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Describe the team that the student will join for the project.

Our research group develops novel functional structures, devices and systems with stimuli-
responsive features at the nano and microscales. Our objectives also deal with applications in
medicine, biology and in the environment. It includes the development of tools for imaging
and therapy in vivo, microfluidics and microrheology as well as the study of living system-
machine interfaces.

Project description

Stroke is a leading cause of death worldwide for which doctors still lack therapeutic strategies.
Ischemic stroke, one of the two major types of cerebral accidents results from the occlusion
of a vessel in the brain, and it represents 80% of all worldwide recorded cases. Modern
medicine tries to develop therapeutics that are personalized and adapted to each patient. To
this aim, the mechanisms at the origin of the stroke pathophysiology, including perturbation
of homeostasis, oxidative stress, inflammation must be studied. One approach consists in
using follow-up of biomarkers associated with molecular imaging and therapeutic agents. The
goal of our project is to develop innovative nanocarriers for in vivo experimentation combining
imaging, vascular inflammation detection and oxidative stress reduction.

The nanocarriers targeted in this study are bimodal. They contain a healing agent to alleviate
the stroke related biological damages and an efficient contrast agent for imaging. The healing
agent is cerium oxide (or nanoceria) [1,2]. Recent studies have shown that nanoceria present
unique antioxidant properties and protect cells against oxidative stress-related damage [3]. In
particular, these nanoparticles were shown to display enzymes mimetic properties in which
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the mechanisms underlying the catalytic activity depend on the particle physico-chemical
properties such as size, morphology and Ce3* fraction [1].

The nanostructures will be functionalized using advanced polymers and peptides for targeting
the inflamed zones of the brain. Polymers are synthesized by the company Specific Polymers®
(www.specificpolymers.fr) with which we have an exclusivity agreement for this study (Figure
2) [2]. The polymers contain poly(ethylene glycol) chains known for their bio-resistant
properties and anchoring moieties (phosphonic acid) [4]. The contrast agents selected for the
study are DOTA-Gadolinium complexes that will be grafted at the PEG end-groups of the
functionalization layer (Figure 1b). For the targeting, peptide or antibody will be used. The
peptide has a sequence of 10 amino acids that was shown to associate in the blood circulation
to cell adhesion molecules (VCAM-1) located at the endothelial cell membrane.

In vitro cellular biology assays will be performed for testing targeting efficiency prior to the in
vivo work. In vivo experiments will be carried out on a mouse model that will be treated to
provoke an ischemic stroke, in collaboration with Isabelle Margaill group at the Université de
Paris. MRI experiments will be performed at Paris-Tech on a 7 Tesla coil dedicated to small
animal investigations [5,6]. The summary of the knowledge obtained by this study is that
biocompatible polymers can be pursued as surface modifiers of nanoceria that can tune its
enzymatic activities.
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Figure 1: a) Representation of ischemic stroke, including the blockage of the blood vessel and the
affected areas (ischemic core and penumbra). b) Transmission electronic microscopy image of
nanoceria. c) Schematic presentation of therapeutic nanocarrier with functionalization corona.
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