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ABSTRACT: Transmembrane protein integrins play a key role in
cell adhesion. Cell�biomaterial interactions are a�ected by integrin
expression and conformation, which are actively controlled by cells.
Although integrin structure and function have been studied in
detail, quantitative analyses of integrin-mediated cell�biomaterial
interactions are still scarce. Here, we have used atomic force
spectroscopy to study how integrin distribution and activation (via
intracellular mechanisms in living cells or by divalent cations) a�ect
the interaction of human pluripotent stem cells (WA07) and
human hepatocarcinoma cells (HepG2) with promising biomate-
rials �human recombinant laminin-521 (LN-521) and cellulose
nano�brils (CNF). Cell adhesion to LN-521-coated probes was
remarkably in�uenced by cell viability, divalent cations, and integrin density in WA07 colonies, indicating that speci�c bonds
between LN-521 and activated integrins play a signi�cant role in the interactions between LN-521 and HepG2 and WA07 cells. In
contrast, the interactions between CNF and cells were nonspeci�c and not in�uenced by cell viability or the presence of divalent
cations. These results shed light on the underlying mechanisms of cell adhesion, with direct impact on cell culture and tissue
engineering applications.
KEYWORDS: integrin, human pluripotent stem cells, human hepatocarcinoma cells, cellulose nano�brils, laminin-521,
atomic force microscope, force spectroscopy, colloidal probe microscopy

� INTRODUCTION
The interactions of cells with their extracellular matrix (ECM)
are crucial in many biological processes, such as tissue
regeneration, wound healing, embryo development, and
tumor metastasis. Cell viability, proliferation, migration, and
di�erentiation are widely a�ected by the interactions of the
cells with the surrounding materials both in vivo and in vitro.
The main mediators of cell�biomaterial interactions are cell
membrane proteins called integrins. Integrins are a family of
transmembrane proteins formed by two main subunits � and
�.1,2 In mammals, these subunits can form 24 heterodimers
with speci�c expression in di�erent cell types.3�6 The binding
of the same ECM ligand to di�erent integrins activates
alternative signaling pathways and thus di�erent biological
responses.7,8 The interaction between cells and biomaterials
can be altered when the integrin cassette of cells changes, for
example, in stem cell di�erentiation or cancer propagation.9

Integrins are components of a complex assembly of proteins
called focal adhesions, with over 150 di�erent associated
molecules.9,10 They can be in an inactivated or activated
conformation.5,11 Due to their dynamic nature, they can
transmit bidirectional signals through the cell membrane.5,12,13

Inside-out signals from cell membrane receptors increase the

ligand binding a�nity of integrins. On the other hand, the
binding of ligands to integrins triggers the creation of focal
adhesion complexes and the activation of downstream signal
pathways. The binding of integrins to their ligands is
in�uenced by divalent cations, with Mn2+ and Mg2+ generally
promoting the binding and Ca2+ preventing it.5,14�16 Never-
theless, this cation e�ect is also concentration dependent.17 A
micromolar Ca2+ concentration is known to be required for
cell�biomaterial binding, but this binding can be inhibited by
higher Ca2+ concentrations in the millimolar range, in the
presence of Mg2+. However, quantitative analyses of the e�ect
of divalent cations on cell�biomaterial interactions are still
very scarce. Depending on the biomaterial nature and integrin
conformation, speci�c or nonspeci�c interactions with
activated or inactivated integrins can take place, all of them
a�ecting the behavior of cells.18
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