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Sonic hedgehog (Shh) function is essential for patterning and cell fate specification,
particularly in ventral regions of the central nervous system. It is also a crucial
mitogen for cerebellar granule neuron precursors and is important in maintenance of
the stem cell niche in the postnatal telencephalon. Although it has been reported that
Shh is expressed in the developing dorsal telencephalon, functions of Shh in this region
are unclear, and detailed characterization of Shh mRNA transcripts in situ has not
been demonstrated. To clarify the roles of Shh signaling in dorsal pallium (neocortex
primordium) development, we have knocked out the Shh and Smo genes specifically in
the early developing dorsal telencephalon by using Emxlcre mice. The mutants
showed a smaller dorsal telencephalon at E18.5, which was caused by cell cycle
kinetics defects of the neural progenitor/stem cells. The cell cycle length of the
progenitor/stem cells was prolonged, and the number of cycle-exiting cells and
neurogenesis were decreased. Birth-date analysis revealed abnormal positioning of
neurons in the mutants. The characteristics of the subventricular zone, ventricular
zone and subplate cells were also affected. Weak immunoreactivity of Shh was detected
in the dorsal telencephalon of wild types. Reduced Shh immunoreactivity in mutant
dorsal telencephalons supports the above phenotypes. Our data indicate that Shh
signaling plays an important role in development of the neocortex.

Accumulating evidence suggests that Sonic hedgehog (Shh) signaling plays a crucial
role in eye vesicle patterning in vertebrates. Shh promotes expression of Pax2 in the
optic stalk and represses expression of Pax6 in the optic cup. Shh signaling contributes
to establishment of both proximal-distal and dorsal-ventral axes by activating Vaxl1,
Vax2, and Pax2. In the dorsal part of the developing retina, Bmp4 is expressed and
antagonizes the ventralizing effects of Shh signaling through the activation of Tbx5
expression in chick and Xenopus. To examine the roles of Shh signaling in optic cup
formation and optic stalk development, we utilized the Smoothened (Smo) conditional
knockout (CKO) mouse line. Smo is a membrane protein which mediates Shh signaling
into inside of cells. Cre expression was driven by Fgfl5 enhancer. The ventral
evagination of the optic cup deteriorated from E10 in the Smo-CKO, whereas the
dorsal optic cup and optic stalk develop normally until E11. We analyzed expression of
various genes such as Pax family (Pax2/Pax6), Vax family (Vax1/Vax2) and Bmp4.



Bmp4 expression was greatly upregulated in the optic vesicle by the 21-somite stage.
Then Vax1/2 expression was decreased at the 20- to 24-somite stages. Pax2/6
expression was affected at the 27- to 32-somite stages. Our data suggest that the
effects of the absence of Shh signaling on Vax1/Vax2 are mediated through increased
Bmp4 expression throughout the optic cup. Also unchanged patterns of Raldh2 and
Raldh3 suggest that retinoic acid is not the downstream to Shh signaling to control the

ventral optic cup morphology.
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