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Abstract: 
Epithelial cell adhesion to adjacent cells and matrix is crucial to invasive potential and influences cell organization and behavior. It is unclear what triggers cancer cells to lose these abilities and the relation to metastasis onset. Since most cancers can be cured if detected before they attain strong invasive capacity, understanding and detecting the changes that occur in the premalignant-to-malignant transformation would significantly advance the medical field. 

Our study aims to investigate how genetic makeup and cell local environment influence metastatic behavior with two-photon excited fluorescence (TPEF) and second harmonic generation (SHG). By exploiting natural non-linear fluorescence and scattering properties of cell and matrix, these techniques have potential to           non-invasively characterize tissues as well as develop a method to directly assess these optical biomarkers of cancer in real time. 

We created a model consisting of collagen type-I, human fibroblasts, and ras-transformed human epidermal keratinocytes (HEKs) or ras-transformed, E-cadherin-deficient HEKs as benign or malignant cell equivalents, respectively. Our data indicate that upon E-cadherin suppression and loss of cell-cell contact, E-cadherin-deficient tumor cells migrate into surrounding matrix as single cells. E-cadherin-competent cells are organized in rounded, compact clusters that expand evenly in all directions. However, upon incorporation of fibroblasts into the collagen gels, we observe significant enhancements in the degree E-cadherin-competent cell migration, suggesting that environmental factors also play a significant role in cell migration and potentially metastasis. Fourier-based image analysis approaches indicate that an inverse power law dependence characterizes the power spectral density (PSD) of the intensity fluctuations of the TPEF images over a range of spatial frequencies, indicating differences in the benign and malignant cell features on the micrometer scale. 

We expect these optical biomarkers to provide a foundation for non-invasive clinical evaluation of the malignant potential of precancerous cells.  

44

