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In animals, the extracellular matrix (ECM) forms a three-dimensional network occu-
pying the intercellular spaces (interstitial matrix) or serving as physical and biochemical
support for cells and tissues (basement membrane). Presenting a highly variable nature
and composition, according to the cells having produced it and according to the tissues, the
ECM is broadly composed of an organic fraction represented by the extracellular macro-
molecules (collages, proteoglycans, elastin, structural glycoproteins or more enzymes) and
a mineral fraction [1]. The intercellular interstitial spaces are thus essentially filled by
gels of polysaccharides and fibrous proteins forming a loose three-dimensional network
acting as a mechanical shock absorber against the compressive stresses exerted on the
ECM. The ECM of basal membranes consists of an apposition of several sheets upon which
are various connective tissue and epithelial cells, and it presents a specific composition
from one tissue to another: essentially, collagen and hydroxyapatite in the bone tissue;
reticular, elastic and collagenous fibers in loose connective tissues [2]; and globular proteins
suspended in blood plasma. The biochemical nature of the natural and native extracellular
matrix, its composition, its organization, its heterogeneity or even its roughness are all
elements providing microstructural, mechanical and biochemical signals that can influence
cell adhesion and behavior, inter-cellular communication or cell differentiation, and this is
achieved in a static or dynamic way, as well as spatially or temporally [3].

The ability of different Implantable exogenous (bio)materials, synthetic or not, to
mimic the complex interactions between cells and their microenvironment in vivo is es-
sential to the successful implantation of a biomaterial [4]. These interactions, between
the biomaterial and the cells, are conditioned by their reciprocal orientation, the three-
dimensional architecture, the zone and the type of contact at the microscopic scale at the
cell/(bio)material interface, and above all, the ability of this contact to induce an appro-
priate cellular response. Understanding and mastering these different constraints in the
design of biomaterials to be implanted are therefore essential for the development of the
next generation of tissue engineering [5].

In the context of advanced approaches in this field, the current Special Issue of Bio-
engineering aimed to gather modern studies related to cell–biomaterial interactions. The
current Special Issue included two original articles and five review articles.

Among the different fibrous proteins structuring the ECM of connective tissues, elastin
and collagen represent the most abundant proteins of the ECM of adipose tissue [6].
Newman and her colleagues thus studied the effect of different scaffolds made up of
collagen and elastin, as well as their physico-chemical and mechanical properties, on
the induction of adipogenic differentiation of stem cells derived from human adipose
tissue [7]. A study by FTIR spectrometry also showed the existence of secondary binding
interactions between collagen and elastin, while a porous structure was visualized by
electron microscopy within all the scaffolds. The authors then reported that the increase
in the final concentrations of collagen and elastin, associated with the presence of cross-
linking, made it possible to reduce the rate of water swelling of the scalds while improving
their modulus of elasticity and their resistance to compression. Specific cell morphological
behaviors were subsequently reported depending on the type of scaffold used, since
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smeared morphologies were visualized when using softer, non-cross-linked scaffolds, while
cells exhibited spheroid morphology and better induction of adipogenic differentiation
when stiffer and/or cross-linked elastin–collagen-based scaffolds were used. In conclusion,
this study highlighted the importance of the mechanical properties of a collagen and
elastin scaffold in the induction of a specific cell morphology and a better induction of
adipogenic differentiation, allowing researchers to create more physiologically relevant
three-dimensional in vitro culture models [8,9].

An alteration in the biology and mechanical properties of the ECM has already been
demonstrated during the process of tumor progression, inducing a modification of the
proliferation of tumor cells and a modulation of their gene expression associated with
a modification of the actin cytoskeleton [10]. In the second article, Sugimoto and his
colleagues demonstrated a new target gene coding for a Yes-associated protein (YAP) [11,12],
which can be modulated by matrix metalloproteinase (MMP)-24 and is involved in tumor
cell mechanotransduction in response to a modification of the MEC [13]. The authors first
showed an increase in MMP24 expression in MCF-7 human breast cancer cells when these
cells were cultured on stiffer substrates, while MMP24 expression was significantly reduced
by knockdown of YAP. The authors thus concluded that MMP24 could negatively regulate
the aggressiveness of cancer cells in the rigid ECM environment during tumor progression,
and the authors were thus able to show that the stiffening of an ECM favored the invasion
of tumor cells [14].

In the next article, Chang and Lin reviewed the various hydrogel-based in vitro tumor
models and methods for generating gradient stiffness to study migration and other fate
processes of cancer cells in the pancreatic ductal adenocarcinoma [15]. This pathology,
particularly aggressive and resistant to chemotherapy, due to the presence of dense fibrous
tissue, hypovascularized and composed of stromal cells and extracellular matrices, is
the most common type of pancreatic cancer and has known only modest improvements
in patient survival rates over the past few decades. Other studies have concluded that
increased ECM stiffness also triggers the invasion of tumor cells in the pancreatic ductal
adenocarcinoma [16,17].

Tysan and colleagues then reviewed the mechanisms conditioning the transition
from a smooth muscle vascular phenotype to an osteogenic phenotype during vascular
calcification [18]; characterized by the hardening of the arteries, vascular calcification is
the deposition of hydroxyapatite crystals in arterial tissue. Among the different initiation
pathways and mechanisms behind vascular calcification, the authors specify in particular
the involvement of the wingless-related integration site (WNT) signaling pathway, as
well as bone morphogenic proteins (BMPs) and mechanical stress. The authors rightly
postulated that developing a better understanding of the mechanisms behind calcification
could lead to the development of a potential treatment in the future [18].

Fuest and his colleagues then examined the different perspectives and challenges
surrounding the bioprinting technique in the specific case of the cornea [19]. Indeed,
currently, corneal transplantation remains the ultimate treatment option for advanced
stromal and endothelial disorders.

Always focused on the eye and its different tissues, Baino and Kargozar then address
the different aspects of the regulation and modulation of the response of ocular cells/tissues
in the context of the use of implantable biomaterials and drug delivery systems [20]. Indeed,
ocular drug delivery systems, allowing sustained release while maintaining therapeutic
drug levels in the target tissues, must allow the use of an encapsulated drug while deliv-
ering the appropriate concentration of the drug to the target tissue. Their review article
provides an overview of biomaterials used as drug carriers in the eye, including micro-
and nanospheres, liposomes, hydrogels, and multi-implant materials. Furthermore, the
advantages and limitations of these devices are discussed with reference to the main ocular
applications [20].

Finally, Zhao and colleagues reviewed the various aspects of hepatic stem cell differen-
tiation in 2D and 3D biomaterial systems [21]. Indeed, there is a critical shortage of donor
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livers for the treatment of end-stage liver failure implying the urgent need for alternative
treatment options. Hepatocyte-like cells derived from various stem cells represent a promis-
ing cell source for hepatocyte transplantation, liver tissue engineering, and bioartificial liver
assist device development. To further promote liver differentiation and maturation, bioma-
terials can be designed to recapitulate cell–extracellular matrix interactions in both 2D and
3D configurations. In this latest review, the authors summarize and compare the various
2D and 3D biomaterial systems that have been applied to liver differentiation, highlighting
their roles in presenting biochemical and physical cues to different stem cell sources.

Contributions to this Special Issue take readers on a journey into topical research
activities in the specific area of interactions between cells and biomaterials, covering new
and different aspects, within different tissues and cells, as well as during tumor progression
processes. As guest editor for this Special Issue, I am optimistic on the fact that this specific
area of research will again spark inspiration and ideas for further research and development
in the field. In this way, more data will be collected, highlighting significant aspects that
can be used in therapy, and at the same time improving the application of these advanced
methods in terms of economy and quality.
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