UNIVERSITE o VZAME [

MONTPELLIER Hheemenmme e
E&BIOTHERAPV
PHD PROJECT Multi-scale mechano-biological characterization in space and time of
articular cartilage substitutes (MecaBioCart)
INSTITUTION University of Montpellier, France
RESEARCH UNIT Institute for Regenerative Medicine and Biotherapy (IRMB), INSERM/UM,
CHU Hopital Saint Eloi, Montpellier, France
ED 168 - Sciences Chimiques et Biologiques pour la Santé (CBS2)
GRADUATE SCHOOL q giques p
PHD SUPERVISOR Emeline Perrier-Groult
PHD CO-SUPERVISOR Patrick Cafiadas, Cristina Cavinato

Summary of the project:

This project focuses on the multi-scale mechano-biological characterization of articular cartilage explants
and 3D bio-printed cartilage constructs, and on the development of experimental methods for
biomechanical characterization using imaging and microscopy techniques. The characterization will
evaluate the extracellular matrix and, most importantly, the activity of mesenchymal stem cells and
chondrocytes in the temporal and spatial mechano-biological evolution of the tissues, with the aim of multi-
scale numerical modeling of their behavior. The challenge is to fill the gaps in the evaluation of tissue repair
strategies and to create a comprehensive database for numerical models, based on a strongly
interdisciplinary scientific collaboration.

Location:

The main research sites will be the Institute of Regenerative Medicine and Biotherapies (IRMB,
INSERM/UM, CHU Montpellier) and the Laboratory of Mechanics and Civil Engineering (LMGC) at the
University of Montpellier (St Priest Campus).

Candidate profile:

The candidate should hold a Master's degree in biology, biomechanics, biomedical engineering, mechanics
or materials, or similar fields. They should have skills in bioengineering, biomechanics, and imaging, as well
as cell biology. Knowledge of 3D printing would be an additional asset. The candidate should demonstrate
rigor, motivation, and autonomy in managing an interdisciplinary project shared between two institutes.
Knowledge of 3D printing would be a plus.

Detailed description of the project:

The articular cartilage performs various functions such as transmitting mechanical stresses and repeatedly
absorbing shocks, while maintaining a continuously lubricated surface. The constituent cells of the
cartilage, chondrocytes, are mechanically stimulated to maintain tissue homeostasis. Thus, the
determination of the evolution of microscopic stresses required to activate cells in their native substrate
or in tissue engineering substitutes (created by 3D bioprinting, for example), and their spatial and temporal
relationships with the stresses exerted at the joint level, is crucial to understand the development of
degenerative diseases such as arthritis or osteoarthritis [1] and for the development of strategies for
repairing articular cartilage. However, knowledge of these multi-scale mechanobiological mechanisms
remains insufficient as experimental and numerical means are limited; overcoming these limits and
achieving this goal requires significant multidisciplinarity. The collaboration between the "Stem Cell Biology
and Cartilage Therapies" group at the Institute of Regenerative Medicine and Biotherapy (IRMB) and the



"Biomechanics of Tissue and Cell Interactions and Organization"
team at the Laboratory of Mechanics and Civil Engineering
(BIOTIC/LMGC) has already led to the characterization of

chondrogenic differentiation of stem cells using in vitro and in &
silico methods on microsphere models subjected to €
different mechanical stimuli [2,3]. This collaboration has g

o

extended to the characterization of 3D bioprinted
biomimetic scaffolds with sophisticated structure [4].
However, in line with international state-of-the-art [5,6],
we have not yet achieved an adequate ability to
characterize the mechanobiological evolution of the cell-
matrix-tissue system, which makes it difficult to create Nuclei
scaffolds capable of achieving rigidity and rupture
deformations similar to those of native tissues, favorable
for cellular metabolism.

The proposed approach involves the development of new
experimental methods to combine biomechanical
characterization and imaging.

The analyzed structures will include: (i) native tissue from
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the murine femoro-tibial joint, with its native cells, (ii) Stem Figure 1 (a) lllustration of hydrogel deposition
cells and neo-tissue microspheres, (iii) 3D bio-printed during 3D printing and (b) time-dependent
cartilage constructs based on gelatin, alginate, and fibrin, microstructural remodeling in articular

. neocartilage constructs. Adapted from
and mesenChymaI stromal cells [7'8] (Flgure 13)' Constantini et al. and Onofrillo et al.[9,10].

The project consists of implementing biomechanical tests aimed at characterizing the biomechanical
behavior of cell culture over long periods of time (Figure 1b). The tests will take into account the solid
extracellular matrix, whether fibrous or not, as well as the fluid phase [11,12] under guidance by millimeter
and micrometer level imaging [13,14]. The biomechanical behavior will be influenced by the structural
properties of the materials undergoing remodeling. In parallel, the immunohistochemical properties of
tissue components as well as genetic expression will be analyzed. This will allow us to analyze the ability of
each type of structure to guide cells towards the chondrocyte phenotype and to specify key mechanical
properties at the tissue and cellular scales, enabling optimization of this guidance. The objective of
acquiring such a rich multi-scale database is to inform numerical models with a specific constitutive
framework, motivated by our experimental observations, which will gradually incorporate cellular activity
in a simulation of tissue growth and remodeling [15].

Application:

A CV, a cover letter, and a transcript of grades must be sent to emeline.groult@inserm.fr and
cristina.cavinato@umontpellier.fr before May 8th, 2023. Letters of recommendation in support of your
application are also welcome.
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