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Medical advances have led to a welcome increase in life expectancy.
However, this progress presents its own new challenges: increases in
age-related diseases, and associated reductions in quality of life, have
substantial socio-economic cost. OA is the most common form of arthri-
tis worldwide and the sixth leading cause of disability and in severe
cases, necessitating joint replacement using non-biological prostheses.
A major limitation in the use of prostheses is the risk of infection, dislo-
cation, mechanical mismatch and functional failure; all leading to
revised implants and further surgery. Cell-based therapies are currently
some of the most exciting and promising areas for bone disease treat-
ment and reparative medicine. SSCs present in bone marrow (BM) con-
tribute to the regeneration of mesenchymal tissues such as bone,
muscle, ligament, tendon and stroma However, despite intensive
research interest, there are currently no reliable methods to isolate (or
enrich sufficiently) homogenous skeletal stem cell populations needed
for these strategies given their paucity, less than 0.01%, in bone mar-
row). This research seeks to develop SSC isolation techniques using
unique microfluidic strategies. Traditional immunological sorting meth-
ods such as fluorescence/magnetic activated cell sorting (FACS/MACS)
can be used to isolate SSCs according to surface marker expression.
Both techniques have limitations with regards to purity (� 70%), cell
viability (20-25% post sorting), running cost, mechanical complexity
and the need for trained dedicated technicians, especially FACS. A mi-
crofluidic-based approach offers reduced running costs and enhanced
homogeneous stem cell and progenitor enrichment. Here, we detail
innovative approach to isolate, sort and characterise SSCs from human
BM stromal cells (HBMSCs) using a microfluidic device. Functionalised
super-paramagnetic beads with adsorbed STRO-1 antibody were used
to target the SSC population. Immunomagnetically labelled cells expe-
rience a drag force due to a magnetic field generated by thirty perma-
nent neodymium magnets. The system, designed on the same
principles as conventional MACS has the added advantage of continu-
ous flow enabling labelled cell separation. Experiments have been per-
formed using polystyrene beads labelled with magnetic nanobeads to
simulate the target cells behaviour, while current work is focussed on
isolation of STRO-1 + cells from heterogeneous MG63 human osteo-
sarcoma cells. The final phase will be the assessment of STRO-1 + cell
separation from whole adult HBMSC populations using this system.
This microfluidic approach offers an innovative approach to skeletal
stem cell enrichment with significant therapeutic potential therein for
cell isolation for skeletal evaluation and application.
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In vitro cell expansion, differentiation for further cell transplantation
and biomaterials-cell fundamental assays are still performed more often
on inert 2D surfaces than on 3D culture. 3D systems do not allow an
easy cell monitoring and may demand higher cell density, being more
costly and time consuming. Inert surfaces (polystyrene, biodegradable
thermoplastics or metals) neither resemble the extracellular matrix
(ECM) milieu nor trigger intercellular signaling. Several studies are
focused on surface modification and on the correlation of the surface
properties such as roughness, wettability and chemistry with cell
behavior with regard to the effects on cell adhesion, morphology, prolif-
eration, survival and differentiation.1,2 Proteins, hormones, small pep-
tides, cytokines, inorganic molecules, sulfated and non-polysaccharides
(PS) compose the natural 3D ECM milieu. PS vary on the sulfur con-
tent, sulfonic group (Sg) position and on base units. Sulfonated and
sulfated PS have intrinsic very high affinity towards growth factors and
positively charged molecules through the functional groups turning the
combination of them very bioactive hybrids mats. Current surface modi-
fication models make the transposition to 3D systems complicate.
Layer-by-Layer (LbL) assembling is a versatile technique to coat any
2D/3D structure with polyelectrolytes (PE) which coatings properties
can be modelled and controlled. Herein, LbL was employed to develop
2D models to verify the ability of sulfated and aminated coatings to
improve cell function using PS form marine origin: chitosan (Chi) and
carrageenans (Cars). Chi and Cars have equivalent functional groups to
the ones that are naturally found in the ECM: -NH2, -OSO3H, and -OH.
CHI and j, ι and k Car (1, 2 and 3 Sg, respectively) nanocoatings were
assessed by QCM-D, modelled by the Voigt-model, and characterized
by AFM, SEM and XPS3. The properties of the multilayers can be con-
trolled as well the relative amount of the positive versus the negative
PE. Moreover, the effects on biomineralization of SaOs-2 cell line were
investigated. The coatings, specially ι Car coatings, increased signifi-
cantly alkaline phosphatase activity and biomineralization of SaOs-2
cell line. The results indicated that the coatings do not only attract
medium ions but also enhance osteogenic cell function. These models
are interesting to study cell-materials interactions where surfaces cul-
ture with increased biofunctionality can be developed.
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