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- Mégane Muschi (directeur de thèse ; 50 % encadrement) : termine fin septembre 2019 
- Angelika Mielcarek (directeur de thèse ; 50 % encadrement) : termine fin septembre 2019 
- Kevin Dedecker (directeur de thèse ; 50 % encadrement) : termine fin septembre 2018 
- Nicolas Sadovnik (co-direction ; 25 % encadrement) : termine fin septembre 2020 
- Joanna Christo (co-direction ; 25 % encadrement) : termine fin septembre 2020 
Co-encadrant éventuel : Prof. Nathalie Steunou, UVSQ (co-direction ; 25 %) ; nouveau 
(nouvelle) MCF ENS (recrutement printemps 2018) (co-encadrement 25 %) 
Thème* (A,B,C,D,E) : 
 
Titre de la thèse: Smart Stimuli-responsive NanoMOFs for Imaging Guided Tumor Targeting 
Drug Delivery 
Description du projet (max. 1 page) :  
Based on their large pore sizes and volumes, biodegradable character and low toxicity, iron(III) 
carboxylate MOFs are of a strong interest in nanomedicine. These solids possess large cages accessible 
resulting in huge drug-loading capacities and have been widely studied as the potential chemical drug 
nanocarriers in recent years [1]. To overcome their current limitations in terms of particle size and 
colloidal stability, various strategies have been pursued to build nanoMOFs with smaller hydrodynamic 
diameter (<200 nm) in order to perform in vivo experiments. Another issue is the surface modification 
of nanoMOFs, both due to the rapid degradation of the MOF once in contact with body fluids as well as 
risks of pore intrusion by the biopolymers. Several strategies have been proposed recently to overcome 
these issues such as the coating of nanoMOFs with cyclodextrins phosphates (CD-P), or click chemistry 
to anchor PEG moieties at their outer surface. Besides, to develop stimuli-responsive multifunctional 
NanoMOFs, the most suitable strategy is to integrate advantages of inorganic nanoparticles that enable, 
once coupled with the nanoMOFs, multimodality imaging, stimuli-responsive drug release, and image-
guided targeted cancer therapies [2]. There are a few articles that already describe core-shell 
nanoMOF/Gold Nano Rods (NGrods) architectures as stimuli responsive drug delivery systems (DDS), 
using ZIF-8 or other MOFs [3]. However, so far none of them deal with iron carboxylate MOFs; to our 
opinion, these latter are the only one whose toxicity have been in depth studied in vivo and they possess 
the largest potential as nanocarrier due to their very large encapsulation capacity (pore size). 
The goal of this proposal is thus to develop a new generation of core-shell stimuli responsive 
biocompatible iron based nanoMOFs to treat important diseases (e.g. cancer…). Herein, the candidate 
will prepare new core-shell engineered nanoparticles that consist of (i) GNrods (core) due to their very 
nice photothermal properties suitable for theranostics and (ii) nanoMOFs’s shells based on iron 
carboxylate nanoMOFs. Recently within Dr Serre’s team a low temperature synthesis route of such 
nanoMOFs has been developed. This is of importance here to minimize the risks to degrade the inorganic 
nanoparticles under microwave irradiation or precipitate the nanoMOFs out of the external surface of the 
GNrods. The preparation of these nano-objects will be prepared with the collaboration of E. Dumas and 
N. Steunou at ILV (Versailles). Then the intrinsic porosity of the nanoMOFs will be exploited through 



the loading of chemotherapeutic drugs, which both can operate sustained release at the tumor site. To 
improve the colloidal stability of nanoMOFs and ensure stealth properties to the core-shell nanomaterial, 
polyethylene glycol (PEG) chains will be grafted to cover the outer surface, as well as folic acid (FA) to 
target specific tumor cells. Also, to better realize precise drug delivery in vivo and to take benefit from 
the glutathione (GSH) groups that are present within tumor’s microenvironment, one will consider PEG 
chains with disulfide bonds, this latter being destroyed when arriving at the tumor site, thereby allowing 
a sustained release of the chemotherapeutic drugs inside/near the tumor. 
Biological testing in vitro will include biocompatibility and targeting property of nanoMOFs by 
evaluation of viability of tumor cells, cellular binding and uptake of nanoMOFs, which will also be 
monitored using confocal laser scanning microscopy These experiments will be mostly carried out within 
the facilities at the chemistry department of ENS (including a new cell culture room) or in collaboration 
with other labs within the Paris area. Finally, in addition to the study (through external collaboration) of 
the fluorescent and/or photothermal properties of the composites as well as the drug release properties 
under irradiation, one will carry out biological in vivo testing in mice tumor models (intravenous 
administration) using the most promising GNRs/nanoMOFs system (toxicity, biodistribution, efficacy 
under light irradiation) will be performed during the last step of the thesis, in collaboration with other 
groups specialized in nanomedecine (e.g. Prof. F. Gazeau (Paris Decartes), Prof. P. Couvreur (Chatenay, 
France)…) to evaluate the efficacy of tumor treatment by nanoMOFs and carry out biodistribution and 
blood circulation experiments after injection of nanoMOFs. 
 
References : 
[1] Simon-Yarza, T., et al., Nanoparticles of Metal-Organic Frameworks: on the road to in vivo efficacy in 
biomedicine. Adv Mater, 2018, in press 
[2] Simon-Yarza, T., et al., A Smart Metal-Organic Framework Nanomaterial for Lung Targeting. Angew Chem 
Int Ed Engl, 2017. 56(49): p. 15565-9 
[3] Sene, S., et al., Maghemite-nanoMIL-100(Fe) Bimodal Nanovector as a Platform for Image-Guided Therapy. 
Chem, 2017. 3(2): p. 303-322 
 
Profile of the candidate : an expertise in the synthesis and functionalization of nanoparticles and if 
possible a first experience in in vitro cell culture assays will be greatly appreciated. 
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