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7= HFOimiEIZi3H MuSK Hik 1gG AYEE
LTWwe=.

3¥Fi MuSK Hifhld agrin & [E#kiZ MuSK @
FA402 ) b EIEHET 5% C2C12
HMAZD spontaneous, agrin, laminin-1, Bk

17

UN\VVA-B41Z & 5 AChR BHERE 23K L 7=.
ZFOMFELT 2 DOEFZIEELE. @
MuSK DHfEZERFHET S, (b)MuSKHE
AOFER/ (antigenic modulation) D
R MuSK DHREZEHIIT 5.

F. 3CHR

1. Hoch W, McConville J, Helms S, Newsom-Davis
J, Melms A, Vincent A. Auto-antibodies to the
receptor tyrosine kinase MuSK in patients with
myasthenia gravis without acetylcholine receptor
antibodies. Nar Med 2001;7(3):365-8.

2. Ohta K, Shigemoto K, Fujinami A, Maruyama N,
Konishi T, Ohta M. Clinical and experimental
features of MuSK antibody positive MG in
Japan. Eur J Neurol 2007;14(9):1029-34.

3. Ohta K, Shigemoto K, Kubo S, et al. MuSK Ab
described in seropositive MG sera found to be
Ab to alkaline phosphatase. Neurology
2005;65(12):1988.

4. Ohta K, Shigemoto K, Kubo S, et al. MuSK
antibodies in AChR Ab-seropositive MG vs
AChR Ab-seronegative MG. Neurology
2004;62(11):2132-3.

5. Lindstrom J. Is "seronegative" MG explained by
autoantibodies to MuSK? Neurology
2004;62(11):1920-1.

6. Selcen D, Fukuda T, Shen XM, Engel AG. Are
MuSK antibodies the primary cause of
myasthenic symptoms? Neurology
2004;62(11):1945-50.

7. Shigemoto K, Kubo S, Manuyama N, et al.
Induction of myasthenia by immunization
against muscle-specific kinase. J Clin Invest



2006;116(4):1016-24.

8. Shigemoto K. Myasthenia gravis induced by
autoantibodies against MuSK.

. Acta Myologica 2008. in press.

9. Shigemoto K, Kubo S, Chen J, et al.
Experimentally induced myasthenia gravis with
muscle-specific kinase. Ann N Y Acad Sci
2008. In press.

10. Patrick J, Lindstrom J. Autoimmune response to
acetylcholine receptor. Science
1973;180(88):871-2.

11. Shiraishi H, Motomura M, Yoshimura T, et al.

" Acetylcholine receptors loss and postsynaptic
damage in MuSK antibody-positive myasthenia
gravis. Ann Neurol 2005;57(2):289-93.

12. Hopf C, Hoch W. Dimerization of the
muscle-specific kinase induces tyrosine
phosphorylation of acetylcholine receptors and
their aggregation on the surface of myotubes. J
Biol Chem 1998;273(11):6467-73.

13. Montanaro F, Gee SH, Jacobson C, Lindenbaum
MH, Froehner SC, Carbonetto S. Laminin and
alpha-dystroglycan mediate acetylcholine
receptor aggregation via a MuSK-independent
pathway. J Neurosci 1998;18(4):1250-60.

14. McDearmon EL, Combs AC, Ervasti JM.
Differential Vicia villosa agglutinin reactivity
identifies three distinct dystroglycan complexes
in skeletal muscle. J Biol Chem
2001;276(37):35078-86.

15. Lin W, Burgess RW, Dominguez B, Pfaff SL,
Sanes JR, Lee KF. Distinct roles of nerve and
muscle in postsynaptic differentiation of the
neuromuscular synapse. Nature
2001;410(6832):1057-64.

16. Yang X, Arber S, William C, et al. Pattemning of
muscle acetylcholine receptor gene expression in
the absence of motor innervation. Neuron
2001;30(2):399410.

17. Akaaboune M, Grady RM, Tumey S, Sanes JR,
Lichtman JW. Neurotransmitter receptor
dynamics studied in vivo by reversible
photo-unbinding of fluorescent ligands. Neuron
2002;34(6):865-76.

18. Jha S, Xu K, Maruta T, et al. Myasthenia gravis
induced in mice by immunization with the
recombinant extracellular domain of rat
muscle-specific kinase (MuSK). J
Neuroimmumol 2006;175(1-2):107-17.

G. PIERE

1. BCHR

1) Shigemoto K, Kubo S, Maruyama N, Hato N.
Yamada T, Jie C, Kobayashi N, Mominoki K,
Abe Y, Ueda N, & Matsuda S. Induction of
myasthenia by  immunization  against
muscle-specific kinase. J Clin Invest 116(4):
1016-1024, 2006.

2) Ohta K, Shigemoto K, Fujinami A, Maruyama
N, Konishi T, Shimoda Y, & Ohta M. Clinical
and experimental features of MuSK antibody
positive MG in Japan. Eur J Neurol 2007 ;
14(9): 1029-1034.

3) Konishi T, Ohta K, Shigemoto K & Ohta M.
Anti-alkaline phosphatase antibody positive
myasthenia gravis. J Neurol Sci 2007; 263(1-2):
89-93.

4) Shigemoto K, Kubo S et al. :Myasthenia gravis
experimentally induced with muscle-specific
kinase. Annals of the New York Academy of



Science. 2008 in press.

5) Shigemoto K. Myasthenia gravis induced by
autoantibodies against MuSK. Acta Myologica
2008. In press.

6) FUlMERD. EARE FREHRSTRRE
BT HHIMuSK itk SRy, BRPRAR
#E. 47:842-844,2007.

7 EANE SRR OBET
WV BEHRENE. TZT7v IR,
19(6):17-23, 2007

2 FRRR

1) (3#8%%F 3% )Shigemoto, K. Experimentally
induced myasthenia gravis with muscle-specific
kinase. N.Y. Acad Symposium, 11" International
Conference on Myasthenia Gravis and related
disorders. Chicago May 2007.

2) (1BfF:#iE) Shigemoto, K. Myasthenia gravis
induced by autoantibodies agains MusK. 7
Japanese-French Workshop on “Development of
Molecular ~ Therapy  toward  Muscular
Dystrophy” in Japan 2007.

3) EAMIE. AR MHER]FULER. 51
MuSK Hifk THEIEFFESENTEIET S
MY 577 EHAEEESRS. 2007

4) SULERC. BEARIE. fERES RIS
551 MuSK Hifk BT, (N.Y. Acad.
Symposium & [R]H THILEFEAVEERR)
B4 SEIHAMREASRRDT VRIT A,
2007

5) /NEEEER AHEATL EARE KEHE Hi
AP HiASR R SE E DEEPRAFH 5
48 B4R PSS 2007.5.13 &R

6) TEGHT. AL B & BEANE,
KHEEERGT MuSK HifAbstt S =i

19

DRBE 47 BHEFAERLELFR
2007.11.22 Kk



BEASEBRFRFEMEE (22 A0ERREHEY
SRR &
HIEENIEORIBARTR L 2 X AR DR
—EFEHENEIZRIT 55 MuSK Stk it B DBERASEK
3 X Ut MuSK HLik Rtz >V T—

Sytarfges KHIEER

HPRRMAT R #ix

PR EER RS AE SNMG) 128\ T 2001 AR R.ENI-HRE A (HiMuSK Hifg) ¥
iL, HUACR HUfhsitt S22V MG SERIIZ R AR RAmERHrE~—— & L TROTERAT
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domain Z AV T, HiMuSK Hifk L [RIEDHIET
HIE LT,

4. HIMuSK HifkD 1gG subclass fEAT?
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C. #E
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ZDHb, 34 Cased, 9 BIUIT) DX,
IgG 4 DEEH 70 WATTHY, 16 1, 28
L3 DIEHEDEIEH 11-30 %rbini-?.

5. HiMuSK HUKREHEBE DORRKROMEE

HIMuSK HUiAss s 23 DB RS &2
LIZRLT.

HUMuSK FUASEMERE 23 B, ZMEEAL (K
P Bk, 18:5) ThH-o7-. FIEFHRIT, 18-72
m (4558 ThoT-. MC BEIEHEA L
JERTH D HETIZOWTIE, IRER @R
TIE :57% fER:78%), ERARE (METHREE :
100 %, HEEPEE ;83 %), BLUTHRAFRRE

(35 % 75 SPMG &HERL TEZL Abh, fER
bEEERICH-T-. —F, UEHHET

(52 %) I, SPMG &LHEE L TEHECH 7.
7=, BEEZ A3 L WO AEEITRHT, e
BREFERR (26 % bEHEHY DR -T22.

6. MG IAFEERAF OB MuSK Hikfl & BRER
HROESERE

HUMuSK HTfASEMED 29 B, X7 a1 NEE
AT -7- 583 6§, ISMFELAT T8
361, MR AT 7288 3 Flexige L
7. IBFERS AT OB MuSK HiiflioEEh %X 5,
6, TIZRLT-

27 uA NEER{ToT-BE P-1~P-6) T
%, HLMuSK HURlORI I O UCERE L
T BRRHHEROUEED I bz (K5) . HLMuSK
P, #E P-1 TI% 39.3 25 21.0 nM
P-2 TIE113.0 7% 16.0 nM, P-3 T1%80.0 7>
54.2M, P-4 TIX36.872°610.0nM, P-5 T
13:240. 0 55 3.0 nM, P-6 Ti33.09>5 0. 2nM
~ &AM o 7. BERAEERE LA
#P-1 Tl class b 7>5 PR, P-2 Tl class
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#51Ib, P-6 Tidclass IIb 25 PR~L 2
Liz?.

AR E A AT - T2 B (P-7~P-9) Tid,
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Bb 3 X UBERAHEROBEDH DTz (6).
PLMuSK HUfsefifii s, FBFEP-7 TiX74.47°59.0
nM, P-8 13 113.9 75 28. 0nM, P-9 TIX30.0
P36 20. 5 M ~& 2Bl LTz, BRARAYESRERE
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class IVb 775 1Ib, P-9 Tidclass Mb 22610
b ~LUELE. -, MBI EL VBRI
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FEREIZ X D HERF ST (BE P-7T BLU'P-S).
BE P9I, MR L V5 MuSK UM
WD L= b D0, FOighiiis X USERME
SEEEIRBIERIOL~YUIRY, L K=Y ay
BIOV 7 o ARY o5 THRESN-.

RIS 21T o 7258 (P-10~P-12) Tig,
PRl S, Hi MuSK HridMooR I L U
ROBER AN e o7 ([ 7). B P-1
TR, HMuSK HiidihiL 26. 0 535
47.2 M ~EHL, BEERRABERED class 1T
b 2:HIIb ~EEALL, Z2hTHRUIHE TR
DOE(HERBA DN, FOM 2 ZDBRE

(P-11 BLUVP-12) TYH, KEHEHINTE, i
MuSK HURDB 33 X OBESRAHER DS F
5y (VAviRYoY el

D. EE

AMFTIL, HLMSK FiARIER 2T D
T EEBERME UTABEEDSH D human MuSK
FfEA: domain HUBL (Recombinant his-tag
human MuSK : his—rMuSK) Z2/EBIL7-. #Z TH
MuSK HLiRBIEIZFV YD recombinant human
MuSK Igl-4 domain, epitope H#riZ V3
recombinant human MuSK Igl-2 domain Lt
recombinant human MuSK Ig3-4 domain #4553
B L. KIZ, ZhbobiRgy 21 43
L, RIA{EZR RV AR CEIRREED ~ OfEi#E/A2
Hi MuSK FUABIERZ L L2, AREE AV
T, FiMuSKHUEAZBIE L& &5, SNG D 27 %
BBHETH Y, LT~ TERD TEV Iz
FRLTZAS, SPMG ROMG LIS DHRARERAE - B
SFRBBE IS L URES TR Shan
ST Z & XY, HrMuSK HTARIENL S\MG & 22
SN BEZ2Wr 5 L ClRO TR MG
W~ — 1 — L B L AVRENT-. BifE
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100
Time course (days)
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BI7 BB (Tx) 2170l B A OHFIMuSKEL A EDERT Bk

FTHEE SN TV 5 SNMG (2560 B HTMuSK Hifgk
FEMEERIT, Bk T3 MuSK HHARDIHER ¥
THEE L7 Hoch 5D 70.8 %V MR bEL, £
DEGTREMERIME T 2 H 503, 2k
& LTI 40~50 WRETHD. —F, BRI
FUVTIE 28.9~33.3 %2 19, @EIZIVTIT
26.7 %9 LERKITHATEL, FETIE3.8 %
DL EBITEN. AEID 27 %EWVHFERIZA
ARRENOORE L —B L, HiMuSK HTAss
HRIINFEZEDH OB FIREMED YRR S Tz
HiMuSK HUfE73 S\MG TOHRRH SN D Z &8
BAGML 20, HiMuSK HTABEM: MG 75 SPMG &
B DRI L > T MG DIERE &7~ 1LT
WA RIREMAYNR XN D72, i MuSK HifED
M ERRETT 5 Z &35 tMuSK HTABEMEMG s
HESSFF- ORI DI B ATREMEN B D, £ Z T,
Ht MuSK HifAD MuSK a4, domain @ epitope
SIHTEATOTAER, 18 BT MuSK Hifast
domain ? epitope iZ MuSK Ighk2 domainAizE
KTHHZ ENHGNE o7 MuSK 13EER
KRN WEND agrin & & HI1Z ACHR DR
£ (VF7RF2VY) ZHEBEILTEY, FHZ
MuSK Ig-1 domain /X MASC (myotube—associated



specificity compo— nent) & agriniZ % MuSK
DOIEHUIZLETHY, MuSK Ig4 domain X
rapsyn (receptor— associated protein at
synapse ) & MuSK % -0 72 < RAIL

(rapsyn-associated transmembrane linking
molecule) DFERTRIRTH D EEZ LN TS,
AEIOFER LV, HFiMuSK Hiffl X rapsyn LV Te
L5 agrin (ZBG#H L7z ACR D7 SR Z ) o F
DORAEIZEAS U WA RTREMA YN S . Z
AU, C2C12 fEHIfa~HT MuSK HriEs e
FIMIFEDOEIMZL Y agrin D ACRR 7 FAZ Y
YIDBRESNIZE Wi O A TR L
TuN5.

WIZ, HiMuSK HUEDD IgG subclass 5347 24T
STfER, 18 FlfTH MSK HiiED I
subclass 1% IgG 4 DSFAETHD Z EMNEHAGLY
Ehpolz, ZHUILIRIOHES ? & —F LUz,
PLACHR HUAI 1eG 1 L3 THB Oz &
¥ SPMG & 4T MuSK HUAIGE MG TIISRHERST
D32 B D wTEEEA EV . g6 | BEU3
IIRERATE LT DDITR LT, Ie6 4 12HHE
TEHEVERI 2V . ARG AERRIZIN T,
SPMG Tl AChR EDRBI R 2 E DSBS
ROUEDTED HILDHS, HuMuSK FiiAsEE MG
TIRZNOGWD DA P2 LidZ bk
OHEIZ L D08 L, DFEY, Hi MuSK
DURIGHE MG OJRREREFIL SPMG L1387, 4
B TEMER ST 7 ARBEE OB 513D i &
TNETED. HiMuSK HUlkD & 572 1g6 4 5%
BN S,

P MuSK HHASEAEBE DESRERHE ARG L
T-#ER, DiMuSK HUARGHERRE 23 filiE, ZotHE
L otk : B, 18:5) THY, FAEFMIL,
1872 5% (P 455 Tholz. Ziudktk
BALTH D & WS ED L DBTEE TOHE
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E—HELTWA. MG BEIZRHRYER TH
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UFBRFHFREDS SPMG & HR L TEL A b,
FEROEIEChH o7z —7F, WBHFHETIL,
SPMG & L LT/ 7oz, HiMuSK St
MG "I SPMG & bl L CHRERES K OBRIER DS
EHTO V-2 7L, 72 SPMG DE
FEIR T dh 5 WURE DFF I NE TS HHEDRER
D72 MERDSERD Bz, Bt MuSK Fdsitt
MG TiZ SPMG & b U CEmif% & 0 DURSAR &
SAEBREEIREDIVD72 0 P2 LD B BT MuSK
FURDSEmEARIC £ 0 EFRICER L, BEEA5]
TR LTNBEEX HND.

F7-, FiMuSK FUAEEHEMG ClidfappiEs S0F
LTWBRBEIIROT, RbbEN 6% b
Py Dipinote, —RRANTHT MuSK BBt
MG CIIIRMIER AP L 722V . HLACKR HufE L e
JiiE & OB THA S TH B8, SEIOFER
B HL MuSK Bk L FalgiE s oBFEL#ELS, R
REDRHSEDY SPMG LITED Z &L 7o
Tz, ZIUTEHRING (TR TR T
DATONEN %73, HFuMuSK HUSEAEMG (2
BO TR ES TH S VW H e
T ABRLS ZFFLTNVA.

FuMuSK HLATEERE DMC IREOBEMEL /R
A, AT aA ML, ARk
UM T 24T 72 BB O MuSK A
& MGFA 73%% A\ - BRPRWIEE BE DA 23R
Rz, RAT7uA NEEEToT-BE T, 26
THL MuSK HHifflidR 3 L USEUCBRE L7
ERRAPEROSEN S DIz, AT A NEE
MG DIBFREDE IR TH 573, HLMuSK
A MG THIEFSIRD D Z L B>
Ligotn. ML E1T o288 T, M
FOSHAAT S T-1%, BRI 251 MuSK HriAlodm



LR L UBEHRAHEROSENH LTz, IS
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i, Bl B MuSK FURMORD R LW
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FER & 51 MuSK FUROEEN—Bd D Z Lo
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