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Enhanced MRI Relaxivity in Anchor-free PEGylated Iron Oxides: Towards High Performance Targeted Cancer Imaging
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Introduction 
	Superparamagnetic iron oxides nanoparticles (SPIONs) used as contrast agents (CAs) offer improved visibility of internal body structures in MRI scans. Nonetheless, their processing involves the use of intermediate molecules (that act as anchoring groups) and complex PEGylation protocols, which hinder the advance of further targeted cancer therapies and diagnostic strategies [1]. Our research group is developing anchor-free PEGylated SPIONs that enhance the coordination of water protons with Fe. Our preliminary results indicate that they exhibit increased spin-spin relaxation, and produce a significant enhanced contrast in the range of few [Fe] mM, as tested through MR phantom imaging. Moreover, they do not induce toxic response in typical cancer cell lines in absence and presence of an external magnetic field. Furthermore, our findings reveal that the PEG molecules attached to the anchor-free cores immobilize water molecules in large regions (~100 nm), which would lead to achieving blood half-lives of tens of minutes. 

Experimental 
	SPIONs and PEG-SPIONs were synthesized via PEG-assisted hydrothermal approach, and characterized via TEM, XRD and SQUID. The relaxivity measurements were performed using an NMReady-60e benchtop relaxometer (Nanalysis Corp.) operating at 60 MHz and 1.40 T, whereas the T2-weighted MR phantom images were acquired using an Agilent 4.7 T/200 MHz MRI scanning system. 

Results and Discussion
	Figure 1 shows the T2 -weighted MR phantom and stability tests of PEG-SPIONs in aqueous solution at different iron concentrations (0.1-0.4 mM). The images obtained from four different slices of single aliquots show contrast enhancement as the iron concentration increases. This enhancement is ascribed to the great number of iron ions with unpaired electrons on the NPs surface, and to the strong susceptibility effect and large surface area of the 11-nm SPIONs. Their high magnetic moment induces strong magnetic inhomogeneity in local magnetic fields around the NPs that in turn lead to enhanced contrast. It is well established that T2 is highly dependent on both the MS and the core effective radius (ER), and given that MS is reduced to 54% of its initial value, one can thus assume that the most critical point to enhance the contrast is to increase the boundary ER of PEG-SPIONs. 
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[bookmark: _GoBack]Fig. 1. T2-weighted MR phantom images of PEG-SPIONs in aqueous solution at human body temperature and using a 4.7-T MRI scanner, showing a low degree of sedimentation (range of 0.1-0.4 [Fe] mM).

Conclusions
	PEG-SPIONs generate MRI contrast enhancement (per-Fe atom relaxivity ~123 mM-1s-1) on T2-weighted sequences, and hence can be considered as highly sensitive T2 CA. This enhancement is correlated to the increased effective radii due to nanoparticle clustering and the local field inhomogeneity of the magnetic core. The fact that the anchor-free PEG-SPIONs do not require increased saturation magnetization values to produce high magnetic relaxivities can be a key in the development of next-generation CAs for nascent-stage cancer diagnosis. 
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