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Project description :
In vivo, organs are composed of a variety of individual cell types that orchestrate the tissue functions
collectively. In attempts to recapitulate tissue function in vitro, a fundamental understanding of the
role of each of these interactions is crucial to progress. This is why efforts are being made to build
model systems with multiple cell types, where either or both homotypic and heterotypic interactions
are studied to elucidate how they impact tissue function. The interplay and competition between
several types of interactions are being studied as such microphysiological systems (MPS) enable the
dynamic integration of important factors known to influence tissue formation, homeostasis and
function. Soluble biochemical signals and mechanical stimuli are now included in controlled
architectures to study short and long-range cell-cell interactions not only via cytokines but also
cell-matrix interactions, topology, mechanical forces, etc.
In the particular case of the liver, when sought to recapitulate and preserve the functional phenotype
of hepatocytes (HC) in vitro, a biomimetism strategy is followed to construct a physiological liver
sinusoid. A co-culture approach has also been employed and 2-cell, 3-cell and even 4-cell co-culture
platforms have been reported where HC are cultured in presence of liver sinusoid endothelial cells
(LSEC), hepatic stellate cells (HSC), and fibroblasts (FB). Although these independent studies have
enabled some progress in the field, the models lack physiological relevance as most of the
neighbouring cells were activated due to the absence of control of the physical conditions and the
combined effects of mechanical and biochemical factors on HC apicobasal polarization and function
are not clear. More importantly, the mechanocrine signals, deriving from HSC and LSEC cells after
their activation by a mechanical perturbation are not understood and this is why complex
heterotypical co-culture platforms integrating mechanical and architectural cues need to be
developed.
In the liver-sinusoid platform project, we are aiming at (a) developing a MPS that combines some of
the physicochemical conditions that are known to lead to a better preservation of HC function in
vitro but are generally found isolated from one another and (b) studying how mechanical
perturbations may alter the HC identity. The parenchymal cells indeed perform generally better in
culture in either of the following conditions: in the presence of the right number of neighbouring
cells found in their native environment, on soft (1kPa) physiologically relevant substrates, when
seeded on type-I collagen and without any direct shear stress perturbing them. Using
microfabrication techniques and following previous studies from our group and others, heterotypical
liver sinusoid co-cultures will be developed on soft hydrogels to avoid LSEC, HSC and FB
mechano-activation. Then, stresses will be imposed on a tunable mechanical environment to look at
cells mechanoresponse and mechanocrine signalling affecting HC organisation and function in MPS.

References:
Bhatia, S.N., et al, (1999), Journal of Biomedical Materials Research, 34(2), pp.189-199.
Desai, S.S., et al, (2016), Hepatology, 64(1), pp.261-275.
N. Serna-Márquez, et al (2020), Biomimetics, 5(2), 30. *our group
Soydemir, S., et al, (2020), Frontiers in medicine, 6, p.312.


