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• Compared to the 2024 estimation: Increasing new cases and deaths, no cure for mCRPC.
• Developing new, effective treatments is critically important.

Siegel, RL, et al, CA A Cancer J Clinicians, 2025, 75(1): 10-45

Prostate cancer statistics and 2025 estimation



Prostate-specific membrane antigen
• mCRPC is incurable: Biomarker heterogeneity and drug resistance. 
• PSMA: >90% of including advanced PCs. 
• For imaging PC and targeted therapy
• Anti-PSMA 5D3 mAb
• 5D3: high binding affinity with PSMA
• 5D3-DM1 and 5D3-MLN8237

Ultrasmall superparamagnetic iron oxide (uSPIO) nanoparticles
• High loading/conjugation capacity
• Passive and active targeting
• Biocompatibility
• MRI-sensitive/contrast agent
• Ideal platform for clinically-relevant theranostics

PSMA as a biomarker and nano-scale drug delivery

Nature Reviews Urology, 
2016; 13, 226–235.



uSPIO-5D3-DM1-AF488/CF750
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In vitro evaluation of uSPIO-5D3-DM1-AF488

• PSMA(+) PC3-PIP and PSMA(-) PC3-Flu cells.
• PSMA(+/-) cells treated with uSPIO-5D3-DM1-AF488 (20 µg/mL at 37 °C for 2h).
• Prussian blue staining and fluorescence imaging: Uptake by PSMA(+) cells
• Flow cytometry: Better cellular uptake than anti-PSMA mAb.

Prussian blue Confocal fluorescence Flow cytometry



• uSPIO-5D3-DM1 (50 µg/mL at 37°C for 5 h).
• Philips CM120 TEM.
• Internalization by receptor-mediated endocytosis.

In vitro evaluation of uSPIO-5D3-DM1 by TEM
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Cytotoxicity of uSPIO-5D3-DM1-CF750

(A) Cytotoxicity of uSPIO-5D3-DM1-CF750 in PSMA(+) PC3-PIP (IC50 = 1.62 ng/mL, R2 = 0.9896) 
and PSMA(−) PC3-Flu (IC50 = 166.2 ng/mL, R2 = 0.9898) cells.

(B) uSPIO-5D3-CF750: Change in cell viability in PSMA(+) and PSMA(−) cells.
(C) uSPIO-5D3: Change in cell viability in PSMA(+) and PSMA(−) cells.



Schematic for uSPIO-5D3-DM1-CF750 in vivo 

Schematic of drug administration, tumor microenvironment, and subcellular activity depicting the
extravasation, PSMA-driven cell surface binding, cellular uptake, and therapeutic mechanism of
uSPIO-5D3-DM1-AF488/CF750.



Biodistribution of uSPIO-5D3-DM1-CF750

(A) IVIS optical imaging: Mice with PSMA(+) tumors (  ) and PSMA(−) tumor (  ). 
(B) Ex vivo BD: Uptake by PSMA(+) tumors > PSMA(−) tumors.
(C) ICP-MS analysis: Uptake of uSPIO-5D3-DM1-CF750 by the PSMA(+) tumor > PSMA(−) tumor.



Anatomical MRI and quantitative T1 and T2 maps

• uSPIO-DM1-CF750 and 
uSPIO-DM1-CF750

• Dose: 10 mg/kg
• Anatomical, T1, and T2 MRI 

images
• 1 h and 24 h post-inj time 

points. 
• PSMA(+) tumors (  ) and 

PSMA(-) tumors (  ).
• uSPIO-5D3-DM1-CF750 in 

PSMA(+): 20.6% reduction in 
T1, PSMA(−) only a 9.7% 
reduction.

• A 42% reduction of T2 in 
PSMA(+) tumors compared to 
a 16.7% reduction in 
PSMA(−) tumors. 



Toxicological evaluation of uSPIO-5D3-DM1-CF750

Analyte/Blood test Targeted group Untargeted group Healthy group Standard range

1. Total serum protein (T-Pro, g/dL) 6.85 (±0.19) 7.77 (±0.43) 7.65 (±.015) 6.00-10.0

2. Blood urea nitrogen (BUN, mg/dL) 53.3 (±2.9)* 30.3 (±3.93) 19.5 (±4.5) 20.0-40.0

3. Alkaline phosphatase (ALP, IU/L) 62.5 (±26.9) 63.3 (±17.02) 90.0 (±9.0) 35.0-96.0

4. Creatinine (Cre, mg/dL) 1.05 (±0.09) 1.03 (±0.07) 0.85 (±0.15) 0.60-2.72

5. Alanine transaminase (ALT, IU/L) 60.8 ±13.4) 35.3 (±4.1) 37.0 (±1.0) 25.0-60.0

6. Red blood cell count (RBC, K/µL) 5.93 (±0.79)×106 6.63 (±0.58)×106 5.03 (±2.13)×106 3.8-7.9×106

7. White blood cell count (WBC, K/µL) 15.3 (±1.9)* 5.87 (±2.5) 1.2 (±0.2) 2.0-10.0

8. Platelet count (PLT, K/µL) 871 (±71) 1040 (±187) 1707 (±747) 600-1500

• T-Pro, BUN, ALP, Cre, ALT: Spotchem EZ Vet Chem analyzer.
• CBC: Scil Vet abc Plus hematology analyzer.
• uSPIO-5D3-DM1-CF750: T-Pro, ALP, Cre, ALT, RBC, and PLT healthy range.
• BUN and WBC levels are changed, but no life-threatening issues were observed.



Conclusions
• uSPIO was conjugated with anti-PSMA 5D3 mAb and DM1 anti-tubulin agent to make 

uSPIO-5D3-DM1 nano-theranostic. 

• uSPIO-5D3-DM1 shows higher binding affinity with PSMA(+) PC cells and internalizes faster 
than regular anti-PSMA mAb.

• uSPIO-5D3-DM1-CF750 is used as a theranostic and imaged-by optical and MRI

• It demonstrated high and homogeneous tumor uptake in PSMA(+) tumors and significant 
control of tumor growth in preclinical settings.

• uSPIO-5D3-DM1-CF750 exhibits low toxicological effects in PC tumor mouse models.

• uSPIO-5D3-DM1 as PET-MRI image-guided theranotics for evaluation of early treatment 
response and tumor metabolism.
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