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Master 2 internship proposal - Gold-based nanoparticles for photo-induced 

hyperthermia on pancreatic tumor environment to facilitate the penetration of anti-
cancer agents 

Internship supervisors: 
Virginie Monnier (Institut des Nanotechnologies de Lyon, INL): virginie.monnier@ec-lyon.fr 
Charlotte Rivière (Institut Lumière Matière, ILM): charlotte.riviere@univ-lyon1.fr 
Marie Frénéa-Robin (Laboratoire Ampère): marie.robin@univ-lyon1.fr 
Duration: 6 months, starting spring 2022 
 
Subject: 
Pancreatic cancer is a challenge for oncologists due to unfavorable prognosis and limited treatment 
options. Chemotherapy efficacy is weak because of the limited diffusion of cytotoxic molecules to the 
target cells, due to the particularly dense tumor microenvironment. In collaboration with the 
Assistance Publique-Hôpitaux de Paris (AP-HP), we propose to study the influence of various physical 
stimuli to locally alter the properties of tumor tissue and thus facilitate the penetration of anti-cancer 
agents. Gold-based nanoparticles (NPs) are able to produce photo-induced hyperthermia which allow 
to improve for instance the efficacy of chemotherapeutic drugs on cancer cells, which are more 
sensitive to heat than healthy cells. 
The Master internship student will work on this project in collaboration with 3 laboratories involved 
in the iMUST Labex: Institut des Nanotechnologies de Lyon (INL), Institut Lumière Matière (ILM) and 
Laboratoire Ampère. The student will synthesize different gold nanostructures (nanorods, core-shell) 
exhibiting near infrared absorption properties at INL. Their structure will be optimized to reach 
plasmonic band in the first (700-900 nm) or second (900-1700 nm) biological windows, in which the 
absorption and scattering of biological tissues is minimized. They will be eventually functionalized to 
be addressed to specific biological receptors on cells. Then, their photothermal properties when 
dispersed in solution will be tested under exposition to infrared source. In collaboration with 
Laboratoire Ampère and the Biophysics team of ILM, gold nanostructures will be studied in vitro on 
2D and then 3D cell cultures (spheroids) and exposed to infrared. A device currently developed by 
Ampère and ILM for spheroid electroporation will be used for this purpose. It allows culture of 
hundreds of spheroids of similar size and shape in a microstructured hydrogel and easy medium 
exchange/reagent injection while avoiding spheroid handling steps. The student will have access to 
Ampère culture facilities. The NPs penetration and distribution in cells will be quantified by optical 
microscopy using a methodology recently developed at ILM and correlated to the therapeutic 
efficiency that will be investigated with toxicity assays. In particular, gold NPs will be detected through 
their two-photon excited photoluminescence properties using the multiphoton microscope on the 
Lyon NanOpTec platform.  
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