR SR 00 4 BRI R
it HE, w0 B LE 55 1R R ) T o B A
Hor, ##e Ve 2 B AT AT 41 I (metastatic castration
resistant prostate cancer, mCRPC) & i 41| I7 ¥ Y i 14
B B, BL4E T ARG IT 5 R IR T AE NI — BT VR
mCRPC 1735+ AR R ERE X mCRPC
BV TT SRS S5 25 k. R BLPRIE R E ASA5, {(H mCRPC
TSR ME LLSE I S8 AV 1 o 3 4 SR A R 471 i 28 3 4k
FRPAEE T, OO M UM B AR R R AL T
A2 ]

FE G PRS2 B b, /T 21 B 1012 W R VG o7 259 T i =
Rk H AT, 5 IR b 3 ZEAR T #2710 B S 1 Pt
Jii (prostate-specific antigen, PSA) 7K “F- & Jll . Gleason
PF4> & 4t & TNM (tumor node metastasis classification)
SIS LTI o . SR, X L 5 VR A4
PEOR, B 280vE AR e VG PR, R 0 i 55 F R AR AR N
R R A2 Wi B R . AEVRYT T, RE TR
7 ATBOT S5 A% R TF B )z A ARG T I w2
Jig, JUH /& mCRPC, X 58yA 7 R AT A A R, A A%
AT 771296 97 mCRPC 1 A A7 o 2 g A A7 BH A
14.8 1~ HP,

T AR R, BE X AT A1 IR KR I BT R (prostate-
specific membrane antigen, PSMA) ] PET 1% A 51 41l

Ji g 112 W 5 RS fE T AL A T DR w0 R
M T TR N FR A =R R IKBE 1T (glutamate carboxypep-
tidase I, GCP II), /& —Ff 11 284 %5 i 25 (4 o, 7 70 51 iR
o it 3 THD 205 235 B, B H TS R 2P i R IA
B4 100~1 000 £5°". B 78 2 B, 75 10 51 iR B
1, PSMA 132 1 5 5 5 99 19 33 J&& A1 7] mCRPC (1% 4%
i FE >R, K, PSMA /& mCRPC 2 Wi A J7 (1) 2
REO>FHEAR o UTAER, 1A% 2 IR 9T LE 1T F1 e A
HUAS TRt e, FE v i T S A0 ) 22 IR I S 1) A% 245
CLRR A BT A b T 24 4 1 L 41 B et 2022 4F
3 H, FDA fit.#f: L PSMA Jy#E b ) #8 /] #% 24 [ Lu]Lu-
PSMA-617 i -T-797 PSMA FH 1 fI 1 ] mCRPC B &
#, [""Lu]Lu-PSMA-617 [ I {1l AR IR 5 (VISION)
R, E2920.9 4 H BB UG b, AHBCT bR IR 9T 4,
% [""Lu]Lu-PSMA-617 1697 [ B H (e B 2 ot g
AT (8.7 AN A XTEE 3.4 ) AL 7R (153 H
X113 H) HHEB S T8 E g, FE T K
B BEAG T 38%, RIS 1IR3k 251 Bh o, 2 W
K% & ®Ga tr 18 1 [®Ga]Ga-PSMA-11 £ mCRPC ff]
PET/CT B A Bt 6 3 1412 W A A 5 1o oLl e
71, HF A #: % ["Lu]Lu-PSMA-617 A J7 & & i 9
7, SGa 5 Lubric I PSMA B ) 4T B A fi S
BT 89T — A B A%, A mCRPC 3% il 52 17 AN
ks 12T 7 &



- 3122 - 2% %4/ Acta Pharmaceutica Sinica 2025, 60(10): 3120-3130

& PSMA-617 47 T 7E mCRPC 12 W7 5 3397
N R BUR, B IE Pk EL . PSMA-617 43 1
B A A FH I 25 79 J2 “DOTA- BRI e ” 1 B, AV & 34
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Synthetic route of PSMA-SCN. BTC: Bis (trichloromethyl) carbonate; PSMA: Prostate-specific membrane antigen
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IC,, fH .

TR (A X EOE KA LNCaP 5
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Figure 2 Chemical structures and confirmations of radio precursors. A: Chemical structures of PSMA-SCN and PSMA-617; B: HPLC
chromatograms of PSMA-SCN (left) and PSMA-617 (right); C: Mass spectra of PSMA-SCN (left) and PSMA-617 (right). HPLC spectra
were acquired using a YMC-Triat-C18 column (4.6 mm x 150 mm, 5 pm) with a linear gradient of 20%-100% acetonitrile (including 0.1%

trifluoroacetic acid) over 20 min at 1 mL-min" flow rate. Mass spectra were obtained on a LC-MS system with a linear gradient of

5%—100% acetonitrile (including 0.1% formic acid) over 5 min at 0.3 mL-min"' flow rate using electrospray ionization under the following

conditions: capillary voltage 3.0 kV, cone voltage 40 V, desolvation temperature 350 °C, source gas flow 645 L-h
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Figure 3 Radiosynthesis and quality control of [*Ga]Ga-/['""Lu]Lu-PSMA-SCN and [*Ga]Ga-/['""Lu]Lu-PSMA-617. A: Scheme illustra-
tion of ®Ga and '""Lu radio-labeling; B: Radio-HPLC analysis of *Ga and '""Lu-labeling PSMA-SCN and PSMA-617. Radio-HPLC spectra
were acquired using a YMC-Triat-C18 column (4.6 mm x 150 mm, 5 pm) with a linear gradient of 1%-100% acetonitrile (including 0.1%
trifluoroacetic acid) over 15 min at 1 mL-min” flow rate; C: Stability of [**Ga]Ga-PSMA-SCN and [*®*Ga]Ga-PSMA-617 in PBS, FBS, and

whole blood after 4 h incubation. The radio-HPLC analysis method was the same as above
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Figure 4 Binding affinity of PSMA-SCN and PSMA-617 to receptor. A: Molecular docking analysis of PSMA-SCN and PSMA-617 to
PSMA protein; B: Competitive binding assay of [*Ga]Ga-PSMA-SCN and [**Ga]Ga-PSMA-617 to RM-1 (PSMA*) cells
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Figure 5 MicroPET/CT or PET imaging and quantitative analysis in tumor-bearing mice. A: Schematic procedure of the PET imaging; B:

Representative PET/CT fusion images of LNCaP subcutaneous tumor-bearing mice at 1 h post-injection; C: Quantitative analysis of tumor

uptake in LNCaP models; D: PET images of RM-1 (PSMA") subcutaneous tumor-bearing mice; E: Quantitative analysis of tumor uptake in

RM-1 (PSMA*) models. n=3,x+s. P <0.000 1
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Figure 6 Dynamic microPET scans in RM-1 (PSMA™) tumor-bearing mice. A: Dynamic PET imaging of [**Ga]Ga-PSMA-SCN and [*Ga]
Ga-PSMA-617 in RM-1 (PSMA") tumor-bearing mice at 10, 20, 30, 40, and 60 min after injection; B: Dynamic uptake of major organs

within 60 min
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Figure 7 Radionuclide tumor therapy of ['""Lu]Lu-PSMA-SCN in RM-1 (PSMA") tumor-bearing mice. A: Scheme illustration of radionu-
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respectively; B: Tumor growth curves after treatment; C: Weight gain curves after treatment. RTV: Relative tumor volume; BWC: Body-

weight change. n =5, x £ 5. "P < 0.05. ns: Indicates no statistically significant difference
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