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To stimulate the regeneration of damaged tissues, injectable cell-laden hydrogels are highly attractive 
delivery vehicles. They can be non-invasively administrated and fill in defects in hardly accessible and 
fragile tissues and organs like brain or spine. The hydrogel aims at providing a temporary scaffold to 
injected cells, often stem cells, to maintain their viability, stimulate their differentiation and their 
regenerative activity. However, in most of the systems that have been developed hitherto, injected cells 
end up being trapped in the gel and their activity is strongly hindered. We propose here to investigate a 
new strategy by designing injectable thermosensitive hydrogels where a controlled porosity is formed 
in situ in the presence of the cells at the same time as a sol-gel transition takes place. 
 
Using thermo-gelling polymer solutions exhibiting a Low Critical Solution Temperature (LCST), the 
proposed PhD project will explore how a fine control of the sol-gel transition provides a way to tune 
the growth of macropores during the gelation process and offers a favorable environment for the 
mobility and activity of injected cells. A biologically relevant thermo-sensitive gelling system has been 
chosen, the pair chitosan/beta-glycerophosphate. This mixture, which possesses a physiological pH, 
can be held liquid below room temperature for encapsulating living cells or therapeutic molecules, and 
turns into gel implants at body temperature (Figure 1). As chitosan possesses beneficial biological 
properties like low toxicity and biodegradability, the system presents a high potential for drug delivery 
or cell-laden implants. 
 
The project will involve challenging experimental work to synthesize and characterize hydrogels, 
manage crucial parameters as gelling time, gel porosity, biodegradability, as well as more fundamental 
studies to understand processes and design the hydrogel nature and gelation mechanism adapted to 
specific in vivo applications. It will be conducted in collaboration with teams having expertise in neural 
cell biology: P. Topilko’s team (Institut de biologie, ENS) and Z. Lenkei’s team (ESPCI /INSERM). In 
this stimulating environment, the student will benefit from regular exchanges with researchers, 
specialized in many different fields (polymer physics and chemistry, biomaterials engineering, cell 
biology).  
 
 



 
 
Figure 1. a. Chitosan soluble in acidic medium; b. At low temperature (<20°C), chitosan remains 
soluble at physiological pH thanks to interaction with beta-glycerophosphate; c. At T> 37°C, 
gelification by hydrophobic interactions between chitosan chains ; d. Confocal microscopy images 
showing decreasing pore size with increasing chitosan concentration [unpublished data from our lab]. 
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