Morphological analyses of astrocytes cultured in two- and three-dimensional collagen matrices
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Introduction. Astrocyte morphology is closely linked to its functions, including blood–brain barrier maintenance and synaptic modulation. Although cultured astrocytes are widely used to investigate astrocyte biology, astrocytes maintained under conventional culture conditions typically lack elaborate processes and display an immature or reactive phenotype, limiting their relevance to in vivo astrocyte function.
Aims. We investigated the two- (2D) and three-dimensional (3D) culture condition of astrocytes showing complex morphology similar to in vivo, and analyzed its morphology and gene expression.
Methods. Primary astrocytes were isolated from the mouse hippocampus and cultured either on collagen-coated plates (2D) or within collagen gels (3D) using a serum-free medium supplemented with epidermal growth factor and fibroblast growth factor 2. Astrocyte morphology was evaluated by glial fibrillary acidic protein (GFAP) immunostaining and quantified using SMorph. Gene expression was assessed by real-time PCR.
Results. Astrocytes cultured under the novel 2D condition showed a higher proportion of process formation compared with those cultured conventionally, while 3D-cultured astrocytes exhibited morphologies more similar to those observed in vivo. The novel conditions reduced the expression of astrocyte progenitor markers (Pax6, Tenascin C) and reactive astrocyte markers (Gfap, Vimentin). Additionally, the adrenoceptor agonist noradrenaline (1 µM) increased process number in astrocytes cultured under the novel 2D condition.
Discussion. These findings indicate that the novel culture conditions promote astrocyte process formation and suggest enhanced differentiation and maturation toward a quiescent state. This system enables detailed analysis of adrenoceptor-mediated astrocyte morphological changes and may be useful for investigating the relationship between astrocyte morphology and function.
