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Many human diseases including all cancers, fibroses, cardiovascular disease and connective tissue 
disorders are characterized by alterations in the collagen organization relative to normal tissues. 
We have developed Second Harmonic Generation (SHG) microscope experimental and 
computational tools to selectively and specifically probe all levels of collagen architecture. These 
include machine learning analysis of collagen fiber architecture as well as computational and 
simulation approaches to characterize sub-resolution macromolecular structure. In both ovarian 
cancer and idiopathic pulmonary fibrosis, we found significant differences in collagen relative to 
that in normal tissues. We also describe an optical method to 3D print models of the collagen fiber 
architecture in these diseased tissues, where we use the corresponding SHG images as 
“blueprints.” These tissue-engineered scaffolds are then used to study the effects of collagen 
remodeling on cell-matrix interactions including migration, cytoskeletal dynamics, and other 
signaling pathways. Collectively we found that the diseased collagen architecture has significant 
effects on resulting biological response. This combination and imaging and modeling collagen 
alterations is a versatile approach to study biological processes in a variety of diseases at the 
single cell level.  
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