
Our laboratory has developed a unique approach to harvest cul-
tured cell sheets only by lowering temperature from thermo-
responsive poly(N-isopropylacrylamide) (PIPAAm)-grafted cell
culture surface, which exhibits temperature-dependent hydrophilic/
hydrophobic changes. Hepatocyte sheet-based tissue engineering is
an attractive method for the treatment of liver diseases. However,
hepatocytes rapidly lose their viability and phenotypic functions on
isolation from the native in vivo microenvironment of the liver. In
this paper, heparin-functionalized PIPAAm-grafted cell culture sur-
face, which interacts with heparin-binding proteins such as heparin-
binding EGF-like growth factor (HB-EGF), has been designed for
maintaining hepatic functions during the cultivation. The addition of
HB-EGF in the cell culture media was essential for the survival of
hepatocytes. When the medium contained less than 10 ng/cm2 of
soluble HB-EGF, the hepatocytes were not able to adhere and form
their cell sheets. Hepatocytes adhered well and formed their sheets on
HB-EGF-bound heparin-functionalized thermoresponsive surface.
The secretion of albumin was maintained and higher compared to
that on PIPAAm-grafted surfaces with soluble HB-EGF. In addition,
when lowering temperature to 20 �C, the cultured cell sheets were
detached from the surface through the reduction of affinity binding
between HE-EGF and immobilized heparin with increasing the
mobility of heparin and the swollen PIPAAm. Therefore, functional
hepatocyte sheets was prepared using heparinized thermoresponsive
cell culture surfaces.

Closed Hybrid Hierarchical Reservoirs Based on the
Deconstruction of the Cellular Native Microenvironment

J. Mano1,2;

1University of Minho, Guimaraes, PORTUGAL, 2PT Government
Associate Laboratory, Braga/Guimaraes, PORTUGAL.

The stem cell niche organization and dynamics provide valuable
cues for the development of mimetic environments that could have
potential to stimulate the regenerative process. We propose the use of
biodegradable biomaterials to produce closed miniaturised structures
able to encapsulate different cell types or bioactive molecules. In
particular, capsules are fabricated using the so-called layer-by-layer
technology, where the consecutive (nano-sized) layers are well sta-
bilized by electrostatic interactions or other weak forces. Using
alginate-based spherical templates containing cells or other elements
(e.g. proteins, magnetic nanoparticles, microparticles) it is possible
to produce liquefied capsules that may entrap the entire cargo under
mild conditions. The inclusion of liquefied micropcapsules may be
used to produce hierarchical compartmentalised systems for the de-
livery of bioactive agents. The presence of solid microparticles inside
such capsules offers adequate surface area for adherent cell attach-
ment increasing the biological performance of these hierarchical
systems, while maintain both permeability and injectability. We
demonstrated that the encapsulation of distinct cell types (including
mesenchymal stem cells and endothelial cells) enhances the osteo-
genic capability of this system, that could be useful in bone tissue
engineering applications.
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The niche in which stem cells reside is a complex, multi-factorial
environment including biochemical and mechanical signals. While
the importance of niche cues on stem cell fate has been well estab-
lished, most work to-date has been performed on 2D substrates. How
biochemical and mechanical signals interact together to regulate
stem cell responses in 3D remain unclear. Furthermore, conventional
strategies are typically low throughput; require large number of cells
and materials. Previous high-throughput studies require a large
number of microarray samples, and only select niche cues in a dis-

crete manner. To overcome the above challenges, here we report a
microfluidic-based platform for fabricating microscale hydrogels as
stem cell niche with gradients of insoluble biochemical and me-
chanical cues. To control hydrogel stiffness, 8-arm PEG-NB was
chosen due to its bioinert nature, which can be crosslinked by PEG
dithiol. Methacrylated chondroitin sulfate was used to mimic bio-
chemical content of cartilage. Successful formation of gradient niche
cues was verified using FITC-labelled crosslinker, and gradient hy-
drogels form within the microfluidic chamber upon light exposure.
Importantly, our microfluidic design protects cells from shear force
during encapsulation, which yields high cell viability. The gradient
hydrogels reported here allow varying niche cues in a continuous
manner using orders of magnitude less cells and materials. Such
microfluidic-based platform for fabricating cell laden gradient hy-
drogels offers a novel tool to facilitate rapid discovery of optimal
niche cues that promote desirable cellular fates tissue regeneration,
and enable analysis of how complex niche cues influence stem cell
fates in a high-throughput manner.
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Adult tendons/ligaments have low oxygen and nutrient require-
ments, low cell density and poor regenerative capacity and often
surgical intervention is needed to promote healing of these tissues.
Delivery of soluble growth factors to these tissues is known to pro-
mote and enhance the healing process, however this is accomplished
with supraphysiological concentrations of growth factors. One way
to overcome this problem is to immobilize the growth factors in
biomaterials, however very little research exploiting this strategy has
been done for tendons and ligaments. Here we present for the first
time a non-covalent method for the delivery of growth factors to
promote and enhance the healing process of these tissues. In this
work we functionalized polycaprolactone with synthetic peptides
that display affinity for specific growth factors. Growth factor
binding peptides were synthetized using FMOC-Solid Phase Peptide
Synthesis and purified using standard HPLC methods. We demon-
strated that it is possible to specifically immobilize TGF-b1, BMP-2
and VEGF on PCL functionalized with the respective affinity binding
peptide and confirmed this by antibody staining and ELISAs. Our
data shows that the immobilized growth factors retained their bio-
activity and activated the respective signaling pathways. Im-
mobilized TGF-b1 induced Smad2/3 translocation to the nucleus,
activation of tendon/ligaments related genes and led to a 2,5 fold
increase in collagen protein content in human Hamstring cells while
Immobilized BMP-2 activated Smad1/5/8 phosphorylation and in-
duced ALP expression in C2C12 in vitro. Further experiments will be
conducted in vivo and with combination of different growth factor
binding peptides within the same material.
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Articular cartilage is a multifunctional tissue with a highly orga-
nized structure which provides a lubricating surface for the gliding
joint and a load bearing matrix attached to the underlying bone.
During native cartilage tissue development, changes in biochemical,
mechanical, and geometrical factors direct the formation of stratified
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