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0. ZWEEEE)

S RV 28 J 1 iE 5B (congenital myasthenic syndromes, CMS) D 2 Wi FL ¥ X452 =2 <
2 =7 4 —IZBWTHHENL L TW Wy, BRRIEROZIZ I D CMS ORZWHEFEERIIZ
RATRE T D, MR EE G D5 SAR IR OIS 72 © ONT 5 81 B SR AR ik
BRICEDFEINEETH D, 7/ LEINZE DN T FORIELEETH D,
FAGHFRAL S FEPE S L IR MEIT TH - THIHHIANY 7 2 F AEE S - fE &
CMS & 27 %,

1. A=

AR B CIIR BRI B A 2 ) N U 7 o N ERRET D[], SRS
JEERTE (congenital myasthenic syndromes, CMS)i%, ##% #7445 (neuromuscular junction,
NMN)IZHEBL T D8R T O RIIRIFEEI N Y 7 2 M X o THRGIEEAEE TiaEn
SN DRBRETH D[2-4], 2022 4F 12 A OFFE T 35 FEO BT DIRHI AN T
> P FEIE STV 5 (AGRN, ALGI4, ALG2, CHAT, CHDS, CHRNA1, CHRNBI, CHRND,
CHRNE, CHRNG, COL13A1, COLQ, DOK7, DPAGTI, GFPTI, GMPPB, LAMAS, LAMB2,
LRP4, MUSK, MYO9A, PLEC, PREPL, PURA, RAPSN, RPH3A, SCN4A4, SLC1843, SLC25A1,
SLC5A7, SNAP25, SYT2, TORIAIP1, UNCI3A, VAMPI), #R&&FhBEATME BniE DR E )N
i@ U CRRO B, BERAEIR & RT3 m 4 28800 & RIS R - IC L » TR D
ER DD D o BRARIEIROVRIE N R B IRK BB T2 FEHET 5 Z L 13 < OGEREE T
H 5D,

CMS DEFRIEIR & LT, fo Bk « B/ i KT « a2 <,
EMMEAL - & A2 EOBEE/NFENRICERD b b, B OB L 2 BT
THE L F72 0 ANEECHEFHENH S TR BICK VMR TR RE EA2 D
HEEEZ 2T HEHFNH D, CMS D% 1d, 2L FICHIET 203, HAEER O
H DI ZFRD BT 5 FE T ASdepe U AR « sle NS i 2 150, 74 T
DIERD 2 72 < FRABNTRIE T DB I ET D, 2 < OIFRAUITE YLt RIg (M)
BIEATH D, — 7. A0 —F v  RVIEGIE(SCCMS), 7 M 2 7 2 2 2(SYT2)-
CMS(11 il 4 D Fr), SNAP25-CMS, PURA-CMS O 4 F&EXE D CMS 137 Ye o AR BEME
EEECEXERL, B LEATVAFEAL VTV 2R E L, RARIEE
B D, SYT2-CMS, SNAP25-CMS, VAMPI-CMS, UNC134-CMS, RPH3A-CMS, LAMAS5-
CMS @ 6 JpifiEi% SNARE #HA KD % F58 & L SE KM Lambert-Eaton JiE 5 4 4 5%
T 5, EBEERL Y S N EEN % O CMAP OFE5R 7)Y Lambert-Eaton JEERE & [FIEEIZ 4L
KM Lambert-Eaton SEEREDFHE T 5, #&H AChR KIEJE Z K5 & 9% AGRN-CMS
D 35 5 NSV TIEEN % O CMAP DB K 285% b DHESE A HAA X0 TuV 5 H3[5].
> AGRN-CMS TITHE STV, SMBFFRE O 0 NEEN H 5545 T shd
IKf 2 D AME R S FFAE T D T OB ZF A V2 %W, £, B CMS
(limb-girdle type CMS) & FE(T AL 2 SRR BB A 380 72 W MEFI S FAET 5, CHAT-CMS,
LAMB2-CMS, SLC547-CMS, SNAP25-CMS, UNCI13A4-CMS, DPAGTI-CMS, ALG2-CMS,
MYO9A-CMS, SLC2541-CMS 73 & TIIFEZERE Z KRR 505, M0 k3 SRS AE
2 & DARERFRIMAE D AT RENE & | X = U SAREE > F 7 X DREFEIZ X 5 ATREME D [l
NEZ NS, PHEEESERIBIC L D GMPPB-CMS, GFPTI-CMS, SCCMS TIXIfLiE CK
ER K CTIER ERD 24 %% T EH35[6,7], FIEMEEMYL X, CHAT-CMS, COLO-
CMS, SCN4A-CMS TIFFHEHI & S5 705, oo CMS I B W T HE LVVER Tl
72N, CMS 1T & B A EM:HERE T 3L D 22 R SETERAE(SIDS) E 2 SN H Z & v H Y
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[8,9], MEMEWRAEE =X —DNEETH D, KRB OHIAE DK TIZ X 25 DR KL
EHet I 72 i TR T D3RI RIS SLOHA I CMS 1HERIZ NI & 22817 bz, CMS
VL ESE R JIE & DOABER] & SN DIEETIIAR e RMIE 2 & T o MK T 2 4
ETDMRIEVRE L OERINEETH 5,

2. IBRIEHE

CMS IZxt T DIRERRIZIE, 2V v AT 7 —BHER - =7 = KV - LT X
T VCKELAIIT VT T a—)Ly a7 T a— VAN EZ L oWt B H[10]) .
AIHAKAGBDT 27 7 7Y ¥ (amifampridine, 3.4-P7 X J EU V) F=U -
ARIFRIKGED 7 )V A %7 F > (fluoxetine, "I 2 F = FEV IAHLBER) - 7&
XTI RRHDH[], 2l oA T7 T —FHERZEGHT CMS 125 L TER I
7o HANIAFEE T O OIEA S EICIMEFIC 72 5, T2IERIEBE ) ([28B W\ TIEH
R LIRRWIGEITITM EZRO~ 7 2R R Tld7e < CMS BE BT 28Rk %
N A

a2 RAT T —BHEA(E Y RAF 2 I 2 3-5 mgkg/day)idZ < O CMS JHHEIC
H#hTH DM, SCCMS & DOK7-CMS (Zxf L Tl — iz s th v . COLO-CMS
[12-14] & LAMB2-CMS [1510Z56F L CUERER RS 1L 72 EEEZEWEH |G S TR Y
M TH D, FIIARHTH 52, DOK7-CMS [14,16-19], MUSK-CMS [20], LRP4-CMS
RIJIcBWTHa ) =27 7 —BHFATERZHEHEIE L Z LRI TY
Do

T 7 = KU 2 (25-50 mg/day)eH /L7 X — )L (T L7 T 17— /L) (6 mg/day)l L
AChR KABJFER® DOK7-CMS Z 10 & T 58 CMS ICAN TH H, ~ U ATEB W TR
AR SRR AR O RIS EE L TR 0 MG mE vhEa R+ 52 L 820
TERBEME & L CHEE S5 [22], ENMERBEIIABICTH LY, =7 = R oL
TR (T INT T a— DO FEN SCCMS [23-25]X° COLQO-CMS [26-28] Tt #Hi5
STV 5D,

TIT77 7Y DUAIMRERDO N Y 7 AT v R IVELEIC L0 MR BN BN &
AR LRRIERA~D I N T DA T O|MAEEBRTHZ LI TETF L]
DOt RS 5, SNARE EEMHERE N2 % KF¥ & 35 S KM Lambert-Eaton JiE{E
HTETI77 7Y Y1580 mg/day) AR TdH VY . SCCMS, AGRN-CMS,
SLC5A7-CMS, SLC2541-CMS %< 26 < O CMS 1256 L THAIMENRIHE STV 5,
HEMERBIERIICH LM, 7177 v T U PV BREHTH -7z COLO-CMS b #:
B TVWA[12,29],

¥ = (15-60 mg/kg/day) & 7 /LA ¥ & F 1 (80-100 mg/day)ix SCCMS E 7 /LAl il
2B T DR HE Z4[30,31]. SCCMS ABFE [2331.321Ick L TH A THDH Z &
DS SN TWD, IR L TILE SNz 7 V4 % F 2 0% RAPSN-CMS % HEHE X
WIERI D HE SN TIF V[33]. SCCMS VIS DRI 25 7 v 4 F & F 2 Offi
TEBEAET D, —hH., I dXeFonE AR Lz COLO-CMS O—f# 4 s X
TV 5 [34],

7 X Z 2 K500 mg/day) N E RN T o 7= SCN4A-CMS JEFI[35] & L TH - 7=
JEBI[36]23 S SN TWNWD, 7&8HZ Y T I RiL SCNIA OREREES AU 7 NI LD
JE M DU B BRI 6 L CHZ T D78, SCN4A FERETESL N Y 7o M2 X D SCN44-
CMS 2kt LT AR RIEFIDAFAET D,

16 £ > CMS 35 D 27 BIOILHRRFZ BN T, WL S IR 2kt L7223, 63%
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DIFEPRRFIZIEIR DI TR ST W F RS R L7 ST 5 [37],

3. fbhRE

CMS DOZWHIZI I AEMRRIPL N LE TH 5, 2-3 Hz O KEMRAIRC L 5585
[HENFENL(CMAP)D 10%LL EOEZ§RDH 5, SCCMS, COLQ-CMS, PURA-CMS TiX
BRI IC X LT CMAP 23389 B 5, KiE CMAP 133 CMAP LV 2
HICHER T D 72 OITIRE% O BBEMREAITRIC BV TIE CMAP 28545 2 L E
BT D, SCN4A-CMS CIIAEEE SAF R TlE CMAP O 23807, M 18
HREHIEL D I T CMAP OIENH S MZ 725, CHAT-CMS LRILL 7®Fay v
INED Y AV VDFEEIZ LD CHAT-CMS, SLC547-CMS, SLC1843-CMS, PREPL-
CMS TIHEMEMRANYIC L > T CMAP OEENHRINDEE L EEIAMIC X
D ] T CMAP DN SN D BENRIET D, oK Lambert-Eaton #5 # J1iE
ERE 253 5 SYT2-CMS [38], VAMP1-CMS[39], UNC134-CMS[40], RPH3A-CMS [41],
LAMAS-CMS [42] CIIEAEE AR T CMAP O, & EA R T CMAP @
Tl 2588 5[43], &R Lambert-Eaton 7 #E /) JEWGHAE D —H D SNAP25-CMS TIEK
BEPEARRHIRIZ 351 D CMAP OIEESHAE SV TV DM, mBEE AR T
TR [44], RABFHITEEIZ L > TR DN, —fRITEESHCE M5 T CMAP D
WA R LR 1R AR B AR C I Ri sk B 4 & < FRM O FEE D
HETHD, BRI X DAUHNEIC & 0 R8BS T H5E 1215 2 1 CMAP
D3 1 CMAP &L EEMZQITE DN 72 0 | 56 2 i CMAP IR W T E RBIRDFE D b
N5 ZENFETH D, H— iR X (single fiber EMG)IZ AR5 82 5 505 5 fn
EEZRMTOREEICENL TV AINREREITES 2L, FEARNERZLLHY
CMS OZWNZIAL bt T e, L L, B ER DA THZE < O CMS
Z[AE L CEERAERE SV H[45],

B OFSEECTlX, ALGI14-CMS [46]1& GMPPB-CMS [471% =< GFPTI-CMS
[48-51], DPAGTI-CMS [52-54], ALG2-CMS [46]D BV EESE KARE I B\ TR ERER
H LIk Z2la x5, L L, 2R HITHBOF LTIl 7e < (14 5EFRFD ALG2-
CMS B E TIT B R R A 2R D 72 o TIEFI NS STV 5 [46], — 7. SCCMS
(23T D REMRAIE & JEEE L~ L TITEREEEEIR & L THlE STV A[55], Iz T
DOK7-CMS (28T b AR E#AL OB IREERARE T 5[16,56,57], GMPPB 135~
ARBa7 4 — YA a2/ Y J J 73F —(muscular dystrophy-dystroglycanopathy, MDDG
type 14)DJRREIZ T T U [58]. AEMEMEMHICBNTar X ka7 U o OFFEHIKT
WA T, TP A MR T 4 —IZHEET LT ANE LN D[47], BT MRIIZEBWTH)
VA RNRBT 4 — T LD BT OMMEARECHE IR~ DB HL[47]°H D R
FRT—[59] 37RO H LD,

M CK1XIZ & A ED CMS TIEH Th D03, HERFHIE % FF% & 92 SCCMS Tl
IE% EROK 1.5 i, GFPTI-CMS * DOK7-CMS 7% EEIRERERZ1ED CMS TlHiE
H EBROK 3 f%, GMPPB-CMS Tlifijl CK BN IER ERD 2 5225 24 £% () 10.7
%) 12 EH3 56,71,

4. R R

fih D Sy 7 M2 % U CIXERYE 7% #E J1JiE & Lambert-Eaton 75 % JEERE & ORI A
TCH D, PL AChR FURFEME, HT MuSK HUiREEM: O EAE A B JIIE 121 44 OB s fET
WXV 9 428UV T CHNRAI, CHRNE, RAPSN OJRHI N 7o RMEIE STV 5
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[60-62], FHIEKTE R *F U CIF e RIERIE & BRI A b 7 4 — & OERINSLET
H5, ko X 5z CMS IZIT M CK 28 LR 2B NIFET D, Ry 722 i K
TRHNZES) - HALZBET L MK T2 EHE T2/ LT CMS &7 I2#512
Wrc &b Z ENEETH S, PREPL-CMS @ 10 JEFNIZV T4 Prader-Willi SiE i
DYPIEE SN TV A SN TVW5[63],

IHIT, BARE - N L#E - BRI O MREMHESHEFhEREELEE BT, B
IZIX.(G) M@ 7 7 V-~ERHa N Te hFX T U128 %5 AChR F ¥ R /W (CRHNAL
CHRNBI, CHRND, CHRNE)ILZE. (ii) A EH A FHw 2/ FF T AL DHBIEKRDON
WA N T NTF % U RIV(CACNAIBRE, (ili) A EHAHu 2/ ¥ A2 KD EH
FRBAHAEMET B U o A F v RV (Navl.4, SCNAAHE | (iv) &7 I 7 ERNEE
T5Ha7 bv bFUPMBERICIEIT 20514 4 U IFEIRA T F ¥ o1&
I LT iR~ O FE Ca? A, (v) IRV U X RAFEICHR O DR Y U X AEIT
X % SNARE EAARE, (vi) VU v Y= X7 - VX 7 b2 Iegsic 1 %5 AChE
P, (vii) AHEY VEIEIC L D AChE FRE, (vii)) 7 X/ 7 U 23 RIT K D2 MfEER
~D Ca¥HVIALAE, (ix) 2V =27 7 —BILEREREESIZL 5 AChE FHLE
DT LD, FRICHIEAR Y U X RETHT A RHIRIED 72 DT Y OBEE S 720
G IZIL CMS & OEERINEETH D03, HFRICHRBERT 2GE8ITITAEAY U X
AREZ TR G D o

S R M2 71 BAEfi A IE (arthrogryposis multiplex congenita, AMC)i& 320 LL_EDJFIA
BTN OILTUWA[64], CHRNG OJFEINY 7 v NI EREZ 2T 52 &7
< S RMEZH MBI Bt MEIE 2 2 L[65-67], Jo RIMEZ IR tME Ci b BN %
WEKRE G TdH H[68], CHRNG-CMS (Zh12 T, CHRNAI-CMS [69], CHRNBI-CMS
[69], CHRND-CMS [69], RAPSN-CMS [69,70], SLC1843-CMS [71], SNAP25-CMS [44],
MYO9A4-CMS [68]H ZHMEBSitfEiE 2 23 5,

5. &%

A XY BT D 129 il CMS (25D < T TIX 18 LA T D CMS A1 A
XU ZAENOHURIZ L > THEZRD 100 T AHTZD 2.8 )25 148 TH Y FEE 9.2 &7
D, AXY 2AO/NREIEHIEIIED 100 T AHTZ0 1.5 12T 6 520V[72], 7
T UNWAZEIT D 22 Bl CMS 125D < FEMT T 18 7k LA F D CMS A9iRIL 100 77 A
H1=0 1.8 THHoT[73], AuX=T T8I 5 8 #Hlod> CMS 1233 < fifHT TIE 18 m LA
T CMS AT 100 5 ANHT=V 22.2 T o 72[74], A3A BT 5 64 151> CMS
IZHES BT TIE 100 T ABHTZD 1.8 THH72[75], WITHDOHSE L RZWHER N H
DIEAT-DITE/NDORBEL D THA D LR XTW5BE, KD CMS AERIIAHTH
DN, AR TIEHRCKIZ A TONREIEMRE I PEOARENE L . KEITBITH CMS
ENRBEIEHEITEDOFIZIA XY ALY bW EHESND,

CMS %< [[IE SN D haxCE Tk, FLshlE - NEOFH KT O Wz L —F
> C AR MR 21T O PRAEEIRIRH] 23 > T D . CMS ZIricis i 5 K E s
TR ERER D EEAME DR S D,

35 FFHOFHIANY 7 NBEETFDOOI L, TEFal) 2R EK e T 2=v Mg
{&f(CHRNE), =27 —/% > Q BI&Z1(COLQ). 7 7 v i&fs{(RAPSN), Dok-7 {51
(DOK?7), Fi{b 435 GFPTI i&1n+(GFPTHDIEHINY 7 v M isiEdaEICFE SN D,
RAPSN p.Asn88Lys [76-79]. DOK7 c.1124 1127dupTGCC [80]. CHRNE c.1327delG [81]
IEFRCKIC BT IR T 7 7 o A=) T o hTh D, KRBT AR 7 70 2 —
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N T 2 N OIFLEFE STV,

6. BB

SCCMS, ¥+ 7~ & 73 2 2(SYT2)-CMS O —HJEF], SNAP25-CMS D 3 T |35 Yy
EARTENME(EME) B R E A R L, Lo CMS 13V 900 b i Ye R (B M) B s B T
&5, SCCMS 1% AChR A A F v > /LB ORERH 0 B IE R © BEREIERS N Y 7
v MRIRTH D, SYT2-CMS & SNAP25-CMS 133£{2 5 KM Lambert-Eaton JE R D
REME ET 250, 202 BI5F2E RORBEMEEE)BEEX 2 R~ #E B IR T
b5,

7. MRFGEEEEME BB D IEE o T

PR RS TR BT 2 BAS F ORI N Y 7 2 M L0 A E A 5
T ORI ORERER T & X 723 2 L 3 CMS DIFINTH 5, CMS DIFE N %2 BilfiR4 5 7=
D DR HE GG AR ZE D IEH 5 A2 T 2, FHER = 2 — o U OfiR O
TEEVEAL SR R I OMRERITAZ DD | BAAREN P/IQ AN T LT v RV
(CACNAIA Bl F)ZHN S5, MREERIZIMALTZ AT T LA F 0T F 7 b
% 73 (synaptotagmin 2, SYT2 i&{s 1) C2B K A A IZ#EE L SNARE (Soluble NSF
Attachment protein REceptor) AR EZIEMAL L[82]. MiMuEME T ¥ F L=l v %
EAHT D7 A/ (synaptic vesicle) S HFEIE R D U F T AFIBEICEAG L, TR T L
2 Y A 70 nm ORGSR S D, A NE b B s T
TEFLa)rD—EIETEFral) 25 5 —P(AChE)NC LV SRS i, 4fiF
AENRP-=THFLa) oRnTvFLal) SR IRACKRICHEST %, AChR &
DFEENOEENT=T 8T a2 X AChE (Z XL 2 ) AR Sinbd, v+ 7 AR
DY %, MRERBEICEE T 2 mBmE=a ) v b T AR —# —(high affinity
choline transporter, ChT, SLC5A7 385 1T & 0 MRAERICE D A N H[83], &R
MM EICEBE AT 522 T EFIVET T =T —E(choline acetyltransferase,
ChAT, CHAT B HIZELD, a2V T BTN CoO AT ®FLal U REKRS I
5o VT A/NREIZR B AT S/ M7 1 k> ATPase (vacuolar proton ATPase, V-
ATPase)lZ L VELIN D 7' m A ZEN R E LT, A7t ral ix
VT ANRBEICRBET SR T BTl v F T AR — X — (vesicular
acetylcholine transporter, VAChT, SLCI1843 815 1) % /1 L C T 7 A/NEIZE Y A E
% [84],

ACHR [Tal,B1,8,eD 4 SOV T a=y ENHRY alth T 2=y NOIHN 2T
GEND 5 BIKRTH DH(wPde), AChR V7= NI 4 DOFEEBENLZFFHMI,
M2, M3, M4), N K& C REEHSHIIAMCH D, B2 EEER R A A (M)A 4 F
¥ ANV ETEMT D, AChR 7= F N RisfllZE KM A A o Z2)F
% L. AChR Dal-8%7 = i, al-e 7 2=y MHIZZNZEN 1 3 TDOT&F
Na ) UPEATHZEICEY ACKR A A F v R A0BI 0 L, Na¥, Ca**, Mg* 72
ETRTORGA A 2 BHREPIZIEA LA #5 35, AChR 1XBA A4 &R
ZEIZ72VDS MRS Tl b BIRE DA AU R Nat DT Na" W ETe DA A F v
YXVEMREED, T O AChR B HITPE D ff& R D it 73 fik % #& H BB AL (endplate
potential, EPP) & FE.5%,

AR BT BRI EOBAMAKGFET MY U AL F 2 F ¥ RV (Nayl 4,
SCN4A BAnT) % B0 S8, B ATEE)E (L (muscle action potential) & 5579 %, Nayl.4
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IR A S S B IR B T 5 08 CE R MR 2RI b IS < i L TER Y
IR BE A0 B b E D Navl.d OB 02 L 2 HISEhENMNIXHESE I RET 5, F
FEMAIRLIRIT T B HEEIZ 20 SAFRHENERIZ AV A A T Y HiTEE) BN LA FRAEDE
EIICHGEICEET D, T BOMoME L Bl Ly 7 AF v %L Cavl.l (L-type
calcium channel = dihydropyridine receptor, DHPR receptor, CACNA1S i8fa1)tE > v v
7L, Cavll IZH TV T H LI T 7 VB K (ryanodine receptor, RyR,
RYRI BinF)Zi&MHtT %, V7T /¥ 2B IRIEH/Ma R (sarcoplasmic reticulum, SR)
N5 Ca¥ % Ml E R S 5, Al E (20ERE L7z Ca?"ld b & 48 = > (troponin)
WZHEA L, 77 F U(actin)Z & D b AR I AT U (tropomyosin)a AT A RSHE, 77
FUDOIF T VS GIMNABHT A LRV IA T UVEETE T I F U RS
S TIFEIFVIDATAT 4 I K DN A RS D,

FERBUZ B S TR B MG o ndE & T 2 72 DITEE DO 52385 LK
A (muscle endplate)iZ AChR % #EF&(clustering) X 5 (K] 2), &R O S
%7 7Y (agrin, AGRN Bin )%, & HRIEIZFEELS % low-density lipoprotein-related
receptor 4 (LRP4, LRP4 i85 1)ZHEA T 5[85,86], LRP4 2 47 1-I% MuSK (MUSK #&1x
)2 FE~TaNEREZEA L, agrin IZFES L72 LRP4 X MuSK @ H &\ U @1k
8T 5, MuSK B .U (b & MR N 71 Dok-7 (DOK7 BAn1) D353 5 [87].
U »F&{k MuSK % AChR B1¥7 === ~(CHRNBI &)%Y iRt 3%, U Uk
SIh7z AChR BIH7 = NI, FHif&E FOME S 737 rapsyn (RAPSN &1ix
)L 2.1 HLIE 11 TREA L, HRIZEIT D AChR 7 7 A X —%2TERT 5[88],
rapsyn |3FH57 Eff(phase separation)iZ XV HC.EHA L AChR 7 7 A X —Z BT 5720
AR iz r v b U — 7 #§i&E 2 7E 5 [89], Rapsyn @l iad & 18] {2 B-catenin &
chromodomain helicase DNA binding protein 8 (CHDS8, CHDS i&{s 1) & & L. rapsyn
v NU— 7 2R 5, AT WD TR DR S 1120 BEREIZ WV TIEFH 0
AChR 7 T A Z =D F kgl P REBICTE R S VD, Z DOTERIZIE Wt 3B 59 %, Wnt
I< MuSK @ Frizzled-like domain (25575 & & $1Z, Wnt @ Frizzled = FE~DFES
%41 L CP-catenin Z <L rapsyn v hU—7 2T H L EZ L TCW\W5, LRP4
. FREHRIC IS T D agrin XK E L TORRBIZINZ T, il S AR FER ~ D afi
AT 7T EHoTND Z EDRMEEZ I TVW5[90,91], X T, agrin-LRP4-
MuSK {5 %% & #4534~ 5 Ml s 70 a5 - & L C Rspo2 [92,93], Fgf18 [94], CTGF [95]73
[ E ATV 5[96],



Nerve terminal

’O =) ) .b
N Ly e S5 VN
oty SO
QY o 0
QY Synaptic vesicle S
Voltage-gated = S = S \oltage-gated
Ca channel = &S K channel
> Synaptobrevin @ VGKC
(VGCC) O, —— Syntaxin 20728 | ( " )
Lambert-Eaton 20 A3y !saacs’ syndrome
- OO @ g SESH”  (neuromyotonia)
myasthenic syndrome \‘ ',,7, SNAP-25 QY
a-larotoxin SIS \ v IBEA O
S 'e,";‘ Botulinum, Tetanus M'¢ & X
S (e o
‘-“ﬁﬁq;-..- SNARE Complex "_T:.,.-m R
OS5 ¢ L PPo00000oorRPR Kk REO
“““““““““““““ Organophoshates
.............. AChE .
Myasthenia Gravis ColQ Sarin, VX, soman
LRP4  Myasthenia Gravis @

MuSK

Schwartz-Jampel
BPD1 192 . Perlecan SEETE s

g3 . Myasthenia Gravis
Curare
AChR

a-bungarotoxin

Hyperkalemic perioidc paralysis
Hypokalemic perioidc paralysis
Myotonia congenita
Paramyotonia congenita

'IH;rc:)rg;tt?)ﬁir:w 194 ‘Wnt‘ . a-conotoxin
XX Ot (L LI L LIS XXX
338 3333 E PSS SIS S S SS S S S: S88&

Voltage-gated

sodium channel BCAT

CHDS Muscle

2. HREHESHOREN DT L AChR 7 7 2 X - % FHET % agrin-LRP4-
MuSK ¥ 7 F AR, F A A VEOFEA ZMRHIR TR $[21,95,97-99], &K D AR
RKHNZ > 7 2B L2 L 2R3, CMS DAL DIRE & e aaticnt 5
%5 % IRFCnd, BCAT, B-catenin; BPD, B-propeller domain; C6, six-cysteine-box; Ctgf,
connective tissue growth factor; Fz-CRD, frizzled-like cysteine-rich domain; Ig,
immunoglobulin-like domain; LDLR-A, low density lipoprotein receptor class A repeat; Lgr5,
leucine-rich repeat-containing G-protein coupled receptor 5; Rspo2, R-spondin 2,

8. JRHE - ERIRIEIR - TR
JARE - BRRIEIR - TBRIIKE S FIC LW RES £ D,
8-1. KT EF N2V U ZEEAChR)RIBIE(CHRNAI, CHRNBI, CHRND, CHRNE,
RAPSN)
(%)

AChR [IHAEMNZIIy Y 7 2= N &4 5 IR M onBSy L EBK Z AT 5, AL &
by 7=y OOV IZer 7T 2= N &M 5 AR (al):p1de T EIRZ TR T
%o AT (0])2B18e L ERITIR B A oSy FLEAMRIZ L L TR OB DG A 4 &N S
L(arF 72 AREL), BAREAEN, RAIZB W e 7 2=y FBKRE, b
LU < I3 IS BB E DN D G I3y 7 == R 0 25 B LG Aly-AChR
DI R A AE B U 5 [45,100-102], —J7. al, Bl, 8D 3 DDV 7= FNKE
T5 LBV T 2= FBELE LW DICHR AT D15 S REN T
R IRVAFTHZENTE R, #-> T, ACRR V7= DT LILDFEL:
BERETELL AN Y T b (FANRY T U h) deh T a=y hORIZRDBINLD,

10



F£72. AChRal, Bl 8, et 7=y FDOFHI AR AN T U IR T 2=y
FORBEZSEIIKTIESZ LICL V&R AChRR SR KRKBIEABEESEZT
[103,104], 25 DFEH I A AN T 0 NIRRT 5 AChR F#EL %
KT S5 EFRFFHZA T —F ¥ U RVEBEE(SCCMS) s 7 7 — A M F % o RVIEGHE
(FCCMS)IZRL N DA A F ¥ o RAVERED R 2 X 7236 D2 H 5 [105], AChR
al,pl,d, e 7=y hOIFHI AT AR T b F v AR TV FDOHE
HAT uESROBE LIFET 5,

FEERIRIRRE L L TR T T4 v VP REIZ L % AChR al %7 ==~ N (CHRNAI &%
FYREMNH D, CHRNAL \Zix=r V2 7 v 3 DEICE b EFEARICLOME
TELRW TSRO YV VU PRABNFET D, =7 V2 P3A B35 472 P3A(H)
WRGPEMN LRI E Svfcal 7 2= X AChR Z{EH Z LN TE2, ER
AChR al¥ 7 2=y MIZZ V> P3A NEENR PIACIREEMIHIESND,
ABPERIIAHTH D0, B MR TILP3AH) & P3AGR)D 1:1 TELNLD, 2D
7 VU P3A LT Bt > b OJFaI N Y 72 MZ XY PIA(HIREREY) D P
PMMESBND Z LIZL Y CMS ZFRIET 5[106-108],

AChR 7 Z 2 & U v T OEFTH %3 HAMBEEE T OME S > 737 E rapsyn OHEHY
NU T2 ME AChR REZFE X Z 9, Rapsyn O HOEESREIIRFESNLTHDEN
AChR 7 7 A% V) v & PLET HHE I A A 70 FR°[109]., rapsyn H CEHA
REARET DRI A AN 7 o hB3#HAE LTV 5[110], Rapsyn (% agrin-
LRP4-MuSK #&#&IZ L 0 U UMb SNHCEAT 5 & & 12 E3 ligase {EMENE ML &
N5, RAPSN DI 7 7 7 L B —s3U 7 ok pN8S8K 1L Z ™ E3 ligase 1M A FLE
H11], EHEPDAEENT 4 NOFHEEBIN RAPSN OFRHIAEANY T 2 b
(c.491G>A, p.R146H)Z A L TV, CMSIZ 2 Bl TH -7z, CMS D 2 Bl FrZ
AK9 DHRENRY T2 F233& D RAPSN & AK9 DB+ CMS DJRINTH 5 &
SN7Z[112], AK9 (X 9 O T T =X —FEDO—FThHY X7 LAV F Y
X7 VAT R=Y UBo ) VEBREEER T D, AK9 TRIES NN T2 ME
RAPSN A > b 5O 3Kiun b 14 I B —@REBRTHY , o) T2 b
DT T A TR BRAG AL 2 VE B FTREME DS /R S 4L TUN 2 D3 BRI 22 GE LI R S LT
V112], AT, Z® RAPSN OJFEEI/SU T 2 R(c.491G>A, p.R146H)IT 51D RAPSN-
CMS THHE SN TEV[113]. 4K9 DIFHIARTE/NY 70 F &2 7200 2 4 0N ESELR
ThHoZHHIIAHTH 5,

(BRIRIEIR - 1690

CHRNAI-CMS, CHRNBI1-CMS, CHRND-CMS, CHRNE-CMS |Z X % #&4 AChR KAEJE
1%, 1996 -2 CHRNE-CMS [114]23 8t S CLLREZ < #iiE SV T & 72, CHRNE O
REFTNANY T ML D CMS 1T ACRR KEJETH D Z LD HHATH D0, *
LA DIFHI AN T o D < 1E 83 THRARDH A —F v > RIVEGERE 7 7 — A b
T v U RIVIEMERE & ORI TONR N THE SN TETWD, TODHIT, DJH
K& D L DI\ EDOR L EMEET 2 2 IR TH 5, CHRNAI-CMS, CHRNBI-
CMS, CHRND-CMS, CHRNE-CMS (Z & % ## AChR KHEIE | HAE 7 M /1 0E & FE Lo
WHE T o 0 BRI BT 5, L L, MRREEAEME S eiZEFE S B L) o A7
TET D7 DITHMBERREIC & b 72 DA EFRZ D Z &P  BEIOIKTIC L 58
FEFRTE SO ORI AR 2 AT 5 2 &N d 0 EAEM I IE & IR R 5,

RAPSN-CMS 32002 - LIk 38 e 3 it 5 & 41 C = 72[33,69,70,76,77,79,80,109-113,115-
140], RAPSN-CMS @ 10 FllZW T b P OBRRIER Z 2 U, FrAaRBICEL, £
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)9 2 IR T - B - SE A KT - BE OV MR T A2 E L, BRAIT
72 o THRIEMOHEZ®R Y KT Z LR HERMEZ SN TWVWBH[131], Ll ZHub DliE
WIZZ < O CMS TRO HLILDHIEIRTH U RAPSN-CMS FERMEILZ2 0,

X 5T, 82T BT 5 X 912 CHRNAI [141], CHRND [141], RAPSN [69,70,141,142]
DIFEI ST T M K D BEERIZ FE MR AR FEM R (lethal form of multiple pterygium
syndrome, LMPS) « fif /2 HEHE) 2L ¥ o — 7 = > A (fetal akinesia deformation sequence,
FADS )R EEIN TS, ZHOITBREHOBRIOEKTFRRERKR EEZ LN TEY, T
RTOCMS IZBWTHE Z WV HELWETH 5,

JRIRE R FIZE D BT #AR AChR KRAJEDIRRIZEEM T/ PJEICEL T ) =
AT 7 —BHERNENTHD, CMS IZIRLZ2WRa Y A7 T — B HEHE R
BHAZ X B 8-4 T~ 2 M AChE KAEJE & FAL D 7 M JPER N B 0 [ A L B
Thb, Flr. =27 R RPNV T EZE—L (T LT T 1m—/L) B AChR KIEIE
X DOK7-CMS %)) & 5 4F CMS ICA R CTh H[143], AR DA AR #2550
IZEE L TR ) MRS TE e BT 5[22], Z ORI LIS =7 =
Vo e T2E— AR ENREHEBESND, MAT, 7I77 7V Vb
M AChR RIBJEIZ AR T o 5[143,144],

8-2. Escobar JEMREE(CHRNG) & BIERI SRR A IEWGRE - I REBRF L —7 2 v
A(CHRNA1, CHRND, MUSK, RAPSN, DOK7, SLC18A3)
(R HR)

JEYA AChR DA E FN Ly 7 2= MBS F(CHRNG) DERETE R BAR T3 Y
7 MR e K ME 2 %6 1 B H B fE JiE (arthrogryposis multiplex congenita) & FOR
(pterygium) & F58 & U, FEMEITIME T RIEDOFR OFRIH 231 % Escobar fEfE#E (Escobar
variant of multiple pterygium syndrome, EVMPS) & ZAE/H) 2 R MR I 5 ¥ (lethal
form of multiple pterygium syndrome, LMPS) % & & £ Z 97[65-67], T 4L H MG 4EH] o> i
N ZIMERIEITINE & BIRA ORK EZE 2 DD, 7 AO—FERB R BIET 16
725 FBIMEAX A > 2 —(uniparetnal disomy)73J5UK @ Escobar JEBERE N HRE SN TEY
RBUES AV I =3B EMRBICB N TRE ST D ATREMER W
&R S LTV 5 [145],

A I EE) S o — 7 = A(fetal akinesia deformation sequence, FADS)IZE L) £ 3
PEELR 7E R (lethal form of multiple pterygium syndrome, LMPS) & i#ifge L 72 A7k
S5 K& LTHE STV A[142], FADS/LMPS (2331F % CHRNAI [141]. CHRND [141].
MUSK (FADS1) [146,147]. RAPSN (FADS2)[69,70,141,142]. DOK7 (FADS3)[142,148].
SLCI8A3[1491DIRII /N 7 2 E A X TV D, 21D b RN 0 & o HEdEh 23 7
EEZILND,

(BRIRIEIR - 1690

Escobar JEEREIL 72 5% 101 4 O AE D 3TV 5 [65-68,145,150-154][75,155-160],
AChRy V7' 2= MIHAERIZ AChReY 7 2= v MIEH I D =D HAEZIIH
T - A ek 258607, Escobar SEMRRE & BOERYZL IR FEREE S CMS &
IERRIRAN 72 578 CMS OFFRLC T S B [66], FHEEHIRME O THER A %
R RN AT Bscobar SEERENAFAE L[67,68], B O FHERAFHHE O/ NE O IR
W DATENFAET D & B 5, AR IR fMEIE X 220 UL EO R BT
AT ILTW DAY CHRNG DIFEI N Y 72 S b %< 17 ZRH 6 FRICRD b
5[68]e ARA ¥ DR TFRNT TIHHI N 72 MRFEIE TE 72 64 44D CMS HBE D 9
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B 5 4755 CHRNG /XU 7 > MZ X % Escobar JEMERETH - 7= & A STV 5[75],
FHRBEAE M 3 2 Fifid T b,

83. A —F ¥ VRIVEBHEFESCCMS) « 7 7 — A N F ¥ V X NVIEBEBEFCCMS)
(CHRNA1, CHRNBI1, CHRND, CHRNE)

(TR)

SCCMS (% AChR A A > F v > F/VB ORI R R F IR T 2WETH Y . (.,
FCCMS (X AChR A A > F ¥ > R/VBH ORI B F BT 2 WETH D, A A4 F
¥ 2 VB DRI R U C A < IERCF OFRRE DS TR A B2 550G Bin s E 2 i
Z

SCCMS (¥ AChR al,Bl,8,eh 7 2= NBETFDOH T LILDJHIII A& AN
T RBREKTH Y WY AR B2 R0, BT EEERO
— N KA TUND[161,162], SCCMS DIFHIANY 7o ME 2 BEICKBITX %, #
1BE T BT A2 ) UBREET HMIa N KA A U7 5 ONCEH 1 EERE KA A > M1D)D
R I A AN T N ThDH, TR T MITEF LY D
AChR 705 D2 BE S ¥ 5, 2RI A A T v o RNILEED S 2 A R A
A L M)DIFHII AL AN T 2 N Th H[163,164], A0 —TF ¥ » RIVIEMEREIC I
WCA A F v VB NRHOREILERDHEEZ R Z T E LT RO 3
ONBEEEINTWVWD,H 1 OEFIZ.ACOR A 4> F ¥ > %L OB HIZ X 0 fIfRAN Na*
TEEENHEIN L, AT D8 BN S0 5 2 & Th 5D, ErIEIREN 2
IS5 Z L X0 AR FEAL (endplate potential, EPP)D BN A BRI/ NS L 220 B
MR R BT DA T N U ¥ AF ¥ > R /V(Nayl.4)23 EPP & AT 72 < 7
D Navl.4 2 L 2ERAIEENEN 2ME U< < 725, 2 % B O XA E (endplate
myopathy) Td» 5[165], AChR [ZB5A A IFERIUEA 4 F v VDT OIZIEF I
BOWTHLA AL F v o xVOBNICE Y Ca BT AT D, il ATle-AChR T
1L 7% DRARETS Ca2 LV EITNTH Y, BIERYy-AChR LV b Ev, Ar—F
¥ U ROVIEERE CIXIRE 72 Ca¥?* DA T HZ LI LD 7R b= ANFHE I K&
WORBEENE SN D, SBIT, 22D A0 —F ¥ %LU 7 ~(CHRNE p.T284P
[163], CHRNE p.V279F [166]) Tl Ca?* DB IENIER O 1.5 506 2 5T 52 &
2 X0 RARTIEDS IR B[167], 3 & H OHEFFIL AChR OBUEIETH H[168], Fifi
B72 7 EF Y U OFFE T T AChR [ IBEIEL., 7EFval SIS TERL
725, BUBIEIREED > B L= A O AChR OREEFRMTIZ L D & PUBIEIZ L Y AChR ©
2 22T D ACh G EBAL SRR (2 xf U CRIRFRHEI D IZEEE T2 & & HiZ, O EDD a
BT 2=y D M4 KAA 2 ORIBEIMUOREE D K E < BT 5[169], BURIEIZ X
D EPP Z PEA T& %5 AChR SR Y Mk i A E S o Z R EEZ S D,

FCCMS (X, AChR A F > F v  RVENHED L TIIA B —F ¥ RVIEERE & EX
XTDIFHETH 5, 3TEDOIRHINY T v FBFET D, 1 DT N—71%, AChR W
Ta=y hOT®F NIV UFEGEN E MRS R AL ORI T R ThH
%[170], BLBRIEWZ iz 7 BT a Y UREEEMLO FCCSMS i/ N 70 kD %<
7 EF vl d AChR ~DifEA Tld7a< AChR F v U RAVBROICHELZ 5 2 5
[104,170-172]c L2 L., 7EF /L2l D AChR ~DFERITHEE 52 57 F /Lo
U UAEAENE AN T2 RITITRR, T F vl D AChR ~Dfié & AChR F v >
FIVBIODOWENCH B L 52 572 F)La ) VAT ANY 7o MIT3 b FEET 5,
B2 O N—71F, M3-M4 [EEE RA A 25 SEWHE LV — 7 (long
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cytoplasmic loop, LCP)DJRHI/NU 7 > F TH Y . AChR OB MIREEZ R L El S5
[174-176], 55 3 D 7 )L —7 1L, AChR ® M3 [EEH# R A A > DIFEINY T R TH U |
M2IEEE R A A B b A F X RN EREICHE TN LERT DI EIC K
0T v o RIVILDEED SN DH[177],

(BRIRIEIR - 1690
SCCMS 13 1995 fELLK 34 R3S S 41T & 72[23-25,61,161,162,164,166,168,178-
202], D% < OFYLEARBAMEENE) B R R & [FERIZ SCCMS IXRASIEFI 2%
<\ RAFEIEGI CIXEIEFNIT D72, BEHIZARBTH 2 08 BB G O R R 725 7
KT EBDDIEF DD 5, EEARF OF MK T IX DOK7-CMS 15 B9 10 B2 T
HERD BTz EHE SN TUVWD[16], COLO-CMS, PURA-CMS & [RIEEIZ B f i fi i
I & B CMAP 23380 B 5, 60 4 D SCCMS BE DENTIZ L 0 | [K1E CMAP
DI B AL AT S D AChR 23— 2 B O R 28 IE 5 D 8.68 [FICIER L TH
V. 18 CMAP D88 BV WERICIZIER O 384 FDIER TH 7= 2 L VRiE &
NTWAB[95]. T MY U AF v 7 ay —X AChR A 4> F ¥ RV LI
Ty 73T HEOHMAICESE, TR ULATFyrxvTay JIERNG SIS
AR =32 [30] & SSRI 7 /LA F & F 2 [31]00 SCCMS-AChR {2 %35 &h 53—
F ¥ URVFRLERIZ KV FERES Tz, FE, F=U U [32]b 7V F T ETF 3116
SCCMS IZAZN T D Z L MIME S NTZ, WTHOIAE SCCMS D FEMTHE D ol
DILELIR T D SR O UGEIZIT 1 UL EE2 235, 1540 SCCMS DOIRIEZNR
DLE2—IZXDE, FEAEDEETKF=V TN TFUNAETH- T
D3, PR RESCHR S N ST D RITH S TiE e o 72[23], =TV U EH
HE3NTm 6 £DRFEDHH 2 LITREUE & FFRERER E NGO Hiiz[23], 7/VA4F
BF ARG SN0 DBED O H THTHLLRMEZRBOIN 3L TiIER
=7 T4 A, EHIR, RINENED SivE A (40 mg/day) D 513K AHETH
>72[23), [RERICTZ VA FEF U DERAIOWEIZIBNT 2 B 1 FHIAIR, EEHR,
BRAIRNRD 531, 7AAXREFUoORIERE LTELHBNTWDA,
TG X F oG MGERR O AR Z R LT SCCMS JERI A HRE ST\ 5D
[203], 60 £ @ SCCMS % % & D7D HE Tix SCCMS FEIE 11.6 FZITF =T
RINA X TF L ORGE#MM L CREZRINZRLIZ[198], F=Y b7 /04F
tF B IER AChR OF ¥ VB DR 2 B IZRIAG T 2 DA TH LM, 92l
%L CTHSRICALTT ENT= 7 VA% & F 278 RAPSN-CMS % 5 HE S B 7 JEFI AN i &
NFBV[33]., SCCMS LIAAD CMS Ik 2 216 OIEANTEEIZHEH T L BN H
%o AV AT T —FHEAIRCT I 77 7Y U UEE < OREFITESTH D0
[23,61,185,189], =V > = X7 T —EHEFEHD AR TH -7 SCCMS & ST
5[186], = U v AT 7 —FLEAIT AChR ZHlI% L CHUE/EREEICT 2 Z Lok
D SCCMS IZ#RZ 54T 2 L b s, MA T, SCCMS IZHT 527 = R &
PNTEE—(TNTTr—)DEbHESINTEY[23-25], vV AET /LT
H FEIEES TV H[204,205],

FCCMS % 1996 4ELLK 11 A3 E 41T X 72[14,127,170,173,176,206-211], AChR
Y7 a=y NBIEBETORI A AT T2 3 FCCMS % #7224 AChR
KRIFIEZ BT 20 E 8T 27 DIITHE T v VXL GLEB N ETH DL, 2D &
23 FCCMS OSSN 2 72 WBLH & lbiv D, CHRNBI BAGT-DIRIINY 7 2 MZ
& 5 FCCMS 138 5m _HITAFE LIS 2 31372, LrL, FCCMS & ## AChR X
B ITIBIRIEN L L CRB ORI CTH D Z LITHRFITE > TOREM R AFIEIT
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720, FCCMS (£ Y =27 7 —EBHEAI[127,173,200,210212], 7777 U
>[210212], VT HZE—) (T AT Ta— V) RBWESTHD, =7 KU b
HTHLAREERD AN AT T —EHERTHO RN GO DD
IO OFRICEAT DM IT R0,

8-4. MR T EFN Y V2 RT T —EXRBIE(COLY) & ¥ T T AR DOEE D T K
BT X B SR MR SERRE(LAMB2, COL13AI)

(TR)

EFEEHICBWTTEFral) A7 7 —BAChE)X T B F L2 U v % KfiE
T D MEFRTEMEZFFD AChE 70125 1, 2, 4 5 £ - 72 ERIR AChE (G1, G2, Ga) &, 3 Hi#H
EZE D 3 AD 27—/ Q (ColQ)Z AChE 23728 4, 8, 12 fHE % - 7= I itk
AChE (A4, As, Ai) D 6 FREADFAET D, ARREAEEA TN I W TUIRIER PRI AChE 238
BIHFIET D, ColQ 121X 3 DD RAAL U HDH, N K7 ) N2 ETe PRAD
(proline-rich attachment domain)?¥3 %, AChE |Z PRAD Z /i L T 4 &A% Zhk L ColQ
3EMICHAT D, RIZZT—FT LV RAAL L ThD, 27— NAAL V3o =aZ
— BRI ERIBRIC 3 A LI e ) VRO Z LICI D LE LT 3 EH
WEE D, 27— RAAL D2 FHCIEEMNZ L7 2 BN EE 725N H
0. ~RT UNiE T a7 427 U J1 > (heparan sulfate proteoglycan, HSP) #&& KA A >
(HSP-binding domain, HSPBD) & FEEHL 5 [214], fHEIZ C Kifi KA A > ThH D, C Kt
RAA NTEME LT I JREVATA VUNBEICEENLZEE Lz 3 koot
WExE D, FERFRE ACKE 1320 DR TIE B VARSI 53 41, ColQ 24 LT
F 7" 2 B (synaptic basal lamina)lZ 4289~ %5, HPPBD # 4" L C/N—/L 77 > (perlecan)
I ET DU T AREFICEE 72 HSP I AT 5[215], 7. C Kl KA A
VR ARSI B A T S MR R Z AR T 1 > v % J — € (muscle-specific
receptor tyrosine kinase, MuSK)IZ#5& 7 5[99,216,217],

H&AK AChE KABJEIL COLQ iB151 DHERETER /N U 77 > | (loss-of-function mutations)
IZ &k - T & 5[218-222], ACHE BIGFDIREI/NY 7 v MIMOEEZ G CTlE S
LTV, AChE [ZHRAHRE D =2 U BN S T 7 2 2 5 TRl THEE KRR
HoTWABTD, W) ACHE N) 7 v haRi>ob MIEFTERWEHEIND,
ColQ TR AT B W CEHEREREZ > TV DA, COLQ #Efn T RBEITE#%
AN 2 TG BL - BUEZER 70 & OB L TR 0 iR S LA CRAOREZ B L T
WD RREMED B D, Lar L. ColQ RIEA~ U AT M AChE KRABJELISS DO RBI 2 7~
E7pUN[223,224], E72. HKABEEANY T TRV ACHE Eis+ D SNP
p-His322Asn (rs1799805)I% YT ik Z IR E 4 5 [225], COLQ BAnF+ DIRAI/NY T
Na 30500 T AT HZENTESD[221], F1 DY T ALPRAD XY T T
HY . TR RY T R EEO ColQ 1L AChE ICHE TEX RV, HB20DV T A TaT—
FURAAL N T N THD, 2O RAAL ORI T hOEL 3 A
NYT b, Z—=L3 T "N T 2 R E ColQ # /™37 SH{OFRDPIEFH TILE S
JiH) N U 7 N (truncation variants) Cd 5, 5 3 D7 T AN C Kifi KA A 2 DIFHI/N
U7 b THY . MuSK ZJ L 7R TG~ DR & BLE ¥ 5[222,226],

&M AChE KABJEIC L 28R 227 v F Lo ) o BN RGEATE SnE2 B ET
HIEREIL, EIZak <72 SCCMS @ 3 DDOED 5 2 &2 ILHT 5, #1DHIT, KIS
BT D FILEEN OWARS 7 MIEWENKFEMET R Y 7 AF ¢ R /V(Nayl.4)h3
G ULR< e 5n, &3 oL LT, ACh OF|IC L5 AChR OBUEENEE S
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HIN, AR —F ¢ U RVIEGEREE B2 0 a ) v AT T —PHERDNER ZSGET D
Z EF W2 ®HIZ AChR OBURIEN & ORREREIZE LS L T A A TH D, —
J7. SCCMS IZ78 H AL TR AChE RAFJEIZFED B W & LT, Ca> Ol
AL DERDT R b= ATHDH, SCCMS & H72 0 #EH AChE KABJE CTldhifk
ROV 22U AR EAE Y T 7 ABBRICREAE T 5 2 &2 X0 iRk
B OmEE /NS TDHE EBITHREKRDOY A4 X&/NE < L, EEiIEEN BN
LoThiizans7tFral) vasEd w5 L5 ITRIEKERE X, SCCMS
TR 51 5 KA JE (endplate myopathy) L & 720,

MR HEAERCIEP2 7 2 = % & laminins-221, -421,-521 AFEH L T\ 5, T3
=3a, B,y?D 3 BIKTH YV | laminins-221,-421,-521 1%, TN, a2, 04, a57 I =
VIR 7= byl II=U T3 EREELSZLARLTND, ZNLHLDTI=V
Lo T T ARIEEO BEERAEN D T CTH D[227], MRS T 7 AMERD 7
=AY T T ARG L BT T AEE OBV ORES Y 2 U RO A B2
B EHA~DOR B CEEREE 2 R LTS, B2 7 I =13 PIQ AR BTN N Y
BNARTEME I L 0 DA F o F ¥ o K IW(VGCO)NT B & L[228-230], ) 7 AHi
TIT 4 T = DRI ETH D231, B2 7 I = U ITBRERIR L ARERIC & 3831
LTEY., LAMB2 i&a1 DRI 72 MIIRERE S & B3 x 7 0 —VIEERE %
T L 3D Pierson JEMERE[232]X°, 7 b —VEMERE 5 HU[233] 2 A& L Z 9, Pierson
JEMERE & EEED CMS & & 0F L7z 20 ikt — Bl 38V T LAMB2 8 fs1 DRI/~ 7
v MG SN TWA[LS], LAMB2-CMS O AR 15 O B ISE RE MR 1C THRE R D
YA XOFELNED « a2 U UMD T 7T ARBA~OE AN « 1 IRV T T RIEDFE L
WIER A7 BRAEBLUEENT TIIMRER b 0T B F a2 U U OZE LVWET
WD BT, BRAF R RTC X 0 7 F v a ) v OB FRHOBEERK TN
WO BIT[15], Lamb2 / > 7 7 7 b~ U A b REERORE 2 B9 5[234],

HDFREBRNAAS 2 oaT7—7 0 13al SHITHRHEAIICEEICFEEL
AChR DL HEFFICEEE TH H[235], COLI3AI BInF DT L—ALL 7 hRY T
NS CMS Z & & Z97[236], BETRIESNTE 7 L—LT 7 FXY T & C2CI12
AR AT D Z LI K VB SMEIZHES AChR 7 7 AZ Y IR 52 &0
RIFLTUVNAH[236], Coll3al KIE~ U A IFAPREAGEEA TR DI AR 2T 2 T[235,237].

BEAE S RT[238],
(BRIRIEIR - 1690
COLQ-CMS % 1998 4ELIK 30 #hasds ST & 72[12,29,34,218,219,222,239-257]
[137,138,258-260], COLQ-CMS D% < [ HIAZ R DS IR AT BRI « W0 A7 BRIEE « W25 1 T4
TCHRIET D, 3D 48 5D COLO-CMS 15 JEFI % i K 10 AR OF%E %38 > 7=
HTIE, 80% DBEFIIATNARETH D . 87%D B XML R EEN 2 LR ST
V5 [250], COLQ-CMS 22 JEBI DAL Tl DOK7-CMS % X3 & 32 B AL, 8 e
KL O N RHELL D5 MK T 238D 5[244], 2B TR WA OFE I L 5
[ 2289 2 A BE (fluctuating scoliosis) | &R #IHINZER O | &I @ EOMIBIEIZBAT L,
COLQ-CMS & DOK7-CMS DB IkMETH 5 L HaR ST 5[246], ARHG T HE
ROHMR 5 RSB 2 40 -0 TRR D 5 [244,250], FEIR D H NZEE)CHR 1K T OHETT & K954
TR 5[250], COLQ-CMS (ZRHEH) 2 BRRAEIR & L CREFLD AChE KIEIZ X 5%
S DBIED 8 D DY 25% D BENZZBD HILDH DA TH H[244], SCCMS, PURA-CMS
&[RRI BB AR 2 & D IE CMAP 239148 TRE b H 115 [250], COLO-CMS T
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VIR FRTF T D ERIR AChE & 7' F VU L2 J o= A7 Z —F (butyrylcholinesterase)
WL > THREmESHOTEF L a) VAR L TWD ), a2l = X7 7 —8l
EHNT 0 RS L7 CEE R ENWEH R 15 5[12-14], LA L .22 ffildd COLO-CMS
DI Ta ) 27 7 —EBHER ORI RZ T OMEFTHIROH 72N
HOD 4 FHZEBWTEYINRSGED R AR Lz Z L35 ST 5[244]), COLO-
CMS IZX LT 7 = R U R B2 iSRS V7 X W(T VT T a— L) INH%h &
HEINTVD[26-28], FRZ 2IEFNCE N T T = R UREDE R LT RESNT
WAHMN[26]. ZNOHDBANTHLIETFIIAHATHD, SHIZ, TIT77 07TV D
AMELHE STV DEH[12,29]. Z OFMEF LA TH S, AT SCCMS (ZF
Mg 7 A X F U NEYE R LTZ COLO-CMS O—flHiE ST\ b[34], 7V
FXEF UIXIER AChR OF ¥ VB KRR 213 & A EHLHE L7272 9 [30].,
COLO-CMS IZxf L TH TH > 2RI AHTH 5,

LAMB2-CMS 1% 2009 3G S iz — Bl DA TH Y | Pierson SEMERE & BHE D CMS
AP LT 20 MBI T o 72 [15], BRI N EE 2 0k L, #HEli &
HEDH TR BTz, BEVFEERILEZ RO T, X 237 JRIT T kOB AR
TYGEL TWD, IR NEE - SMRAGFREL - 5 B O A AL O K N 287, K
PEARRHITA T 24% D CMAP BEZ @Oz, 2V X7 7 —EBHEFNIER 2 ¥
SHMERHBI N ME L 72 o7, =27 = RU UREZNTH -7, 2009 40 LAMB2-CMS
DIELIED LAMB2 73V 7 > M2 X 5 Pierson JEMEREICBWT S 7 K T oM 1
JER DOFEHEH N 72 <. LAMB2-CMS #IEREH125 CMS OFRBIV 2 2 U= BRI AP ThH
Do

COLI341-CMS [Z 2015 4FELL3K 19 5% 41 Bl ST & 72[137,138,236,261-263],
WAL HAERFO REYL R #E - 5| JIBEE CRIE L TV 5, @EOIRKE FE &8 DH
ARATPRELL AN 2 C, BRI« BRAN - FEURAT - RN O KR T A2 295, RErfific
AT OREEIIRE TH 5, ) o257 7 —EHEF[236,261,262]1 3 L) T
HDHMW, VIV THE—I[23626126021 T I 77TV VURIDENTH D,

8-5. BT NV U AF ¥ XNFHESEBERES CN4A)
(TR)

SCN4A OFEREFEINNY 7> ME CMS ZE X 2 9735,36,264], — . SCN44 D%
RS NU 72 MXE A U o A VEEEAVE DU B RREE[265]. 1K U v A JE S DO A R
JBi[265]. AV T AHERIERMEI N R T =T266]. e RKMNT I b =T 26712 A X
27, FRIEBEEAIEWENM THHIANY 7> &A% Navl4 ZTRHIATER
BRIZZ2 DT W LA T, REMOBOIRIRENLETH L Z EDBHKTH 5,
SF ) BHIARTE LR 2N BRI 7 P L, EFIREICLEDIZS W, 1 [BHED
Navl.4 OB HITIES & FERICITON D23, 2 B H LEIE Navl.4 BAARTE(E LB O LI
LB LTk RABMEATRIC I T 586 A5 B B (compound muscle action
potential, CMAP)» 8= LAK I iER A2 5| & 297, 723, Nayl.4d OMReEHR Y 7
Y MZEDEB YT SRS MDY BRI A U S E A DU R - 0 U O A
EMEIA F=T « BRM/ T I 4 F=7 Tld, —&RIZ CMS & BHIRTE(IRREIZ
72 01c< L, BREIRTE(L RS A2 7 R L, Nayl4 250 IR LEEAT5, L
IFPAOIRAETH Na™ Navld Z40 L TRV CTIEAT 5,

(BRIRIEIR - 1690
SCN4A-CMS 132003 =LAk 6 SE B 23 < 41T & 72[35,36,137,264,268,269], SCN4A-
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CMS [FHAEI DI D HERER - ERAHFRE - ) KT 42 2 L 30-60 srfFHeT 5, %
VERI RN & AR A pRSEE. - BRI - R8RS - DU OBE O IR T 2580 5, 278 fi
D LR ZEIRICIEGERE(SIDS) D 1 D 4 §1X SCN4A-CMS TH 7= Z ENHESIN TN D
[9], SCN4A-CMS & %R OMIRIER T B F 2 U U Yo 7 A K (CHAT-CMS,
SLC1843-CMS, SLC5A7-CMS, PREPL-CMS) D — EIE 1] ~C 13 i H8 FE SCAE AR il 35 oD 7
T CMAP DOIENH LI/ 5 2 S22 TRIEMEO I ER DB TH 5,
oV v RT 7 —ERERNIA R ZIERI[35,139,269]. HERN/RRERI[264], D E CHEE
e U AEEMERIER 23R B IIERI268] 3 i S CW\Wb, LT ZE—L
—BICHTH-712[139], FEEIC, 7B XY T I RO IFIED T 5 A% 72 5EH
&[35,268] & S 7R FEFI[36] 03 A S LT WD,

8-6. MBRIHEEEER L TN FRBIT X 5 HRER EAIEFEFEWAGRN, MUSK, LRP4,
DOK?)

(TR)

Agrin (AGRN BAEF)THRRAE R D B W S 415 57 F 9 200 kDa DK E 72451 C
HY, TI=2+*NCAM * @« VA I Z U B « LRP4IZHT HFES KA A VA5
LTS, AGRN OIREINY T 2 MIWT s AChR 7 7 A K Y U 7 aEET D)3,
JREINY TV SBFEET D RAA X - T, (()MuSK U U {b DFESE | (ii) agrin 47
T OIROIEHE, (i) agrin /3T OMRA A~ OIRE OLED 3 FEHO FHREME
DEET H[270],

LRP4 O 3 B 7 0XT R A A T agrin DFEA L. D RAA VDOIFRHIANY T
N % LRP4 @ agrin 72 5 ONZ MuSK ~DifE & 2 HE L, MuSK U Vb AR T S,
AChR 7 7 A X —JEkZMET 5[21], LRP4 HE 3P 7 1XT K A A 2 1% 2 BUE sk
JiE (sclerosteosis type 2, SOST2)DJRK & 72 HJFHI I A B AU 7 o RARHE SN T
WA[271], CMS 23U 7 > M agrin-LRP4-MuSK ¥ 7' /UiEME 2 BLES 5 73, SOST2
NYT Y NIEELRY, —F, SOST2 /NU 72 NI LRP4 (285 Wnt &7 F /L4
Hh R A KRBT D08, CMS NY 7> MIXKE LR, CMS AU 72 MIFE3I BB
RT RAAL VEBICHALEST D7, SOST2 NUT 2 MIZD KA A L RRERICALE
LTCEBY NI T RO RAAL HIZBITAAEICE > T2 OO R - 7o REH
295, LRP4 OIFEHINY 7 Mk, SOST2 LIAMC & AHRIER £ & 45 Cenani-
Lenz syndactyly JEMEHE CTHEEZ SN TE Y [272]. LRP4 DOIREINY T 2 M,
agrin-LRP4-MuSK + 7 /LR Z[HETHH DL Wit ¥ 7 FAMGRZLET 56O
DlEDFET D,

MUSK 3&fn+DIFEpIRN Y 70 MZiE, agrin (2 X 5 MuSK U U LREIC 1T % 5
23 MuSK % > /37 B ORI EL 2 JE5 S B 5 6 0=°[273], agrin (2 X % MuSK U
VALEE - AChR £fEREA & L < S 25 b DOBFET H[274],

DOK7 BT DI AN Y T o S < il SN TE TV 5, Dok-7 DFRBLA KT
SHDHNY T bR, MuSK VU UER(LEE « AChRBIV 7= U UE{LEEA (L T &
& 5[275-278], DOK7-CMS FEFE H XK iPS ML OfFNTIZ X W DOK7 ORI A& A
NUYT oV MINT 7V ) —2%EL Dok-7 2 825 2 & N & 7=[278],
(ERIRIELR - 1650

AGRN-CMS 13 2009 4Lk 13 i THt A S 41TV 4[5,138,139,269,270,279-286], 2009
D AGRN-CMS DD 1 5% 2 i3/ HIFAE O D DU LA /1K T & A IR DR
e N A 2T 5 42 Bl L 36 BRI ThH-72[279], =V = AT T —EHE
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LTI 77TV VUL EH L ME SN WD, FOBMRE SNTIEM DL b#FE
WS/ OFRIE THED Z E RN TERWVEREDOHEE D FIFHE O KT
DO IERERT X D HBIER AL E R RREOBEEDOH MK T 2RO 5, 2 AT T
—BHELTI 777V P ESL LSIEREFEHREIN TS, —FH.,
WNTHE—)U(T VT T a— WNIEG X7 12 64 10 Bl THRCTH - 72[281], [RIER
2= 7 = RU UINAENTH > IZIERI D HE I 4TV 5[282], AGRN Ol T L )LD )L
WY T MTE o THENR 30 M THE L o TR IREEI L L — 27 = A (fetal
akinesia deformation sequence)?® 1 23 S 4L TV 5H[287], A TARFD 262 4 D H
FASE AT R T LAEEASDIZEIT D de novo /XU 7 ks OFFNTIZ T AGRN D F /LN
V7 v MRRESNTVWD[288], LarL, A7 Lv®D AGRN 74230 7 2 Mid CMS
BE OFIEIR O MEUIFED B, BIOBARKFLERER 25 ASD OFIEIZEE 57 %
Elbg, Ix T, BathEEt = o —a NF—IZB T AGRN iR I A& AN
U7 v EHEE STV 5H[289], H—MifiEMEX Ty v # —DMRB#HE SN T
WD DRI ORI BB EE M = = —a X F—Th 5,

MUSK-CMS % 2004 LK 15 #CHiE S 41T & 72[20,74,138,273,274,290-299],
MUSK-CMSI15 D L & = —TIEHAERND 8 ORIE T, TG /1K T - IRig T
e - MR - B A AR - BRI - R KT 2 2 < OIERTER O Y
R CIPWL R BRI K B PR AR BI S A T 5[20], =2 U v AT T — B HER L
Pt LAEREZHEL, 7I 77 07TV DU VLT HE—) (T IVT T a—)iT
WL )N D B 72 2h A2 /) d7[20], MNA T, 82 12 Hik~7= X 512 MUSK DIFEII/NY 7
¥ MZ K DRI IEEN S L — 7 = A(fetal akinesia deformation sequence, FADS)? 19
B E I N T 5H[146,147],

LPR4-CMS 1% 2014 F-Z EiR D 2 SDDOJFH I A U AT 7 N & FFo—fF 038
SNTZDHTH 521, Z OIFERNIE HAEL IR ) R A FJE L 6 % £ TR AR IZ K 5
NTREE RSB TH o7, 9wk & 14 RO CIIEEE O SR R & AL i AL
DEEOHNET 2RO D, 2 v AT 7 —PHEAIIEA M TREOH KT %
A7,

DOK7-CMS (X 2006 LIk 34 # @ #H 5 D & 5 [14,16-19,56,57,73,75,80,136-
139,142,275-277,300-315], DOK7-CMS15 il L & 2 — |2 K 5 & FIEITHAERN B S IR
T < BB ORIEIL 13 % T o 72[16], WAL & AR ELL D5 K T %2 24
IZRO, FHEOE HhZ2 BHEE Tl T, Fio. WEGEA RS M) O 1K T
Z 12 Bl CERD 1o, KT OARTE R A 78 60 . 11 451 CHR g T 2 « SRR A BRJE 2 585D |
8-9 I CEAMm AN « ERKEH OF MK T 238872, DOK7-CMS [FEA##H CMS & ST
X3RN T - SMIRA R - B A AR T« BRI O fFAE & AL CE 220, 13X
2EITHER O HNEB 258D T\ 5, BIEAE/E L 2B s CE 720X 15 filH 4
BIOI T, MITTEREFIE « RBEHEFIE - L b RU THIES M I TE 2 L8
HENTWD, REBRIZARIETH 52 DOK7-CMS IZEEFREHSE AR 242 50 L=
BN STV B [313], DOK7-CMS 164 57 = R oV LT X E—)(T
VT T — W K DA RIS A DOK7-CMS ([CANTH D Z & D30 R LR
SN TV 5[14,16-19,57,301,306-308,312,315], M TAF S B2 FEHEKY n 77 1o —
NAEAHEEY DOK7-CMS (ICEZI CTh oo LS Tna[10], —FH, 2V = RXT7
7 —PIHEANIES S L IERZHEEIE5[14,16-19], 717707V UNE
NTH o = ARFRIEB N HAE STV H[310], SCCMS & U FIEZ BN T AF 1T
U SN2 DOK7-CMS IZB W T 7 VA F U NEZTH > TIERNRE SH
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TUWB[316], Dok7 DIFHII AL ANY T v M EFFOET L~ 7 A 2% LT Dok-7
R DR E G LBE RN B o 2 EnHE SN TE Y | R HIRF
SNADBIT7] BTFIIARB ToH 525 40-50 IO D AT v A NIgRVBAThH -7
DOK7-CMS O— B S TWAH[318], MMz T, 82 IZHikx7= X 952 DOK7 D
RN T M K B R IR BN o — 7 = A (fetal akinesia deformation sequence,
FADS)D 4 258 S 1TV 5[142,148],

8-7. BRI X LR BRIBIC X B SR & EBERE(PLEC)
(TR)

Plectin [FFEMTIIZ A b L ADNND 2 AL T 2 FRIMRHETH U . BRI
BWTIEAEEE-Z X FIZRBLT 5, KEIZBWTENI T AEY — L Z BT 5,
PLEC (plectin) i& 1= ¥ ® i B 2N U 7 > K 1% 32 B¢ /K i JiE (epidermolysis bullosa
simplex)[319] & & YL RIEME(H TR A hu 7 ¢ —17 B32012 & 27,
FKRAWIE LY A ba 7 4 —OmEHRI 26T DIEFNIZIBV TR AChR KABJE
DR ST & 72[321-323), RIEKIIEZ A OFETH T A e 7 4 — & #&H AChR X
PIED B DIEB] S HE STV 5H[324,325], L an b S g igrt (&
MR A e 7 0 —17 8] 3 5% 3AERI3201 &, M UL hrahoib s
72 #&H AChR KABJED 4 5% 4 JEHI[325]1%[R— D PLEC OJFHIARE Y T 0 R NJE
KTH U FYORENE(SH MR Y A o 7 ¢ —17 BT BEAEE BisiE
B 5 A H SO T 5 ATREMED N & 5, Plectin IR EAEICEEICRILL, T A~
EVA MO T 4 AR E SRS E L BT, rapsyn-AChR EAKRICH G L., k2
B O L ZEL S 5H([326], FIAMT O EIABIEE TRARNEIE OIEE & A
BHEBN5H[321],

(ERIRIELR - 160

PLEC-CMS % 1999 ALK 22 SEFI 23 S 4TV 5[269,321,323-325,327-329], %
F2 AKHE 2 588 B AEBI[321,323,327,328] £ 5RO 72V MEHI[324,325]3 8 5, /NS WKIE
Z 1 BT T IZERD D BIE DR S AIEIER] S & 5[328], PLEC DRI/~ Y 7 2 k& Ff
2 117 B9 14 FlIC CMS KBRS 14 FHZERD HALTWA[329], LarL, [A—FEHH
LB BR 15 fild 7 6l CMS KBRS H 5 LA LTV [329]. PLEC-CMS D& Pf%
WEINTHWD LY L ZWA[REMER ®H D, PLEC-CMS (Y A ha 7 ¢« —NEHEE
TEPFT 5, FIEITLIEH NS 26 5 E THEAH D . UK T « W IREE - PR
N - ARMS T HE - SRR 72 & O i i TR 2 29 5 [321,323,325,328], RAHEZ D
SASHREHRIM T CMAP R 280 5, 3 fITiEal) =27 7 —BIER O EN
72<[323]. 3BITIFAR TH-72[328], 4l TiE=al >=RT 7 —BHEAIE LT
2E— )W T NTTa—WOUHNEN TH-72[325], 7TI 777V VL 1 fiIT
HhTH V[328]. 2 B THEYTH - 72[323,328], Z T PLEC Dfi7 L/ 36 bp ffi
ANRNY T NECHRNEDET LILDT7 L—L 7 MY T o RS R KIEE &
CMS O FE B % &+ % PLEC-CHRNE-CMS O —fF23 i E STV 5H[322], = DIERFIT
T2 ) v AT T —VHEA T = U URRERZTH 72,

8-8. MR EKTEFNY U WA 7 VB REIZ L 55K REBERE(CHAT,
SLC18A43, SLC5A7, PREPL)

(R ER)
MR RIZBWNTZ Y T EFILCANSTEFILal 2T HlEH
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Vo T7®F /N ~T 7 =7 —E(choline acetyl transferase, ChAT) % =2 — R34 %5 CHAT &
IGFOFE1IA > e NI BERENEZTeFral) a7 2/ alcigEd 5
IWNRTEF =) kT AR —HF —(vesicular acetylcholine transporter, VAChT) % =
— R9°% SLCI8A3 BIF N ANTITR > TS, ZDOANF B EE TR D
RAFSIVTCUWND, CHAT BAn 1 OEREFEI Y 77 2 N BSRAEME IR 2 14 5 CMS %
A ZH Z97[330,331], ChAT [ZHRMEED 2 U AMEEMES T 7RI HRELL TEBY |
CHAT-CMS DOFJNEUTFRD B D F MR T I T IR FEAEIC L D AKEE R IMAE O A REME
R Y L AEEIE L T T ADEED 2 SO R[FEMENIE S D, CHAT DRIET L
W ~T a TROBUIIER CTH 5, —F ., CHAT OW 7 LV & EEKIE L BE X
fAE L 72\, ChAT BERTEMED 50%-30% < H WK T2 5 & CMS OJEREZ 2T 5
EHTEEND, SLCISA3 DFERETEI XY 7 o vt CMS DJRIK & 72 B3y L~ T
DOIFZEIZIFIET SN TV,

T2, A7 LACEWT CHAT i& {51« SLCISA3 8151 % & T 10q11.2 FHIK D K &
72 R IR°EE #H (large-scale DNA rearrangement) 7’ F PJE « FEEIRIE - 238 KAGH - 5
KYERIED 41 40 D HBFE CTRIE S TWAH[332], 10q11.2 fEE KR LIEFNIERD S D
OISR - IR T « BENRAFEENER 1T CHAT & SLC18A3 DN 1 AR D Al REMENN /R
B TWD, UL, CHAT BIG T DR T LIVOSERIFERER KL CHAT-CMS ®
BUCR SN MNBUTEIEIR TH U . ChAT HEMEO U 2 T vAChT 35O =03
10q11.2 REDFEIRZBEL L TW D AREMER N & D, £7o. A7 LLd 10q11.2 fElK
DRIND, &9 —HOT L IV®D CHAT DIFHIATZ A7) 7 b b LT
SLC1843 DIFHH)I A L AN T o R I3 CMS DIEIEIC D728 - 12 2 JEBI R E S
TV 5[333],

TSR BT B Bt =2 Y o k5 o A7R— & —(high affinity choline
transporter, ChT, SLC5A7 81 1) 2 U > & RICHR YD iATe, ChT |IAREAFY =
V=% T N T AR —F —To D, SLC5SA7 DR T LADT7 L —ALT 7 K
ANY T MEBEM(ENE)ER T 2 B aMEEE = = — v /XF —(distal hereditary motor
neuropathy type VIIA, DHMN7A)DRE 2 2925 Z & 3 S 472[334,335],
DHMNT7A 3 10 & A RFAE O HESTME D VU= ALl Dl IR T & 7 200 & 7~ L7 i SRR
DEDEFRHRE T 5, ZD%., EBHEGMH)BIET D SLC547 DIFEINY 7 2 ki
CMS Z L 292 & RE S 72[71], BEfiaz W2 S2BRIc L . BEME(ENE)E
59 29E9/3 Y 7 > R [334]1 dominant negative Zh 12 K HHEEIK NIz kv . &
MBI T DA/ N 7 2 M71,336]13RERERERIC L D =2 U U ORIl ~DE Y iAA %
[HETSHZ LR ENT WS, ChTIIHAREAY d~v—& U THRELZ T 57—, Bl
(BME)EIET 2NN 72 MIdrA T4 S~—0DFEAERE L, &M EE
THIREINRNY T o MIAREL) T~—DEKERELZ2WEEbilsd, L.,
DHMN7A & CMS &9 B 572 0iiEa R4 28 HIIAHTH D, Slesa7 /KL
T~ 7 AIEBES TEE LR ARED T DI T 5[337], FHEEE AR
\Z Slc5a7 ZRBLIE D Z LX)~ U RTEEK 24 FEOAEFNAIREIZR D
[338]c A7 VIVDHD ) v 7T 7 NMZEZOLBHOTEF/Lal N34 LI
K0 DIRRI AP RE BN MK T LRI 72 5(339], Ll ZORIMIZ
SLC5A47-CMS & TITHEE STV R0,

Tr YTy RRTFH—¥ T A J(PREPL Bl )xk ) o _XTFLX—EBDOOE
DOTH 5, FEHNREEIIRHTH D, PREPL BT & SLC3A41 \fn1( AT v,
THEEMBIOHMET S ViR T AR = =) RN EE LR AN 2 —
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FENnTEY ., WEEFOKRKITIED KD X F 2 JRIE B (hypotonia-cystinuria
syndrome, HCS) % 4% & #2 Z §7[340], PREPL i&fn+ DK CMS IZ L 21K EA &
X2 Z L[341]. SLC3AI1 BIGTF DRI AF L JRIEZ & & 8 Z34[342], PREPL X
I, M AChR REEZER -T2 7T FLal) rovF 7 AN~ FHE
ZIHEL, 72Tl O E B TR EZ TP 508, O miEsy
FHEREII R TH H[341], TEFLa V) UEAKROEELZ M E T2 CHAT-CMS,
SLC1843-CMS, SLC547-CMS LB {LLOIRENHE S5,
(BRIRIEIR - 1690

CHAT-CMS 132001 F-LL3K 19 3] TS S 41T & 72[75,137-139,330,331,333,343-354],
11 51> CHAT-CMS % K 12 M7+ 0 —7 v 7 LT-#EIc L D &, CHAT-CMS 1
B RHNRSSE U SRR FEAE - R R - e R RIS - DU IR N2 2T 58 L. A
IRHRIE U SRR FEAE - X8 OFF 1K T 2 3 2 RENTFAET 5[348], BUE DO FL T
FIERE DR & & IR TAEE LA ANRMEZR D iR TW5D, e,
NP FEIEN TAMDALEERZEZ SND 2 ENZN I EREHIN TV 5H[348], H1E
PEAERE (I o> CMS THEdd v CHAT OIFHINY 7 o MREM X2, EiRo
SCN4A-CMS & [RIERIZ, AEAEBE SAZ AR CIEAI P ClRGR 23883, 10 Hz O
A AR TIOR3 5 M2 72 5 FLEh e o SR R AR LTk U C MEAR IR fEIER £ =
ANBEETHDH, CHAT-CMS T2V =257 5 —PHEFINT L A EDREFTHER)
ThO, 7377 7TV b HERTH H[330,331],

SLCI1843-CMS 1% 2016 FELISK 6 % 7 B HAE S TR Y, HAERISIEDEE D
JRT - iSRRI T - RIS MG « ME AR 2% 7R 97[333,355-357], 261 TILR W iR
i T HE & SR RS, CHAT-CMS @ X 5 7R R EMEHEREK A 585D 5[333,355,357], AN
2T, CMS OEBIRICII/AVA, 82 (127 X 912 SLCISA3 DT L L DF ot
YANY T MK D BIER IR n AR LT 2 — 7 = A (fetal akinesia deformation
sequence, FADS)?D 2 JEFINNHE STV BH[149], SABMRRRIIL D5 RN FEHH STz
3 D SLCI8A3-CMS TliE. 2 fil[355,357\C U TIRARBE I A AR RAHIILIC & 5 CMAP
DOIFENZED AL, 1 FI[355] Tl SCNA4-CMS =° CHAT-CMS D X 9 |25 RMEIHE %
IZF T D BRBE FE AR AIIIC X D CMAP DOJBEE N S )2 722 - 72[355],
SLCI8A3-CMS IZxf L Clix=zV v = A7 77—V HLEH[355-357]., =7 = KU v
[355,357]. 7 X777V U[35535TIIMATH D,

SLC5A47-CMS 1% 2016 LK 10 5% 12 D3 S 40TV 5[71,336,358,359], #r4:
WEHIFEAE O EREEAE « A BRIR T « f1IRF « AR R T 2R e L, PSR -
A 2 AT AE VN B 9 D IE BRI AL 2 38 60 D IEFI A ST\ b, K18
PRI DR RN EEHE Sz 8 D SLC547-CMS Tl 5 Bl 3 TGS EE R E 1k
A2 X D CMAP OB DNGFE S HH[71,336,358]. 1 $11Ti 20 Hz 10 B Ol 4
(23N C D BAEHEFE AR ARRRANNIZ XD CMAP DIBIEN B 5T 72 - 72[71,355],
SLC547-CMS @ 1 FlZFRWTHETHEDMTME S S TR D . M0 K3 MR 5%
TEIZHED DO TH D AREMEN B 5[336], F7-. SLC547-CMS @ 1 5% 2 BliZkB W\ T
JRIRARB O 0 3 IHE LS S TWBH[336], 2V =X T 7 —BHERIN
HHTHV[71,336,358]. =7 = KU K DBMOGENRE SN TWDH[336], 7
T 7 N AR 72\ [336],

PREPL ®# /K48 L 7= CMS 11 JERI[63,341,360-366] & PREPL & SLC3A41 Dt % K
5 L7 HCS 741[63,34 11231 D00 ARE SnzEfaE 25 2014 FF LK E ST\ 5,
PREPL-CMS IZHAERED 6 OZEN T 5 i BoRIR T B R REE A2 R e U, Rl as
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IZE DV HR—BPMETHD, 3MaBATHD LIRE NI - 87 - ik~ - S
MR T 2R L, RRSIEN A O /TR T iR 5, FEEITEEICER T & L IZIEFT
o %, B SAEARRRNIC X D CAMP JE A STV 5[361,366], 20Hz 2 77
W D RIEL 1% O ARAEFE RN L D CAMP DGR 52N 72 o F=— Bl 3 i
N TWAH[366], HCS % & Te PREPL-CMS @ 10 JEFIA VT 21 E Prader-Willi S fEfE
NYUPIHEE SN TVt _RENTWA[63], 2V v AT 7 —YHERNETH
D [341,362,364]. HA)D PREPL-CMS &G TIE /MK FiXHWV T =2H DD 12 4
A cal v x7 7 —BHEAEZPIETE 2 LfE STV 5[341],

8-9.%c K Lambert-Eaton 5% S EREBE(SYT2, SNAP25, UNCI34, VAMPI, RPH3A,
LAMAS)
(TR)

V7R H 73 L 2 (synaptotagmin 2, Syt2) I, MERIEKD PIQ BN T AT v
FIMHBFTRAN LTIV T DA F BT, 7T val o7 2N az T
T AR 5 728D SNARE #HEIKIER D5 & 4:% 5] <, Lambert-Eaton JiE %
ML ORI 2 29 2 F A RBEEGENE)ER CMS 128 W T SYT2 DIy L
AFUHES RAAL N2 FBEOFEH I AL AR T MRFEESH. Vavyay
N W SRR I C T F L a ) oo F 7 2/ Nad g BEE R FE S 1T
%[367,368],

SNARE #HA&KETER T 5D SNAP25 DT L VD de novo HEREHES: I A& L AN
T VRN, HIBEREREE L KRG S 0FT D CMS A X 2 J7[44], SNAP25 1X 118 bp
? exon SA #fH D SNAP25SA A7 T A AT A Y 74 —2AL& 118 bp @ exon 5B %A 9
SNAP25B AT 7 A AT A V7 —2n675, BIRMO SNAP25A BNHEHIC
SNAP25B \ZfXi> %, SNAP25B % =2— N7 % exon 5B LIZHHYI A AN T |
DRE STz, SNAP25B /N 7 v N & & Ee t-SNARE U 7R Y — A D v-SNARE Y 78/
— L DTN LA T FEFIC K DA NEE SN, AT SNAP25B XU 7 b
EHE LU Y7 v AEFERIIE R SR Y A b= ARFE L HE
i,

SNARE & EZIEAT D v Z F 0 | (syntaxin D)IFE LR ot 23 it 23
STHUTREETH S, Muncl8-1 728 4% | U REBTLRESES, B
T IA T DFRFER DAL LY UNCI3A 2 X > Ta— FE5d Muncl3-1
2 Muncl8-1 ZHEBR L T v X 1ITHE LY v &2 X0 1 ZBWTZIREE TR E
L EH5[369], Muncl3-1 (ZHKD 7 /VH I U EEY T 7 AT 2 TR B GBI %%
B 5, UNCI3A DB T LD ~T o ir—3 9 30 7 o MISHARF O EE O K
T E/NBHIE - BRARTE AR - MR B M TTE A S35 [40], AR OB INERRARNT I
£V, UNCI3A-CMS TiZ> 7 2/NaEHEME T T 2208, EFRHEEIT R
TWe, 728, UNCI3A DET LILDIFHII AE L AN T 2 NIVAXZTRIT 5
PEREE - HBEA 2 L[370]. UNCI3A D52 /KIEIZ L D UNCI3A-CMS & B7p 5 #KE1
ME7e5,

SNARE AWK EKT D F 7 F 7 L B 1 (synaptobrevinl, vesicle-associated
membrane protein 1, VAMPI i& =)D 7 LIV OSRETL S Y 7 o ks, B AR
FIETDH CMS 2B & Z9[371-373), Vampl K~ 7 ATTAE 7255 (AR DOFE /N & #4&
WAL DD 238, BRAFEFAIIC & Lambert-Eaton 75 8 /) E R, 0 B 4 0R
L72[371],
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Rabphilin 3a (RPH3A4 #E{x1)I% Ras A—/3—7 7 I U —/53% Rab3A O effector T&H
D, ARRRFERIZI N T Rab3A IZHEH 9 %, JNZ T Rabphilin 3a (X SNAP25 & 14-3-3
IZHHERT D, v a v¥a UAZITEWT 14-3-3 (TR A HARE RO Y 7
LF X R IATHES LSREA 95 [374], ~ 7 A[375]& v a vy a U RT[376]I
BWT Rph3a D/ v 77 0 MIRBMAERI IRV, A I EK§liZE~D rabphilin 3a
D~Ar7uaAfrTVxy a7 2/Nao N IHE SN B [377], Je KM
Lambert-Eaton 7 JJREERED —FNZBWTIRIE Sz 2 FEOFRA I A AN
7 b &E A LUTZ RPH3A 1% 14-3-3 ~D#E & 3855 L7275, Rab3a ~Diffity & SNAP-
25 ~DOFEATIILE SN2 2 &)Y HEK293 #llfin T & v=[41],

T I =2 a5 (LAMAS B3I # A IS m BT 5, Lamas & KB+ D~ 7
ZNIPRAEBIE L 72 2 08[378]. T 2 =2 ad (Lamad) & T 2 =2 o5 (Lamad) D' ¥
By s v 7 70 NI T 7 ABEEERROESEOREEL S 72 57[379], B
¥e¥A7e Lamas OFHD ) > 77 07 MIFA LD REEEFE LRI ROVN T T AR
DAL EE S v, EEMRRAERIL—EB O EEER DA% 7 3 —F 5[379], LAMAS-
CMS B OMREFHE G DR TITARIE R OTEBNENIC L 5 7 2/ a o ik
BOMRIGAR T U SR D 7 +— v T 4 > 1T IER Tk d 2 D3RRI B b
Vb LIS WIS RIZE AL 5D, Synaptic vesicle glycoprotein 2A (SV2A)I
FT AN X ETHY T N T I ERERT D, LAMAS DRI Ak
VAR TV ML SV2A & DOFEE ZHET H[42],

SYT2-CMS ®—EIER[38,367,368,380] & SNAP25-CMS D4 2 JERI[44,3811L & &1
BAME(EE) BB TH 0 oFAI I ES ) ERETH D,

(BRIRIEIR - 1690

SYT2-CMS 1%, 2014 FLLK 2 W3S ST E72[38,367], W& (pes cavus)ChERE
(hammer toe) % & L0 & DAL & ££ 5 B AL CMS @ 2 5% 10 Bl BV CTEAME(EE)E
3% SYT2 /XU T 2 MFEIE S7-[38,367], UL o 5 4 J ek 2 388 5 H3 IR i
T HECHMIR 5 BB 1L 72 VY, Lambert-Eaton JE{BERE & [RIAE O AE EE#R R IC X 5
CMAP i3 & R O EENC L 5 CMAP $9R3 3R D, F D%, [RIBEIC BEME
PE)IE{E9 D SYT2-CMS D 2 Z5% S BIAMESND & & 12[368,380], SYT2 iEfs 1D
W7 L L DRSS 2 RS X DS ) BIRED SYT2-CMS D 7 % 9 #ilh3#
X 72[380,382,383], SYT2-CMS @ 2 FZ5413 24 %] Charcot-Marie-Tooth 5 & i {5
NAEGEERE = 2 — o XF— LB STz S STV 5[38], SYT2-CMS (28
WTal o A7 7 —PHEAI382383]1E 7 I 777UV UB83BINETH D,
TIT7 TV VATMEERD ) U LA T TF v R EFLE LM REB) BN
BT 5 FORER MBIERA~D DIV T A F L OFANRER L, TEF Lo
Voo ss, 2 A7 7—BHEAI LD T I 77 VD)
NEVEENEWV3E8], £7o. VAT X ET— T ER L s STV 5H[383],

SNAP25-CMS % 2014 4EZ—BI[44]2° 2022 i —HI[E81] A HE SN TV 5,
SNAP25-CMS [FH A RF O 5 O FRER IR - 7 K - 258 MEER i vfE 2 7~ 37, 2014 4
D 1 BN 7 R TR A S T2 ART O ATRERTRE CTH Y . FRCIRR TEZR O
[44], 2V = AT T —FBHEANIE CTH 72N, TI 77TV PV UVEFEDTH
S 72[44], 2022 =D 1 BlITA% 6 H THEEAED -1 LTV 5[381],

UNC134-CMS O— B35 X TV 5[40], UNCI3A-CMS (ZHAERFO BEE D /)
KT - FHIKERIR & /NGESE « IMMKIE R E 295, CADAFIEIRRWVN EEG Ly v
—TWRBDOOEND, 2 AT T —EBHERET I T 7Y DV UTER MY

24



72 2 R LT BSERIERIL I =~ A RBGED A ThH - 7=, BRI 50 » H s T
WAREIZE VT LTV D,

VAMPI-CMS X 2017 LIk 7 F5R 9 A0 E ST 5[39,371-373],  HIZERE
[39,371,373]. & L< % 6 » AMn[37217> 6 DFHERIKT - F KT - AR 2 FF
e L, ERAEFAIZ Lambert-Eaton SEGERERE L O (KSR AR RIBIZ K 5 CMAP 8
=L EHERPC XD CMAP #2358 H V539,371, RFHFE « BRIEIR RO 5
[39,371,373], VAMPI-CMS (25t L TCa V) v =25 5 —VPILEANALTH 5[39,371-
373], VAMPI-CMS IZX L CT X 77 7 PUiE 5 SN TE LT RITRHTSH
Do

RPH3A-CMS O 11 3% R O—FIRHE STV D [41], 3 5T A0 HEE O UL,
HIET - &7 - IHESRER T IR/ Tz, FHEEL RO ZMTENTER TH
> 72, IRiE T HESC/ME RS 2 583, R O UGS & S O TR T %278
7o JRIRIIARBCTH 20 KET D180 & &imbE b il ST\ 5, 2 Hz OAEMHRE
FIPETlE CMAP OIK T 25887 30 Hz O AZMHFEA T CMAP OWiiHE 2 580 Je XK1
Lambert-Eaton i E /JEGEREIC AT 2 RBA ChH -T2, YN TEXE—/ (T VT TR
— VYIS E) T & o 7o DI D FEA O I LFLHEL S 4L TR0,

LAMAS-CMS O—FI28 2017 4RI HE STV 5[42], AR BRERL IO T 72
IR0, Z D%, FFRERIC L DMK 2 B & LT\ 5, Sl KT Tt
CLTWADREEMZARZBNIE A TH 5, B/ b atil STV 5, ARAEBE ]
PIZ LD CMAP DK 55% DK T 2788, 30 BV D e KHIHE % (2 31F D5 CAMP O
250% DIEREBOTWD, TIT77 07V btal) XTI —BHEROHH
NHETH T,

8-10. BEALBER KRBT X 5 REF & S E R BE(GFPTI, DPAGTI, ALG2, ALG14,
GMPPB)
(%)

GFPT1 (X N-Z'V av b e O-7') av bz & %< DT ) a v MALKIGD Y
— A L 72 % UDP-GIeNAc &Rk 3 D HEHEEEE CThH S, —J7, DPAGT1 & ALG14 | N-
7 a2 BIZBWT R U F U Rl GleNAce Z 5019 2 fe#] D 2 BEpk o B & 8
9 DPAGTI &fn+3V 7 M[384]1& ALG2 &fnt/3Y 7o R[385)1%. Uiyt
FEIEREIE, /NRIE, TR/ R ESERIERE RT DKM Y 2 2 L R E
(congenital disorder of glycosylation, CDG) Ij ClRE % 4L T X 7=, CDG TIIfHREK
TR TR REEZENTEY ., CDG OFEAIERITEM AChR KIBIEIC L5
DTHDHAREMENH D, ALG2 X Z DUNMIBNWTE LI~y ) — A& AINT 5 K6
9, 72, GMPPB |~/ —A 1V VNS GDP-~ > /) — A&VEDHEEHR T,
N-w /) —24t « O-v v ) — AbOWE KB TH 5, /N 7 k GFPT1 # ¥ 75
T4y YallHBE I DT LI L0 ERAARME & PR ARG O IE B SRR
SN 5[386], GFPTI / v 7 #7213 AChR DOHIMEFRE IR 2 & FE IS S H 5[387].
ALGI4 D J v 7 272 L0 MIffE AChR BEME T2 Z LR EN TV BH[46],
AChR K ORI ETR ML L~V THEES LTV DAY, 2D 4 T OB LR
DBAGF /U T FDEMR AChR RABJE 2 Bk 9 2 55 722 40 FH R 1 X0 IS
LTV UN,

(BRIRIEIR - 1690
GFPTI-CMS % 2011 LR 17 S HE S 40T & 72[49-51,75,132,137,269,386,388-
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390], DPAGTI-CMS [52,391-394] & GMPPB-CMS [47,59,137,138,269,395,396]1% 2012 4
LSRZNZEIN S HE SHMMAME SN TE =, ALG2-CMS X 2013 FELI3K 4 525% 9 SEH
DA I T E72[46,397], ALGI14-CMS X 2013 4ELISKE 7 5% 12 SEBIDAHE ST
X 7-[46,398-401], GFPT1-CMS O—BIDFHAEFRRIZIBNT 7 U a—7 o OFEFEZ RO
JEIR D EE D IVTIERI A E SN TN D[402], ALGI4-CMS 12 #1971 10 iz T An A%
TEZFRD[398-401], 2 BNZIEE E D MBEEE 2 88 72[399],

GFPTI[386], DPAGTI[52], ALG2[46], ALGI4[461D /XU T > s HNVE K& T & IR R A
(tubular aggregates)% ¥ 5 7% CMS # & & 23, GFPTI-CMS @ 3 | Tl Y
Z2Jifl(rimmed vacuole)[50]. GFPTI-CMS @ 2 Bl TlIT A 2 v OEM & £ 5 fhdkiErE
2 AT —[390] 3 E ST D, GMPPB[ATID ) 7 2 b b IR CMS & 72 5 723,
BRI B REEIR 2B O 720, WO R G IR - SMRATERSCERIER I TH 5.

O-v v /) — AT 2 B FERER O KRBT ILFGHF A b7 —2 T 0o &
DRV A PR T 4 —IZBWTRO LI, VA MR T T4 a3 ) 3F—LEENR D,
GMPPB \3Ifi v A hmu 7 44—« PR a2 U/ /3F — (muscular dystrophy-
dystroglycanopathy, MDDG type 14)DJR KB+ T 0 [58]. EREHEMHIZB N Tad
A2 b7 U rOESFIRTICMA T, HiYvA M7 4 —ICERTHHANEOLND
[47], B¥AT MRI 2BV THEEREAL O/ NER 72 AL EALIZ[403], i A ha >
o — TR B AV D T ORRHER RO NE IR~ D BB 5 5H[47], GMPPB-
CMS Tliifil CK fENER ERD 2 5025 24 1% (E#) 107 £i%) (2 EFH35[6,7].
GFPTI-CMS T4 i CK ENIEH EROK 3 1512 EH-35[6,7], GMPPB-CMS [47]
ETRl— DY T2 N B RL EK NE G TS S TER Y [404], 8 JTEE O FEAM
DT TV WRIREMER $ 5,

BELEE S RHEIZ L D CMS (GFPTI-CMS [386], DPAGTI-CMS [52], ALG2-CMS
[46,397], ALG14-CMS [46,398], GMPPB-CMS [6,47.395DIZ%F L ClidWFhb=al oo
2T 5 —PHERNED TH LN, o) oo 2T 5 —PHERNEY TH - 7= ALG2-
CMS b RE XN TV B[405], DPAGTI-CMS IZX L CIET 2 77 v 7 UV b A7h &
|G XN TUNB[52,53], GFPTI-CMS [406], DPAGTI-CMS [53], GMPPB-CMS [47)\Z %t
LTIV AT H2E— L b AN EMEINTND, ALG2-CMS ([ZxL T2 7 = R v~
DA L s STV 5H[405],

8-11. FRACKIEREEIC X B SoRIER T IEMRFE(M Y094, SLC25A1)
(TR)

Myo9a (myosin 9A)/Z, Rho-GAP K A A L & FHRMAPRRICHEET 28 MO I 4
YTHOT I FUCHEAET HZ I LY M HIE T 5, Myo9a 1L Rho-GAP
R A A > %4 LT GTPase &M & H1i% L RHOA % HE9 5[407], MYO94 Ol 7 L )b
DOERETER I A AN T RN CMS Z2E X 29408, BZ7 771y =2d?2
DDA NV AT myo9aalab D) v 7 X T A CEB = —a DT 7 Y DREAE &
FLH T2 oy B A GRS AR A BE A G AR R Ak 2 97[408], NSC34 %A g o
Myo9a % /) v 7 B 352 LI2X D, Myo9a (3R AMIE oD M i S8 oD MERr (o B
BRI L NZ T 7T AN OHE L Z R BN BB D Z E B
MEALT2[409], myoaalab % ) > 7 X0 LIz BT T 7 4 v 2% agrin BT ClRE
95 2 LI LD R OER & IEERE S U EE L 72[409], BLRIEWZ LT MYO94 D
W7 LV ORSRETE S RN Y 7 NI Bk CHRNG 3V 7 b &[RRI e KM% 5k
RE & FrIfiiE (arthrogryposis multiplex congenita) % %5 2 Z 9°[68], 2T MY0O94 D}y
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T U O RS T R R R ORI AT 7 RNV E YA KRB ()BT S
BOIR Ay HiiM SR ER IR L JE (focal segmental glomerulosclerosis)DJRIK ToHh 5 Z & 23ty
S 72[410],

R hay RUTHIEO 7 = o fElEsER SLC25A1 OFFHIN Y 7 0 MEZIEAR D-2,
L-2 & R 7L 2 )VERIRIE[411]1E CMS [412] 2 & X 24, SLC2541 D/RIEIC &
DRREMREH - AT m— VAR - IV a— 2 - SV a— A MRICEE 2 E- L
CMS % 3IET HREF N E SND[413], BT T 7432 2® Sle25al D) 7 X7
WLV EH = 2 — 1 OISR O EITNETITR 0 IET OO L E
SINDH T EMND, SLC2541-CMS [T ARM O RFIZ LD CMS PEE STV
[412],

(ERIRIELR - 1650

MYO9A-CMS @ 2 ZZ5% 3 JERIA 2016 F I STV 5 [408], HAERTH B IEEIN
DIz LIRS TR Y, HAER, IR TEIZK S, LAtk e TR - DUk
BN &ENL DG INET « FEAEMEEREN - PR RIS - SMIRAR R 2 8 0E L T\ 5,
1 %% 2 BICBOWCHIRIENARRHE SN TV D, W OER] & B DOREREEND D,
a2 AT 7—EBHERNENTHY 2V AT T —FBHEA LTI T T
VOV EFH L —BITIEE I EZ R LTz, L L—fBlicBWTT I 77UV d
INFFEF O D EYGERIZ R > T LB STV D,

SLC2541-CMS DUTHESIEINN 2 Fl[412]. 3 5% 9 Bi[414]. 4 525% 6 Bl[415]. M3E 1
fil[416], AVFE 1 B[417]25 2014 FELORHGE STV 5, VU DR & iRIs T2
Hsm U CRO D, SMRA « BRAG « MERAITERNIC L > TR EN D, BN E Sz
[FfE 2 Bil[412]% & O CHZERILEZ R T EFMNH D, 2 =27 7 —BHERE T
T 7T UNIEL DIERI TR TH DD, —EBOIER] TER I 22 Zh BN E &
nTW5,

8-12. T I VEBE X VX7 1 RIBIT K B RKIEFH TS VEFERE(TORIAIPI)

(TR)

Z I BH#E & 237 1 (lamin-associated protein 1, LAP1, TROIAIPI)i%% < Ok
WS ORISR Thh, TONKIm AL FIEEO ART I XY
VNCKEE T H[418], o, FD C RKROBNIERAA IAED Torsin A IZHEA L
Torsin A Z{EMEALT 5 [419], Torlaipl / v 7 7 7 b~ 7 A3 AChR RIBJEIZAEK
TAHRBBZ R L, MRS OHEZ DB N %2587, TORIAIPI DRHETE
TR Ty MIEHRRG A e T 4— e DA N7 RBRBLIEZ 235 2 &N
A F TICHAE SN TRV [420-422]. CMS 135 4 OFRBR L7205, EBEY 78
LaminA % 22— K325 LMNA OFEHINY 70 b Y EEREHRIERE 235720, lit%
4 o X7 BIZIX S I RBA A2 B 5 Sl OB DA 2T 2 rTRetEDN & 5,
(BRIRIEIR - 1690

TORIAIPI-CMS @ 2 WL NFIAY 2020 A2 [423], 3 AR ABIAY 2022 12 [424]
WE SN, WIS /NS 20 RIS UG KT & U O Z9% 55 I D
TREMIEITIED LIXIRITIERNDAE TH o 72, BHR CMS 277 L, BE)ND 4
DI EMBEORT 27T, 2V A7 7 —BHERNAERNTH H[423,424], W
VT B E— VOB RITFE O AR D> 72[423],

8-13. Ju~F L VTV U IEERXKBIC X B KM S EFERE(CHDS)
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(R HR)

CHDS (chromatin helicase DNA binding protein 8)iZ ATP {K{FE7 v~F > UV ET U
VIBEFROOE DL LTRES S7253,CHDS 1% Wnt 3 7' /L2 81T 5 B-catenin |2
fitr L, PB-catenin (2 L DEME T OWBEIEMHLEZILET 5 Z EnHE T
[425-427], CHDS-CMS DJRREEMTIZ I\ T, CHDS [ IR A ER T H L & b
|2 B-catenin Z 4T L T rapsyn \ZHE ST 5 2 & D3R Z4072[428], L7235 T, (i) B-catenin
DI BIRVEMHIVE A & (ii) B-catenin & rapsyn Z I L 72 &2 AL O W 0
[ 23 CHDS-CMS DY REREAE & L CHLE &4 5[428], M2 T, CHDS 23547 % B-
catenin (Ctnnbl BALF)YD /) v 777 h~T XX AChR 7 T A& Y I REEIND
L BITMBRERNODOTEF L2 COBRMBIEESND[M429], avya N
TAZHRW T CHDS AT 1 7 Kis (IS G EMREAERICBIT 5= KA h—
VA HARHET H[430], [FEEICHR H TlE Chd8 DFERETELIZ L D v F 7 2/NMED Y YA
7V T NEESIA[431], $%RikT 5D CHDS-CMS IZXT 27 X 777U VDA
FrhREal) xR T 7 —PHERSCY LT X E—ANEH TH o722 LITLY
CHDS-CMS |Z33\) D AR DR E A 7~k LT 5 AlREME MR S v T 5 [428],

(BRARIER - 1650

CHDS-CMS D— R B2 R A3 20204 | Z s S 72 [428], BV HIFEIE T, FF
W IR - AR B T - DU AR N &2 52 U7, S RRIZIZ 145 CHRIBIOERME] & 7 1 ) E
RE2EETDHEEHICRHICETT HMUBIENTLH N TS, 2 2 xT 7 —EH
ERN PN THZE— VI BNTH SR, T I 7707 Y UATBERRE R LT
[428], CHD8 D7 LIV OIRII/N Y 7 2 Mid B BE 2 £ 9 K R 2 E ClRE ST
BY., BRI - BIRIE - BERER EZERIERE 25 5 (IDDAM)[432,433], CHDS-
CMS D FE 51 personal communication & L C CHDS OJREINNY 7 N &H3 5 66
B 4 FHZ B W TR ERRIK N R T 2RO 72 & s LT\ 5 [428],

8-14. PURA JERBEIZ I 1T D LR TVEBEE(PURA)
(i hR)
PURA (purine-rich element-binding protein A)iX DNA ## « #55. RNA K7 AR —
;. mRNA FEROFFEIZEE D HHF] TRFE SN BIn FH 0 | IMDIEZE, T 7 A%
B, ARG - 77U 7 ML IEAE S BB R &1L, PURA DRT LIV ORERETES:
N T 2R 2014 FEITHRR IS ERE B 21174 D 5 b 11 £412[434], [FAFE, MRS
EEEERE 1133 4D 95 4 £12[435]. & 51T 2016 FFIT 6 412 [436][FE ST, &
# @ F Bl & X NEDRIHF (neurodevelopmental disorder with neonatal respiratory
insufficiency, hypotonia, and feeding difficulties) & REL S5, BEHk 32 5l & H Bk 22 fFlod
FEMTIZ LD 26 0BT, B ORI ERE(100%) 2002 T, B VL IFIE O 5
BRI T (96%), MFIRFETE(57%), WAL (77%) % R~ L, AR B2 A E BnE i E o
PR & L CH BT IREZR Ik T dh 5 [437], MNZ T, BFITRE R BIEG (44%). 1
R(66%). IARIR(35%). TAMNA(54%), BIHIEE(69%), RHE - EmH 72 & OIREKEES
(51%). PUWEDE (42%)Z "9 725, T OIS OREE L IXBEE L 20
D& B DN D, PURA [ZME IO IS FEILS 5 D3 i 3 6 BRI 38 1 2 BN ASAR I
ThH D,
(BRAREER - 1650
PURA-CMS @2 RAEEN T DM R F 2R L, REMERIE S 2 o722 25
CMAP D FH R 27~ LR 25 BME AR E 2R S5 2 & 708 2022 42 9 HIZ
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W S A72[438], —BNTHAER T, & 5 —FliX S Th o 7=, FrAaHIE COLY-CMS
L SCCMS ITERD HN D L0 HEWIRIEDK1E CMAP 27~ LT-, 5 R flicix b S
7eal) 2T 7 —EBHEANTIED TH TR LT X E—VITHEHTH Y | I
FEAEDEIH L NIPPV |2 K DM BN AR B L 7 572, 5 ak2BliE 2 mk DARR I AR AR
BAEME SARERE 2 R T AT LR L, #EORFRIITIZ 8 » Al D23, &4
HAHIME T 2R T HOOEMEE RNS TIEBEEZ RS> ofAE i) 64 BT
BHEZHG L) X7 T — RS ICH MR T2 E L2 L3 20224 1 A
234 STV 5 [439],

9. &
ACh acetylcholine, 7 F /L2l >/

AChE acetylcholinesterase, 7 £ F /L2 = A7 T —F

AChR acetylcholine receptor, 7 & F /L2 U ¥ IK

Cayl.l  L-type calcium channel, L B 7 /L2 7 AWF % )L

CDG congenital disorder of glycosylation, 2o K27V =2 2 /AL B EE
ChAT choline acetyltransferase, =2V > 7 &F /L v T7 7 =T —8
CHDS chromatin helicase DNA binding protein 8

ChT high affinity choline transporter, m#AMME=T U > T v AR —F
CMAP  #HAAHTEENENL

CMS congenital myasthenic syndromes, 4/t KM ) 1 74 fe

ColQ collagenQ, =7 —%Q

et
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