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(Regulation of Wnt by sugar chain modifications of heparan sulfate proteoglycans)

Wnts comprise a family of secreted proteins with various functions in
embryogenesis and homeostasis. They are thought to form concentration gradients in
tissues to regulate cell polarity or cell fate. Long-range distribution of Wnts requires
heparan sulfate proteoglycans (HSPGs), which possess heparan sulfate (HS) chains
attached to the core protein. A number of studies have shown that HS chain
modifications are important for Wnt activity and distribution. HS chains are
glycosaminoglycans, which consist of repeating disaccharide units of uronic acid
(GlcA) and N-acetylglucosamine (GlcNAc). They can be classified into at least three
groups based on modifications of the N-position in GIcNAc: unsubstituted, deacetylated
(GlcNH3), and N-sulfated glucosamine (GIcNS). These modifications are catalyzed by
a bifunctional enzyme, N-deacetylase/N-sulfotransferase (NDST), which has both N-
deacetylase and N-sulfotransferase domains. However, biological functions of these
HSPG modifications have been poorly understood. Therefore, I examined the
significance of differences in HS chain modifications in Wnt signaling (Chapter 1) and

in formation of planar cell polarity (PCP), which is regulated by Wnt (Chapter 2).

Chapter 1: Examination of HS chain modification involved in Wnt accumulation on the
cell surface and in Wnt signaling
Wnt8 activates canonical Wnt signaling, resulting in transcription of its target

genes via f-catenin. Modification of HS chains by NDST1 is important to activate this



Wnt signaling pathway. Since NDST has two enzyme activities that generate N-
deacetylated glucosamine and N-sulfated glucosamine, it is difficult to determine which
modification is important for Wnt signaling. To tackle this problem, I attempted to
separate these two enzyme activities of NDST1. I successfully generated an NDST1
mutant (NDST1-mPBS) that increases N-deacetylation, but not N-sulfation of HS chains.
This was accomplished by introducing mutations into the two binding sites of 3'-
phosphoadenosine 5'-phosphate (PAPS), the donor of sulfate groups for N-sulfation.
By comparing the function of this mutant with wild-type (WT) NDSTI, I
examined the significance of N-deacetylation and N-sulfation of HS chains separately
in early Xenopus embryos. While overexpression of wild-type (WT) NDST1 enhanced
Wnt8 accumulation on cell surfaces, overexpression of NDST1-mPBS did not affect it.
Furthermore, the capacity of NDSTI-mPBS to activate canonical Wnt signaling was
significantly weaker than in WT NDSTI. These results show that N-sulfation of HS

chains is required for Wnt8 accumulation on cell surfaces and its signaling activity.

Chapter 2: Examination of HS chain modifications in regulation of PCP

Cells in a tissue plane are often aligned. This alignment results in what is
termed planar cell polarity (PCP), established by proteins called core PCP components,
which are asymmetrically localized within a cell. In vertebrates, Wnt gradients are
believed to regulate PCP. However, since it has been difficult to visualize Wnts, the
precise mechanism by which they regulate PCP is largely unknown.

Proper PCP formation in the neural plate is necessary for neural tube closure.
Since Wntll1 is required for neural tube closure in Xenopus, a Wntl1 gradient seems to
regulate PCP formation in this tissue. However, findings obtained in our laboratory that
Wntll does not disperse to form a concentration gradient in the neural plate. Rather, it
accumulates along the medio-lateral axis of cell boundaries, in a similar fashion to core

PCP components. Based on these findings, it appears that Wntl1 regulates PCP in local



association with core PCP components, rather than by forming a long-range gradient.
Given this finding, I addressed the question how Wntl1 localization is regulated in the
neural plate.

HS chains and their modification by NDSTI1 are necessary for Wnt8
accumulation on the cell surface. Thus, I suspected that specific modifications of HS
chains are also required for Wntl1 localization in the neural plate. In this study, I found
that Wntl1 accumulation on the cell surface was increased by overexpression of NDSTI,
while it was reduced by knockdown of ndst/. Furthermore, Wntl1 was significantly co-
localized with N-deacetyl and N-sulfo HS. These data suggest that HS chains modified
by NDST1 may serve as molecular reservoirs to accumulate Wntl1 on the cell surface.

Importantly, I found that HSPGs were polarized like Wntll or core PCP
components in the neural plate and that this polarization was dependent on PCP
formation. In addition, HS chain modification by NDST1 was required for proper PCP
formation. Conversely, core PCP components were required for membrane localization
of HS chains. These data strongly suggest that mutual regulation between HSPGs,
especially those enriched with HSs modified by NDST1, and core PCP components are

crucial for PCP formation.
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