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Purpose: Gadolinium (Gd) chelates, as high efficiency T1 contrast agents, have been widely used for signal enhancement during MRI. However, Gd chelates may 

dechelate and release free Gd ions to cause potential toxicity.1 Inorganic Gd nanocrystals, which provide a crystal environment, are expected to efficiently prevent 

nanoparticles from releasing free Gd.2 Here, we report the development of a folate (FA) modified gadolinium oxide (Gd2O3) nanoprobe as a targeted MRI contrast 

agent for cancer diagnosis.   

Methods: Gd2O3-based nanoparticles were conjugated with 5(6)-carboxyfluorescein (FI) for 

fluorescence and functionalized with poly(ethylene glycol) (PEG) segments bearing FA group 

(Fig.1). The morphology and particle size of the Gd2O3-FI-PEG-FA were observed using 

transmission electron microscopy. The effectiveness of the Gd2O3-FI-PEG-FA as an MRI contrast 

agent was evaluated via an r1 MRI relaxivity measurement. To determine the specificity and 

efficiency of delivery, the targeted nanoprobe Gd2O3-FI-PEG-FA was evaluated with folate 

receptor (FR) positive HeLa tumor cells, which were visualized by fluorescence microscopy and in 

vitro MRI. Nontargeted Gd2O3-FI-PEG nanoparticles were tested as negative controls. In vivo MRI 

was performed before and 2 h after intravenous administration of Gd2O3-FI-PEG-FA or Gd2O3-FI-

PEG into mice bearing HeLa tumors. The T1-weighted images were acquired using a routine fast 

spin echo sequence by a 3.0T MR system (Achieva TX, Philips Healthcare, Netherlands) with the 

following parameters: 

TR/TE = 500/10 ms, slice 

thickness = 4mm, and 

NEX = 2 . After MRI, the 

grafted tumor was 

excised for histological analysis and observed with a fluorescence microscopy. 

Results and discussions: The Gd2O3-FI-PEG-FA nanoparticles exhibited a relatively uniform 

particle size with an average diameter of 36 nm and spherical morphology. The longitudinal 

relaxivity (r1) of the Gd2O3-FI-PEG-FA (r1 = 6.540 mM-1s-1) was higher than that of clinically-

used Gd-DTPA (Magnevist, Schering, Berlin, Germany).3 FR-specific and enhanced cellular 

uptake of the Gd2O3-FI-PEG-FA was observed using fluorescence microscopy, which can be 

attributed to the FR-mediated endocytosis (Fig.2).4 In vitro cellular MR signal enhancement of 

Gd2O3-FI-PEG-FA was confirmed. Moreover, Gd2O3-FI-PEG-FA showed more remarkable 

contrast enhancement than the control probes according in vivo MRI (Fig.3). The tumor tissue 

immunohistochemical analysis demonstrated improved accumulation of the targeted 

nanoprobe in the tumor region that showed clear MRI contrast.   

Conclusion: Multifunctional Gd2O3-loaded nanoparticles were developed for targeted 

molecular MRI of FR positive HeLa tumors. These results suggest that Gd2O3-FI-PEG-FA may 

be a promising nano-platform for combined targeted antitumor drug delivery and molecular 

MRI cancer diagnosis in future clinical applications. 
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Figure 2. a. Fluorescence imaging of HeLa cells incubated with Gd2O3-FI-PEG-FA and the 
control probe Gd2O3-FI-PEG. b. Schematic illustration of specific targeting of folate 
receptor on tumor cells by Gd2O3-FI-PEG-FA. c. In vitro T1-weighted MRI of HeLa cells 
incubated with various concentration of Gd2O3-FI-PEG-FA. 

 
Figure 3. In vivo T1-weighted MRI of HeLa tumor-bearing mice and 
fluorescence immunostaining of the tumor section. 

Figure 1. Preparation and characterization of Gd2O3-FI-PEG-FA 
nanoparticles. 
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