
Introduction: Cell migration is a ubiquitous process that is of
fundamental importance in tissue morphogenesis, wound healing, and
tissue engineering. For effective migration, cells need to be able to
successfully convert internal cytoskeletal forces to external tractional
forces against an extracellular substratum. Tractional forces are
exerted on the substratum via specific cell surface receptors and
complimentary cell adhesion molecules present in the substratum.
Tractional forces exerted by the cells are balanced by cell migration
and/or matrix reorganization. Several studies have determined that the specificity and adhesivity of collagen can
be enhanced by the covalent grafting ofbioactive peptides onto collagen. However, in some cases cell adhesion
is so permissive the substrate is 'too sticky' for a cell to be able to migrate. Herein we show that grafting
GRDGS, a non-adhesive peptide control for GRGDS, decreases fibroblast adhesion to collagen gels. The
decrease in cell adhesion decreased the ability for these cells to compact free-floating collagen gels, and, at low-
to moderate concentrations of grafted peptide, increased cell migration.
Methods: Two peptide sequences - GRGDS, which includes the cell-binding domain RGD, and its scrambled,
non-adhesive version GRDGS (RDG) were grafted onto collagen using EDC. Peptides were grafted to soluble
collagen, which was then dialyzed to remove unbound peptides. Grafting efficiency was between 50-60%. Rat
dermal fibroblast (RDF) adhesion, matrix reorganization, and migration were assayed with three grafted
concentrations ofRGD or RDG - High: 0.14mg/ml, Medium: 0.07mg/ml and Low: 0.035mg/ml and native
2.0mg/ml collagen gels using methods detailed below.
Adhesion Assay: RDFs (50K/ml) that constitutively express GFP were seeded on collagen gels and allowed to
attach for 3hrs. Following rinsing, the number of cells were counted under epifluorescent microscopy.
Matrix Compaction Assay: Cell traction was indirectly assayed by measuring compaction of free-floating, disc-
shaped collagen gels seeded with 50Kcells/ml over a period of 6 days. Compacting gels were imaged under
bright field and disc cross-sectional area was measured every 24 hours.
Cell Migration Assay: RDF migration was assayed on and in grafted and ungrafted collagen gels with
computer-controlled microscopy. Selected fields were imaged every 10-15 minutes for 12-14 hours. Migration
coefficients were determined using a persistence random walk model from two dimensional spatial cell tracks
determined by Image Pro Plus.
Results and Discussion: It is generally accepted that a biphasic relationship exists between cell adhesion and
cell migration, where an optimum density ofintegrin-ligand binding creates the most favorable force balance
for cell migration. We demonstrated that this could be accomplished for naturally adhesive biomaterials by

covalently grafting non-adhesive peptide sequences to mask native adhesion.
Addition of non-adhesive RDG decreased adhesion and cell-mediated
compaction, and increased cell migration, whereas addition ofbioactive
RGD to collagen increased adhesion and cell-mediated compaction, but had
little effect on cell migration. From a biomaterials perspective, the inclusion
of soluble factors to affect cell adhesion - which often entails complex, drug-
releasing materials or transfection of cells - can be avoided. Incorporating
non-adhesive peptide sequences on to collagen is a simple, yet elegant means
of manipulating traction mediated behavior.
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Introduction: Traditional 2D tissue culture (TC) methods have demonstrated that adhesive cues from
extracellular matrix (ECM) molecules significantly influence the phenotypic behavior of cells. Although they
provide models for investigating aspects of ECM-cell interaction, they do not replicate the 3D environment
experienced by embryonic stem cells (ESCs), which is critical when studying embryoid body (EB) formation
and differentiation. Previously, we demonstrated that the growth and size ofEBs was significantly different in a
3D collagen scaffold vs. on that same scaffold [1]. In this study we have further investigated the role of 3D
matrix stiffness in differentiation of embryonic stem cells into nestin positive cells, which is a marker of
precursor cells capable of differentiating into ectodermal lineage specifically neurons. We believe that the 3D
cues presented by a biomaterial scaffold to resident ESCs - specifically the mechanical stiffness and nature and
density of cell adhesion binding sites - combine direct differentiation into specific lineages.

Methods: Day 2 murine EBs, cultured using standard hanging drop techniques, were seeded in free floating
collagen scaffolds. The mechanical stiffness of the collagen scaffolds were altered using genipin, a cell tolerant
crosslinking agent that has been previously characterized in our
lab [2]. Collagen scaffolds were incubated in OmM,O.lmM,
O.5mMand 1.0mM of genipin for 12 hours. Following
incubation in genipin, collagen scaffolds were washed and EBs
were allowed to differentiate in standard differentiation media
for Ildays without the addition of any growth factors. Media
was changed every 2 days. On day 11 EBs were fixed,
cryosectioned and immunolabeled for the presence of nestin, an
intermediate filament protein, that marks progenitor cells of the
CNS [3].

Results: EBs cultured in collagen scaffolds with the ImM
genipin showed the highest incidence of nestin positive cells.
EBs cultured in collagen scaffolds that were cross linked with
O.5mMgenipin had a smaller less organized population of
nestin positive cells, while, EBs cultured in OmMand O.lmM
genipin had no cells that were nestin positive.
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Figure 1: 20 micron sections of embryoid
bodies seeded in collagen gels of varying
stiffness. Collagen gels were cross-linked with
OmM, 0.1mM, 0.5mM and 1mM genipin.
Embryoid bodies seeded in collagen scaffolds
of 1mM Genipin showed the highest incidence
of nestin positive cells. Scale Bar: 200 microns

Discussion: The results indicate that the simple manipulation of the mechanical properties of collagen gels with
genipin goes a long way in influencing the differentiation ofESCs within EBs into nestin positive cells. These
nestin positive cells can be selectively harvested and differentiate into a number of cells types, including neural
and pancreatic progenitors.
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