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Abstract
Current clinical approaches for articular cartilage repair have not been able to restore the joint surface of
hyaline cartilage with zonal architecture, and its biomechanical and functional properties. Although
mimicking the zonal organization of articular cartilage in neo-tissue by implanting zonal chondrocyte
subpopulations in multilayer construct could enhance the functionality of the graft, engineering of
stratified tissue has not yet been realized due to the lack of efficient and specific zonal chondrocyte
isolation protocols and limited amount of donor tissue to yield adequate viable zonal cells. We show
that by using a spiral microchannel device, the superficial, middle and deep zone chondrocytes can be
separated and enriched from full thickness porcine cartilage in a high-throughput, label-free manner
based on cell size. The size-sorted zonal chondrocytes when delivered in a bi-layered stratified hydrogel
construct, can facilitate better cartilage repair with mechanically enhanced cartilage tissue in vivo, in
comparison to conventional chondrocytes implantation. We also investigate cartilage repair with
mesenchymal stem cell due to its ease of isolation and amenability to ex vivo expansion. We identified a
“chondrogenic competent” subpopulation of MSCs based on cell size, and invent a selective MSC culture
expansion method to enrich the subpopulation based on spiral microfluidic cell sorting. We show that
the new expansion method result in selected MSCs with faster proliferation and better chondrogenic
potential as compared to MSC derived from conventional expansion method.
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