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Screening of a novel drug to activate the formation of neuromuscular junctions

Hirata, Hitoshi

2,900,000

FDA A" MuSK
ATF2 A C2C12
agrin ACh-receptor
A AChRe Col Q RNA

CMAP

i During the formation of neuromuscular junctions (NMJs), binding of agrin to LRP4
induces MuSK phosphorylation, which activates ATF2 downstream of JNK and induces clustering of

acetylcholine receptors (AChRs). We used the drug repositioning strategy, in which a drug already used
for a specific disease is applied to treat another disease, to identify an FDA-approved drug that

enhances the agrin/LRP4/MuSK signaling and NMJ formation. Drug A increases MuSK phosphorylation in
dose-dependent manner. In C2C12 myotubes, number of AChR clusters were increased in the presence of Drug

A together with agrin. i i o i
Moreover, drug A increases the expression of AChR-e, rapsyn and Col-Q mRNAs in neurotization model mice.

drug repositioning



ES/iPS

Drug repositioning

Drug repositioning

(@)
Invitro
iPS
C2C12
iPS
(2)FDA 1
1 1186
FDA
1
ATF-Lucciferase ATF-Luc
HEK-293
ATF-Luc MuSK LRP4 neural agrin
CDNA MuSK/LRP4
10u M
PowerScan4
Lucciferase
JNK ATF2
3
6 1
(3)Western blotting 2
2
Western blotting MuSK
HEK-293
FLAG MuSK  LRP4  cDNA

neural agrin 6 1

tyrosine Western
blotting FLAG
MuSK
A 2 5
10 20 50p M A
()
C2C12 neural
agrin neural agrin A
ACh ACh
a - bungarotoxin
MetaMorph
®
neurotization
8
C57/BL6
4 Placebo
8
A Placebo
CMAP mRNA
(&Y) in vitro
1
iPS
CiRA iPS
2

1
bungarotoxin

TAU a -



2 iPS
myosin heavy chain

@E) 1
A F 6 1
2 A 2
3-1 A
MuSK
3-2 ATF2
Muk + + + + 4+ + 4+
we  + + + + + + 4
Agim 4+ + + + + + 4+
% - A B C D E F

100kD - E]
e - - e . MUSK-P

75kD -

3-1 2
Western blotting

MuSK + + 4+ + +

R4+ 4+ 4+ + +

Agrin TR N C

XA — 5 10 20 50uM
RS e s s MuSK-P
w— W = foactin

3 A MuSK

Western blotting

(4)C2C12 ACh
cluster A

DSR2 —H [ mm?
350

300

T *
250
200
150
100
% -
0

DMSO DMSO  10uM ZEFIA 20uM ZEHK(|A
Control agrin
1 C2C12 ACh
cluster * p<0.05
®)
A
2
CMAP
« 3
mRNA
AChR € Col-Q Rapsyn
4-1 4
EEHEES(RAL)
(%)
100
80
60
40
0 \
HIZYMETIL  neuroitzation heurotization
+Placebo +EREIA
2 n=10, p=0.12




CMAP
12

10

N

neuroitzation
+Placebo

normal

neurotizatio
+ZEFIA

3 CMAP n=5, p=0.09

AChR-£/B2MG
30

25
20
15

10

0 .

Placebo

4-1 AChRe
p=0.15

(O]

Col-Q/B2MG
60

50

40

30

20
.

0
Placebo

4-2 Col-Q mRNA

HHIA
mRNA

HIA
n=5, p=0.05

n

n=5,

N

=

4-3

€Y

@

Rapsyn/B2MG

Placebo

EHEIA

Rapsyn  mRNA n=5, p=0.15

Ohkawara B, Cabrera-Serrano M, Nakata
T, et al. LRP4 third [ -propeller
domain  mutations  cause  novel
congenital myasthenia by compromising
agrin-mediated MuSK signaling in a
position-specific manner. Hum Mol
Genet. 2014; 23:1856-68.

Iwata Y, Ozaki N, Hirata H, et al.
Fibroblast growth factor-2 enhances
functional recovery of reinnervated
muscle. Muscle Nerve. 2006;34:623-
630.

58

2015 4 16 17

29

2014 10 9 10

HIRATA, Hitoshi

80173243

KURIMOTO, Shigeru



70597856

OHNO, Kinji
80397455

TORIHASHI, Shigeko
90112961

MIZUSHIMA, Hideyuki

80718403




