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Synthesis and functionalization of metallic nanoparticles for cancer phototherapy

Gold nanorods (Au NRs) have attracted great interest as photothermal therapy agents to treat multi-resistant tumors thanks to their high 
near infrared (NIR) plasmonic absorption and efficient heat generation, without additional systemic toxicity. However, the treatment 
efficiency is limited by the very low (<1%) delivery of NRs to the tumors, in part due to the fast capture of NRs by the immune system. In 
addition, the biological effect of photoinduced heat and reactive oxygen species (ROS) production in vivo is still poorly understood. We 
will design and test a new generation of NRs to address these issues by: (i) synthesizing new NRs with controlled ROS production and 
(ii) coating these NRs with a surface chemistry able to evade recognition by the immune system.  
We will first synthesize Au NRs absorbing in the NIR II region, around 1050 nm, where light penetrates even deeper into tissues than in 
the usual NIR I region (800 nm). These nanorods will also be of small dimensions (< 6x30 nm) compared to previously studied materials, 
in order to facilitate penetration into the tumoral tissue and limit photodegradation due to heating and surface reconstruction. Then we 
will grow an appropriate semiconductor (sc), such as TiO2 or ZnO, at the tip or around the gold NR, to enhance the photo-induced 
production of cytotoxic ROS (in particular O2-.) using transfer of hot photo-excited electrons to the conduction band of the sc. These 
Au/sc NRs will mimic architectures already used in the photocatalysis of water for energy production purposes, although with a smaller 
size. These structures will be characterized by TEM and the photogeneration of ROS will be characterized under NIR irradiation. 
Poly(ethylene glycol) (PEG) has been massively used to coat nanoparticles and prolong their circulation in the blood stream. However, 
PEG has been shown to elicit immune responses after repeated in vivo injections. Production of anti-PEG antibodies then progressively 
accelerate the capture of PEGylated proteins by the immune system. In contrast, zwitterionic polymers are not immunogenic. At LPEM, 
we have recently shown that fluorescent nanoparticles coated with a poly(sulfobetaine) ligand are able to completely avoid nonspecific 
adsorption by biomolecules present in whole human serum. We will design a novel surface chemistry adapted to the coating of Au and 
hybrid Au/sc NRs based on block copolymers of sulfobetaines (or other zwitterions or PEG) and multiple dithiolanes for strong 
anchoring. After in vitro characterization of the protein corona formed around these NRs, we will inject them into small rodents to 
characterize their circulation half-life and their final biodistribution, in collaboration with the team of G. Bousquet at the MASCOT lab. We 
will also look for potential immune responses by the presence in the serum of antibodies recognizing the NRs. By comparing NRs coated 
with different zwitterions and PEG, we will try to understand the relationship between immunogenicity, protein corona formation, 
circulation in the blood stream and final biodistribution. This will enable us to select the  appropriate surface chemistry. 
To enhance targeting to tumors, in addition to a potential enhanced permeation and retention effect, we will conjugate these NRs to 
anti-HER2 antibodies. In collaboration with the MASCOT team, these NRs will be injected in mice xenografted with tumors from patients 
overexpressing HER2. We will determine the delay between intravenous injection and tumor capture, to determine an optimal treatment 
protocol. Multiple injections and NIR irradiation of Au and Au/sc NRs will be realized at one-week intervals, while monitoring tumor 
volume. Tissue sections will then be analyzed to characterize tumor tissue damage, and which biological processes were induced by 
NIR irradiation (necrosis, apoptosis, autophagy…). This will shed a new light on the effect of heat and ROS production on the efficiency 
of gold nanorod-based phototherapy. 


