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Many patients in need of organ transplants die while waiting for a suitable donor. Therefore, tissue
engineering, which is a method by using scaffolds to expand the isolated cells or develop tissues
from the isolated cells in vitro, has recently been proposed as an alternative treatment to whole organ
transplantation, due to limited amount of donor organs available. In this case, the properties and
functions of cells and tissues developed by tissue engineering in vitro were expected to be similar to
" that in vivo. In fact, isolated cells are usually expanded in vitro for tissue engineering by using a
polystyrene (PS) scaffold, which is a widely used scaffold in cell culture in vitro. However, there are
many researches showed that some cells lost their specific functions when cultured on this flat PS
scaffold. The cells of human body reside in a complex environment whose nature is both
biochemical and biomechanical. The complex environment surrounding each tissue in vivo is unique,
and plays important role in regulating the development and maintaining the normal function of cells,
which will influence the function of tissues. Therefore, it is necessary to find out the appropriate
environment, which is called as scaffold in tissue engineering, for specific cell culture in vitro.

Hydrogels with three-dimensional network structure and viscoelasticity are similar to those of the
macromolecular-based extracellular matrix ECM in biological tissue. As a result, hydrogels are
commonly used not only as scaffolds for repairing and regenerating a wide variety of tissues and
organs but also as substitute materials to develop artificial tissues and organs. A variety of naturally
derived hydrogels can(be used for tissue engineering scaffolds. However, these hydrogels usually
show a poor cellular compatibility without modification with cell adhesive proteins. Our previous
study showed that synthetic hydrogels with negative charges, such as poly (sodium p-styrene
sulfonate) (PNaSS), poly (2-acrylamido-2-methylpropanesulfonic sodium) (PNaAMPS), could be
used as good scaffolds for endothelial cells (ECs) culture without the need for any surface
modification. Synthetic hydrogels have many advantages over natural hydrogels, for example, they
are infection-free and low cost, can withstand high-temperature sterilization, have controllable and
reproducible properties, can mimic several properties of natural ECM to regulate biospecific cell

adhesion and cell migration.
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Based on these results, in this study, we focus on the 2-dimensional cell culture by using

hydrogels as scaffolds, and study on the effects of properties of hydrogels on the behavior and fate of
* human celis. Two kinds of cells, dne is an anchorage independent cell, chondrocyte, which exists in
a 3-dimensional environment in vivo, and the other one is an anchorage dependent cell, endothelial
cell, which exists as mono-layer in vivo, were used in this study. The behaviors of these cells were
investigated when cultured on the surface of several hydrogel scaffolds with different properties. The
dissertation covers 4 chapters: chapter 1 is the general introduction, chapter 2 ~ 3 are the main text,
and chapter 4 is the conclusions. The main results are given as follow:

In chapter 2, the spontaneous redifferentiation of chondrocytes was found on the surface of neutral
hydrogels, such as poly (N, N'-dimethylacrylamide) (PDMAAm) etc., but was not on the surface of
negative charged hydrogels, such as PNaAMPS etc. Furthermore, the redifferentiation of
chondrocytes can be regulated by the charge density of hydrogel scaffolds. The normal human
articular chondrocytes-knee (NHAC-kn) cells form cell colonies, show cartilage-specific
morphology and high cartilage-specific gene expression on neutral hydrogel and hydrogels with low
charge density. The results indicate that this redifferentiated behavior on chondrocytes is due tb a
proper weak adhesion of these hydrogels to adhesive protein existed in the cultivate solutions, which
prevent a strong adhesion of the substrates to the cells. We assume that the weaker adhesion of the
gel favors the 3D stacking of the cells, which is similar to the behavior in vivo, and this promotes the
redifferentiation of the celis.

In chapter 3, The gene expression, glycocalyx content, and surface properties of human coronary
artery endothelial cells (HCAECs) cultured on PNaSS hydrogels with various levels of elasticity
ranged in 3 kPa ~ 300 kPa were measued. We found that all HCAECs reached confluence on these
hydrogels while retaining the similar expression of EC-specific markers to that on PS, a widely used
scaffold in' cell culture in vitro. Polymerase chain reaction (PCR) and glycosaminoglycan assay
showed that the amount of EC-specific glycocalyx secreted by HCAECs cultured on PNaSS was
higher than that cuitured on PS, and it increased with an increase of gel elastici{y. Furthermore, the
HCAECs cultured on PNaSS gels showed excellent property against platelet adhesion and low
surface friction than that on PS. The platelet adhesion and surface friction of HCAECs cultured on
PNaSS gels also depend on the elasticity of gels. The largest amount of EC-specific glycocalyx,
excellent blood compatibility, and the lowest friction were observed when the elastic modulus of the
gel was larger than 60 kPa. Overall, HCAECs cultured on these hydrogels have better surface
properties than those cultured on PS scaffolds, demonstrating the PNaSS gels as potential tissue
engineering material for blood vessels. A

The results in this study promise a novel, less expensive, and efficient method to obtain the
rediﬂ‘erentiated chondrocytes, and a novel culture system to get more similar functions of endothelial
cells in vitro to that in vivo. It is expécted that these synthetic hydrogels can be used as excellent

scaffolds in fundamental medical research and tissue engineering in future.
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