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Membranes are extensively employed in bioseparation processes due to their inherent selectivity
and modularity, which facilitate both scale-up and scale-down of separation processes. In the
biomedical field, membranes play a crucial role in organ function replacement and in the isolation
and concentration of subcellular components, including extracellular vesicles. Functionalized
membranes, engineered according to design criteris, have demonstrated the ability to deliver
specific biochemical and biophysical cues. These stimuli enable the creation of highly controlled
microenvironments at the molecular level, effectively mimicking in vivo conditions and supporting
the biofabrication of tissue and organ analogs. Micropatterned poly(lactic-co-glycolic acid)
membranes incorporating surface topographies—such as channels, circular and rectangular pillars,
and pits—have been developed to direct cell behavior, including that of neuronal cells, myoblasts,
and stem cells. Furthermore, a rational design strategy has been implemented to construct a
neuronal membrane bioreactor based on highly aligned poly-L-lactic acid microtube array
membranes. This system enhances and guides neuronal outgrowth, enabling the in vitro modeling
of neuroinflammatory responses and Amyloid beta-induced neurotoxicity relevant to Alzheimer’s
disease. In addition, biomimetic membrane systems have been engineered to replicate the
hierarchical architecture of cellular interactions within the tumor microenvironment. These systems
utilize gas-permeable fluorocarbon membranes functionalized with poly-L-lysine to emulate
extracellular matrix properties and deliver targeted biochemical signals for tissue development and
disease modeling. This presentation will highlight recent advances in the design and application of
multifunctional membrane systems for tissue engineering and their integration into in vitro
platforms for biomedical research.



