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We previously reported a splicing mutation in exon P3A of CHRNAI We here
identified that hnRNP L binds to the mutant site and suppresses splicing of exon P3A.
We also reported that intravenous and intramuscular administration of AAV-COL@ to
Colg/- mice improved motor functions, as well as electrophysiological, histochemical,
and biochemical features.
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YR T & F L3 ) %% K (muscle
nicotinic acetylcholine receptor, AChR).
(i) AChR % fhftICERE S BT 7
(rapsyn), (i) #&EER L0 x2S h
AChR 7 7 A% —JER & RET 527 77U
(agrin), (v) Agrin ® ¥ 7 F L &% 5K L
AChR 7 7 A% — B & iR T % MuSK7,
(v) MuSK & % LC AChR 7 7 A% —J
FAZAEH 23 % Dok-7, (vi) ik AChR
D it 53 K % B i AR RE T 2 ALK AF
PR N U 7 AF v R (voltage-gated
muscle sodium channel, Nav1.4), (vii) 7+
F r a2 Yy v = A TF F7 — ¥
(acetylcholinesterase, AChE)% > 7 2 #&
IR E 2T 52T —7% 2 Q (collagen Q,
ColQ). (viii) MR D HIY AR ZE S
eay b7 EFral o (ACh) E A
T5aV T EFAINT T 2T —F
(choline acetyltransferase, ChAT). (ix) K¥
& X7 A RHEEE UDP-GleNAc Ak DR
[ glutamine-fructose-6-phosphate
transaminase (GFAT) & 5.,

I BT, B MIMRA 33 B E Tix AChR ¢
H7a=y hORPDYIZAChR y 7 2=
k2 5y-AChR Z i B\ THHL
LTWb7zd, AChR yH7=2=v DR
B 72 Bz F+ & # |3 fetal akinesia
deformation sequence (FADS)# # X =7,
7. AChR ah7 ==y & AChR &4~
2=v FOERIZL-TH FADS DL 5
ZENmEEINTND, /o, v FT7RE
JERFEIZEEAE L ColQ < dystroglycan % (% U
ETDHEL DT E OGN BI TN
% X — )b 71 (perlecan) @ K 48 1%
Schwartz-Jampel JEGRED R & 722 %, Bk
RN & 1T agrin ZHETH 5 LRP4 Oifs
T-2E TR AR 2 G EE S E TR
<. Cenani-Lenz & fiJE###(Cenani-Lenz
syndactyly syndrome) DJR[K & 725, Lrp4
w7 7Y R U AL LIREO KRB A IR

HZEnHEE SN TWD,

B EEMERBICINZ T, MR A
DI E CREREOENIZL R, TEF
oz Y v & 2R K (acetylcholine receptor,
AChR) - fifr R KK T X —F8
(muscle-specific receptor tyrosine kinase,
MuSK) - LDL receptor-related protein 4
(LRPOIZ ™2 A CLHUAR I EAE A ) E 0
FIRIZ72 %, &5, AChR ah 7=y k
D7\ T—ZGEIH O SNP A AFEIIE O HIE
i 8 JJRE DFIE A 2.01 {505 2.35 5N &
HDZERWEEINTVD, 2D SNP I,
Jafir E R RERZ 3515 5 AChR ah 7= kK
DI A JES =&, T Hifdo AChR (IZx4 5%
G ERERNL SIS THZLITEDY
HEAH IS EDRIEMER 2 LT 5, PR
O PIQ BIENAKGFEI N T AT ¥ RV

(P/Q-type voltage-gated calcium channel,
VGCOIZxT 5 A CHUBITT /N —h A —
v f M ) JE fBE B (Lambert-Eaton
myasthenic syndrome) % % X i = 37, [AERIC
PR AR D BNARAFIEN U T AT v L
(voltage-gated potassium channel, VGKC)
(KRS D H OPUARIX Isaac's JEMERE (R
2 k=7, neuromyotonia) DJFIK & 725,
S HIT, MRS T 2R & D HETE
ELT, VUKD R D AChE
PREAER., M85 o N e b v MY B
77 L® AChR HLEIEH., AV U X AFED
SNARE A KHLEEM M DA TN D,

2. WEDOEP
(1) SRR I EFREZH 1T 5 splicing 5
WIZREE5-9 5 transfactors DIEIE

WFEEARER T O 1L Je RYEAL I ) et Ic B
T CHRNAI #&fr¥ exon P3A 12 23G>A
EHREFMEL, ZOLERBAT I TH
WEBEETLZ L 2WELTE T, AWED
AL Z OB BIALICH A 23 5 splicing
transfactor Z[FETH & & HITEDHTAE
2NN T D ETHD, ATV
BARPER 72 b NS R A BEE SNP (TITAZ
Bokosicor vy BICHEETHICHBED
OTATIA T REZR T LITX
DIFEBICEET 2 bonEEM b TWD
—F. L OERDOAT A TITkT 5D
RITRBIN TS, AUFERIZZ DL S 7
T EDATTA L TERERO—FHD
PR 7Ry TR TEEE A Rl T 5 Z LA H Y
L7,
(2) JeRVERG I PEMEREIZ T D X v oR 7 2
#E¥1%(protein anchoring therapy) o B %

BARFIRPR T M L~ L D 5y F K8 % 4l
IE Lffatgae 2 BT 2 A MY — T
b5, L, BETEENE - R
WZE =TT 4 T BT HHEO L WHIE
FE L7 W T2 DIZ IR & 7= BB O AT i
WISHBN SN TE -, MMRERKRELITT &
Fral A7 T — 12 43+ & collagen
Q 35311 b7 5 HMush 53 AChE/ColQ #
A RIZ ColQ @ perlecan 72 5 NI MuSK (2
AT ORANCIVIEN LR T TR
FEJEIFEA~ anchoring #3562 & & R LT,
ZOMENA~ N v T R0 T REE OBHE
EHL, —5ofMlas L <X ectopic 72/l
R A L7z AChE/ColQ 3% > /37 H
B 73> anchoring signals % VA < #Ff%
mEEA Y T ARIERICRE T2 &0
WEE SND, T2 TTT JBEEY 4 VA
t ~ COLQ %#HirIr Colgl-~ 7 AITxf L
THEEFIRFEZITV, A protein-anchoring
strategy DA NMEZRFTT 22 L2 HRYE L
7o



3. WIEDIIA
(1) SRR I EFEREZF 1T 5 splicing H
WIZR 59 % transfactors DFIE

O £, FA trans-factor THIZ 17T
2 ESE finder, Rescue ESE % A Clemisy
T 5% 5, £7=. UV crosslinking % ®
SDS-PAGE. KUY, RNA beads # H\ 7=
affinity purification ¢ Syproruby staining
THEG X Ry DT REEHE L, Wi T
0  Western blotting 12 X D #ERZ1T D,
@Al 73 FHEIZ K 2 5 F D [RIE 23 N 8 72 iy
(21X, affinity purified product D& &5 H71C
£V transfactor OFIEETT O, @splicing
trans-factor @ knock-down., 725 NI, &
FIFE B ER {5 7 pre-mRNA splicing (2
5.2 DB R~ %, @MS2-coat protein &
splicing trans-factor ® fusion product % H
WC, splicing transfactor /32 BERALIZHE
BT522 ¢ xR T L, QRIEINT
trans-factor ® K A A UG ZFRR B,
(2) S RMER, B PEGERE 3D 2 v R
#1E 1% (protein anchoring therapy) ¢ B %

t N COLQ % AAV 7 & —|ZHFIAR,
B A& & I BLFE D E vy serotype 8
capsid ZHWCIER A L7 AAV8-COLQ 7
A VAR % Colg / v 77U M~ AT
LU, ERAEBSTIIRES - M ARRES -
AL FRIREHIC L0 EEBEEFELE R D5
FAEWFRIREDTE25 D,

4. WFFERCER
(1) Je R I EFEREZI T 5 splicing 5
WIZB 59 % transfactors DFIE
TEFLA) B RKaY T A=y Ml
{51 CHRNAI exon P3A @ 23 % B O f %
G 7o AILERAE S5 23G>A OFRNLIZHE
A %% % splicing trans-factor D[EE & 4772
- 72, UV crosslinking % ® SDS-PAGE. X
%, RNA affinity purification (2 CTHEA & o
N7 D5y F Rz HEE L, hnRNP L 25455
¥ & LT Western blotting |2 & V) f#&58 % L 7=,
FIEFIC 23G>A 2 813 hnRNP LL OfE G HE %
BT 52 L EFEE L, N LRSI IER S
AEHT AL LICLD 23GA AR IZ
hnRNP L & O#EGRELZRFFT2ICHEDH
T #1721 hnRNP LL #5553 5729
!Z hnRNP L & hnRNP LL OFAIZLD
hnRNP L 23f5& TER< 0D 2 L 2955 EL
77o EHIZhnRNPL & hnRNPLL ® / » 7
2o b NHRIC L D 2B KT O
% FHIZ L0 hnRNP L (T exon P3A O A
v B2 7 %% L, hnRNP LL [ exon P3A
DORWEFET HILEZEIELT, S HIT
MS2-coat protein & hnRNP L/hnRNP LL ®
Ta—Va BT EERTOZEICED
ZNBDR T 28G>A OIS BIIC/E
AT EE2HLMNI L, E5IChnRNP L

& hnRNP LL O&FE KA A U RKER AL
AT 5 Z &I hnRNP L (IO RFHET D
proline-rich region 75 hnRNP L (Z J: % exon
P3A AF vy U VTGS 5 L&A L
72,
(2) S RMER, B PEERE T D 2 v R i
#iE¥1% (protein anchoring therapy) o B %
e RVERGHE ) IEMERE D — T o D&M T
tFral AT T —E(AChE) KHEIE T
AChE % ¥ 7 Z FELEEIZAR B 3 % collagen
Q (ColQ%mF DRI RIUT L » T &
5, RIEICR L TH )7 ERIREIE
(protein-anchoring therapy) DA D HGE
Z11o7-, B b COLQ % AAV ~7 % —|THH
AN g R e R RN
serotype 8 capsid # H W CTHIER % L 7=
AAVS-COLQ 7 4 )V Ahit% Colqg ) > 77T
7~ RCRFIRE V&G L, XA
FHRREHZ T MEPP =R OIEHb, X
EARRFNIZ BT 5 CMAP BEOUGE, 7
HARFEAL DO IEFAL 2580, ML FrRREHT
THEZ Lo T X CoMEHEATIzB
T AChE/ColQ A EDRBLAZRDIZ, =6
WAL FRIRRGEHZ TE & AChE/ColQ #5
RIFIER D 89% F THIELZ LTEY , £D45y
TAERR D EFIE LT, S HICEEEE S
EHE~ DA LR%E THFER 3 BTRHIEL,
e AR R L7, RIC, B8 ~0
BAT D72y AAV1-COLQ % 1ERk L—HIF
24T\ AChE/ColQ #4140 DU k%
~O A EMRBLEZ, I HICHKHR
AChE/ColQ &K% KREIZ/ERL L Colgl-~
7 AR FE R RIS AN A AT W
AChE/ColQ #EA RO A & Te 2 HH&
SO EER LTc, # o3 T 5BHDEE
AR~ D BLRNE % F7 2 Ml HL 4% 53 1 D R
%4 L7z protein-anchoring therapy OFH
MM % #&# AChE KRIJEET L~ A TH
AiE LA O iR S 53 F RABIE SIS FH 23 I RE T
boHAREMEE R LT,

5. BRI
(WF7ERERE ., WF7E 8 Kk ONEEERT 12
E )
UdEssamsc) (B 1144
1. ItoM, Suzukiy, Okada T, Fukudome
T, Yoshimura T, Masuda A, Takeda S,
Krejei E, Ohno K. Protein-anchoring
strategy for delivering
acetylcholinesterase to the

neuromuscular junction. Mol Therin

press. (E&AH)



Matsuura T, Minami N, Arahata H,
Ohno K, Abe K, Hayashi YK, Nishino I.
Myotonic dystrophy type 2 (DM2) is
rare in the Japanese population. /
Hum Genetin press. (B&5A)
Yoshinaga H, Sakoda S, Good JM,
Takahashi MP, Kubota T,
Arikawa-Hirasawa E, Nakata T, Ohno
K, Kitamura T, Kobayashi K, Ohtsuka
Y. A novel mutation in SCN4A causes
severe myotonia and school-age-onset
paralytic episodes. J Neurol Sci 2012,
315:15-19. (EFHH)

Masuda A, Andersen HS, Doktor TK,
Okamoto T, Ito M, Andresen BS, Ohno K.
CUGBP1 and MBNL1 preferentially bind
to 3° UTRs and facilitate mRNA decay.
Scientific Reports 2012, 2: 209. (&HH)
Kawakami Y, Ito M, Hirayama M,
Sahashi K, Ohkawara B, Masuda A,
Nishida H, Mabuchi N, Engel A G,
Ohno K. Anti-MuSK autoantibodies
block binding of collagen Q to MuSK.
Neurology 2011, 77:1819-1826. (&&:
£

Kaneko H, Kitoh H, Matsuura T,
Masuda A, Ito M, Mottes M, Rauch F,

Ishiguro N, Ohno K. Hyperuricemia
cosegregating with osteogenesis
imperfecta is associated with a
mutation in GPATCHS. Hum Genet
2011, 130:671-683. (E#HH)

Itoh T, Hamada N, Terazawa R, lto M,
Ohno K, Ichihara M, Nozawa Y, Ito M.
Molecular hydrogen inhibits
lipopolysaccharide/interferon
gamma-induced nitric oxide production

through modulation of signal transduction

10.

11.

in macrophages. Biochem Biophys Res
Commun 2011, 411:143-149. (EHH)

Fu Y, Masuda A, 1to M, Shinmi J, Ohno K.
AG-dependent 3'-splice sites are
predisposed to aberrant splicing due to a
mutation at the first nucleotide of an exon.
Nucleic Acids Research 2011, 39:
4396-4404. (EFHA)

Selcen D, Juel VC, Hobson-Webb LD,
Smith EC, Stickler DE, Bite AV, Ohno K,
Engel AG. Myasthenic syndrome caused by
plectinopathy. Neurology 2011, 76: 327-336.
(BFHEH)

Bian 'Y, Masuda A, Matsuura T, Ito M,
Okushin K, Engel AG, Ohno K. Tannic acid
facilitates expression of the polypyrimidine
tract binding protein and alleviates
deleterious inclusion of CHRNA1 exon P3A
due to an hnRNP H-disrupting mutation in
congenital myasthenic syndrome. Hum Mol
Genet 2009, 18: 1229-1237. (&&H)
Milone M, Shen XM, Selcen D, Ohno K,
Brengman J, lannaccone ST, Harper CM,
Engel AG. Myasthenic syndrome due to
defects in rapsyn: Clinical and molecular
findings in 39 patients. Neurology 2009, 73:
228-235. (&B#H)

(Fx%E] GHofh)

1.

Kawakami Y, Ito M, Hirayama M,
Sahashi K, Ohkawara B, Masuda A,
Hishida H, Mabuchi N, Engel AG,
Ohno K

Anti-MuSK antibodies in myasthenia
gravis block binding of collagen Q to
MuSK expressed at the
neuromuscular junction

41st Annual Meeting, Society for
Neuroscience, Washington DC, USA



Nov 15, 2011

Ito M, Suzuki Y, Okada T, Fukudome
T, Yoshimura T, Masuda A, Takeda S,
Krejei E, Ohno K
Protein-anchoring therapy for
delivering acetylcholinesterase to the
neuromuscular junction

4th International Congress of Myology,
Lille, France

May 9, 2011(Invited Presentation)
Sugiyama A, Ito M, Nakata T, Azuma Y,
Masuda A, Okumura A, Komaki H, Ohno K
Mutations at the C-terminal domain (CTD)
of collagen Q (ColQ) causing
acetylcholinesterase (AChE) deficiency
prevent anchoring of ColQ to the
neuromuscular junction (NMJ)

40th Annual Meeting, Society for
Neuroscience, San Diego, USA

Nov 13-17, 2010

Ito M, Suzuki Y, Okada T, Fukudome
T, Yoshimura T, Masuda A, Takeda S,
Krejei E, Ohno K

rAAV8-Mediated Protein-Anchoring
Therapy for Targeting Collagen Q-Tailed
Acetylcholinesterase to the Neuromuscular
Junction

American Society of Gene & Cell Therapy
13th Annual Meeting, Washington DC,

USA

May 17-22, 2010

Ohno K

Degeneracy of splicing cis-elements and
tolerance to disease-causing mutations

2nd GCOE
Nagoya, Japan
Nov 26-27, 2009(Invited Presentation)
Rahman MA, Masuda A, Ito M, Ohno K

International ~ Symposium,

7.

8.

9.

A mutation on a nonfunctional exon P3A in
CHRNAL identified in a patient with
congenital myasthenic syndrome loses
binding affinity for a splicing-suppressing
hnRNP L and gains binding affinity for a
splicing-enhancing hnRNP LL

2nd GCOE International Symposium,
Nagoya, Japan

Nov 26-27, 2009

Fu Y, Masuda A, 1to M, Ohno K

AG-independence of the 3" splice site
determines tolerance to aberrant splicing
due to a mutation at the first nucleotide of
an exon

2nd GCOE International Symposium,
Nagoya, Japan

Nov 26-27, 2009

Ohno K

Molecular mechanisms and regulations of
congenital  neuromuscular  transmission
defects

Université Paris Descartes Séminaire, Paris,
France

Jul 6, 2009

Ohno K, Ito M, Suzuki Y, Okada T,
Fukudome T, Yoshimura T, Takeda S, Krejci
E

Protein anchoring therapy for endplate
acetylcholinesterase deficiency

Eighth  French-Japanese Workshop on
Muscular Dystrophies, Paris, France

Jul 3-4, 2009

(M=) G4 1F)
1.

Ohno K, Ito M, Engel AG. Congenital
Myasthenic Syndromes — Molecular
Bases of Congenital Defects of

Proteins at the Neuromuscular



Junction — Myopathy. InTech, Rijeka,
in press. (E#&H)

2.  Engel AG, Shen X-M, Ohno K, Sine
SM. Congenital myasthenic
syndromes. Myasthenia gravis and
myasthenic disorders Znd ed. Ed. by
Engel AG. Oxford University Press,
New York, in press.

3. Ohno K, Engel AG. Chapter 8:
Molecular defects of acetylcholine
receptor subunits in congenital
myasthenic syndromes. Pharmacology
of Nicotinic Acetylcholine Receptors
from the Basic and Therapeutic
Perspectives. Ed. By Hugo R. Arias.
Research Signpost, Kerala, 2011,
ppr175-186.

4. Ohno K, Masuda A. RNA pathologies

in neurological disorders.
Neurochemical Mechanisms in
Disease, Advances in Neurobiology.
Ed by Abel Lajtha. Springer, New
York, 2011, pp399-415.

6. WFIEHER

(D) BFFe RS

KB $kw] (OHNO KINJI)

MR RT: - RFBEIET 20 90R - #d%
WFoe &5 - 80397455

(2) Wrge oz

HH S (MASUDA AKIO)

L BRE - REFEPLESSRIER - BhZ
WFgeE 35 1 10343203

FiE  2Ef7 (ITO MIKAKO)
AT RREE - KEPEESRER - Bh#
WFgeE 35« 60444402

(3) HHEMT T
mL




