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a b s t r a c t

The chemistry, geometry, topography and mechanical properties of biomaterials modulate biochemical
signals (in particular ligand-receptor binding events) that control cells-matrix interactions. In turn, the
regulation of cell adhesion by the biochemical and physical properties of the matrix controls cell pheno-
types such as proliferation, motility and differentiation. In particular, nanoscale geometrical, topograph-
ical and mechanical properties of biomaterials are essential to achieve control of the cell-biomaterials
interface. The design of such nanoscale architectures and platforms requires understanding the molecular
mechanisms underlying adhesion formation and the assembly of the actin cytoskeleton. This review pre-
sents some of the important molecular mechanisms underlying cell adhesion to biomaterials mediated
by integrins and discusses the nanoscale engineered platforms used to control these processes. Such
nanoscale understanding of the cell-biomaterials interface offers exciting opportunities for the design
of biomaterials and their application to the field of tissue engineering.

Statement of significance

Biomaterials design is important in the fields of regenerative medicine and tissue engineering, in partic-
ular to allow the long term expansion of stem cells and the engineering of scaffolds for tissue regenera-
tion. Cell adhesion to biomaterials often plays a central role in regulating cell phenotype. It is emerging
that physical properties of biomaterials, and more generally the microenvironment, regulate such beha-
viour. In particular, cells respond to nanoscale physical properties of their matrix. Understanding how
such nanoscale physical properties control cell adhesion is therefore essential for biomaterials design.
To this aim, a deeper understanding of molecular processes controlling cell adhesion, but also a greater
control of matrix engineering is required. Such multidisciplinary approaches shed light on some of the
fundamental mechanisms via which cell adhesions sense their nanoscale physical environment.
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1. Introduction

In recent years, the reconstruction and regeneration of human
tissues that have been damaged by accident or are seriously com-
promised by diseases such as cancers or cardiovascular and neuro-
degenerative diseases, has been the focus of significant efforts from
the biomedical community. Tissue engineering and regenerative
medicine aim to develop scaffolds combining biomaterials and
cells that mimic some of the characteristics of the tissue they are
replacing. Despite the fast progress in the range and quality of
materials used, our understanding of the interface between cells
and their microenvironment (in this context at cell-material inter-
faces) remains incomplete. This is an important point in the quest
for the design of devices that closely mimic the extracellular
matrix and the cell microenvironment and control and facilitate
the growth and proliferation of cells and their remodelling of the
matrix, leading to tissue reconstruction.

Cell adhesion to neighbours and to extracellular matrix (ECM, a
complex network of proteins and polysaccharides secreted and
assembled by cells) is essential to maintain tissue structure and
mechanical integrity. These interactions are mediated by trans-
membrane cell–cell and cell-matrix adhesion molecules, providing
a direct connection betweenneighbouring cells or ECMproteins and
the cell cytoskeleton. Such molecular networks are not only funda-
mental to confer an architecture to cells and tissues (their shape,
structure and mechanical strength), control the orientation and
localisation of subcellular organelles and cell polarity, but also for
signal transduction [1–3]. The signals transduced from the exterior
of the cell and the cytoplasm (as well as the nucleus) through a
variety of pathways regulate cell behaviour and associated patterns
of gene expression. In addition, an increasing number of reports
provide evidence that physical properties of the cell micro-
environment such as matrix rigidity, topography and geometry
modulate biochemical cues mediated by these molecular networks.

Understanding the detailed mechanism via which molecular inter-
actions allow cells to sense such physical properties is essential to
the design of artificial ECM and biomaterials for tissue engineering
and regenerative medicine applications. This review will focus on
our understanding of the mechanisms underlying the sensing of
the physical cellular environment at the nanoscale, with an empha-
sis on integrin mediated processes. In Section 2, molecular mecha-
nisms controlling the formation of integrin-mediated adhesions
and their anchorage to the cell cytoskeleton are presented as their
understanding is essential to the study of cell response to nanoscale
physical properties of matrices. In Section 3, we briefly present the
design and main fabrication strategies used to prepare important
engineered matrices. Understanding how nanoscale properties are
controlled in such platforms is essential to discuss and identify
mechanisms underlying cell sensing at this scale. In Section 4, we
review more specifically the mechanisms that are known to regu-
late nanoscale sensing of matrix geometry, topography and
mechanics, and discuss how these parameters impact on cell pheno-
type. We made distinction between these different nanoscale.

2. Nanoscale architecture and dynamics of the cytoskeleton and
integrin-mediated adhesions

The formation of cell adhesions, whether to natural extra-
cellular matrix or to synthetic biomaterials, relies on the self-
assembly of molecular complexes that are inherently structured
at the nanoscale although often extending in size up to the micro-
scale. These adhesions are often associated with nanoscale sensing
of surface properties, although other mechanisms have also been
highlighted. Hence understanding the molecular processes under-
lying cell adhesion, the architecture of relevant complexes and
their dynamics is essential to understand the response of cells to
nanoscale physico-chemical properties of biomaterials.
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