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In vivo visualization of macrophagic uptake and intracellular fate of paramagnetically labeled 

liposomes. 
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Nanovesicles are supramolecular aggregates characterized by a bilayered membrane made of  naturally 

occurring (e.g. phospholipids in liposomes) or synthetic (block copolymers or detergents in polymersomes 

and niosomes, respectively) amphiphiles. The main peculiarity of such systems is their ability to be loaded 

with molecules endowed with different physico-chemical characteristics that can be efficiently included in 

the aqueous or incorporated into the hydrophobic portion of the membrane. As far as their use in MRI is 

concerned, such vesicles (mostly liposomes) suitably loaded with paramagnetic or superparamagnetic agents 

have been successfully used in many in vivo applications including passive and active tumor targeting, 

detection of atherosclerotic plaques, lymph nodes, inflammation sites, visualization of myocardium infarcted 

areas as well as imaging tool for the visualization of drug-delivery and as smart responsive probes.[1] Despite 

their large use, there is still a lack of detailed information about the interaction between the nanovesicles and 

cells in tumor environment and their intracellular fate after the cellular uptake. The great versatility of these 

nanovesicles can be exploited for developing MR multicontrast probes in which different contrast modalities 

(T1, T2, and CEST) can be detected at the same time. Given the good complementarity among such contrast 

mechanisms, a kinetic MR multicontrast analysis of paramagnetically loaded vesicles, either in cellulo or in 

vivo on a tumor animal model, can be useful for getting more insight about the cellular uptake and the 

intracellular fate localization of the vesicle.  

The plot reported below displays an example of the temporal evolution of T1, T2 and CEST contrast observed 

after intratumoral injection of  stealth liposomes encapsulating Gd-HPDO3A (simultaneously acting as T1 

and T2 agent) or Tm-DOTMA (monitored as CEST 

agent). 

The differences in the kinetic behaviors may be 

interpreted in terms of a fast cellular uptake of the 

nanoprobe and their entrapment into endosomes. The 

endosomal confinement is detrimental for T1 and 

CEST contrasts that are particularly sensitive to 

the presence of additional biological barriers 

between the paramagnetic agent and cytoplasm and 

extracellular compartments whose water content 

determines the detected water signal. Then, the release 

of the vesicle content, first inside the endosomes and 

then, possibly, to cytosol, determines a late-

enhancement of T1 contrast, whereas the CEST contrast disappears following the vesicle degradation. The T2 

contrast, dominated by magnetic susceptibility effects that are less dependent on the intracellular 

compartmentalization of the intact probe, is almost constant in the few hours after injection and starts to 

decrease following the vesicle degradation. Ex-vivo fluorescence confocal microscopy and FACS analises 

revealed an extensive co-localization between the nanoprobes and tumor associated macrophages.       
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