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Chemical name: Quenched indocyanine green-anti-prostate-specific membrane antigen 
antibody J591

Abbreviated name: ICG-J591, J591-ICG

Synonym:

Agent category: Antibody

Target: Prostate-specific membrane antigen (PSMA), or N-acetyl α-linked acidic 
dipeptidase (NAALADase)

Target category: Antigen

Method of detection: Optical, near-infrared fluorescence (NIR) imaging

Source of signal: Indocyanine green (ICG)

Activation: Yes

Studies: • In vitro
• Rodents

Click on protein, nucleotide 
(RefSeq), and gene for more 
information about PSMA.

Background
[PubMed]

Optical fluorescence imaging is increasingly used to monitor biological functions of specific targets in small 
animals (1-3). However, the intrinsic fluorescence of biomolecules poses a problem when fluorophores that 
absorb visible light (350–700 nm) are used. Near-infrared (NIR) fluorescence (700–1,000 nm) detection avoids 
the natural background fluorescence interference of biomolecules, providing a high contrast between target and 
background tissues. NIR fluorophores have wider dynamic range and minimal background fluorescence as a 
result of reduced scattering compared with visible fluorescence detection. They also have high sensitivity, 
resulting from low background fluorescence, and high extinction coefficients, which provide high quantum 
yields. The NIR region is also compatible with solid-state optical components, such as diode lasers and silicon 
detectors. NIR fluorescence imaging is a noninvasive alternative to radionuclide imaging in small animals or 
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with probes in close proximity to the target in humans (4). Among the various optical imaging agents, only 
indocyanine green (ICG), with NIR fluorescence absorption at 780 nm and emission at 820 nm, is approved by 
the United States Food and Drug Administration for clinical applications in angiography, blood flow evaluation, 
and liver function assessment. It is also under evaluation in several clinical trials for other applications, such as 
optical imaging and mapping of both the lymphatic vessels and lymph nodes in cancer patients for surgical 
dissection of tumor cells and endoscopic imaging of the pancreas and colon.

Prostate-specific membrane antigen (PSMA) is a cell-surface glycoprotein with a molecular weight of ~100 kDa. 
It is a unique, type II, transmembrane-bound glycoprotein that is overexpressed on prostate tumor cells and in 
the neovasculature of most solid prostate tumors but not in the vasculature of normal tissues (5, 6). This unique 
expression of PSMA makes it an important biomarker as well as a large extracellular target of imaging agents (7, 
8). PSMA has also been detected in other tissues such as the kidneys, the proximal small intestine, and the 
salivary glands (6). PSMA was found to have N-acetyl α-linked acidic dipeptidase (NAALADase) or glutamate 
carboxypeptidase II activity (9). PSMA may play an important role in the progression of prostate cancer and 
glutamatergic neurotransmission, as well as in the absorption of folate (10). In the central nervous system, 
PSMA metabolizes N-acetyl-aspartyl-glutamate, and in the proximal small intestine it removes γ-linked 
glutamates from poly-γ-glutamate folate and folate hydrolase (6). PSMA can be used as a marker for the 
detection of metastatic cancers with imaging agents. Although the commercially available monoclonal antibody 
111In-labeled Capromomab pendetide (111In-CYT-356) is in clinical use for the detection of prostate cancer, the 
results obtained with this antibody are not entirely reliable (11). In addition, this antibody has limited access to 
tumors and may produce low signal/noise ratios because the target is the intracellular domain of PSMA (12, 13). 
J591, a humanized monoclonal antibody against the extracellular domain of PSMA (14), was conjugated to 
QD655 (QD655-J591) and was found to accumulate in a human prostate cancer cell line in vitro and in nude 
mice (15). However, QD655-J591 has suboptimal tissue penetration and autofluorescence from the skin. To 
improve this approach, Shi et al. (16) used an anti-PSMA antibody J591conjugate with QDs (QD800-J591), 
which emit light in the NIR 800-nm range.

ICG loses its fluorescence upon conjugation to proteins (17). Ogawa et al. (18) utilized this unique property of 
ICG to create activatable optical probes with ICG-antibody conjugates. ICG (and thus fluorescence) was released 
from the targeting antibodies after cell-binding and internalization. Nakajima et al. (19) prepared quenched 
ICG-anti-PSMA antibody J591 (ICG-J591) for in vivo NIR imaging of PSMA-positive tumors in mice.

Related Resource Links:
• Chapters in MICAD (PSMA, J591)
• Gene information in NCBI (PSMA)
• Articles in Online Mendelian Inheritance in Man (OMIM) (PSMA)
• Clinical trials (J591, ICG)
• Drug information in FDA (J591, ICG)

Synthesis
[PubMed]

J591 (6.2 nmol) was incubated with ICG-sulfo-OSu (50 nmol) in Na2HPO4 buffer (pH 8.5) for 30 min at room 
temperature (19). ICG-J591 was purified with column chromatography. ICG-Trastuzumab (ICG-Tra) was 
similarly prepared. J591 was also conjugated with IR700DX N-hydroxysuccinimide ester. The number of ICG 
per antibody molecule was ~1 and ~3 for IR700. The immunoreactivity of ICG-J591 was 69% compared with 
76% for J591. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) demonstrated that 70% of 
ICG was covalently linked to the antibody. Fluorescence intensity was low for both ICG-J591 and ICG-Tra in 
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their native states, whereas exposure to 1% SDS showed an 18-fold and 15-fold increase in fluorescence intensity, 
respectively.

In Vitro Studies: Testing in Cells and Tissues
[PubMed]

LNCaP human prostate cancer cells were reported to have a binding affinity (Kd) of 1.8 nM with 131I-labeled 
J591 and a Bmax of 600,000–800,000 sites/cell in a saturation binding assay (14). Using a PSMA-transfected PC3 
cell line (PC3-PSMA+) and a control cell line (PC3-PSMA–), saturation binding studies showed that 125I-
labeled ICG-J591 and 125I-labeled J951 exhibited a similar Kd value of 2.8 nM with ~2 × 106 binding sites/PC3-
PSMA+ cell. Fluorescence microscopy and flow cytometry showed that IR700-J591 binding strongly to PC3-
PSMA+ cells and only weakly to PC3-PSMA– cells (19). The binding of IR700-J591 to PC3-PSMA+ cells was 
blocked by 100-fold excess of J591, whereas little inhibition was observed in PC3-PSMA– cells.

Animal Studies

Rodents
[PubMed]

Tumor-imaging studies of ICG-J591 were performed in nude mice (the number of mice was not reported) 
bearing PC3-PSMA+ and PC3-PSMA– tumors on opposite dorsum (19). Whole-body fluorescence images were 
obtained at 0.25, 1, 2, 3, 4, 6, and 10 d after intravenous injection of ICG-J591 (0.04, 0.08, 0.16, and 0.32 nmol/
mouse). Maximum NIR fluorescence signals (dose-dependent) in PC3-PSMA+ tumors were obtained at 1 day 
after injection for the four doses. There were only weak signals in PC3-PSMA– tumors. The signal intensity ratio 
of PC3-PSMA+ to PC3-PSMA– was ~14 at 4 d after injection of 0.04 nmol ICG-J591. PC3-PSMA+ tumors were 
clearly visualized even at 10 d after injection. No blocking studies (with unconjugated J591) were performed. 
Injection of 0.08 nmol ICG-Tra exhibited approximately two-fold lower fluorescence signals in 3T3HER2+ 

tumors as compared with the same dose of ICG-J591 in PC3-PSMA+ tumors. Both cell types exhibited a similar 
number of their respective receptors. The difference in tumor signals may be due to differences in the antibody 
delivery to tumors and/or the rates of internalization/activation in the tumor cells.

Other Non-Primate Mammals
[PubMed]

No publication is currently available.

Non-Human Primates
[PubMed]

No publication is currently available.

Human Studies
[PubMed]

No publication is currently available.
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