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Keratan sulfate affects sonic hedgehog signaling and regulates
mouse spinal cord development
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Summary of thesis contents

Neurons and glial cells of the central nervous system (CNS) are
generated from neural stem cells in a highly specific manner, both spatially
and temporally. In the embryonic spinal cord, several secretory factors,
such as Wnt, BMP and Shh, act as morphogen and regulate development.
Wnt and BMP are secreted from the roof plate, and Shh are secreted from
the floor plate and the notochord. They are involved in the patterning of
the spinal cord. Wnts and Shh bind to acidic sugar chains, for example,
heparan sulfate, chondroitin sulfate and keratan sulfate. I hypothesized
that the interaction between morphogens and acidic sugar chains play
essential roles in the pattern formation of embryonic spinal cord. In this
study, I analyzed involvement of keratan sulfate.

Keratan sulfate is a glycosaminoglycan. It is composed of repeating
disaccharide units of galactose and N-acetylglucosamine (GlcNAc), where
the C6 position of GIcNAc is always sulfated. Keratan sulfate is expressed
in the cornea, cartilage, bone and the CNS during development. Although
there are several reports showing that keratan sulfate is an important
factor for the glial scar formation following an injury, corneal development
and healing, function of keratan sulfate in the spinal cord development
remains to be investigated. First, I analyzed localization of keratan sulfate
in the embryonic spinal cord. Highly sulfated keratan sulfate was
expressed 1n the floor plate and the notochord. This expression pattern
colocalized with Shh expression. Genes of all the enzymes involved in
keratan sulfate synthesis were expressed in the embryonic mouse spinal
cord. Next, to understand roles of keratan sulfate, | analyzed the keratan sulfate
null mouse spinal cord. This mouse is deficient in GICNAc6ST-1, which is essential for
keratan sulfate chain elongation. I first examined the position of domain structures by
in situ hybridization and immunohistochemistry. I could not find any change at E10.5.
At E12.5, however, the domain structure shifted ventrally in the keratan sulfate null
spinal cord; pMN domain shifted ventrally and the length of p2 and p3 domain was
decreased. Formation of these domain structures were controlled by Shh signaling.
Thus | checked the Shh signaling as well as Wnt signaling, representing dorsal
morphogens. Wnt signaling was monitored by the expression of Axin2, which did not
change between wild type (WT) and keratan sulfate null mice at E10.5 and E12.5.
Expression of Shh signaling reporter gene, Patchedl, also did not change between WT
and keratan sulfate null mice at E10.5. However, at E12.5, Patchedl expression pattern
was different between WT and keratan sulfate null mice. | thus focused on Sulf1,
heparan sulfate endosulfatase, involved in the Shh signaling and oligodendrocyte
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development. In the E12.5 keratan sulfate null mice, the length of Sulfl expressing
region decreased. It is possible that keratan sulfate regulates Sulfl expression in the
embryonic spinal cord via alternation of Shh signaling since Sulfl expression is
regulated by Shh signaling.

These phenotypes may affect differentiation of neural stem cells in the
embryonic spinal cord. | focused on cell types generated from the pMN domain. The
pMN domain generates motor neurons and subsequently oligodendrocytes. PDGFRa.,
a marker for oligodendrocyte precursor cell, was hardly detected in the E12.5 spinal
cord. In addition, at E14.5 the number of oligodendrocyte precursor cells still tended to
be decreased. Moreover, motor neuron production analyzed by Islet1/2
immunohistochemistry was increased at E12.5. These excessively generated motor
neurons were eliminated by apoptosis and microglial phagocytosis at later stages. On
the other hand, decrease in the number of oligodendrocyte lineage cells was caught up
by PO.

Finally, since pMN domain position shifted ventrally in the keratan sulfate null
mice, | investigated oligodendroglial specification; whether the switch from motor
neuron production to oligodendrocyte production was abnormal in the pMN domain.
Oligodendroglial specification is marked by the induction of the SOX10 expression.
Following that, coexpression of Olig2 with Nkx2.2 promotes oligodendrocyte
differentiation. 1 showed the SOX10 expression at E12.5, did not change between
wild type and keratan sulfate null mice. On the other hand, the number of Olig2,
Nkx2.2 double positive cells was decreased in the keratan sulfate null mice. Thus
switching of motor neuron generation to oligodendrocyte generation was abnormal.

The number of double positive cells was decreased in keratan sulfate

Taken together, my study suggests that keratan sulfate chain plays important
roles in the pattern formation and oligodendrocyte development in the embryonic
spinal cord.
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