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Background
[PubMed]

Ultrasmall superparamagnetic iron oxide-anti-CD20 monoclonal antibody (USPIO-anti-CD20 MAb) is a 
molecular imaging agent developed for magnetic resonance imaging (MRI) of CD20 antigen-positive B cell 
lymphomas (1). The in vitro magnetic properties of USPIO are reported to be a T1 relaxivity (r1) of 21.6 (mmol/
liter·sec)−1 and a T2 relaxivity (r2) of 44.1 (mmol/liter·sec)−1 at 37ºC and 0.47 tesla (T), where mmol/liter is the 
concentration of iron oxide (2).

Conventional, water-soluble, paramagnetic contrast agents are generally metal chelates with unpaired electrons, 
and they work by shortening both T1 and T2 relaxation times of surrounding water protons to produce a signal-
enhancing effect (3, 4). They distribute in the extracellular fluid and do not cross the intact blood–brain barrier 
(3-5). Another approach is the development of water-insoluble SPIO nanoparticles that comprise iron oxides 
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such as magnetite (Fe3O4), maghemite (γFe2O3), or other ferrites (6, 7). Ferromagnetic crystals are composed of 
magnetized domains the size of a micron. Superparamagnetism occurs when the size of the crystals is smaller 
than the ferromagnetic domain (~30 nm). SPIO agents typically consist of an iron oxide core and a hydrophilic 
coating (8). They have very high relaxivities (R1 and R2), and the significant capacity of these particles to 
increase the susceptibility effect of the measured spin–spin relaxation time (T2*) is especially useful in MRI. This 
large T2* effect is the result of the non-homogeneous distribution of these superparamagnetic particles, which 
accelerates the loss of phase coherence of the spins contributing to the MRI signal. Clinically, SPIO are 
predominantly used for their negative enhancement effect on T2- and T2*-weighted sequences. This class of MRI 
agents includes large oral SPIO (300–3500 nm) agents, standard SPIO (60–150 nm) agents, USPIO (10–40 nm) 
agents, monocrystalline iron oxide (10–30 nm) nanoparticle (MION) agents, and cross-linked iron oxide (CLIO) 
agents (a form of MION with a cross-linked dextran coating) (9). Both the size and the surface properties of 
SPIO particles affect their pharmacokinetics, organ distribution, and intracellular uptake (10). Biologically, SPIO 
particles are usually taken up by the reticuloendothelial system and phagocytic cells. USPIO particles are less 
prone to liver uptake and are small enough to migrate across the capillary wall of tumors (11). They also 
represent a useful MRI label for developing molecular probes to target specific markers (1).

The CD20 antigen (B1) is a 35-kDa, cell-surface nonglycosylated, hydrophobic phosphoprotein expressed on 
normal and malignant B cells, and it does not shed, modulate, or internalize (12-14). B1 is present on ~9% of the 
peripheral blood mononuclear cell fraction and >90% of B cells from blood and lymphoid organs. Lymphoma 
cells from >90% of patients with B cell non-Hodgkin’s lymphoma (NHL) express this antigen. Despite the 
presence of CD20 on normal B cells, it is a good tumor target for molecular targeting with antibodies for the 
management of NHL. Baio et al. (1) demonstrated the successful use of a commercially available USPIO-anti-
CD20 MAb conjugate for MRI imaging in a murine xenotransplant model.

Synthesis
[PubMed]

Numerous chemical methods can be used to synthesize SPIO, and they are generally complex processes because 
of the colloidal nature of SPIO (6). The prototype of USPIO was developed by Weissleder et al. (2), and it was 
obtained through size fractionation of a heterogeneous iron oxide preparation with use of gel chromatography. 
Other processes have produced USPIO from solution, aerosol, or vapor (6, 15). After synthesis, a coating is 
required to prevent destabilization and agglomeration of the colloidal suspension. Many polymeric coating 
materials have been used, such as dextran, carboxymethylated dextran, carboxydetran, starch, polyethylene 
glycol, arabinogalactan, glycosaminoglycan, organic siloxane, and sulphonated syrenedivinylbenzene. The 
surface coating of USPIO allows chemical linkage of functional groups to couple macromolecules to 
nanoparticles. Oxidative and non-oxidative processes have been used to couple antibodies to USPIO (6). Baio et 
al. (1) used commercially available USPIO bound to an anti-CD20 MAb (IgG1-murine) stabilized with sodium 
citrate. The particles were composed of a biodegradable, nontoxic, ferromagnetic matrix (dextran). The overall 
mean particle diameter was ~30–50 nm. There were typically 10–200 antibody molecules/particle (30 nm in 
diameter). The in vitro R1 and R2 relaxivities measured at 37ºC and 1.5 T were 30 and 60 liter·s−1·mmol−1, 
respectively.

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

Baio et al. (1) studied the in vitro binding of USPIO-anti-CD20 MAb to human D430B cells (anaplastic large-cell 
lymphoma B cell line) and Raji Burkitt lymphoma cells. After incubation with the USPIO-MAb conjugates, 
unbound conjugates were removed and cells were included in a matrigel sponge for MRI imaging with a 1.5-T 
MRI system. Immunofluorescence analysis showed that USPIO-anti-CD20 MAb bound to the cell surface, and 
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the D4308 cells expressed five times more CD20 molecules than the Raji Burkitt cells. USPIO-anti-CD20 MAb 
on D430B cells showed a decrease in signal intensity (SI) on T2*-weighted images and SI enhancement on T1-
weighted images. In comparison, USPIO-anti-CD20 MAb on Raji Burkitt cells only showed a slight 
hypointensity on T2-weighted images and a non-homogeneous hyperintensity on T1-weighted images. 
Quantitative analysis showed that the changes in T1 SI (ΔSI = SInonlableled–SI USPIO-anti-CD20 MAb/noise) 
values from the three-dimensional fast-field echo sequences (3D-FFE) at 1.5 T for the USPIO-anti-CD20 MAb 
on D430B cells were −36.6, −12.4, and −6.2 for 0.03 μmol iron (Fe)/liter, 0.01 μmol Fe/liter, and 0.005 μmol Fe/
liter USPIO-anti-CD20 MAb, respectively. The T2 ΔSI values were −73, −24, and −12 for 0.03 μmol Fe/liter, 0.01 
μmol Fe/liter, and 0.005 μmol Fe/liter USPIO-anti-CD20 MAb, respectively. In comparison, the T1 ΔSI values of 
the USPIO-anti-CD20 MAb on Raji Burkitt cells were −25, −9, and −6 for 0.03 μmol Fe/liter, 0.01 μmol Fe/liter, 
and 0.005 μmol Fe/liter USPIO-anti-CD20 MAb, respectively. The T2 ΔSI values were −43, −17.7, and −12 for 
0.03 μmol Fe/liter, 0.01 μmol Fe/liter, and 0.005 μmol Fe/liter USPIO-anti-CD20 MAb, respectively.

Animal Studies

Rodents
[PubMed]

MRI studies were performed in NOD-SCID mice bearing s.c. D430B or the Raji Burkitt tumors (0.5–1 cm2). 
Each mouse received an i.v. dose of 8 μmol Fe/kg 24 h before imaging with a 1.5 T-MRI system (1). The D430B 
tumors showed a non-homogeneous SI decrease on T2*-weighted images and a slight SI enhancement on T1-
weighted images. In comparison, the Raji Burkitt tumors showed slight non-homogeneous hypointensity on 
T2*-weighted images and slight non-homogeneous hypertensity on T1-weighted images. Quantitative analysis 
studies were conducted with the region-of-interest technique to obtain the signal/noise (SNR) ratios. The T2*-
weighted ΔSI value (SNRbefore/SNRafter) of the D403B tumor (n = 5) was 35 ± 7% (82 ± 9%/57 ± 11%), whereas 
the T2*-weighted ΔSI value of the Raji Burkitt tumor was 15 ± 8% (47 ± 10%/40 ± 13%). In comparison, tumors 
in mice injected with a nonspecific standard SPIO agent ferumoxide (17 μmol Fe/kg) showed a T2*-weighted 
ΔSI value of 5 ± 6% (1,392 ± 86%/1,322 ± 80%). The authors concluded that 1.5 T-MRI could detect USPIO-
antibody conjugates that target a tumor-associated antigen in vivo.

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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