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Valorisation

The shift towards functionalized materials in tissue engineering began to gain
prominence since the beginning of this century. Researchers realized that
mimicking the dynamic and interactive nature of the native tissue microen-
vironment was crucial for successful tissue regeneration. This involved con-
sidering the biochemical, mechanical, and topographical cues that cells ex-
perience in their native environments. The goal was to create materials that
could recapitulate the complex cell-matrix and cell-cell interactions observed
in natural tissues, thus improving the regenerative capacity of cells, tissues
and organs.

The ambitious aim of mimicking native tissue environment requires thorough
understanding of cellular biology with all the reciprocal feedback between
cells and their environment. Computational biology has been a crucial tool
for tissue engineering and regenerative medicine by providing valuable in-
sights, predictions, and guidance throughout the process. The computational
models presented in this thesis contribute towards understanding the funda-
mental biological processes and predicting cell behavior. They can simulate
and analyze the interactions between cells and between cells and their sur-
rounding extracellular matrix (ECM). By integrating experimental data and
existing knowledge, these models provide a deeper understanding of cellu-
lar adhesion (Chapters 3, 4), signaling pathways (Chapter 5, 6), and tissue
development (Chapter 6). This information will help tissue engineering and
regenerative medicine fields in designing optimized scaffold materials cul-
ture conditions with optimum stiffness, ECM mechanical properties and in-
tegrin/growth factor receptor targeting peptides predicted using the models
in this thesis. Eventually, the aim to guide cell behavior towards desired out-
comes will be one step closer.

The area that encompasses the utilization of personalized physiological com-
puter simulations in every aspect of disease prevention, diagnosis, prognos-
tic evaluation, treatment, and biomedical product development is termed
”in silico medicine”. In the future, the computational models in this the-
sis could be incorporated into bigger frameworks of in silico medicine as
they have the capacity to be used for virtual testing and optimization of
tissue engineering methods. in silico medicine is gaining more and more
attention as global healthcare systems face the challenge of increasing de-
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Valorisation

mand and costs. The need for scaling up the personalized treatment op-
tions as well as making them more accessible is also increasing (Lesage et
al., 2023). Computational biology and experts in this field are highly valu-
able in making in silico medicine applicable in the clinic. A report by the Vir-
tual Physiological Human Institute (VPHi, http://www.vph-institute.org/)
demonstrated the increasing confidence of clinicians on in silico tools for med-
ical planning and prediction. Yet they have also indicated the difficulties
in accessing up-to-date computational applications and proper technical ex-
pertise in the field of in silico medicine (Lesage et al., 2023). These difficul-
ties can be overcome by initiatives like VPHi with the support of national
and global support. Recently, European Medicines Agency (EMA, https:
//www.ema.europa.eu/en) announced a work plan for increasing the util-
ity of big data in regulation, to empower data-driven medicines regulation in
the European Union. Similarly, The United States Food and Drug Adminis-
tration (FDA, https://www.fda.gov/) agency has formed a Modeling and
Simulation Working Group to focus on improving the use of computational
models in addition to traditional methods for in vitro testing and in vivo stud-
ies. In summary, in the future, computational models like in this thesis will be
used (with modifications) in predicting cell behavior, scaffold design and op-
timization and virtual testing and optimization of in silico medicine tools.
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