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Abstract: Significant research efforts have been directed towards major diseases. Yet,
burdens of some understudied diseases are on the trajectory of rapid increase. Due to limited
prior research efforts, data related to the mechanism, defined biomarkers and effective
therapeutic targets for these diseases are lacking. Instead of addressing these challenges
individually, it is essential to leverage an interdisciplinary and collaborative approach of
converging biochemistry, biophysics, biomaterials and bioengineering to foster a
comprehensive solution. The presentation will detail a study on pelvic organ prolapse (POP),
a heavily understudied disease that affected almost one in four women in the United States.
We examined the multiscale structure, molecular composition and mechanics of collagen
fibrils from pelvic floor connective tissues and established the correlation with clinical
diagnostic scores in a patient-specific manner. This led to the development of novel silk-
carbon nanotube composite fibers that were tailored to enhance collagen production of
patients’ dysfunctional fibroblasts and improve tissue repair in vivo after transplantation.
Such a cellular therapeutic approach offers a simple, direct and effective way to restore the
function of patients’ cells for personalized treatment. Another disease model is periodontitis,
which affects over 47% of adults over 30 and progresses silently to advanced stages. By
assembling a research team of clinicians, chemists, engineers and data scientists, a big-data
enabled sensor prototype has been under development to detect diverse salivary biomarkers
specific. This was achieved by the integration of microfabrication, spectroscopy,
nanoparticle synthesis and advanced machine learning for a portable and label-free salivary
sensor for periodontitis detection and therapeutic monitoring. The study will also enable a
therapeutic strategy of tuning the salivary components for the treatment oral diseases.
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