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Abstract

Genetic defects of molecules expressed at the neuromuscular junction (NMJ)
cause congenital myasthenic syndromes (CMS), which are characterized by muscle
weakness, abnormal fatigability, amyotrophy, and minor facial anomalies. Muscle
weakness mostly develops under 2 years of age but also in adults in some cases.
Mutations identified to date include: (i) muscle nicotinic acetylcholine receptor
(AChR) subunits, (ii) rapsyn that anchors and clusters AChRs at the neuromuscular
junction, (iii) agrin that is released from the nerve terminal and induces AChR
clustering by stimulating the downstream LRP4/MuSK/Dok-7/rapsyn/AChR pathway,
(iv) MuSK that transmits the AChR-clustering signal from agrin/LRP4 to
rapsyn/AChR, (v) Dok-7 that transmits the AChR-clustering signal from
agrin/LRP4/MuSK to rapsyn/AChR, (vi) skeletal muscle sodium channel type 1.4
(Nay.4) that spreads depolarization potential from endplate throughout muscle
fibers, (vii) collagen Q that anchors acetylcholinesterase to the synaptic basal lamina,
and (viii) choline acetyltransferase that resynthesizes acetylcholine from recycled
choline at the nerve terminal. In addition, mutations in a heparin sulfate proteoglycan,
perlecan, which binds to many molecules including collagen Q and dystroglycan,
cause Schwartz-Jampel syndrome. Interestingly, mutations in LRP4 cause Cenani-
Lenz syndactyly syndrome but not CMS. AChR, MuSK, and LRP4 are also targets of
auto-antibodies in myasthenia gravis. In addition, molecules at the NMJ are targets of
many other disease states: AChR are blocked by a snake toxin, alpha-bungarotoxin,
and a plant poison, curare; the presynaptic SNARE complex is attacked by botulinum
toxin; and acetylcholinesterase is inhibited by a nerve gas, sarin, and by
organophosphate pestcides. This review focuses on molecular bases of defects of
AChR, rapsyn, Nav1.4, collagen Q, and choline acetyltransferase.
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F UL SRS SNARE EEEOFEKEZRET 5, T 7R/ ROE
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H D, (3)collagen Q @ C Kl KA A L DERD =D F 7 ARLEE~ D
BAEEINDLI OO IEHTH D,

AEGEBCT L THERAEO=7 = RY VBERATH L Y, kg0
= FYVITACRR 270y 7+ 5EARS 0P, KAROT7 = FJ v
DOERBRBIIRATH D, —FH, i) v R7F 7 —FAIIEFL TS
butyrylcholinesterase <> collagen Q IZ#5H L TV 72\ globular AChE # [HE T %
e, L LAEREE(I TS,

V. %7 AR CMS
1. R g —F ¥ v X )VEE & # (Slow channel CMS, SCCMS)

AChR OF v » RABI DB BNREICERE T 2HETHD (B5) > &K
EMEREIYX CMS O THE— |, FHREREMEEEE R L. RARBESHZ,
R A ECL O MR T 24568 & U, $FFICFEREBHOHNMETHREETH
5o RIEMREIEIZT, CAMP ORFERE L KE CMAP @D 61D (K
2) . AChR ®EFRORMERIX. UL TOBBIC X HRFGHEEHEFImE
FHET S, (1) BRGHEN~OBEZ Ca i AIZ X 5 &K iE(endplate
myopathy)Z 5| X Z L, BROEEEZET S & & HIZ AChR KEBJE & 72 5,
(2) AChR %t LT=1@E Ze A A > OFAI L 0 §IEEEL 2 LA L. AChR
OBFDIZ L DR OBR DR EBNEBERE TN TE 22y, EK
S FY U AF Y U RABRIGE LR 2B, Q)T EF a2l L AChR
OBEFEREL 2D 2 L2 XD, ACHR PPUEIERZ 1T, AChR DA 2 F
Y URNVBHALTEEFICR A,

SCCMS 1, HiAMEEEETERTHD ACR DEEY 7 2= MMZ 3
A ABERERBD L, TEFNaU U EDOREEEMACT v o RNVILE K
TAHEM2 RAA VICERPERL TS, LB L THE ACR X, #2237
BEBIIEETHAIN, TEFA2) T 28 MENEML, B—F %
VRN TREIZEE LEF v RV ORRIRED b 5,

SCCMS TlE., HHAEDOYED 10 pM @ quinidine ., FHEDEED 5 uM
@ fluoxetine DA TH Y, EBBIZBKIGHEZIToTEY BHRBEIELN
TW5B N Fia) 75 —PAINERZELSEDHZ L LBERES
SHBHZELHDH, AChR ORBIENAEMRBEICHT 212 VAT T—
THRIDOVERMEF & & 2 H31553, endplate myopathy # B X B L E 2 B
Bz, fial) v AT T —BHEME D ~E TRV, REERBIIADRE
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WENFET DD ZH PO TEETH D,

2. 7 7 — A hF ¥ R IVIE & B¥ (Fast channel CMS, FCCMS)

TEFNal) LT E—(AChR)DF v > /LB MR BF AN T 5
RRETHD (K e6) ***, BHRERPLERAHENI I, BEHENES
HELTWA,

FCCMS Ti%. AChR O EDH T 2= hDO—F D allele IZ I A& 2 A%
RERDD, MAMZER AChR OFEFTTIE, # U X/ BBREBITEFNHD L
AWML, TeFLal) At 28MEIHE L, B—F v o RVERE T
BAEIERE LT v VB ORISR LND, b H—FHO allele 1213,
SREUVRER, FUb AR, JL—AV T FEREZBRDIN, WTH
BT AChR 21E2 2 E M TEARWIAERTH D,

FCCMS TiZ. #im ) v AT 5 —¥HNIIMA T, 347/
GADAP)BETH B, HHIL, MREEROBMNIKFEED Y U LF ¥ RV
(VGKOY& 7t v 752 LI L DR A SV A X Dot iR S,
TeFral UHHEEFBKIELIHRNH D,

3. # K AChR XiBfE (AChRZE£)
FREMGENECL-RETHY . BERERDEREHEENTR G, BEEMH
EE LR LTV 5D, AIEGRE & BEMAHEIEOREFRIT 2 REiICT
L0, B REROBERIIEET T, REBRBECTORAICR > TERDBFER
T BIEFINBIEFEEST D,

AREFEEETIE, ACRR ICFDOREBZET I EIEEZRD D, BEIIRFIC
e Tamy MIERLTWS (B7) ¥, b FTik, BEIKyY 7=
= " 575 ACRR BESN A, HAEL L bty Ta=y Fileh 72
=v MIEB#INe-ACRR BMELND, eV Ta=y NOFTNVEREBH D &
ARAEFIDy-AChR MESHN, BFIIAEFETE LN, o 7a=y hOFAE
BC, BHRTAY o=y RBRFELARVWEDIC, HETE RV EEbh
%,
ASEERIY, BEMENERBEICH Y VAT 7 —EHZ AW 5,

4. ¥ AChR RiRJE (rapsyn ZR)

AChR Z#ARICER S E MR THEE S /37 rapsyn ODERIZ LV REE
Thd (K8 *, BHRER, EXERENR, BEFED EFLo AChR
ZERIT L D IR AChR KIBJE L1 ZIEF—TH DA, rapsyn D7 1 & — & GHIK
DERTIIBERAESLET S Y,

Rapsyn ZR|I, AChR eV 7 2= FERIZHONWTES ADONYD | HFiZ
N88K ZE 1%, T rapsyn FIFRFEHER LG T 2 BE THET H. N8SK
@ founder R DT TIL, N8SK XX LD THWER L HE 4, founder
NTaBATIIEE LD o724, NSSK ITBAEETHLE ZAHI—h VA K
DIHIZB DM TN D,

ASEMBEREIL, AChR ZER(Z X A#HM AChR KIBJE & RlEkizHi= Y = X7
F—PBHRIBEGHNTH D,

5.7 MY T AF Y U RVBHEAE
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BRI ENEKESE T U U AF ¥ KL D gain-of-function R IX, &V
U o AEE IR, e RME/ST 14 =7, potassium-aggravated
myotonia DJRK & 725 *®, —JF, BEO loss-of-function ERIZ L AEH U ¥
DPEE B DU B BRI O AE B 3 R3S S T2 ¥, B D loss-of-function 25 R
IZ. AChR iZ & % [iii 47 #5(endplate potential) % 7 J& 3% i O 1% B Bz (action
potential) & L TIRETHZ ENTEPFCMS 2EXRIT (K9 'V, BHKE
W, BRABEFBRAENRIZ BB O ChAT R X 5 FEWEFR 2 5 CMS
L XPBRTEZRR,

Bbiz

CMS JEFIOBMEITHR P NS R ENTWE R, BATEEFRZEB TN
7= DILHEHR AChE KO —FIDO I Th -7 3D, 2010 L L v A T @4 H#iE
MRBERFEDOIE 25T, HOEICBIT D CMS EFIOREMNT 2 FHshs L
201043 AR ETO 1 ERT 1260 CMS BioFERZRE L, 2FEHD
FTHBEEFOERLFELTEY, 2L DORESFEBOMBIT 2 BB LT
WA, CMS IZREEIZ X » TIBEFIEN RV . - BWRIENED 2R~ 8
NIFET B0, BRREBETEHINEEL TINDNTRWEEREROD L
S EbIS,

28-



X 1
X 2

X3

X 4

X 5

X 6

X 7
X 8

X 9

AR ER D 7y FHESL,

A2 —F p VRNAEBERLERTEFLa ) YR T T —ERBIET
ILE— MR CE T 2 EA B TREIEI (CMAP, RH) &Rl 5,
ARHE FE A PRI T, I CMAP 1, &40 CMAP L9 K& <
BT 5,

A3 UTEFALRT VAT =2T7—B(ChAT)D Y /) LEiE L BETFE
B, ChAT 7/ LDHE 1 A b v /T vesicular acetylcholine transporter
BETF(VACKT) 22— RETW5b, B.ChAT BERENT v A1,

ChAT IZ. choline & acetyl CoA % ZH & L T acetylcholine 59 %,
Bl 21X, L210P TiX, acetyl CoA IZx§ HfEHEREA K4, R560H Tid,
choline (2% § HIEAREN KNS,

MR IER IR L T ARKEED Ap FERFET EF L2 ) R T T —
Y(AChE) & collagen Q EIZFE S/ BIEFER, Anid 12 {80 AChE
catalytic subunits (FIRZ F) & 3 KD collagen Q 73 F7H 78 5,
Collagen Q 43 FIZ LR D collagen domain 7% 3 AGHEE A IS,
A.AChR 0, B, 8, eV 7 2=y M LIZREENTI A U AER, M2 F
AA DT ¥ VP ANALERRT D, A a—F v U RVIERERBER
AR )» b E04% % L 72 miniature endplate current (MEPC)(B) & B —F ¢
v FIVELER(C), B TIE. MEPC OREEMNEEL, Fyv A 0fA0
Frigelefm] (EmE) MBIERT 5,

77— A bFr U ROVIEGRRBREMRGEAS M bR L
miniature endplate current (MEPC)(B) & B.—F % > /L EREK(C), BE T
iZ. MEPC OEEMEE L, F v rVOBORHERE (EmE) A
BEfET 5, C.AChR o, §, eV 7= b RICRE SN I A AEE,
AR AChR KIBFEDFIK & 725 AChR # 7 2= v FNER,

Rapsyn D77/ LfEiEQA) & B A A UiEEB). KON, BE SN EBEF
ZH. TPR, tetratrico peptide repeat,

A BRERABMKGTET M) VAF Y o INAVD R AL U HEEE I RE Y
AER, BEREF ) VLT ¥ U RVIEFICEREIN S5, fast
inactivation 25858 L, 4512 VI442E 13## IEEN O-80mV TI TIZAR
FLEN T3, C.50 Hz OE ML BRRIEIC T VI442E R RIIEH I
REbEh D,
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