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Abstract

The occurrence of the Great Oxidation Event (GOE) some 2.4 billion years ago has fundamentally changed the
biochemical landscape of living organisms. The evolution of aerobic metabolic processes has led to the inevitable
production of reactive oxygen species (ROS) as by-products in the mitochondrial respiratory chain. ROS are
chemical derivatives of the molecular oxygen that are formed by redox reactions or by electronic excitation. For
a long time, ROS were viewed as a deleterious agent implicated in various pathological conditions. However, in
recent years, there is a growing body of evidence to suggest that ROS can serve as important functional signaling
entities to regulate a plethora of physiological processes. Inspired by the unique features of ROS in biological
systems, our lab has developed numerous material-based strategies and platforms to manipulate cellular redox
metabolisms via the “inside-out” and “outside-in” mechanisms.

In this talk, | will first present several structure-activity relationships studies of inorganic nanoparticles that were
conducted in our lab in relation to their ROS generating properties. Insights gained from these studies have led
to the recent development of a new class of ROS generating nanoscopic functionalized porous nanoparticles
with intrinsic cancer-selective and -killing properties. The potential clinical utility of the “self-therapeutic”
nanoparticles was validated using a panel of cell lines and breast cancer xenograft model. Specially, we showed
that tumor growth can be significantly suppressed even without the incorporation of any drugs nor application of
external stimuli to the nanomedicine. In the second part of the talk, | will introduce the emerging concept of
“mechano-redox transduction”, whereby cells were found to respond to changes in materials stiffness by altering
its intracellular redox status and associated signaling events. Using a series of mechanically tunable mono and
hybrid hydrogel systems, coupled with omics technologies and bioinformatics, we showed that it is possible to
exploit this phenomenon to develop a new form of “cell-free” therapy in regenerative medicine, as well as to
restrain tumor invasion. It is anticipated that these materials-driven redox modulation strategies are posited to
advance the future development of ROS-centric therapeutics and biomedical applications.
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