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We previously reported that a defect in O-mannosyl glycan is the primary cause of o-
dystroglycanopathy, a group of congenital muscular dystrophies caused by aberrant o-dystroglycan (a-
DG) glycosylation. In the skeletal muscle, a-DG is a component of the dystrophin-glycoprotein complex
that serves as a transmembrane linker to connect extracellular matrix and intracellular cytoskeleton.
This linker from the outside to inside cells is thought to stabilize the sarcolemma. O-mannosyl glycans
of a-DG have a role in binding to extracellular matrix component laminin. Recent studies have revealed
the various structures of O-mannosyl glycan, these structures can be classified into core M1, core M2,
and core M3. It was reported that the defective GlcA-Xyl repeat (XG-repeat, laminin binding epitope) on
core M3 structure is associated with dystroglycanopathy. To date, 18 genes have been identified as
causative in dystroglycanopathies. We have revealed that 7 gene products (POMT1/2, POMGNT1, FKTN,
FKRP, RXYLT1, CRPPA) of them are glycosyltransferases involved in core M3 O-mannosyl glycan
biosynthesis, and contributed to elucidate the complete structure of core M3 O-mannosyl glycan and its
biosynthetic pathway.
In this study, to develop therapeutic agents for dystroglycanopathy applying functional laminin-
binding glycan, we were planning to carry out following projects: (1) Synthesis of functional XG-repeat
by organic and enzymatic synthesis methods, (2) Production of anti- «-DG antibodies coupled to the
synthetic functional XG-repeat, (3) Generation of bispecific antibodies against a-DG and laminin using
antibody coupling method. The drug efficiencies of the prepared antibodies, such as laminin
accumulation and muscle restoration activities, are evaluated using model cells and model animals of
dystroglycanopathies. These functional assessments also demonstrate a proof-of-concept of therapeutic
effect on dystroglycanopathy by accumulating laminin to a-DG on sarcolemma.
We achieved the following results in this study.
(1) Synthesis of functional XG-repeat by organic and enzymatic synthesis methods.
* The synthesis methods of XG-repeat glycans and tandem RboP structure were established.
* We produced XGXG structure and xylosyl tandem RboP structures by organic synthesis methods.
* We obtained GXGXGXG structure from XGXG structure by enzymatic synthesis methods.
* We examined the evaluation method for laminin binding activity of synthetic XG-repeat by using
NMR spectroscopy.

(2) Production of anti-a-DG antibodies coupled to the synthetic functional XG-repeat

* The humanized scFv-Fc and the rat (Fab)-human(Fc) chimeric antibody against a-DG core protein
were constructed, expressed, and confirmed reactivities to a-DG by Western blotting and cell
staining.

(3) Generation of bispecific antibodies against DG and laminin.

*Several laminin-binding peptides of human Fc¢ fusion proteins were constructed to generate

bispecificity by coupling with anti-a-DG

* These laminin-binding fusion proteins were confirmed reactivities to laminin by overlay assay.

Last year, our research activities were temporarily suspended due to the COVID-19 pandemic, which
caused delays in all research progress. However, our results, technologies, and tools obtained from this
study will be essential for our project. This study will significantly contribute to develop novel

glycotherapeutic strategies for dystroglycanopathies.



