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Programming Gd(lll) Coordination Chemistry to Image the Molecular Hallmarks of Aging

Aging is accompanied by progressive molecular and cellular changes that drive tissue dysfunction and age-
associated disease. Magnetic resonance imaging (MRI), despite its extraordinary clinical reach, remains
largely dependent on passive contrast agents that report anatomy rather than biochemical function. Our
laboratory has developed a chemically programmable platform of enzyme-responsive Gd(lll)-based MR
contrast agents that transform specific molecular activity into detectable MR signal through rational control
of coordination chemistry. These probes are engineered so that
enzymatic activation modulates inner-sphere hydration (q),
rotational correlation time (tR), and biological retention,
converting molecular recognition events into measurable T;
enhancement.’?
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We have applied this strategy to cellular senescence, a central 0.45

hallmark of aging and a major contributor to musculoskeletal
disorders including osteoarthritis. Currently, no clinically
available imaging methods directly assess the biodistribution or
efficacy of emerging gene and senolytic therapies in senescent
tissues.?
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Our PB-galactosidase-responsive probes enable direct MR
visualization of senescent cell populations in vivo, providing
spatiotemporal information on disease progression and
therapeutic response in the central nervous system, peripheral

nervous system, and musculoskeletal tissues. Figure 1. Top:  Human
osteoarthritis joints exposed to a

The modular architecture—combining responsive triggers, self- | commercial MR contrast agent
immolative linkers, and programmable Gd(lll) coordination | (Gadavist), where senescent cells
environments—provides a generalizable framework that can be | are not detected. Bottom: A
extended to additional hallmarks of aging by reprogramming the | bioresponsive MR agent that is
molecular recognition element. These studies illustrate how | €nzymatically activated by the
responsive coordination chemistry can move MRI beyond | Presence of senescent cells.
structural imaging toward direct visualization of dynamic
biochemical function in living systems.
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electronic biosensors for DNA & protein detection. He has authored over 350 peer-reviewed publications,
holds 109 U.S. patents, and is the founder of five biotech companies.



