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Advancements in microfluidics are revolutionizing clinical diagnostics and biomedical
research, particularly in addressing challenges in traditional biopsies. This presentation
explores how our team has leveraged microfluidic technologies to enhance the efficiency
and accuracy of clinical biopsies. We have employed microfluidics to create high-throughput
molecular evolution strategies, discovering several classical aptamers widely adopted by the
international community. These aptamers have become essential tools for molecular
recognition and targeting in diagnostic applications. By integrating molecular recognition
with precise microfluidic control, we have developed efficient methods for enriching and
detecting circulating tumor cells and exosomes, offering valuable insights into tumor
heterogeneity and supporting personalized treatment strategies. Additionally, we have
combined fluid control and chemical metabolic labeling to develop single-cell multi-omic
sequencing methods, enabling detailed analysis of cellular dynamic response
heterogeneity. Finally, we have significantly enhanced the spatial resolution and detection
sensitivity of spatial transcriptomic sequencing by merging microfluidic interfacial chemistry
with nucleic acid spatial barcoding strategies, providing a powerful tool for dissecting the
spatial organization and molecular features of the tumor microenvironment. These
technological advances address key challenges in bioanalysis and biomedical research,
transforming clinical biopsy procedures and paving the way for a new era of precision
healthcare.
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