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We re-designed AONs precisely around the splice sites and assessed the
efficacy for exon trap inhibition of these AONs in Fukuyama CMD patient cells and model mice. We
finally selected one best candidate AON. We demonstrated that fukutin is required for
LARGE-dependent rescue of a -DG glycosylation. We further identified the previously unknown glycan
unit ribitol 5-phosphate (Rbo5P), a phosphoric ester of pentose alcohol, as a tandem repeat that
functions as a scaffold for the formation of the ligand-binding moiety of a -DG. We determined the
enzyme activities of three major a -DGpathy-causing proteins to be involved in the synthesis of
tandem Rbo5P. Isoprenoid synthase domain-containing (ISPD) is cytidine diphosphate ribitol (CDP-Rbo)

synthase. Fukutin and fukutin-related protein are Rbo5P transferases that use CDP-Rbo. We also
indicate that spatiotemporal persistence of functionally glycosylated dystroglycan may be crucial
for brain development.



ARGl ) Ny —
RIS R Y A b a7 ¢ — (FCMD POMERTL
0-
ka7 4-O—RTHy, BEOHYA ba BBRC
A —VZIHATE 2 1 5 T e AR B AR A
2006 a
— S = N D FHJ k) <
T A4-DPTIET 23 % o XU/ TE L Hum Mol Genet 2006
90 a -DG
Nat Neurosci 2008
20
a
muscle-eye-brain  (MEB)
JBC 2010
FCMD ER
(Nature 1998)
POMGNT1 MEB IBC 2012 0-
(Dev Cell
2001)
o LARGE, FCMD
a
a-pe 0 FKRP
JBC 2012
a
O O O O
11
o
POMGNT1 FKRP fukutin-related
protein LARGE POMT1 POMT2 ISPD B3GALNT2
TMEM5 DPM2 DPM3
POMT1  POMT2
PNAS 2004
a-p6 0 FCMD MEB
JBC 2007 POMT1-POMT2 o
POMGNT1 a-DG O
FCMD




fukutin

RNAi fukutin
FCMD FCMD
fukutin ES
Hum Mol Genet 2003
FCMD SVA
Hum Mol
Genet 2009
KO /
AAV
Hum Mol
Genet 2013
FCMD fukutin
fukutin
exon 10
exon 10
o - DG
FCMD

(Nature 2011)

FCMD FCMD

AAV LARGE

FCMD

LARGE

2011

VMO

AON

AAV

(Nature 2011)
FCMD

FCMD

Nature

A3, E3, D5

2,3



2-0

2-0
2-0
PMO
a
a
(Xyl-GlcA)
Man-P

Xyl-GIcA

LC-MS/MALDI-TOF/ES1/MS"

KO

(AAV)

nestin-Cte
LARGE

FCMD
A3,E3,D5

PMO

LARGE

fukutin

(o 0]
E12.5-18.5



LARGE 1D

Large™ FCMD
Walker-Warburg
LARGE
LARGE
Large™
FCMD Myf5-fukutin cKO
@ MCK Large
AAV LARGE
Large™ AAV
CK
My5-fukutin cKO
fukutin
LARGE
fukutin
LARGE
fukutin
LARGE
fukutin
o
Xyl-GIcA
DG
NMR
2
Xyl-GIcA CoreM3

0-

CDP-
Tarl DG
21 /
1C FKRP
KO

ISPD

CDP-

DG

CDP-

ISPD
CDP-

CRISPR/Cas9



28

Ohtsuka Y, Kanagawa M, Yu CC, Ito C,
Chiyo T, Kobayashi K, Okada T, Takeda S’I,
Toda T. Fukutin is prerequisite to
ameliorate muscular dystrophic phenotype
by myofiber-selective LARGE expression.
Sci Rep 5 2015 8316,
doi:10.1038/srep08316
Kanagawa M, Kobayashi K, Tajiri M,
Manya H, Kuga A, Yamaguchi Y,
Akasaka-Manya K, Furukawa JI, Mizuno M,
Kawakami H, Shinohara Y, Wada Y, Endo T,
Toda T. Identification of a Post-translational
Modification with Ribitol-Phosphate and Its
Defect in Muscular Dystrophy.  Cell Rep

14: 2016  2209-2223 doi:
10.1016/j.celrep.2016.02.017. Epub 2016
Feb 25.
Kuwabara Naoyuki Manya Hiroshi Yamada
Takeyuki Tateno Hiroaki Kanagawa Motoi
Kobayashi Kazuhiro Akasaka-Manya Keiko
Hirose Yuriko Mizuno Mamoru Ikeguchi
Mitsunori Toda Tatsushi Hirabayashi Jun
Senda Toshiya Endo Tamao Kato Ryuichi
Carbohydrate-binding domain of
the POMGnT1 stem region
modulatesO-mannosylation  sites
of adystroglycan Proceedings of
the National Academy of Sciences

113 2016 pp. 9280-9285

DOI 10.1073/pnas.1525545113

32
Tatsushi Toda Use of antisense oligonucleotides

in FCMD mouse models. 212" ENMC
International Workshop Animal models of
Congenital Muscular Dystrophies. 2015 5

19 Naarden,Netherlands

0

2016- 160390
2017 8 18

o

&)

®

*

2018 44752
2018 3 12

TODA, Tatsushi

30262025



