ENGINEERING ERYTHROCYTE-BASED MICROMOTORS FOR PRECISION THERAPEUTIC DELIVERY IN TUMOR-MIMICKING SYSTEMS
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Externally directed targeted delivery of therapeutics at the microscale remains limited by low Reynolds number hydrodynamics, biological transport barriers, and material biocompatibility requirements. To overcome these challenges, synthetic micromotors have been developed, demonstrating field-driven motion control. However, these microscale actuators often rely on rigid materials and complex fabrication which limits biodegradability and translational potential. This dissertation addresses these challenges by engineering wireless erythrocyte-based micromotors as a soft biohybrid platform for precision therapeutic delivery in microfluidic systems that mimic the tumor microenvironment.
Intact erythrocytes, red blood cells (RBCs), are utilized as deformable, hemocompatible carriers and assembled with magnetic microparticles through non-covalent interactions to form one-, two-, and three-cell achiral configurations. Under a single uniform rotating magnetic field, these micromotors exhibit dual propulsion modes: bulk swimming and surface rolling near boundaries. Swimming arises from structural asymmetry, while rolling results from hydrodynamic asymmetry that breaks the time-reversal symmetry of Stokes flow. Propulsion performance is systematically characterized in buffer solutions, bovine serum, and biomimetic viscoelastic media, confirming the feasibility of locomotion in physiologically relevant environments. Therapeutic efficacy is established through hypotonic loading of chemotherapeutic agents into intact RBC micromotors, followed by quantitative evaluation of loading capacity and diffusion-dominated release kinetics. Hemocompatibility and cytocompatibility are confirmed in vitro. Magnetically guided delivery is further evaluated in two-dimensional monolayers, three-dimensional tumor spheroid models, and capillary-mimicking microfluidic channels. Compared to free drug diffusion, RBC micromotors demonstrate enhanced therapeutic localization and efficacy under magnetic navigation while maintaining the deformability of native RBCs.
In summary, this work establishes erythrocyte-based achiral micromotors as a biocompatible and soft biohybrid drug delivery platform capable of dual-mode propulsion under a single rotating magnetic field, providing a foundation for precision micromotor-assisted therapeutic delivery in complex in vivo environments.
