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ABSTRACT

Tumors are highly heterogeneous in which cells with self-renewal and high invasive capacity co-exist
with cells that are more differentiated and non-invasive. Increasing evidence suggests that the
heterogeneity of the tumor tissue is rooted in the existence of cancer stem cells (CSCs). Therefore,
understanding the mechanism of CSC maintenance and its regulation by the microenvironment is
critical to cancer prevention and treatment. Since cancer takes many years to grow, it is important to
develop in vitro models to study the molecular basis of tumorigenesis and progression. Animal models
in which tumors are grown in syngeneic animals or human tumors grown in immunocompromised
animals do not adequately reproduce the features of human cancer in vivo. 3D cell culture systems with
biologic materials that support adhesion and growth of many cell types have emerged as another
approach to cancer stem cell research. However, it is not possible to isolate individual factors in the
microenvironment and the effect on cell response with naturally derived materials. In an effort to control
the cell microenvironment, my laboratory has developed novel inert permissive gels with controlled
physical, mechanical, and biological properties that support the maintenance of CSCs and tumorsphere
formation. Encapsulation of breast cancer cells in these matrices demonstrated that the extent of
tumorsphere formation depends on cell type, and CSC maintenance is modulated by matrix stiffness. In
addition, ligands conjugated to the gel matrix that interacted with heparin-binding cell surface receptors
reinforced tumorsphere formation while hyaluronan-binding and integrin-binding receptors abolished
tumorsphere formation. Furthermore, the response of CSCs and differentiated tumor cells encapsulated
in a gel micro-patterned with ligands depended on the chemotherapy drug: Doxorubicin displayed
toxicity to differentiated tumor cells while Salinomycin displayed toxicity to CSCs as well as
differentiated tumor cells. This model 3D hydrogel system can be used for the discovery of new cancer
biomarkers, cancer drug screening, personalized cancer treatment, and to understand the effect of
individual factors in the microenvironment on epithelial to mesenchymal transition (EMT) and
tumorigenesis.
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