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Type I collagen is the most abundant protein in mammals’ Extracellular Matrix (ECM), playing a central role in 
the structure and properties of tissues such as bone, tendon, skin or vocal chords, among others. In vivo, type 
I collagen assembles into multi-level hierarchical structures that yield precise mechanical and biological cues. 
Reproducing this level of order/complexity in vitro is extremely challenging and requires a balance between 
bottom up assembly of collagen molecules—ensuring the fibrillar architecture of the collagen fraction—and top 
down processes able to provide spatial control over the collagen-rich zones. Achieving this balance is 
expected to unlock critical developments in 3D cell culture models, organs in chips and tissue engineering.(1)  
The advent of 3D bioprinting technologies has created an array of works devoted to biological tissue 
analogues. However, those focused on type I collagen differ noticeably from the native tissues they intend to 
mimic. Factors such as harsh thermal treatments, leading to the proteins’ denaturation, use of toxic 
crosslinkers,(2) or their insufficient concentration (as a consequence of the high viscosity of collagen solutions) 
have systematically hindered the reproduction of the key biomimetic features of native tissue.   
This PhD project aims at filling the gap between 3D bioprinting of ECM biomimetic tissues and the elaboration 
of miniaturized physiological and pathologic tissue models. Our approach is based on a patented technology 
by the LCMCP allowing to dramatically reduce type I collagen viscosity without impairing its ability to 
self-assemble.(3,4)  
Preliminary data has shown the formulation developed at the LCMCP allowed to 3D print the highest 
concentration of type I collagen with spatial control ever reported in the literature (Fig.1). Those results are a 
stepping stone to achieve cell-laden 3D printed constructs. 
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The PhD program is structured to transpose these preliminary results into the first example of bioprinted dense 
ECM matrices able to act both as a hierarchical host material and a microfluidic device.  
Combining these two aspects is expected to kick-start a second generation of tissue and organ-in-chip 
platforms that are directly built from ECM components rather than using the non-physiologic 
polydimethylsiloxane (PDMS). 
The first year of the PhD program will be focused in applying fabrication techniques (3D bioprinting and casting) 
to obtain i/ dense collagen monoliths and ii/ flow devices with controlled architecture using a commercial 3D 
bioprinter and in-house casting devices currently being developed at the LCMCP. A large array of 
characterization techniques will be available to describe the obtained materials in 2D (TEM, SEM, PLOM) and 
3D (confocal microscopy as well as Second Harmonic Generation). The obtained materials will be equally 
characterized by bioindetation and AFM to ascertain the material local elastic properties. Based on these results 
the second year will be devoted to the in vitro testing of the constructs. In particular the migration and 
colonization of the prepared materials by relevant Normal Human Dermal Fibroblasts (NHDF) and their ability to 
remodel the constructs according to the chosen concentrations and printing patterns. The third year of the 
project will focus in direct encapsulation/bioprinting of NHDF in variable collagen devices to create 
ECM-mimicking microfluidic platforms oriented towards new tissues-on-chip.  
The work will be conducted in close collaboration with the patent co-authors at the LCMCP (N. Nassif, C. 
Boissière and C. Sanchez).  
The subject is highly multidisciplinary. Creative and technology driven physicists, chemists, biologists or with 
related background are welcome to apply. 

Figure1. A) CAD structure of collagen printed structure. B) 
Preliminary μ-fluidic device walls printed on type I collagen. 
C,D) SEM of printed fibrillar collagen structures (70 mg/ml) 


