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Abstract

Cells within the tissues or organs are organized in a highly structured microenvironment
and this organization is considered to be a prime reason for functionality of the tissue. The
microenvironment i.e. the cells and the ECM impose certain boundary conditions (in the
form of geometrical or mechanical cues) that not only effect the cell organization but also
its migration, proliferation and differentiation. The understanding of cell organization into
a functional tissue has been a long-standing problem for tissue engineering (T. E.) and it is
believed that cell-cell and cell-ECM interactions play a key role in directing the assembly

of cells into a specific architecture.

Although, developmental biology has explained the formation of a tissue and an organ, the
understanding of various cellular processes that results in complete assembly of cells into
functional tissue in-vitro is lacking. This fundamental understanding of how cells assemble
onto a substrate will enable development of functional tissues in-vitro and accelerate the
field of tissue engineering. Thus the goal of this thesis was to study these cell-cell and cell-
material interactions and utilize them do develop various models for tissue engineering

applications.

Chapter 1 discusses the various challenges and recent developments in the field of tissue
engineering. In Chapter 2, a simple model to co-culture cells without the use of tiresome
lithographic techniques was developed by utilizing the cell-material interactions. The
finding showed that by fabricating micropatterns of micrometers depth, the cell-material
interactions can be enhanced along the corners of fabricated geometry. This force the cells
to initially migrate and align along the corners. By letting the cells to occupy the corners,
the study demonstrated how this type of phenomenon provides an easy way to generate

voids that can be utilized for culture of another cell type.



Further in Chapter 3, the difference in the morphology of the cells present at the corners
vs the center as seen in the previous chapter was utilized to guide a biological process such
as differentiation of human mesenchymal stem cells into multiple lineage within the same

geometrical pattern.

Previous chapter investigated the use of substrate biophysical cues towards the
development of a 2D culture for controlling the differentiation of MSC’s into multiple
lineages within the same geometrical pattern. However, all these studies were carried out
in 2 dimensional (2D) patterned surfaces. Studying differentiation in 3 dimensions (3D),
which mimics in-vivo conditions is more relevant for clinical applications of tissue
engineering. Typically, exogenous factors are used when cells are differentiated in 3D but
that limits differentiation into multiple lineages in the same scaffold. If a strategy for
controlling differentiation via scaffold or ECM-cell interactions can be developed, it will
enable multi-lineage differentiation within the same scaffold. Chapter 4 investigates
substrate controlled differentiation of cells into multiple lineages without the use of
exogenous factors and an attempt has been made to control the differentiation by

controlling the scaffold chemistry.

Further, to seek application of modulating the biological process and more specifically
cellular adhesions in tissue engineering, in Chapter 5, a micropatterned dressing was
designed and the efficacy of these patterns towards enhancing the process of wound healing

was demonstrated. Chapter 6 discusses the conclusion and future outlook of the thesis.
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