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Hesb regulates the transition timing of neurogenesis and gliogenesis in
mammalian neocortical development
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During mammalian neocortical development, neural stem/progenitor cells (NSCs)
sequentially give rise to deep layer neurons first and superficial neurons later and then
transit from producing neurons to glial cells. The control of this transition timing is
highly ordered and is very important in determining the cell composition and final size
of the brain. Growing evidence implicates the involvement of epigenetic regulatory
systems in the regulation of this transition timing. It has been reported that the high
mobility group AThook (Hmga) genes regulate gene expression by modulating
chromatin structure, maintain neurogenic NSCs, and inhibit gliogenesis during early-
to mid-embryonic stages through the global opening of the chromatin state. However
the mechanism by which the expression of these epigenetic factors is controlled remains
to be analyzed.

Notch signaling governs various developmental processes, such as, maintenance
of NSCs, neurite outgrowth of cortical neurons, and neuronal versus glial fate choice.
Hes gene family of basis helix-loop-helix (bHLH) transcriptional repressors (Hes1/3/5)
function downstream of Notch signaling and inhibit neuronal differentiation and Hesb
is a key regulator of the maintenance of NSCs after asymmetric mode of neuronal
division. To uncover the diverse role of Hes5, transgenic (Tg) mice that overexpress
Hes5 in NSCs of the central nervous system, that can be manipulated by Tet-On system
was generated.

In Hes5 overexpressing Tg mice, the neuronal differentiation from NSCs is
strongly inhibited, while the switching from deep to superficial layer neurogenesis was
shifted earlier, and gliogenesis was also accelerated and enhanced. By contrast, the
transition from deep to superficial layer neurogenesis and the onset of gliogenesis were
delayed in the Hes5 knockout (KO) mice.

The expression of Hmgal/2 was significantly reduced in the neocortical regions
of the Tg brain as compared to the WT brain. Conversely, expression of Hmgal/2 was
increased in Hes5 KO brain. To reveal the phenotype of Hes5 KO brain is mediated by
the upregulation of Hmgal/2, in utero electroporation of knockdown of Hmgal/21in the
Hes5 KO brain was performed. The switching delay was partially recovered by
Hmgal/2 knockdown in the Hes5 KO brain. Furthermore, Hes5 expression led to the
suppression of the promoter activity of Hmgal/2in reporter assays.

Taken together, these results suggest that Hes5 regulates the transition timing
between phases for specification of neocortical neurons and between neurogenesis and
gliogenesis accompanied by alteration in the expression levels of Hmga genes.
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