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Lambert-Eaton i /7 #E % # (Lambert-Eaton myasthenic syndrome, LEMS) (& MG S 45 O mIEE 12 81T 2 5 B%
ERETH Y, BEMBHEROT7F L2 ) v BFHBEEOML 48 E T2, COLEMS Tl w-2/ P& > MVIIC
(w-conotoxin MVIIC, CmTx) THE# & LB P/Q MAENARFEA L ¥ 7 4 F ¥ F b (voltage-gated calcium channel, VGCC) # &%
T LU ERLZWHT2 L SNT B, 4], LEMSIZB 2 VGCCHEDZRME I & 22T 572012, VGCC D
ConTxAli G HBALZ AR L 9 2 MU RIS 28 L W RIEIBIE 2 FE 7 L 72, BEROGIBLMIETIIVGCC D b o o kAL
DR % RIS B U GE TR 2T 5 —H, # Lbﬁﬁﬁ&u’éﬁ Bi%13 VGCC O CoTx %4 % 45 BRI THE T 2 HF (B

ERPA) 2T 52 LATE L. AT, BRRA,

SRR IZEUT L 72 LEMS 20 & 5HHR 2060122, HE
ﬂm%MM®tbm%&ﬁu&~;5Mﬁt,ﬁmﬂm%whmfbw%&%%%u

L BME AT - 7=, PUARAMTIEN B O

X+3SDEAEABMLEHT DL, LEMSO W (45%) CRHE MK AT Pk, LEMS &8I THATHRI I Tdh - 72,
Q@O X MHLIE & & BRTETH - 72, WG IZHBI & 380 2 - 72, AHud LEMS O FLE B O B % 910 TR 5

L7=bDTHA

Key words Lambert-Eaton myasthenic syndrome, voltage-gated calcium channel, o -conotoxin
MVIIC, blocking antibody, binding antibody

Lambert-Eaton £ # JJ i ¥ (Lambert-Eaton myasthenic
syndrome, LEMS) GEH ML Lo 7 LF LYy o~
(acetylcholine, ACh) & T-MEM B AW AT 2720, LEBON))
BraisdiBchrl Y 20HEE LTI, #50%20
/IR (small cell lung cancer, SCLC) % &4 5 5%, SCLC
ICEAARTFME D L2 v 4 F v F ) (voltage-gated calcium
cannel, VGCC) #3389 5 f0”, M 1iLi% 4% SCLC o AL Ak
AN AT LSS B K07, B O M KT VGCC iC
44 2 {6 MK (active zone particle) A5 AT 2 09, HL#
M TEV Y~ B LA E 2 1P 1 VGCC D G~ 7 F
FORECHMICHRBEEI AL D% LY, oL
SCLC i LEMS Tig, SCLCIZ%BI L 72 VGCC Iz k4 2§tk
PHEEHER DO VCCC % b+ 2 2 EASEHBEMIZ b > T D
LEZENTLEY,

VGCCIILA!, NE, P/QH, RAEl, THOSEIZSH SR 1,
EE K D ACh IO P/QEIIC L B2 2o s
®, LEMS O 4 (L4 A8HE & | THIP/Q T VGCC Bl g i At
FEEN TV B2, £ OMMMIEET L b BRIKITR & id—5e

P10 11 A 11 A3, FR104E12 A 21 023

¢, LEMSHBE D 5-26% 3T TH 22 2 BToM%
3, P/QRIVGCCIZIFRMIZEET A w-0 7 P ¥ ¥
MVIIC (w-conotoxin MVIIC, CmTx) & VGCC % 8|2 &t /)N
MR O AR 2B & L, Cmmvmmwﬁ%~mﬁ
THHUR RERHUER) & 20U THRINL Tv b, o
T, VGCC DO CmTx b & Pl ikifer & L, VGCC &
ConTx OG5 2 FEHUHLE T B HU (L5 BUHLR) AT LEMS 1250
TAAAEL T b & L8, BEHBBEIZ CmTx-VGCC #

TR U722 BT ol s 20U, BEBURS i f L2 s
Cmei) 1;‘. L CWAB7®, VGCCIZHiT & ¢, f}LVGCCHL'
RE LTt &dvzan. 24U, BEAEOHIVGCCHU MR
SBRSA B & ML, §it - CHLERHUR O o4 % W L
SO DOREKRNY BT 7000, ERBUARE il
TLHLVINEEPRETH L,

AHTIE, LEMSIZB1T A RIERHUARAR I 0 720 O L wifl
EETEF LI, F7o, FOMER LSBT OB &
BT L2 L1220, LEMSORREIZ DO W THELDEE
RBEEDI, KEEOHMMEREL .

Abbreviations | ACh, acetylcholine; AChR, acetylcholine receptor; BSA, bovine serum albmine; BuTx, «-
bungarotoxin; CmTx, w-conotoxin MVIIC; I-CTx, ' labeled w-conotoxin MVIIC; LEMS, Lambert-Eaton
myasthenic syndrome; MG, myasthenia gravis; PB, phosphate buffer; SCLC, small cell lung cancer; VGCC, voltage-

gated calcium channel
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SRR BRBEAENE S L OHERERIC AR L, BRRE
K LUBFAMEEIIHBW L 722000 @13r-76F, k44,
BE1661, SCLCARF 114, FMBHBIESH9F) O LEMSE
He, R0 OMEL AR E LI,

I. mEOHE
1. P2IS (ML M 2> B) 7S o™
HHRBECHECLZ80F DLW/ A B, HHF
T—70CTHRMERF LA, MUEHOBERZLZMEL, 9
DHFRL A WHEMA, BUT 70> - HIAREY 2 F4
4% THELLZ. ZhEGHELHETE 1000 x g, 1040/
HOL, B5h/z LiEE 15000 x g, 300MEL L. S50
A HR Y s R C2MPEI L CP2E S 208 L 72, T
DEMEIZ4TTITF» 72,
2. P2ISTHO MR CEEATALTER
P2 512 /R B 1g 72 0 10m1 0> 0.05M V) > BB AR 187 i
(phosphate buffer, PB) (pH 7.0) %12 %% L T, P25k
WEEHEL. Bho/tBOPLEMPE (040 1) (2 PI4EH
CmTx (*I-labeled CmTx, PI-CmTx) (Amersham Inc,
Burminghamshire, UK) (74 TBq/mmol) % 4.5-6 fmol (15000-
20000 cpm) MNZ, 2WEMIBIG &7z, KkiZ, RISHE 79 A7
1)V ¥ — (Whatman grade GF/F, Whatman International Ltd,
Kent, UK) THl#BL, 75X 7111 % —wﬁﬂc%ﬂ‘i’&iﬁﬂi L f:
(A) IR PLCmTR & 79 A7 4 V¥ — & DI RAYHE &
5% & F 21 0.05M PB 2 PLCmTx % N2 T Kb S 4, ([\'z’
ﬁLfm T AN —ORGERERE L B). &P2HiSTH D
CTx#E & %’i’ (A-B) & LTEBL .
SHIZP2W AR 20 n142, BE# L Tv 2w CmTx
(Peptlde Institute Inc, ABR) 020000 pg, HBHWIE T IMET IV
7 % ¥ (bovine serum albmine, BSA) % N2 T 2 B8 55 S & 7~
%, "LCmTx # 4.5-6 fmol (15000-20000 cpm) HIZ, 2 HEH K
. RIBlE 7SR 740y —TilfL, 71 V5 —0O
BHREE L 72, EBICHE SRR S P2 5% I 2
TWARWTT ¥ 7 OFFEEEEL T, WEle L. 2h
ZFNOWERRHEE 4RO E 2 WEEE L, T XTOHRER
4CTIT o7z, Zad, BEMMBEREIF -tz rd v R
7 4 ARC-1000N (7 0 #t, BUE) (MR 759%) &4 L
7.

Il. REEEH P/QE VGCCHFHE

P2 WM 20 22112, PB&H A\ 3HEMMIET 122 T2
FRMRIG S 72 %%, "LCmTx % 4.5-6 fmol (15000-20000 cpm)
Mz, 2RMRKIGSE, IBEE 792740y —TigBL,
T AN — DR EE LA EBICE SN REr S
mT}%mKTw&w77/7®ﬁﬁf&#Lﬂw T, WE
e L7z, MERMITP/QEVGCCHIAMIE, B 72 %L
CTx#EMUREIINTH, MiFEMZ THE & 72 PLCmTx
e EOHS (AER) & LTHERLE. b, HExR)
BIZRABAIT 0% Lz, $£7, v MEB L OB oKX
ABITIRIMIER 0.5 1, 1l 2l OMMAZBOHER S HE
Lz, EREFNOREIHRBEAROEYLMEBEE L, T+

TORMEETATTI o7, 2k fﬁ(%ﬂ%ilﬂ%ﬁ#tiz‘— S
ﬁzv/xTAAmnmmu7me D) (MR 75 %)
AL

V. #&2ERP/QEVGCC HisHIED

P2l 53\ Z/ANMEE B 1g d 72 1) 10ml 0 0.32M 3 = 4, 1 M T
AYFr, 2,MBALRTF 2 0.ImMBEILT7 v (L7 == 2
FhE20pg/mKE M) 7L VHEMZEL2%YF Py
25mMTris / 5mM HEPES# 1 (pH 7.4) #h1z, & L7,
60 HIRE L, VGCCaR &L MM A 2 ik L2, 851z,
15,000 x g, 3045FCa#L-L, 13420 142 PB%*100nM CmTx
Mz, 2EFEBIS 84 2 D%, 1-CmTx % 4.5-6 fmol
(15000-20000 cpm) MMz, 2W:MHBIE S 4, PLCmTx-VGCCH
BRERE S IS, ERIBES N, —BSE s
7z, 8612, VYFHE b IgGHifk (Organon Teknika Corp,
Durham, USA) ’i’ 250 wg A, 2HFMEE L7, iz, 3000
rpm T104- M@0 L, g% 02% M5 4 b > XH10.05 M PBT
2 [o) Pk ige 1, E'I%‘T#%’Eiﬂﬂ'ﬁé L7z, BRI S 4« oFH R, 5%
RO CmTx TBLCmTx-VGCCHAMNIL % % L 7
T rOREBELELIE, MBI LR EES 5 ‘251-
CmTx # & &A% % pmol THH L 7. ‘ia‘ EARENTITEAS=T
LA 0pmol/l & L7z, #RFNOMEILRERETIAKDY i‘]
TWEME L, $XTOHBEIZLCTIT o7, T/, Hgm
EREA— Y 2 VA Y7L A5 4 ARC-I000N (7 044, #
) (BRI 75%) % L7,

V. BETFAMRET

FERIAP/QABIVGCCHLF, #&RP/QE VGCCHItkE
bR OX +3SD £ M2 5 b O &yt & L, it
RO BIH D\ T UL Spearman O NN AH AR O RE % 47 -
7z,

139 &

l. VGCCHRE DA%

P2 SIH O) b F & 25 B EALIE R EBRCIE, P2l Rk
0530l FTHETD &, RIS 1Y
L7275, P2WMIIMFHER % 30 1205 40 1 TR LT, #HE
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Fig. 1. Effect of volume of P2 fraction on ®*-CmTx binding. The
BLCmTx-VGCC complex trapped by glassfilter increase in
proportion to the volume of P2 fraction. **-CmTx, **1 labelled
w-conotoxin MVIIC; VGCC, voltage-gated calcium channel.
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Fig. 2. Inhibition activity of cold CmTx and BSA against -
CmTx-VGCC binding. BSA, bovin serum albmin; CmTX, w-
conotoxin MVIIC; "*I-CmTx; '#1 labelled CTx; VGCC, voltage-
gated calcium channel.O, inhibition rate of cold CmTx. [,
inhibition rate of BSA.

Table I. Anti-P/Q type VGCC antibody titers of LEMS

I EA LB L EnoT (1), F£72, BSAZMATHE
BERIBLT L e dr o 7290%, JHEE3 CmTx % 0 pg A 5 20000 pg 3
ThA AL, FHEIT42% FTERT L2 (IX2).

I. BREEH P/QEVGCCHFATE (F1)
xR ML T L E R P/Q B VGCC HiE » X + 3SD A%5.6%
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Fig. 3. Inhibition activity of sera from LEMS and control subjects
against "®I-CmTx-VGCC binding. **[-CmTx, '®1 labelled «-
conotoxin MVIIC; LEMS, Lambert-Eaton myasthenic
syndrome; VGCC, voltage-gated calcium channel.O, inhibition
rate of LEMS sera (n=4); [], inhibition rate of control sera
(n=20).

Patient profile

Anti-P/Q type VGCC

Patient NO. _antibody
(;/\e%l?‘) Sex Malignancy B IOCIZIU/:% type Bl?;i?fl /t]))fpc
I 68 M SCLC 14.2 940
2 41 M SCLC 12.1 236
3 58 M None 10.8 782
4 72 M SCLC 10.0 894
5 43 F None 10.0 656
6 63 M SCLC 9.1 2531
7 51 F None 8.1 2266
8 48 M SCLC 7.2 910
9 69 M None 7.0 49
10 76 F None 22 214
11 68 M SCLC 0.1 381
12 67 M None 0.0 ‘ 1216
13 66 M None 0.0 1010
14 52 M SCLC 0.0 499
15 57 M SCLC 0.0 256
16 74 M SCLC 0.0 138
17 62 M None 0.0 136
18 42 F None 0.0 96
19 71 M SCLC 0.0 82
20 68 M SCLC 0.0 43
Control <567 <20.0"

M, male: F, female: LEMS, Lambert—Eaton myasthenic syndrome: SCLC, small cell lung cancer:

VGCC, voltage-gated calcium channel.

@ Control valucs for antibody titers are the X £=3SD (n=20).
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Fig. 4. Correlation between blocking and binding antibodies to
anti-P/Q type VGCC: VGCC, voltage-gated calcium channel.

TH o7z, LEMSEE20HOMNIBITIE5.6% %Mz % %
MLz, AR ERBRETH -7/ £/, MAWFETER
TOMBOBEERIEML o 7222%, HELEMS EHMEIL
A7 MUE R L TRERA LA L7 (93).

II. #FEERP/QE VGCCHIFRE (F+1)

A BRI T & B P/Q B VGCC Hifkd X + 38D #4520.0
pmol/1 T& - 7225, LEMSHEH T3 &H1£720.0 pmol/1 %k 2 %
2Lz, FRIIEFABETH 7. ARt 9
BITIImP MO BE R EIZ— 0170 T, EOHBERMZEED
Lotz (44).

% £

LEMS 25T 2P VGCCHIADBHEIBIZHME S Tw b
A%, LEMS B8 O 5-26% TSI RID S ¢, 2 OHHG D
BRAEMERE 3= LAanS Y ok aBler 3l +si
DI, S b ANy 2 RAEEACh UL B D Y
PRI L CTRIEHAOEN & 20 5 2 BRAE T2
YUk, bbby + 7+ 7 I AP R EORER, BT
DFETIIB SN L W VGCCHKROH AL K2 ET S
EHbH. TOROKRHFERTIE N F L SISO R
ZIREL, MHERMP/QM VGCCHAMmHEEEEL, FEIC
LEMS & MEHF ICHERKRIFEET I LWL M2
7z,

I FE TLEMS TIZVGCC & CmTx D& % [HET 5 Hi ki
WEOHREIZ 2L, FHRPROTHS. Lo LEESEIE
(myasthenia gravis, MG) Tl F %3 v L BHORK SHEH 4
REEE LTae-7 ¥ H1 bF Y (a-bungarotoxin, BuTx) &
ACh &% 4k (acetylcholine receptor, AChR) & D#k&FHERE
EORBEFRE SN TWEDY, Zid, B LEBRIG

DRIEIZE D b2 > - BOEHAERIWD T 58 6 2 gk

LTEMLZADTHE., oMFL Y - BEABEEKEO
SEEIE, REARBURE R L7 RIER L X B Ik Gas
L), FPEI L f%l?ﬁ{?ﬂx’%ﬁ T LIIET DI s
®), FPFTo BWEhE VIR 740y —ClBT 2%
() U)Sfﬁﬁfa%é ZORTRELEEL, Shon
w1, BRI EEHOWKE, MLV ERAOKES, P
v BOEEKREMGIIEOKIG, MGILE Ll b gGHik
ORIG, LELOREANET S0, BENKE L, w5
ZPEY OO URAZRAEL S REAH L. UL, EERE
2RO BIEA 7z, HERMIZ Sl v EL on
B WMBE TR & RS r/\m&%ﬁlwaﬁ\?zzw& <,
AR E WA R L ELREROTEL LV SV, W
AN L D BES AL, MELICL 20 R0 E LAV, &
D70, KR THENITP/Q R VGCCHAZ MM T 21287
D, WEMEEZICH L TCmTx - P/Q B VGCC H A k& Dl
TERL:.

CIT, EHEISNANELEL, AT AIEAORERST ¢
Ve —DERIZE > THEAEND. 200, REBRELITIIC
Lo, FPFHERROMERLT7 1 VY —%EIRT L4007
R ®YEL, HEICe MROP2ESE, 740V 5 —
VR TRIFREAT0.7 um D 75 AT 4 b ¥ — % EIL 72.
EP/QEIVGCCIZEATE N, HEEIZ b MK ST
P/QEI VGCC ikt th i D HLIH k LTHH SR TnHE
72, PRI HEER KD A TR, I baryrFY 7o
o ECHVWESTH B0, BFREDADOEFLY
TANWY —IZRIFESNR TV, FITAT 4L —DRIRTD,
BuTx - AChR#EEMHKOME TCH VB 7 I A7 1 V¥ —
(Whatman grade GF/C, Whatman, Kent, UK) O F{§3kge
12 ymTHB DI L, KT}P?“T*H%W* FITART A NY I}
BT REFHENT0.7 ym TH L 720, LW HlpVHT-ETT 10

IR s NG, HE, 4 LJ& R E 7 1Ly — %4l
D T2ERT, —EEOEE CmT 2 LTl A 72 P2 li4r 5tz
RAELC, 7 40 & — LI SN A REHEM AT B2
BIML (R1), AT T h &2 R a2 e mmisik
WTEDZe®B LA T, 207107 — FORSHEED
P2 Wi & B CnTx DB AR TH A Z L&, I CmTx % )
OMABHZ ET, BSHEEOIE n?x!c CmTx #AZHAr L 7oA
BETEL2 5 (M2 L

ZNOCmTx - P/QEIVGCCH &k Bl s & 312, B
P/QTIVGCC Pkl g i x B % L7i 97, P25 & gml
WO L DR % BN 2 P LB, S, P27 f&i‘
20 pl, WRMLEE 1 p1, BOCHFHZ 2WEM & L7z, 45 1ZRPER
Mg CIImE R ML+ L, CmTx & P/QAIVGCC L m.a &
PRyl LY, ZOHFETMEIZELSCmTxE
P/QRIVGCC & DA EIHET A EADRRATHRTHL I L
ZRL7: (M3). ZOfEE D, EBRIZLEMSEHEMFIC
WTHERP/QE VGCC}}LM\ WMEBLAZEZ A, 45%D
LEMS B M3 CTRE P AD TG TH - 72, —75, WM
12 & F TRENRP/QE VGCCHEA R M TH » 2. L&D,
AFFE & B LEMSIZ BT 5 HERHFP/Q T VGCCHARED
TS REE 1 45%, HHREEIX100% T, HREI R, LEMSOZ
WEEICHEHGREL LD IBEELLND.

KIHEES B P/QE VGCCHifk 2 W5 L, FHERMHP/QY




LEMS!ZBIT 5 lHE

VGCCHLfE & ORI & 7228, WiPtE i IS IED M 2 380
faro7z (M4). THIEEVEARBIP/Q R VGCCHiklid 5
Wi VGCC Iz e THAE DR WP EE 22T 2K
ICHERA L LTHB SN TV D TIE R, #MEE
AL T b ERIAI BB S A Z L0 h, HERpiE
OFEFEIEITET, HERPAKIEESNIBILEZRTHD
PRI LA L, R CIEIBRR - EEERENIIHE
S & N A RBKEEER COMEVITR Bd o l2/z®
WERHEO RAHE % DEFIOTFAE LR TE b o7z,

ZOHERNMEDST v A VB S XA ERIZEL T, F
FARMIIHTENEL COEREERT A LENH L. VGCC
BT CTx DR ERZEH S IS T wnh, K
FCmTxIIP/QBMVGCCEMET L M v e LTHERENL
bOTHBY, ZOCMTX 40 ug % 77 AFEAT S L 254
SIEMLVITIRREE R AT bR S RTB YR, Fol)
kD & C T DVERIIE T + A VBT % 4 L 2z M0 %
F o AOVERBEREE CIE A <, BT v AVBEREICEET
SEDHEE R NS, IR E TLEMS ClRMiEsciis & B AlE
W B ML L BRI~ OEBEE ORI H P Hi ézm
WA ENSM, Ty RAVEAOREEL N ST, EHERI
FOVERR IR T AR OFEA TR STz, /‘I_I/fﬁu
RIHERYAOF v R OVEEREIC 5 2 ATERIE, REW LTS
CABOMREE-RIER S HWD, CmTxEBERTHI LD
b, FEIURAMM AV LI FEOREISEAST L, &)
VI OERE KA L TF v A VERO VAR EELE A
ThEF I U EETHETINEE S L LD, R J‘I'W‘
BT v AV ISR T AR H B LEZ LN

LEMS Ci, #&MHP/QEIVGCCHIIAR % & o %k 1 G0
EAE LT, AR T ERK P/Q T VGCC HL i il
EEERTHIELIZED, LEMSIZB W CHLS R RAE S
AIEEFWLEMILE. ZOH Lb\ifiﬁ:{?ii\‘io‘ L OPLME IR,
LEMS M IEREME, BW, WHEML, &5 Wi iVGCC%%é‘EfD
AT BV CREE R SR E D, FHE «Ulln_d BB LE
AHiLA,

f&

zup
E:lrd

BLVGCCHU 13 LEMS O #5712 308 20 {255 %38 U T 2 A9,
B SR D 52 5 C AL U A T B 20 BILE I VGCC Huiiagilii 2 4
EL, WFofa+57e.

AL L 20w P2OR il & v 7ol X - T, VGCC &
Cme O EFFRIIZIE T 5, MIE B VGCCHUAD il
WHETH 2.

2) BRI & o THIN SR A FE G RITVGCCHUARI L LEMS T
DBFTA &, RJTHEIC LB HERTVGCCHU AR AL 14 45%,
BRI 1005 TH 5.

3) FHE R VGCCHi kD%t d LEMS OB 12 HH TH 5721

%<, VGCCOhE & LEMSHHREMAIIC & BT 5 & & AW
ﬁF’C 5.

#t i3

WERZ LIS, HBELLMEEL HRMERY T LA BMET
LHBSCREZAHELETET. £, RBEEOHIEEC L2
LB BTN I RE L £, RRICAME R SR B IR E
1Y & L &RKRESRMENHOMEES I CRH0BLRLET,
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T BAG L OEE O - E0IE 27 0] B R M E S (1997 41, i)
1997 LRSI 8 Wbt sl B A (1998 4E, #LRD), 4539 |l 1T ARMHEA
WA (19984, HAR) LBV TREL .
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Abstract

The Lambert-Eaton myasthenic syndrome (LEMS) is an autoimmune neuromuscular transmission disorder and is
characterized by reduced quantal release of acetylcholine from the motor nerve terminals. Antibodies against the P/Q type
voltage-gated calcium channel (VGCC), to which w -conotoxin MVIIC (CmTx) bind, play an essential role in the
pathophysiology of LEMS. To elucidate the diversity of anti-VGCC antibodies in LEMS, a novel immunofiltration assay for
detecting the antibodies that possibly recognize the CmTx binding site of VGCC has been established. While the conventional
immunoprecipitate assay detects antibodies to VGCC sites other than the toxin binding site (binding Ab), the new
immunofiltration method can identify those antibodies that specifically inhibit the CmTx binding to VGCC (blocking Ab).
Twenty serum samples from patients with clinical and electrophysiologically definite LEMS and 20 control samples were
tested using both the new assay method to detect blocking Ab and the immunoprecipitate assay to detect binding Ab. Nine of
20 LEMS serum (45%) tested positive for blocking Ab and all of LEMS serum tested positive for binding Ab, defined as a
titer > 3SD above the mean for the controls. All of the 20 control samples tested negative for both antibody subtypes. There
was no relationship between the titers of binding Ab and blocking Ab. This is the first report of an assay to detect the
blocking Ab in LEMS.



