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EAEMMEIE (MG) TR 72 F Va1 284 (AChR) i
& (Fig. 1 ¥y, Pk 1,2 =), Lambert-Eaton f4MJJiE 5
# (LEMS) Tid P/Q BB KA Ca*' F ¥ 4 )V (VGCC) #T
AR D £ L SN DS, BAE, ¥ F 7 AR 7
ARERMERE L BN E T PR RICE > T, BhbH
BWPER L2235, FBMoOPkT TRt fl
T, AR VAR, PURERA & O HEEH L oMM
AEDEIZL > TORMMMEN ) 2Pk DH 5 2 E~DRELE
R, FERUEMMIIEGRE L OEANNORIEI KD SN 5.

1. YFT7AEIREERE

(1) Muscle-specific tyrosine kinase (MuSK) #uf&

R T Agrin I3 A Lrpd & #EA, MuSK (£ O AL
{213 Dok7 4H) 4 L TIER B 15 ¥ 7 F VA anchor &
T % Rapsyn |ZZ L, BEEH#M 12 AChR Z #EF B K S
¥, ACh 2§ 2 ZHEMAEHmH L (Fig.1 TH). E4E,
AChR ¥URBEIZ S Db 53 Y+ 7 AMRENE T 2 " T MG
E B I I MuSK $UfR 2358 i & v (30~50%) (Fig. 1, $ik
3), HBE HRITDZ AT ST BY.

(2) Non-IgG ¥ufh

AChR $LRBEHEBI O F121E, MuSK JifkBi F 72 13 Bk p
T AChR B J&AE % # 3 % non-IgG 45 # (AChR allosteric
site & BE1Y) DFFEH Sz, —FBIZIE Na* F ¥ A v x
S 2 IgM Pk d 5 < E 1AV (Fig 1, Pifk4). v MR
HAERDME%E b by F2 5y 7HEBEMEARET T
Na'B\HAWET 5 L, T O IgM PUARRLEE Gl 19 |2 EHEAS
Tay s Eh, FoRAEMECHEERIMEBI ) &
HE D MG TIEALNLVERFHEKIRESASND.

(3) EIEMMIIE S BT WM T—) T /) ¥ v RE
&, FEEAARAENE Ca2 F v % )V L Hifk

VT A MEE, BB EICEE VT, dihydropyridine %

R (LB VGCC) # 5L TEHEREE, HlGHD/-dD Ca® il
Mz W BM/AREEDHIINETEIT /T v 2EHE
(RyRD) 25783 %. MG O HI21x RyR1 JuiRBs 51 (25
64%) HH Y (Fig. 1, Pifk5), MgehE (b H#Ha 12 RyR1
O—EBAFB L T MIEIEICS) 2 &7 51 dH VA%
(sensitivity 94%, specificity 89%)?. BRAEBFLIITTHE
P & 2 E T, HIGH, BRI OKTIBEINS. 4
FLAVoT77u—F Tl Cima) (Ca' WEfr — B LY
T M EREIR) % Gk T A Ik oM A W, RyR1
WAL (/R Ca? i) 121X Bk oo T BB R &
BN, FEBAAKFERIZ TRPC3 (Transient receptor potential
canonical type 3) 23 TRPC1 # /- LTI E 217 2 2 0%H 5
(Fig. 1, /). bivbhoREsTZOfikBtsE 36%, M
PR IE & PEB TE R TH o 72 (sensitivity 50%, specificity
89%)? (Fig. 1, ¥ifk 6). TRPC3 & Orail, STIM1 & % L C
Mtk Ca** R ORI TEHEIC D BS-3 50T (Fig. 1 T
), TORE~OHEOBHEibHY D 5.

(4) Lambert-Eaton fifeJHEGEREE >+ 7 b & 773 Uik

LEMS (& /I~ 0 4 i o 22 & R E 355 & o & OF = (50~
60%) DS W EE S EEBEIED O E D TH B MRS S D
Ca” A7 ACh #EBEIZ L% 2 P/Q B VGCC (& <124 FHk
& 1% domain IIT S5-S6 linker AV 88 2 #H3%) 1253 % Puik
WEREIHET 5V (Fig. 2, ¥k ). —HOEFI Tt Ca® & ~
I —oEE R 2 ;T AN N G 53 A5 A}
WKBRETLHYF Iy 73 0] 218 L5 BP0 L IR ICH
PboTWwD (biIvbh®fER TlidHt VGCC-positive, L
VGCC-negative = 1L & 1L T 20%)” (Fig. 2, Pt 4 2). VGCC
[FEARATFEALAR L S B L T TR R D E 1 & D RIEERZE
OB B LD . bhvbiudZFo N THETRIEL 728
WIRBEFVEZERTE 7.

2. VFTABEOHERB L RE

(1) BAKAENE Ca2+F v 2V & AT B HifE RS
A X O MK ERIZIZTLA A A Y V1 AChRs

SRR 7 — (T920-0025 IRATERPEANT 6 T H 15—41)

(ZA+H 200945 H 22 H)
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Schematic presentation of the targets of myasthenogenic antibodies in the postsynaptic
membrane and muscle contractile machinery. In the lower schematic drawing, central part:
antibody-1 recognizes the site other than the ACh-binding site (causing accelerated AChR degra-
dation and complement-mediated lysis) and antibody-2 recognizes the ACh-binding site (causing
blockade of ACh-binding to AChR); right part: proteins contributing to the AChR clustering, one of
which (MuSK) is presently confirmed to be targeted by antibodies in 30-50% of anti-AChR-negative
MG patients (antibody-3); left part: concerning non-IgG (antibody-4), one targets the AChR al-
losteric site (leading to AChR desensitization) and the other (anti-IgM) targets the membrane Na*
channel (leading to disturbed membrane excitability); left part: antibodies 5 and 6 cause contractile
fatigue in MG. The antibody-5 (against RyR1) causes a defect in sarcoplasmic Ca** release medi-
ated via T-tubular membrane depolarization; the antibody-6 (against TRPC3) gives rise to defects
in the non-depolarization-dependent release of sarcoplasmic Ca?* through intracellular TRPCI,
and also in the function to make up for Ca?* after the release of Ca?* from sarcoplasmic reticulum
in cooperation with Orail (Ca®* release-activated Ca2™ messenger) and STIM1 (Ca%* sensor of sar-
coplasmic reticulum).

%72 P/Q B! VGCC Bkl LEMS JEBI D 70% (X4 1

F UMY F T AMEEICEENB I 5 & PRKCIEMALEZ AL T
VGCC |21 & 1F ACh tEBE% 9 %259 (&% PKA 24 L
HPEIC ) < M2-type b PKC iHMALICHRIR) Y (Fig. 2). bhvb
g, P/Q M VGCCHUAD ¥+ 7 b ¥ 7 3 UHiR B IBEIC )
b 5T, FOMETIIANDERNT VA7 7 — DK
39 BIEBITT, M1 mAChR Jifk2BECTh 5 2 & ZFEHH L

T7% <, BEEFIO 100% T M1 mAChHR Hifk % #iho? (Fig. 2,
itk 3), LEMS Tix M1 mAChR Z A9 2 Wit e 25+ 0
HLTwAwEBbhs, —J, bhbho MGIEFTOR
PoAkREERIZ 28% 12k ¥ E 5729, VGCCIHEHT A% ) —
DOMMERF L LT, MiERKERF (BDNF, NT4) & TrkB
DBV LDV 7 F VR L H Y (Fig. 2).
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Fig. 2 Calcium homeostasis to compensate for synaptic disorders provided by voltage-gated Ca%*
channel (P/Q-type VGCC) and non-voltage-gated Ca?* influx channel (TRPC3) via phospholipase C
(PLC) signaling pathways, signals of which are triggered by the activation of M1-type muscarinic

AChR and neurotrophin receptor (TrkB). The fast-mode synaptic vesicle recycling (kiss-and-run)

(*) can also compensate for synaptic disorders, acting by the interaction of dynamin 1 and synapto-

physin in the presence of high concentration of Ca?* which is supplied by above-mentioned mecha-

nisms and may also meet demand by store depletion-operated Ca?* influx where the TRPC3 func-
tions in cooperation with IP3R or Orail/STIMI1 complex ( **).

(2) IEBALAKAEN: Ca2t F ¥ AV % AT B WifE B

BE7R U7 RyR1 & 364% Uii/Mafk Ca® el #hiFcicob
5TRPC3IZ Y F TALANLVTHEE L, diacylglycerol
(DAG) 12 & AL T Ca*" i A, ACh EEBEREAEL b 725F
9(Fig.2). bhbho MG @ TRPC3 HiikBhsl (36%) Tl
(Fig. 2, itk 4), WlGHIEI IEH Y Th L ¥ F 7 AEERE
WZOoWThH, #IERTE TR L TR Wil D 5. —
Ji, bhvbiho LEMSHER T3 ATKIE TR TERETH -
7-.

(3) ¥+ 7 A/ mliEAE R

AR T ACh B O ¥ F 7 A /NI clathrin A7
endocytosis # B CZDHE LI D, Sz /MEZIED
ACh ZHLY A, FIKERE A, exocytosis T ACh #E#EE < D
MPAT. VF T AEEREN B Z B &, clathrin IFREMEO T
T b Y /MubEEAER), WEREMEET 5 (Fig. 2 *Fl). 2
D722 dynaminl & synaptophysin 25 &K 2155 & &
BT Ca iy (WM HLAT) PLEETH B, Z ORFICIEEN
WAL, AFtE D Ca i AF v &)V (VGCC, TRPC3) @
& W (Fig. 2 *ED) 4%, M fa N Ity & o Ca® it 45 (B 3 12

X ¥ TRPC3-IP3R # 4 % 7213 TRPC3 * Orail + STIMI com-
plex” : Fig. 2 **Hl) & & 8B E %5 9. MG, LEMS T
Ca” AT ¥ A NVHHURDOEEN & 7 o T HHE L 2 W IR,
Z OMERRTE CHES B2 5 L b D,

3. MIEFREADOAIREICNT SER

bihvbiid, AChR HERHAD T L NV O 0183-
200X 7 F K IZ 2 W T, Torpedosequence & human se-
quence (FFIALAHEIZIZIZFAETH L1200 5T, T
B e LT MG i %2 MeE Lo ERIE, &1 rigid 28
WL DHE (48%) W E (0%) X W&, ARSI
HEHRDOFAEITEE 2 Bk L 72¥ (Fig. 3). #E4E, Oxford 7
V—71%, PiE&EEH (AChR) & anchor &K (Rapsyn) %3k
Y S E7-piikoe A THUR (HEK Milg) of Ht % #Hhis
LTwaY,
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o-Bangarotoxin binding activity of synthetic peptide
(AChR «183-200)

ERREHEE 499115 (2009 : 11)

Antibody assay in human MG
(radioimmunoassay using I'25-labeled peptides

(calculated as 102,903cpm/50ug of o-bungarotoxin)
cpm/adsorbent, 50mg wet wt. 0

and anti-human IgG)
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Anti-Torpedo (cpm)
1% 10 2% 10t % 10 AChR alpha ge e o 230 (337 Ne se o
SN2 1.5 VN——12 LR TP ki
control (glycine)
Torpedo 183200 0 100139 200 300 400 500(C )
N 183,200 Anti-human ,ﬂ' p
uman 0.183- AChR alpha  [ds, L]
183200  E ol

(The bar in each column represents the mean + 3SD from 10 healthy controls)

Torpedo a183-200
Gly-Trp-Lys-His-Trp-Val-Tyr-Tyr-Thr-Cys-Cys-Pro-Asp-Thr-Pro-Tyr-Leu-Asp

Human ¢:183-200
Gly-Trp-Lys-His-Ser-Val-Thr-Tyr-Ser-Cys-Cys-Pro-Asp-Thr-Pro-Tyr-Leu-Asp

Peptides used as antigen

Torpedo a183-200 Human o183-200
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Computer graphics of conformation drawn by proton-proton distance geometry
based on two-dimentional nuclear magnetic reasonance

Fig. 3 Studies using synthetic peptide (AChR «183-200) and focusing on the importance to search
for conformation-specific antibodies in the antibody assay. The pharmacologic activity is almost
equal between Torpedo and human sequences, but the reactivity with antibodies from MG pa-
tients are prevalent with Torpedo sequence antigen. This may reflect the difference in conforma-
tion of synthetic peptides between the two as shown by the computer graphics drawn by proton-
proton distance geometry based on two-dimentional NMR, although their amino acids in sequence

are different only at 3 residue sites.

4. “Seronegative” BHiENIEIIECREMYHI EBETFEE
P—7EFNaY CFREFEREFOELT

AChR #EERIKEE L, B ORIZLED 513 MuSK HLik)3iE
HENTALWD, ZoOkEHE=RI1E30~50% TH 5. MuSK
Wk % 2, FE T % Dok7 %, AChR @ anchor £ Td %
Rapsyn O#EZTFHE T, WMAREOMEL b H S & %%
AMUTFHROEINIIEER L 2685 % 2 &\, )iE, Agrin
DZHRE L TKEWESNEREIEZ FD Lrpd” %, Agrin
NI L T MuSK & D AL THEI 2 Z D 30% A% =2,
heat-shock proteins # /- L T AChREEH R I 02 b %
TidlsO %8s S 7z (Fig. 1 T4). ZOM, Lrps, 6/Frizzled
(Wnt3 5%2%1%), ErbB (Neuregulinl %2%1&) & AChR #¥%
EHZH T 25 (Fig. 1 T4H). WIS ENEEFIEHERHD
WHERIE DR & 72 2 REE 2 D TV 225, Milgstr 5%
MefEerit B L, MRNOSE REEEDICHERERET
LEHATY H 5. MM ZEREOHEICH L T, AChR #i%

TEWZT 2R LIFTY, 20X YRS & BEREICE
T B, Frz B OREIC S 2o T, ATRE L E
EFOWE A S DEE LIS Z RO T WS,

X W
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Abstract

Recent advance in research for myasthenia gravis, in relation to various antibodies
affecting synaptic structure and function

Masaharu Takamori, M.D.
Neurological Center, Kanazawa-Nishi Hospital

Autoantibodies impair acetylcholine receptor (AChR) in myasthenia gravis (MG) and P/Q-type voltage-gated
calcium channel (VGCC) in Lambert-Eaton myasthenic syndrome (LEMS). (1) Some of MG and LEMS patients are
“seronegative” for respective antibodies or modified by antibodies that recognize other proteins than AChR and
VGCC such as MuSK, AChR allosteric site, membrane Na* channel and ryanodine receptor-1 (RyR1) in MG, and
synaptotagmin-1 in LEMS. (2) Autoimmune responses affect the proteins participating in the mechanisms to com-
pensate for synaptic disorders on the basis of presynaptic Ca®* homeostasis provided by VGCC and non-VGCC
(receptor-operated TRPCs); they act as enhancers of Ca*"-mediated ACh release via phospholipase C signaling
pathways including M1-type presynaptic muscarinic AChR, neurotrophin receptor (TrkB), and fast-mode of syn-
aptic vesicle recycling. (3) The pathophysiology contributive to contractile fatigue in MG includes RyR1 and also
TRPC3. The TRPC3 also forms a complex with STIM1 and Orail to make up for Ca** after sarcoplasmic Ca*" re-
lease. The prevalent detection of anti-TRPC3 antibodies in MG with thymoma could affect muscle contractile ma-
chineries in addition to anti-RyR1-induced affection. (4) When one faces “seronegative” MG, one should be cautious
to conformation-specific antibodies and also congenital myasthenic syndromes.

(Clin Neurol, 49: 789—793, 2009)
Key words: nicotinic and muscarinic acetylcholine receptors, voltage-gated and non-voltage-gated calcium channels, syn-
aptotagmin, ryanodine receptor, conformation-specific antibodies




