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Restoration versus reconstruction: how cell anatomy
and extra-cellular matrix influence tissue regeneration
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Tissue regeneration replaces damaged cells and is involved in tissue remodeling.
In order to investigate the existence of a leitmotif of tissue regeneration, we compared
the cellular aspects of regeneration of epidermis, neurons and skeletal muscle, charac-
terized by different types of histological and functional organization. Following dam-
age, all the tissues here analyzed go through three phases: inflammation, regeneration
and maturation. Another common feature is the occurrence of cellular de-differen-
tiation and/or differentiation events, including gene transcription, which are typical
of embryonic development. Nonetheless, various strategies are used by different tis-
sues to replace their lost parts. The epidermis regenerates ex novo, whereas neurons
restore their missing parts; muscle fibers use a mixed strategy, based on the regrowth
of missing parts through reconstruction by means of newborn fibers. The choice of
either strategy is influenced by the physical, chemical and structural features of the
cells as well as by the extracellular matrix typical of a given tissue, which points to
the existence of differential, evolutionary-based mechanisms for specific tissue regen-
eration. Taking skeletal muscle as a model, we present evidence about the importance
of the fiber niche to direct and favour tissue regeneration, a phenomenon of particu-
lar relevance for highly hierarchized tissues such as striated muscles. Niche properties
are accounted for by cell-cell contacts, cell-matrix interaction and paracrine effects in
skeletal muscle. The ordered sequence of steps that characterizes the regeneration pro-
cesses, shared by several tissues, suggests it may be possible to model this extremely
important phenomenon to improve guided in situ regeneration interventions.
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