Study on the Pathogenesis of Myasthenia Gravis
-Analysis of the Heterogenous Anti-acetylcholine
Receptor Antibodies
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ERAZEFLTMBEREMENR (4 BFERSEE)
-3 H LA +
(BBFN614E 2 H 4 B ZAT)

AR, R 2RREEEEN L T2 3B uH7 £ F 13 ) » 2544 (acetylcholine receptor,
AChR) Hitk¥ 727520, EEFHENE (myasthenia gravis, MG) FEEUREIICET 2 RE 2T~
52 L EBE LTz, MG 17T ERD 5187z 45 BEOMEY AChR ¥ifk%: 3 DOREEWAIEE (i 1gG
BRO ZHUERGETEE, 3> Y v ARBu VY BAKESEEESRERE, ACHR &
FERMRER) CHEL, BRVEEECRE, MBRHEFEORRE & EBRET L, ZHEAE8
&, FFVVRERBESHEEEAERLS v N RHR B BERE AChR 2HE £ LAY, AChRH
BAFHMERE, Ty MEREEERCHEEETELL 2 MG B 2HML T AChR @ 1R % BIE
U, MUEEHNEEE2EH L 7o, REBREEE, ARSI 93.2%, M+ - BREGSTEEEE
FIEH: 84.0%, AChR FRSERHHARISEL: 73.9% TH - /2o EEFRAIEMERE & OEBEM: (10 R, 28 #ik)
iF, ZHRRE R T BRAER L BER, PEEENCEER, AChR SEEEEREE CIIEER
BEEROMERBO ohiess, Py - RAGRKSHESFEHAEE TRAERZEBRRAD s i 257,
82 DEFITIZ, 6 Bl 55T 3 IBBEBRNWERERE & 1ZTIZNE LB ERL, 18T IR
ORI RD 50T, 3TEEMICEL D TEP o, MEREREOHR & 3EEOL LD BF
ERRLLTHDS5, hoTRTIEHIENED SNLDIX3RDATH o7z, #oT, KFRTHE
L7 3HEEN I CRMGORE*ReCHBECE L1 o7, MG BERMM Y /812 Epstein-Barr
virus #EH& CHEERT 2 FET, 4BHEOE/ 7o —F AHiE2BL. 20121, v FREEE
A AChR IZH LE W b+ ¥ > - BEGEAHEEE 2R L, ZHARERESE LM SN2 AChR
OEHEZHRBREE2B &7, HAHESANKLEL s, KA 5mg GHEAMHEEMEE L LT
pmoles toxin binding sites) ZMEN A AR Ty MTEEL- L2 A, HIEHE LD HHETRHEL,
DB LI, 20T v b2 3HEKREBRL, Bt L7, BREMEHER2 BV BREERENR
F (WREAMNERDE) T, ERWVECAEEERTENE (experimental autoimmune myasthenia
gravis, EAMG) SilOMEHEEREOFESHR S N, BRIC L 2 MRGESMOBRETI,
FENEROBERZ v b EAMG EUlOBEBENE LR s T, FEAEERE /7 o—F Hifkic
L2EMNDREBREEROPE LR > Tic, TRSDOFRR, ACARD 7T F Y M a2k
ZOEBEEN & T 3 HEHERNERM THEIERREERBL LOBLZ L 2FELTHEY, 0@
OHUED MG OFEHREE LD, —HOEFPHZHBPTRTELTE L &> T AEREESH 2,

Key words myasthenia gravis, anti-acetylcholine receptor antibody, hetero-
geneity.

Abbreviations : ACh, acetylcholine ; AChR, acetylcholine receptor ; «-BuTx, a-bungaro-
toxin ; EAMG, experimental autoimmune myasthenia gravis; EBV, Epstein-Barr virus;
ELISA, enzyme linked immunosorbest assay; EPP, endplate potential ; FBS, fetal bovine
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WRRE Y T 7 ADEREEREICL 2 EEHRIC
BEFEEERFERE T 5 EEMHESE (myasthenia
gravis, MG) D#fFEIL, =aF > H7FLaY) %
#4& (acetylcholine receptor, AChR) & D A8
CHEET3 a-7 40 b ¥ ¥ (a-bungarotoxin,
a-BuTx) CRESNIEEORREY 2, BR V- F,
YEVZABEDAFEESREE,» S ACAR B EZEIE
SNB LT T Pk D IRBEHRES 2R
T&7:, EXRBRE» oMH LER L 7- AChR TEY
R4ET 5 E MGEUOERNWE CAEHEFEHR
f1fE (experimental autoimmune myasthenia gravis
, EAMG) 2/EBIL182 Z 99, MG & EAMG
BME R AChR ik SR c a3 2
99, MG, EAMG OERRES a7 Y > TE#Y
PEHMHEET L EMGHEUDOKREBIWHIET 2 C
L9, MG, EAMG DEAHEE IR0 BBRIR Tid il
Bl O EEEAL & HUiE, FEOWEM RESRY
AChR BE DRI MNASNDY Z ki £ s, HIE,
MG (3R &~ > 7 A& D AChR 25 2 Hifkic
EoTHEEIENIECREHRBLEENT LS,
H1 AChR HiR0 2 EARF L, PUREH (antigenic
modulation) 12 & 5 AChR FHBHEHE 2~ RN
PR R 090 |2 & 2 AChR Dk, EER
RRREEONABEEELERI I L BT T
LY > (acetylcholine, ACh) BEAHE® L &hT
w3, L»L, B2OERTINSDIERBEDREE
MG OERLREBIEE L T2 D TidLTL
bSPTIRV, AE, AChRICHT2E/ 70—
FAFESEOND X3k, FOHKCE, £
BEXBEHKXD AChRR TRIEL 7 v F gL <
v A B HEEMAE® £ 220k MG BEERMBIY) 8k E
t NEBEEMRY 2RSSR A NS T F—7ikE,
Kamo 529 @ MG BEHMAR Y > »<$BkIZ Epstein-Barr
virus (EBV) 2 RBR§: 3 ¢ 2 FkD 2 EENH 5, BIE
Tld, ZhxHWT AChR 0#EEC#AE2Y??, AChR
DY 72w+ DB PEEY L DPREREDE
W, VA R OREEEMS o, MG BEmNTO
LRRLPURY 77 7 A DR 2 CHMThb NS LD
D, RROREBPIZ-BOERNASNDDD
5.

AP T, MG BEIME O 5 AChR ditk %
fE 7 07 ) » G (immunoglobulin G, IgG) #ifk%
R Zhifk @ik, a2 - Y A7y

o — A # 7 A (concanavalin A-sepharose column)
RO F Yy BEGESEEERERE, B8
HEERAPTEEZHEML T AChR R HEERE ~O
BEE L5 FFBREELD 3 D DRIEEN & THIE
PEEZRICTAVBEEREL, Th PN ERKRNE
FERE R, MEBATEBIEDRIR & LLBRET L 72, &
51z, MG BERIBIM ) > 5D EBV B & 3
Gk TP AChR £ 7 u— - LIk /e, £
WD 3 2 DFRIGHFRETRAE < & 3 FURIEEET R
B~ OZBRTEIC L 2ERBBRER T, FRE
JLAChR ¥ 72 5 A D MG REHRFELREICHE
2 B DREEA £ A 7z,

HNRE L UHE

1. 3 AChR Hi{&{E2"

1. 7w bERMHEEER, b MBS, yELv A
ERABREHK AChR O

WY 4 AY— (Wistar) 7 v b OFHCKEEEE %45
L, BEM#EE Lem DLEYIBR L 2, 10~14 B, TR
HERDHLUMTL 2%, 84EE0EER (NaCl,
0.1 M ; phenylmethyl sulfonyl fluoride, 1mM;
NaN., 0.02% ; trasyrol 250 U/ml # & & 0.05 M
TrissHCL PH7.4) 22 THKES +4 XL, 10,000
rpm T 30 RO L, HE2BEE T 2ECHR
L T Triton X-100 (FRIXEHZE) 2 HRKBE 1% 3
£3 A, £CT—HEH Lz, Zh% 10,000 rpm
TNAMELLTELLE:R2 7y FREBRERS
AChR srEi & L, FUEBHIZEO O OFE L L THW
7z, & MEED AChR B9S A RIEMR IR L 72 &
O R, v Er 4 BXESE AChR I BATHEE
Y v A (Narke japonica) » SR - EXBE
EREEL, 7w FOBE R EBHCESHEBE
frELIBrTS >4 XL, Triton X-100 THEL
7.

2. THESEILEGE

125]-4-BuTx {(Amersham Products Inc.) THEH
L 72 AChR 200 g1 1Z 100 i # B U 72 8 8% I 35 50 gl
iz, —B ACTICHBE L2, ik b IgG(Hoechst)
EMATESI—MALCTICEV 2%, 3,500 rpm T
10 430 L, LB L 72 'I-¢-BuTx + AChR * #i
AChR #ifk - Hit b IgCEHEMOBETES 2 HIZE L,
Al URETES 2R S-a-BuTx 1mldHikh oD
pmole $T% b L7z (pmole toxin binding site/ml,

serum ; IgG, immunoglobulin G; MEM, minimum essential medium ; MEPP, miniature
endplate potential ; MG, myasthenia gravis; PBS, phosphate buffered saline ; pmole t. b. s.,
pmole toxin binding site ; TPA, 12-0-tetradecanoylpholbol-13-acetate.
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pmole t. b.s./ml). SRRFEFERFEHBARHIIB L
THIE L 72 TE% A 40 ADFUAIO T8 + Beimz
(Mean=+SD) 3 0.72%0.08 pmo! t.b.s./ml T, 0.8
pmole t.b.s./ml (Mean+1 SD) LIE%3EFE L L7,
3. MERYY -  REGESHBEENEE (v
FNU v AR
lpmole tbs/mlAIBCEFWR CHEL
AChR 250 p] I RIS 50 ] ZERMOL, —BR4CT
TRIG&E ¥/, -¢-BuTx 0.3 pmole /1% T 4°C
TEHBBL®H, a>FFNY A7 70— %
7 . (Pharmacia Fine Chemicals) &L Tav#
F8) > AW AChR *REB S TH 5 L ORENEME
(RAMO %2 BIE L, EE M ERME O H E @&
(RAcontrol) 3ty 3R =
(-RAcontrol “RANG »100) # &M (blocking
activity) #RKo /1, EXMBEOREREEDO T %
0% LD, SRAEMNBREMERNRICBITZ2ER
A2 AEXRE LAIZEOEERED 2/ (0+2
SD), F2bb 0B EEREL L.
II. AChR R HA
1. BEREfiasE-w (1)
BEI~0BEHO Y4+ 2% 7 v MEEOTH
2 \ER IR L, BB nE kiR, MY,
0.3% b+ U 7> (trypsin, 1: 250, Difco Laboratori-
es) MBIz k) BHFEER 2{Eo/. ThETT A
Fv 7~ UL (Corning Glass works) WZ5EL,
24~48 FEHIBER L Jotk, 3 E¥EM L TR EBREL
7e. BULN YT (0.03%) MIC & b EMEERE
WE Ltk Ml RO ERMEEED
Z 2R U TR 2 BRI R R T B i,

dissect calf muscles
from 18 to 20 day old Wistar rat embryos

mince into small pieces
trypsinization (0.3%)

plate for 24 to 48 hr to remove red blood cells
l (37°C, 5% CO2, 95% air)

trypsinization (0.03%)

preplate for selective removal of myoblasts
from fibroblasts (37°C, 5% CO2, 95% air)

collect myoblasts
plate on Falcon plastic petri dishes

3x10% cells for 60 mm dishes
1x108 cells for 35 mm dishes

Fig. 1. Culture method for primary rat skeletal
muscle cell

TIAFy 7Y MAIZT 15~30 e Lg%
HBICEALEEEFWMLL, BBICIAE TS 2
Fy 7R YILIHEL, RE-HBEE T AChR &
FHRAORE I L2, &2 Y Iz sMET 2 40
Hit, EE60mm D~k VIITIE 3X10° @, EE 35
mm DFEE IX10 B & U7z, $RKIEEFEBME

(fetal bovine serum, FBS, FI3t#hizEe) 10%, ~=
Y > (penicillin, P-L Biochemicals Inc.) 178
fii, A b v 7 =4 ¥ > (streptomycin, Sigma
Chemicals) 10mg/dl ¥ & #» Eagle ® MEM

(minimal essential medium, GIBCO Diagnostic
Laboratories) % F\> 7z, %3 37°C, 5% CO,, 95%
air FTITV, 2~3 BB & IERR 5 THL 7.

3. ACHhR BEEFBBAE (K2)

15]-g-BuTx THEFH S M- #ERE D AChR i,
ARV AZNARE 2RI 2%, Pl-Fuyvrr
L THEAANRHE N2 DT, EBEBROKSEERR
FFRICHIZE $ 2 2 212 & D AChR BRSB E % RIEH
WHITE T & 229~ ZORIFE I 5~7 BB OB
REEMEEERA L, BEEC 4nM © ®]-¢-BuTx
AN, 2HBFMEEE L T AChR % 21 T L -4,
LEERET, BB TIEHEEHL T AChR L EALT
W WBIB[-4-BuTx #EL . RICMGEEE -
BREEFOMER 5% STHBIE LML, & 512 28
fEIBEE L. SR IE 37X T 56°CT 30 £RimnE L,
FEEERIFES S CERCHEL L, D, —EREIL
WEPRMAPOERE S T TERL, D CHiRmE
EEERVHLUWEEREE AN TEELT 2. 5858
23T 37°C, 5% CO,, 95% air FIZTITo 7z, B
R RN ERE L 7o B B D 2 h ZF i D v CHREHE M

(RAmed-i, i=12,....,k....,n) 2HEL, B
WHBCEE L RT3 B-o-BuTx £%
FAND DI, RPVILIZAEL TV 3 TR TORIE
% rubber policeman TE® THENEME (RAcell) %
HIEL 72, 2 X (k) iCpEEEL 7 AChR 0
EREEEH AChR Bizxts 2 814 (FD-1k) B & U,
H 5 XM (1k) BT BIT 5 AChR DEEX

(FR-1k) BRORX L OEHL 7.

RAmed-k

FD-14(%)=—%
aRA med-i + RAcell

X100

FR—Ik(%)=100——£Z:§](FD~If)

&5, BRI AChR BERE K75 7 k
ICRERRRYICEA L TR, HEEBHIE Y (antigenic
modulation activity %7zi% AChR B {REEM) %
RALOEWL .
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antigenic modulation activity (%)
_ H-Lcontrol —

H-Lue
H-L control 100

{8 L,H-Lcontrol, EEMEAHRMIED AChR prigEd

WED H-Lwe, MG IMHINEFD AChR 3525

.
1B, BERNOFEGNE & AChR BE~NOEED
MG % & BB, 0.15%, 1.5%, 156%, 30% R4 2
BEOHRIE TS UEEEESRIEZT L i2fFD, B
ROWIRIMIE 15% %S B BEBROMR D 2 E-> THEER
DT AChR BIE4E 2 AIE, HREHEETE
WU, RERIERGREC BT 2 EERO BT
% AChR B %, £15&EHOH %ﬂﬁo)ﬁﬁzéﬂﬁiﬁ bag i
BeBELTRHEEOS %(zmmmz+
RAcell) & [ bﬁﬁzg'f‘(ﬁl"i"’ij”?'m] a-BuTx ©
pmole HTHFb L (pmole tbs), THIZHNT 2T
BB THIE U 2RI A& (pmoletbs) @
a4 & PURIBANETE & HE L 72,

BB, duplicate ?» triplicate TITVy, &S
EROBIECRA— VNI ATy a5 — (T
o4 ARC505) ®RERLT.

. /2 RA—F L%

1. ®/7o—FVFEER (K3)

G B EFRMIMmFHI10ml » 5 Ficoll-paque

(Pharmacia Fine Chemicals) 2TV >/SH#I 1%
107 {8 % 48 L, EBV (B95-8) ¥ # & (Electro
-nucleonics Laboratories Inc.) 5 ml 202 T 1K/

"“"I-ﬂ(-Bungaro‘h:axln_q
4x10'M
ﬂ( X ) incubate at

I l 37C for 2hrs

wash 3 times
to remove

BEE, MR 2-4 X10%/ml R, BERHERIREE
WU Ao EiE®E 7 5 22 (Nunc Products) FT
¥ 17 BREsEE L 72, B3 37C, 7% CO,, 93% air
Tz TiTw, $EEHK X TPA (12-o-tetradecanoyl-
phorbol-13-acetate, L.C. Service) 0.5ng/ml,
FBS 15% % & i RPMI-1640 (GIBCO Diagnostics
Laboratories) 2{#R L7, YELv A BRBEE:
X7y MNREHE RS E®E AChR 2HR L LT, R
EFETORFEEBFERERELE (enzyme linked
immunosorbent assay, ELISA) THH L, HEELE
MR e EH L2, v AMERMRE (5X10%/well) %t
BHlar L, BRERKICTHEE, 70—V 2@
niEL, 3~5 BRI, 7 u— > EEPOHE%E ELISA
% BE AL ctERL, SHRCET 0%
BAV, ZheDru—VEERRD, RR7 V2=
Y AEBTRES 0 7Y 2o, &5t b [gG-k
FrU—RAReTFI4=TF4270% 7774 (anti
-human IgG-sepharose affinity chromatography)
T IgG 2L R, BB L TRE, RBICH
L. WELLT, E¥e MmE» >RAROTET IgG

(KY 7o—Fn) 2EHELL,

2. ELISA &%

TAZUVILS Vv — Y EV A BRBRE LR
oy P BREERERGHERO AChR 20, ERT
30 SRIME L TF v — MBI AChR 2 {T& 3 ¥ 72,
A 5IZFBS 2 5% &Y VvBBEAEXKTS V-1
P LEIRT 30 AEKEL T, AChR2MTE L%

serum of
MG patient or normal control

U

unbound tOXIN mmmed L:;ﬁ

incubate for 2hrs
(37%,5% C0,,95% air)

fresh culture medium
wlthout MG serum
incubate

collect medium - determine radloactivity

S

(37C 5%C0,,95%a|r)

{

collect cells

i /‘) ]—> | i

discard

at Intervals

the medium was replaced by

fresh culture medium without antibody
and radioactivity was determined

Fig.2. Measurement of the effect of MG serum on the degradation of cultured rat skeletal

muscle AChR.
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blood from MG patient (10ml)

collect lymphocytes using Ficoll-Paque

add 5 ml of culture fluid from B95-8 cells (Epstein-Barr virus)

incubate at 37°C for 1 hr

i
incubate (37°C, 7% COg, 93% air) in RPMI, 159% FBS, and TPA (0.5 ng/ml)

(about 4 x 108 cells/ml)

lymphocytes start to proliferate constantly after 2-4 w
assay for anti-AChR antibody in culture fluid using an ELISA*

and select positive cultures

cloning by limting dilution (0.5-5 cells in 0.2 ml/well)

incubate (37°C, 7% CO2, 93% air) in RPMI/FBS/TPA
with feeder cells (5x10% cells/well)

colonies begin to appear

assay for anti-AChR antibody in culture fluid using an ELISA*

and select positive wells

scale up

collect supernatants of cloned cell

keep at —70°C

prepare the immunoglobulin fractions by precipitation with ammonium sulfate,

then dizldyze against PBS

isolate the human IgG by affinity chromatography with-human IgG-sepharose,

then dialyze against H:O

Fig. 3. Preparation of monoclonal anti-AChR antibody trom peripheral
Iymphocytes of MG patient by Epstein-Barr virus infection. TPA,
12-o-tetradecanoylphorbol-13-acetate ; FBS, fetal bovine serum ;
PBS, phosphate buffered saline; ELISA, enzyme linked immuno-
sorbent assay. * The antigen used was AChR obtained from either
the electric organ of N. japonica or denervated rat skeletal muscle.

o f-BEH% FBS EATED ., it MGAEY
VoONBRIEE W 50 4l B AN, £CT 16 RHERIGE
', WWCEAF {EHL b b IgG (biotinyl-anti
-human IgG, Vector Laboratories Inc.) % 10 ug/
ml g FBS&F U v BREEHREKEMAZERTI
RFRMEL 2%, lug/ml D7 H RNV F 55—
¥-7EY > D (horseradish peroxidase-avidin D,
Vector Laboratories Inc) # &% b U RERAEHK
EZMZ2T0HMBBL, chicnt £y 5 —FDH
BERZERT B AEKIGEEE, 414nm OBXE %
HEL e,
3. 3 DDREFWIERORE
B/ 70—FNHEE Y VEBBEAEAKT 1 mg/

ml CFEL, 7 v PREEEES, © M EEHERO
AChR #fiF £ UCTEERDINL,, ZHiikmEBiE,
b Yy o RERREE T EE MR B U & I E
U7z, AChR HBERERHEIHIE I, #RME & E TR
DRV IcE/ 7 9—FVHE0.2mg/ml EFEEEK
AV, RO To7, 3BEOEENEIX, £h
FNEBOEEE M 1gG 2AWT.

4. ® 7 o—FAFHRIC & BIRBRE

WA R (Lewis) RS v b (884) CEBENAE
KRZEBLIE/ 70—FVEHESmg 2 8EL, 3
H B R AR 2 R, SRTESH0ER
EEFR (MINERE) 8L UBREREN (BE) BE
21T, EFEOEFEE b 1gG 2 & A B AT
Fv b QT 2B L THELL, BRAEERFZOR
RiZiE, EERESE LAY, 5% CORED 0, 251l
1L THRAATIEITPCOY »# Vg (NaCl, 122mM;
KCl, 4.7mM ; NaHCO,, 155 mM ; MgCl,, 1.2 mM;
KH,PO,, 1.2mM; CaCl,, 2.6mM; glucose, 115
mM ; PH 74) CERYF, 3M KCl2FE LA TR
BUNERE (5-TMQ) W TEE L, EREMEMIMNGRE
fiZ (miniature endplate potential, MEPP) i33I%
LD PREM0.6msecl TO %% & b £, non
-linear summation FIE P ILEEMHTICER T2
FEIEALIE - 15 mV, HERIEEEMIE-77TmV &L
7z. ACh EFERER (ACh quantum content) I,
B Piwd-Y R 7 5 U > (d-tubocurarine
chloride, FIJHEZE) R¥FML, 1Hz O REELHB
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i 524 & 15 ARERNT (endplate potentials, EPPs ;
60 EE~100 % 8) REOTIE (EPP) 1 X U
{Fiz (SDepe) P BRI X DEH LY .

ACh quantum content = (EPP/SDgpp)?
RSO BERER A EHRRG £ A, HE
B iRD 4% /8T RV AT VT E R, 2.5%7 M8 N
7AFE FEZER (0.1M3 2 VVBREERR T
9~3 BRIRTRIE L 7248, {BERCYER L 7o, FHERGE
SWESUOANIFEYIHULTLE®A A IV AR

(0.1 M # 2 Y VEEER) T 2RMEER, Bk
wREWT V=LKL, R 812 L, 8
B 2L, BBy S8 LU T VBTE
@k, BEBRZCHLL.

V. £ bR (F1)

FUAEEORITICE, MG BE 17T A(BRE» SR
#% Bz U CHEE L 723, BT 45 iE), IR
LTEERA 4 A QBRE) OmiEZAE. I035
MG 838 10 A (3 1-A, R 1~10) DILFE (28 Hi)
OH AChR HAISHE I D V> TR B B P BRE

TaRl)e 1. MG patients whose sera were studied

1B DR % 1T - 7. BEKKEER X Drachman 5%
OREHITHL, Z0 class5 R EfE, classd+3 2 HE
EEfE, class 21 #8BE L Lz, &7z, MEBRMEEY
2377 A (F1-B, EG 11~17) OHREFEFKROME
ZonT, BEROMRE 3 DOREENIREORLD
BE(E E TN, MEBRHIL Bag-system T1> Y —
Z, 2~10 EfFV, ¥ ) — XFHEATS & 'Y ) —XD
BRECEL R e AR L.

V. #EtEaLE

‘et T — 5 I3 FE L EREE (Mean+SD)
THb LI, FHEROEEZ LSS TE Duncan
OHBEIEEIC L VRE L, HERROETEEORE
124 Student D tRE X, WIND SBRWOMRE
BEErL - THERELL.

B i

I. # AChR #ifkfli
1. ZHfsRiE Rk

Clinical classification of severity

Therapy

Case Age Sex Thymoma

received for the

Group Class period of this study

No. (Osserman) (Drachman) (received previously)
1 54 M + il 5—5 Ra, St, ChE, (Ra, St, ChE)
2 28 F + il 5b—4 St, ChE (Th, St)
3 26 F - 1B 54 Th, St, ChE

4 44 F - m 5 St, ChE, (Th)

5 58 M + 1B 4—4 Th, Ra, St, ChE

6 54 M - I1B-A 3—3 St, ChE, Th, (ChE, St)
7 36 F - I 2 (Th, St)
8 42 F - 1 2—2 Th, St,

9 25 F - I 1 -

10 60 F - A 2 (Th, St)
(B)

Case Age Sex Thymoma \Ogsre(;l:{?am) Therapy Plasmapheresis
No. Thymec. St Times Effect
11 25 M + 1B + - 6 -
12 36 F - B - - 7 H+
13 33 F - \' + -+ 8 +
14 30 F + B + + 2 +
15 25 F - v + + 10 +
16 40 F - I\ - - 5 1t
7 31 M - B + - ? #

Relationship between the clinical severity and each of the immunological determinations of anti-AChR
antibody was studied in cases 1-10 (Table A). Cases 11-17 were treated by plasmapheresis (Table B).
Ra, radiation therapy: St, steroid therapy; ChE, anticholinesterases; Th, thymectomy.
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EEXNEE 4 AOTUFE B4 13, £60.8
pmole tb.s./ml & WiE» -7, MG EE 17 ADMF
45 AR D HI{EE 12 0-250 pmole t.b.s./ml (FF#y 27.0+
49.6 pmoles th.s/ml) TEEBREEIZ93.2% TH-
7.

2. bRy REGRESIEEEENEE

EENEZEZXA4AL S 10% & D{E»o7z23, MG A
EME S REOHEEFE M X 0~58% (Fiy21.2+
15.4%) T, EERHEIZ 84.0% TH o7z,

I1. AChR ERiRsisk HRAIE &

1. EEXEE (K4)

15 EDERS ) — Rz, ERIFE 4 Biko—i% 4
L, &5t 22 HOMBAE L Lz, 2hsd AChR BER
FEORBHELIZ, WThOERY Y —XPMETH
Fx$s 77 Eigig—ER 2D, BEFREE
13.2~19.5 F¥f (45 16.04+1.70 BE, »=22) T,
BERD T v b BREHEF extrajunctional AChR D RASEY
BERO L T AR TH o, A—v )V —XT3
ADIERIE (38E) 20w THEER 2 EE L
L3, TOEEBE (CVY) E5.2%THY, HE
EEEOEREERE 2 £16% & L.

2. MG iz & % AChR BiE~DEE (K 5)

MGIMEEWHMT 2 L BBT B2 L5 HURET
B2 ORED AChR BERENTED sl s, FEL
BIBREMER %2 R L 2 RIE T3 AChR BERDORZEF

100

80

50

HEZANE S 7 L2MEERL, T4bs,
A%, AChR AR B ICBE S NS, BB
70, A—y U —XOEFMBRIG & IZIFE LV
EHEE o7, (BT, BIEOREEREDBE GRS
PRI &k 2 {88k 217 AChR DEEERL, %%
B2 Z i a0 AChR DR R RL T3k
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Fig. 4. AChR degradation in vitro (normal controls). Twenty-two control measurements
were done in duplicate or triplicate by using the serum from four normal subjects.

Different symbols indicate different subjects.
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Fig.5. AChR degradation in vitro. Typical pattern of AChR degradation modified by
myasthenic serum. Sera were determined in triplicate in the same assay. Case 17 (see
patient data, Table 1), ® ——® ; control serum, O ——— O,
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VoREE (T b, BEL) BAHEEEEAEETR
HAEMELEEE S vz, mAb-11E5 v + ACHR %4
Re L7 THERETNRE TRE S W28, BERA
DOFFUEFINC X D BEE S TREBHEERED dhi
957 (4.3%). FHE%E 0.2 mg/ml DEETHRML
1B EOBEERG ACNR BT 2 ARz
6:1THotzs, &5 IHEEES 0.5mg/ml (BN
NHE/EHE ACRR =131 1) £ L T HRBHHiER
OEMIBRD L o7: (—2.2%). EHEESy
M AChR 25 LTEW N v > « ZRGRESHESE
EH (652%) BRLT:.

2. v bOEBRBX

v b AChR 2R LBIZETE B b F v e
BREAEEEE 2R L mAb-1 5k (322) 2H0
T, VARRIET Y PADRBBEERST-7, &
HEBERHME TR T TCBER LB ETHED &
iz, 3HE, RBHIETHREL TV 2EA(BE
1-B) TE# L. BRESEEHERLIRY HLESE
BB 21T o/ £ 23, MEPP {RIEOETHEH
stz (R 3-B) 2%, REREAR, ACh BFMEESE

Antigenic modulation activity

0.01:1 0.1:1 1:1

Anti~AChR antibody/AChR

Fig. 6. Effect of different concentrations of myasthenic serum on AChR degradations.
The amount of anti-AChR antibody added to the culture medium (determined by the
immunoprecipitation assay)/the amount of AChR on cultured myotubes was plotted
against the antigenic modulation activity. Antigenic modulation activity (%)=
EI'—LW X100 H-L control, half-life of AChR exposed to control serum ;

~L+ contro
H-Lwug, half-life of AChR exposed to MG serum.
The intra-assay coefficient of variation for control sera was 5.2%. Sera from MG
patients that induced antigenic modulation activity above 15% of control were considered

positive. The numbers next to the eight symbols correspond to the cases described in
Table 1.
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Fig.7. Relationship between immunological determinations. (a), antigenic modulation
activity (X) vs the logy, of the anti-AChR antibody titers measured by the immunoprecipi-
tation assay (Y) (Y =0.0225X+2.5592, r=0.762, p<0.01); (b), blocking activity by con-
canvalin A-sepharose assay (X) vs antigenic modulation activity (Y) (r=0); (c), blocking
activity by concanavalin A-sepharose assay (X) s the logi, of the anti-AChR antibody
titers measured by immunoprecipitation assay (Y) (Y =0.0228X +0.4304, r=0.4954, p<0.01).
The blocking activity of the anti-AChR antibodies was expressed as a percentage of the
inhibition in producing the AChR-"*I-z-BuTx complex absorbed in the concanavalin A

-sepharose column compared to the controls.
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(a) Anti-AChR antibody titers
by Immunoprecipitation assay (pmole/ml)
0, 1 10 100 Mean  SD

// L Py ¥ T T T

mild | % oe oo I-- 8.491% 7.89 (n=a)]w

c

moderate 7 ® fu‘ol ° o 12.24 + 13.76 (n=10):| -
o«
severe // e o o ®e oo 76.32 4+ 83.28 (n=8)
(b) Antigenic modulation activity (%)
-10 O 20 40 60
/ L} T T T
mlid %. [ X} 11.97 + 11.30 (n=9):l"’
c
moderate /%. }.. o oo 23.31 4+ 15.46 (n==10):I .
2
severe o oo o %e 38.00 + 11.55 (n=9)
(c) Blocking activity (%)
(o] 20 40 60
/ L} T T T 1 1
mild % o o . 24.38 + 14.71 (n=9)]m
[~
moderate ® e o0 o 21.80%t 9.87 (n=10)-—-| 2
1]
[+
severe o o ol e o oo 33.38+ 19.86 (n=38)

Fig. 8. Relationship between the clinical severity and each of the immunological determina-
tion of anti-AChR antibody. Hatched areas indicate normal ranges ; vertical lines denote
the mean values; SD, standerd deviation ; ns, not significant. *, 0.01<p<0.05; **, p<
0.01 (Duncan).

Table 2. Immunological activities of monoclonal anti-AChR antibodies
Anti-AChR antibody titers Blocking actiY.ityA N
s by immunoprecipitation assay by concanavalin A-sepharose
Arétllgemc (pmoles/mg) assay (%)
Clone modulation
a((:(tyu;lty Source of antigen Source of antigen
()
Rat Human Rat Human
mAb—1 4.3 5.0 N.D. 52 N.D.
mAb— 2 5.9 0 0 21 19
mAb— 3 —2.2 0 0 23 20
mAb— 4 0.7 0 0 20 18
Control 0 0 N.D. 0 N.D.

Half-lives of AChR modified by the antibodies (0.2mg/ml X 2ml/well) were measured using cultured rat

skeletal muscle. The antigenic modulation activities were defined by the fomula of (HL controt—H-L M %100

H -L control

H-Lcontrol, half-life of the AChR exposed to the normal human IgG; H-Luc, half-life of the AChR

exposed to the monoclonal anti-AChR antibody.

Monoclonal antibodies that induced the antigenic

modulation activity above 15% of control were considered positive. Antigens (AChR) used to measure
antibody titers by immunoprecipitation assay and blocking activities by concanavalin A-Sepharose assay
were obtained from denervated rat skeletal muscle and human muscle known to be free of neurological

disease.

Normal human IgG was used as a control.

N.D., not determined.




EEGENE LR T v F L) ZEBIE

A) - R =
( 60 = 9 E
R £ 8 3
() > © 3
3 2 g g
> 30+ ®© 9 a
= - e 8-
3 b2 za
@ oL @8 o9
o 3 Qv
c 60 T = a
S L 2 g2
] E c 3
o - O = Ed
m 30 ';é) 2-5 asss
- o L2
- = 0
oL % & 1
(B) [~ ~
60} £
= N
: g 2
3op : &
o
—~ ~ — ‘é
g %% 2
60 0
> - 'S )
3 so0- 3 5
- L © £
© t g E
2 0= g B
% 60 35 o
g L T ]
L) o =
o - £ ;
301 o 3
- 5 ]
oL 2 =
—3 E Q
60 < &
o Q
- <1t_ o
30} g cass
L - <
OE 0 ; L L 1 1
-1 ﬂ 1 3 5 (month)
thymectomy

Fig.9. The three immunological determinations of the MG sera in relation to the clinical
course of the patient. ®-——@, titers of anti-AChR antibody measured by the immuno-
precipitation assay ; O - 0, blocking activities; ©—— O, antigenic modulation activi-
ties. Shaded areas indicate the clinical severity based on Drachman’s classification. Cases
1 and 2 (A) were thymectomyzed before this study. Cases 3, 5, 6, and 8 (B) were followed
from the pre-to the post-thymectomy period. Details of each case are given in Table 1.
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Anti-FAChR antibody titers
by Immunoprecipitation assay

Antigenic modulation activity

Blocking activity

(%)
{(pmole{ml) (%) 25
50} 7or
20t
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A
SR 15}
g 14
11
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10

7
L
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pre-PPh § post~-PPh

0.1

pre-PPh : post-PPh pre-PPh | post-PPh

Fig.10. Immunological determinations measured before and after plasmapheresis. Effect
of plasmapheresis (PPh): (@), excellent ; (@), moderate ; (O), mild; (&), not effective.
The numbers next to the symbols correspond to cases listed in Table 1. Hatched areas

indicate normal ranges.

Photo. 1. Clinical feature of the rats at 3rd dav
after injection of either 5 mg of normal
human IgG (A) or 5 mg of monoclonal anti
~-AChR antibody (mAb-1, for details see
Table 2) (B). The rat injected with mAb-1
showed mild generalized weakness, and it
was easily drawn apart from the fence of
the cage.

T 22 DFAEMK % cross-linking 3 2 “intermole-
cular type” D& &1L, ZAKOMIIA ~DFET (inter-
nalization) % i & g % {EHE T 5 32942, fthd 2 >
BoiEE T b b ne-side binding” & “intra-
molecular cross-linking”i% AChR Fil{E# x5 - &
v, AL —HIXEE TS HDD, AChR -
DHURRES L FHBFE2RICT 2 B2 EBMICH
By 50D UTHEHETIY LT 7 3 DD RESEHY
PRI & 2 iR R, ZHEaEmBE
93.2%, b * ¥ -RABEEHESEERIEE84.0%,
AChR FREELRHARIER 73.9% TH - 72,
AR GIE B3, Appel 5*® % Lindstrom »®
& o THESL S LT LUK, H AChR Hiik 0 & o — 1
BREIEE L5 > T 308, 2 DBHERIE 73~909% & iR
FEX Lo TR DDOHENH DY, THIERT 3
FOBPREEOE:, SREFEOEVHAZICLLE
Bbh sz, WERFROREDE 1 RERS RO T
BOTRBICHEETAREHT, Lzd@mery
(7 v b EAMG) » B 70k, 7 v N BIgES, 7 v
b ER RS E B RO AChR & FBRE I KIGT
559, MR EICEEETER¥ED AChR L0
REFIEHEHFF O, 7T T AEHD 7 H DRE
Bwichi|, ¥4bb sy L o BHkD AChR 120
2 PUkfi e, FEE LSRRG & MBS R v Evb
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nB®, & 51z Tzartos 571, MG s 5 HCHR
ERISEY ANVADE S 2Ry 2k E T
AChR L DEXRIIZ & 2 4D TRE L, & AChR
FOLOOFBIZLVBRENLLOTH S LHRE
L, Garlepp ¥ &, B fEm¥ED AChR & MG &
EYE L ORISR SES LR R E L
ZEHELTVD, K-> T, MG OREFRIFHEIC &
b e AChR #FE e L THW 2 O EBHENTH
29, —ICHARZEOWL, AFBERERT v MR

Photo. 2. Neuromuscular junction configu-
rations in the phrenic-diaphragm muscles
obtained from rats sacrificed 3 days after
the injection of either 5 mg of normal
human IgG (A) or 5 mg of monoclonal anti
-AChR antibody (mAb—1, see Table 2) (B).
M. skeletal muscle ; N, nerve terminal.

Table 3. Electrophysiological findings of the phrenic-diaphragms from female Lewis rats

) Transf c(iBg lonal
ransferred by monoclona
Control anti-AChR antibody
MEPP _ _
frequency (per second) 5.0 £1.80 n=30) 3.6 £1.11 (n=230)
Resting membrane 75443 (n=30) 754+6.3 (n=30)
potential (mV) - - - -
EPP
quantum content 280%64.7 (n=45) 272+82.5  (n=30)

at 1 Hz

(A), injected with normal humal IgG (6 mg); (

anti-AChR antibody (for details see Table 2).

miniature endplate potential ; EPP, endplate potential.

B), injected with 5 mg of mAb-1, a monoclonal
Rats were sacrificed 3 days after injection. MEPP,

Each value represents mean®SD.
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Abstract

The anti-acetylcholine receptor (AChR) antibody levels of 45 sera from 17 patients of myas-
thenia gravis (MG) were measured by three immunological methods: precipitation of o-bun-
garotoxin (BuTx)-labeled AChR with anti-IgG, blocking of o-BuTx-binding to AChR using
concanavalin A-sepharose (toxin-blocking activity) and the effects of complement-inactivated
MG serum on the half-life of AChRs of cultured rat myotubes (antigenic modulation activity).
The former assays used the denervated rat skeletal muscle as an antigen., These results were
compared with the clinical severity at a given moment, the clinical course of each patient and the
effect of plasmapheresis. Anti-AChR antibodies were detected in 93.2 percent of 45 sera by
immunoprecipitation assay, 84.0 percent by the toxin-blocking assay; 73.9 percent induced an
abnormal acceleration of AChR degradation. The mean titer by the immunoprecipitation assay
of a severe disease differed from those of a mild or moderate disease. Significant difference was
noted in the antigenic modulation activity only when comparision was made between mild and
severe diseases. The toxin-blocking activity did not relate to the clinical state.

Each of the immunological determinations changed in parallel with clinical alteration in 5 of 6
MG patients studied in the course of the disease, but the remaining one did not. Only 3 of 7 MG
patients showed the change in determinations that correlated with the clinical effect of plas-
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mapheresis. Therefore, the immunological determinations dealt with in the present study may
not be able to fully disclose the pathogenesis of the disease. Four monoclonal anti-AChR an-
tibodies were produced by human lymphocyte cell lines transformed in vitro with Epstein-Barr
virus. One of them, which did not accelerate rat-AChR degradation but showed a high activity in
blocking the toxin-binding to rat-AChR, was injected intravenously (5 mg) to an adult female rat
of the Lewis strain. An overt weakness appeared in less than a few hours. The neuromuscular
junctions of the phrenic-diaphragm were studied in terms of the intracellular microelectrode and
electron microscopic observation 3 days after the injection. Electrophysiological findings were
compatible with a myasthenic block but no ultrastructural alteration of neuromuscular junction
was seen, unlike the transfer by monoclonal antibodies of the non-blocking type. These findings
suggest that antibodies acting at or near the acetylcholine binding site of the AChR play a
modulatory role in the pathogenesis of MG, and have an important pathogenicity in some MG
patient or in some stage of the disease.




