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ESER T BE

BRNRFHEEFRMERE 51075 $5%5 382395 (1998)

BT B K MEAZLERD

T F V) vRETEE L O
A NI A U ELERE

SO S S O S
e B

I (EfE  BFIEREE)

B

EREFMEIIE (nyasthenia gravis, MG) &, BHH7 L5V 31 >S54k (acetylcholine receptor, AChR) 12432 &
?fﬁi"i’f[ﬂ@if‘ KBV HERRNECRERBOVEDTHSL. MGRIE! ’liﬂ@ﬂ?ﬁﬁﬁi‘gﬁ CEBLTVWAEERTVS

o HABRER DY ¥ SERD HOFAEFEL TR H DIWAChRIIARZHHT A L3 TEL
B MEREDHFHERSPIIT IO IMBERZZHCTREL, UTFToiHE

. ABFETIE, MGHEEDHEBEIRIC
7o, KM M EAEER (peripheral blood

mononuclear cells, PBMC) 1, IEHEIBRE L KL, MGEZ T iﬁ%&ﬁiAChRs‘ﬁWa‘o L IgGOEETEF R L. £ 7”:,
MEHLAChRILEREYE (LT £ 4 F 1 7) MG ﬁ%@ 21681450 19%) THERPIAChRIUEE £ HZD b, HEERIZ

PAFEEREDOFHMIE O A TF 1 TMGEEZ OB

AR L2 bz, MGEE Tld PBMC %8 i <o Mg b o> A ER & V) i)

BOHIAChRILEEE € RD B Z AR EN, PBMCAOAChRIAREEDRLE o TWD I EARIE SN, $7-, &
BE LA 2 FIAChRIUARE L RE & 1B 5 1 GRS b ad o 7z, HERRTIE, HAChRIUKEE & 1gG ik »
BHEELMMIRD W20 BRIOS 7 0 — S PEEHAAHERE SN 8512, B—r o —F3{ bV, 74 ba

RINVFZr, 425 —04F 2 (nterleukin, [L)-2%° X — /S —HUE %02 T b HLAChRYUEE A 122 10i3 7
U Y SERRIE T HCHBEEITE L 2w EASRE N7,

A1 ¥ % —'7 =1 ~ (interferon, IFN)-y,

<, PUEIEREN

MG®HPBMCIZ 81T 5112, 14, IL5, IL6, IL-10, IL-13,
MEBE3ESEIN T (tumor necrosis factor, TNF)- « DB B IZ IF B0 BB & bt U, b

AEBOLNEPo7z Fh, THROV S A CEEABRVCTNLPACKRITEE AR L 3HE MBI LD 7228, 1

IgGEARIIIL6B L NILIOEAR L FELEOHB 2307,

MR D% 7 0 — > PIEEANIC & 5 T REEATRIE S 7z,

DED#ERLY, 1gGRETLEIZIL6EB LUIL1012L 5B

Key words myasthenia gravis, anti-acetylcholine receptor antibody, peripheral blood mononuclear

cells, superantigens, cytokines

EAEMENAE (myasthenia gravis, MG) (3 &85 O BEGED 5
EHUL M ETLHACRIERERTH Y, MEHEALL -7
ABBENO=aF YT E£FILaY) »EEE (acetylcholine
receptor, AChR) % 1ZH & ¥ A AChRYIADRIER T & LCE
EHlEh T3, F72, MGRI D L) LHOHEOFE L
FOWICHESF DT LRV ETHS NI ENTRY, FBEHRER
AR OBEE I L ) B R R b OB RN E T
RIEBRETLDH D, REBMOBKREE LWL HEHAEOREE
BEIZ20TR, ZL{OHCRERB LRI, MGTLED
ERIFZLTLOHES 2 TIER . MGTI, T0%LL EizlgEy
2SR, 10 % IZHBRIE Rt V2, RREH I £ 0 SRR AN
BETHILLD, WHRABNTORESREDT E 2 e o
TYwhWREEFE#RSIILY, MEORMBE & L Ciikmia
(myoid cells) DFFE "R MR BEAZEROHT AChRPTAREE 4 W A3EE
HahT&Twas., Lal, MIRANCTORAChRIEESE 212

FHI104F10 A 16 H=AF, FE104:11 A 13 %3

EFIZGHTHMEROLHAREEHIT 2123+ TlRE
V0, ML CH HOCHARMEE SR TV B EEZOND.
INETOMET, MGORIEITIEE CHKES® FET L
THIlZORE, 2F ) AChRREEMTHIIR ARG AEERS
NTETVEIY MG TIXEHOAChR S THINE 7 0 -
YWBHNEFENFNRE o VTR BBTHEEND
AP NG ECKEETH Y, O — > o@d 5 HE it
KOWTIREAS 2o T, &612, 3EE, BIORER
BORBRIL, w7 ATHRRSNAT A b4 v el
LD FESIND IRAL S~ THllg (type 1 helper T cells, Thl)
& 28I — THIN (type 2 helper T cells, Th2) »/3vF » A
& (Th1/Th2#EE) 2 MIBWTLHTIETHPEELHN
TV5A, MGDOIFEEANDE G IZDWTIZHS 2 TIE R .
KEFFECH, BHOHBEECFSTLER) v BELYDL
MPITAEMT, MGEFORMM, B4, MWiRcsTsHEK

Abbreviations : AChR, acetylcholine receptor; APC, antigen presenting cells; clg, cytoplasmic Ig; IFN-y,
interferon-y ; IL, interleukin; MG, myasthenia gravis; PBMC, peripheral blood mononuclear cells; PBS, phosphate-
buffered saline; PHA, phytohemagglutinin; PWM, pokeweed mitogen; SE, staphylococcal enterotoxin; SAGs,
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HOPAChRILAS & O 1gG BEARE D E B B0 37 MM & Ml 55 3 %
HOC T2 F, M~ A MY o SR & AHEEL
o, EMMTHRBERZFMT2EHMOT, A-/9-H
f (superantigens, SAGs) (219 5 A I45E FUL & SAGs iRINIC
LB OB OWTHRE L2, 8612, MGEED
Th1/Th2/NF ¥ A%MEE L, ¥4 b A v EETTENEHTHME
EEICHSLTWAREHL 2T A HT, RAEMEZKRK
(peripheral blood mononuclear cells, PBMC) O A b4 1 > i
R R RET L 72,

WHRHB LOHE

I.@3 =8

1994464 A2 5 19984E 6 A £ TIZ, @IRKFEEFERMREN R
FHEEIZBVTMG LB SN RENHEORES 22T Tni
w3l AR L L, EFHEER208IIOWTHRR L. B
HOERIT 1L~ 855 (FI947.3/%), HERNIBIE156], K38
FThy, IEEHEEOFERII22~ 63 (FH311RK), il
HEM106, K106 TH -~ 72, EAEAEL L Osserman & D5
oL, I (RMED), TAM (Eagil), IBH
(PEEL ST, TR EMEER), VA RHIEER)I2E
LRGE L 7z, MiEPTAChREUAMIZEF » PAChL LT ¥ —
itk Tax3ivy] (@3AIvyra—RKL—ar, BHR) T
WMELEEER L.

1./ &

1. BRRAGE

TARFEEEZTY, MEOERCAEEHONZEEDIER
FER &L O oRRME, LHBEBEMEL BB ETRIL, S5
TAREE 0 C BRI I 2 2T 72 BB 0 © | AR S AL
BO—EE ERAIZIRR L2, WO B S BRI 121956
Bz, DU okl & ) MEER BER 4T - 72,

2. BREERSHE

ERYML & BB, 0.1M )~ EERREEL S b Uy 4
(phosphate-buffered saline, PBS) T 2~ 352 % M %,
Histopaque-1077 (Sigma, St. Louis, USA) % /& L, il T 1500
pm, 3057RTE G L, IR IZIB S A HEER () ¥ N ERB
FUWER) 5%y FEEULL, PBSTC2[nlELiki L7,
FEMALET 17~ ¥ & (Gibco BRL, Grand Island, USA) #%5 %
K42 &9 128 L 7255 1 RPMI 1640 (Gibco BRL) % W C,
TEBA 5 1 X 107 /mUZFHBL L 2o i il & R L 72,

Wby, Licsm e FaskmEke kv L, N IT
ML 721k, @Ay o2&l L TEici s, 208k,
LFL & FIKE I Histopaque-1077 % JH T BAEER & 408 L, WL
S E ) 11098 /mUC 3 L 7oA R ke % 1R L 7z,

3. MRk

MRLRE W & 24 P~ A 7 0 7 L — b WA T, T3
DITzhBH02mliEE, CO M v Fan—F— (F/54.L
Ay v KE) AT, 5%C0, 37CHEMETICEELT-
RORRIZEN ) PoSERME PR R AT D L AR
512012, Y7 oAFy 3N (Sigma) % 100 xg/ml DRI
BINIMALbDOERE LA, HEREE LT, -2
1=F< 1 ¥ x> (pokeweed mitogen, PWM) (Gibco BRL)

#1/120, 7 14 A< 7V F = (phytohemagglutinin, PHA}
M %4 (Gibco BRL) % 1/100, { » # — 1 4 ¥ » (interleukin, IL)
-2 (Gibco BRL) #20 U/ml, SAGs & L TiZ7 FIRBIGE#
(staphylococcal enterotoxin, SE) A, SEB, SEE (Toxin
Technology, Sarasota, USA) % Z 1 #41100 ng/ml, DiEHIZH
BEHITIA . BEEOANE L GTH Y, 7THRBEERRZIC
FiED A EL CHEEHREL, ARNEIZHW.

4. THiRIXEEREDER

KRS & b i L 72 BAER O A S, LELE FRRIZ, JEM
b 2GR (Gibco BRL) At10% 2% 5 L& 9 1AL 7258
1 RPMI 1640 (Gibco BRL) % F\ T 1 X 10°8 /mil (258 L 74l
ROy A E8L L, 96Xv 4 a7 L — | (Falcon, Franclin
Lakes, USA) 12177 2 bd 721 200, 19D/, S HITHE
& LT, SEA, SEB, SECI1, SEC2, SEC3, SEE, #HMY =
v 7 fEMREBER F-1 (toxic shock syndrome toxin-1, TSST-1)
(Toxin Technology) % #N21 100 ng/mlDIEREIZ% S L) IC
Mz, CO 4 vFam—%—2T, 5%C0, 37TCHEHTIZS
AWEEEL. 20%, *HEH#RF 12~ (9.25 MBg/mmol,
Amersham, Buckinghamshire, UK) % %7 = {205 xCiT™2
MAE IO ER, MRty 72740y —IZEILIK
Ky FL—Yarvhwry— (Fah, HF) IZTFII»
B0 ASIZ & A H Behis & e L, Mg sEse & 30m L 7z,

5. HLAChRPLAiH %

Lindstrom™ @ J i % — & £ 8 L /- %% L B &
(immunoprecipitation assay) |2 TH7 - 7z. TES7LHlafk™ & 1
JE# L 72 AChR (RSR Co., Cardiff, UK) 1 mli{Z1X 10" mol/1{Z
B LB a2 O M F Ty (7.2~ 9.3 TBg/mmol,
Amersham) % 170 p10I%, ST 1IHGHE, 4CT—H#HE LE
BLALOEHEE LTHW, R EFE100,124X107"
mol DIEFAChR & %, SiRT1MHHER, 4CT—RIES
7 L LTER MESL1%0%, & 6127 kiR
LTYFhik b IgGHifk (H+L) (CN Pharmaceuticals, Aurora,
USA) # B EE£EZ 5N 5100 LMIA, HiT305 G &
7otk 20%K) L vy a— b Rk, KIR) 20 p1%M,
EBHIZ154y, 5124 CT600LL REHE Likke S 7. L
% 2k, CLRSHEIEE T e h Ty vy — (Tad) TH
WLz, e L T4X10 " mol DAL AChR O TR GG H: &
S E L, 20l o-2v 2 70 b 2 24 EE7.00 mol
B THUAChR L&Al & £BLL 72,

6. ELISA

1) IgGHO#E

YEH e PREIOT 7Y Y (y,a,x + L) (Biosource,
Camarillo, USA) # 96X~ 712 ¥% 4% —7L—F (Nunc,
Roskilde, Denmark) (ZR4H{LL, ¥ FIlLif (WA 31 45 2 b
FFZeir, R T7Ov y Lz BEREE I0ICARL, 1
72 2100 L1972z, 37 CT2HEM, 4 CT—HRIL S&
oo DIREURELTT MR ) T H AT 7 v - P e b 1gG
(y) (Biosource) % 37°CT1MERIG &i-tk, HELLTY
Ly =TI RET HO.8) WEM L p=ba Tz
1) B (Sigma) #MNZ, HIKMEGHIZTA 7T 7 L—1FY
— ¥ — (B, ) V405 nm i BT 2WRE R E L 2.

superantigens; slg, surface Ig; TSST-1, toxic shock syndrome toxin-1; TNF-« , tumor necrosis factor-« ; Thl, type 1
helper T cells; Th, type 2 helper T cells, £ 1 % %5 4 7 HLAChRILIREHE
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2) ¥4 A OHlE

Mg LEPOIL2, 114, 15, 16, 1-10, IL13, % —
7 =1 Y (interferon, [FN)-y , M EEIEHF (tumor necrosis
factor, TNF)- o« ®lEI121%, W97 d ELISAF v + (Endogen,
Woburn, USA) %M L7z, AEFEOKRHBERIZ, L2
pg/ml, IL-4%52 pg/ml, IL-5%%2 pg/ml, IL-6%%1 pg/ml, IL-10
#%3 pg/ml, IL-134%10 pg/ml, IFN-y 432 pg/ml, TNF-a %5
pg/mlTdh o 7z,

7. WEIFIREE

UG A M)y SRERITo R EMEE, ROl (FE)

%
A
100 3
. L
- [ ]
E ; .
}c — °
[ ]
g 7 (X
'E 10 ';‘
g :
2 ]
8 1 . 4
= R ] 5
g '
: 4 &
5 3 . .:0
=) n "," H
E 4 0 F .
=
0.1 o o
Control MG

TRLUA. AED % V25O FBIZ1d Mann-Whitney @ U
%, 2HMOEEOLEI I Fisher D EHREEEEL, op
W OFARIIZ D\ Tid Spearman O NERTHIRE %, $HIL L2 32D
LOHBIZIZRZ bhy 77 A b & L TFisher DR/ A &2k
EEHW—TEES BOH (one-way ANOVA) % /243
KruskalWallis D#E®, “2o07 7 ) —EHTHEs L2
SROLBICEITERESBSTEH, wWihifgh®sy
Kl (p<0.05) EHAIFENEREDY & LIz, BBV 71
7 =7 & L TMacintosh i StatView J-4.5 (¢ 2—1) ¥ 7 2, ®
W) fER L.

%

B M

100 5 o

3 s

1 [ ]
7 )

] H
103 %o

= 3 id

2 1w :

® - —4 :

yEP pu o0
2 3 :3
'E T ° .!.
= T LA 20
] e
0.1 %

z !

-1 [ ]

0.01 T T
Control MG

Fig. 1. Anti-AChR antibodies (A) and IgGs (B) synthesized by cultured peripheral blood mononuclear cells from normal controls and
patients with myasthenia gravis. Solid lines represent median values for each group. * p<0.05.
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» - ]
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0.01 : . ,

Sonicates Control +cycloheximide

Fig. 2. Anti-AChR antibodies (A) and IgGs (B) synthesized by cultured peripheral blood mononuclear cells (PBMC) from patients with
myasthenia gravis. Solid lines represent median values for each group. Sonicates, sonicated cell suspensions prior to culture; control,
supernatant of PBMC cultured without any agents; +cycloheximide, supernatant of PBMC cultured in the presence of cycloheximide.

*p<0.05.
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34 &

1. BEIC & 2 BEEROMEEE DR

EEIR 2060 & MGERE3HIZ D EMET 21TV, 7 HMERE#E
%O EFETOPACKRIUE (fmol/ml) 13 1EH %+ FEHE C v offi
0.63 (0-2.93), MGEETrH9L{E2.05 (0-84.8), IgGHE (xg/ml) i
EE BB T 1.25 (0.08-2.60), MG BT rhh{i1.95 (0-
784) T# - 72. Mann-Whitney ® UMEIZ L 1), JLAChRILE
i, IgGEL BICMGHETHFREILBMETH o7z (H1).

EHXTIE20 6T 7 HMEE#EE O LiERHAChR LA I,
THEEERFEETRYT L, 0.95+0.84 fmol/ml, IgG1EIX
114£0.88 xg/mlTH H, FHENFEHHE+2.55D TH % 3.05
fmol/ml, 3.34 yg/ml % IEH LR & L7z, Mg AChRIUER
# (kO RTF 1 7) MGERETIZ215H46 19%) T, HE
LFAChRIUVFELE 2R 7.

-~ A
£
sk
RO
§
<
]
=2
= 107
&
=
Q
<
T 57 T
«
= I
=
=
0 T T T
PBMC BM Thymus

MG EETHOPBMCIZDWT, HRIZ L BH KL *
AT 2700 ETo72. BB EETOPAChRE KM
(fmol/ml) & IgGfE (pg/ml) &, HORLRMEM % BEHBHRL
7B (== B CRrELEFRPYEL2, (2.97.0) &
Jefk0.18 (0.05-3.1) T, THMERHELARE (T b —LE)
TldhdfE4.9 (3.5-12) L HH{E0.45 (0.2-8.3) T, BEHEMM
EHTHBEL7U~NFTIIRERMLAE (V7uaxi 3
FsNEE) Cldrhde{£3.9 (1.8-6.3) & 1921 0.27 (0.1-7.8) TH
=7z, PLAChRYLMEMG (M24) & IgGfE (H2B) k& biz, v
= EEBIUIsOAFY I FRMBEEBELOY bR
— VB BWTEBIZEE®R L (Wilcoxon O 554 T
F5E).

. SHEMH5OBEEITAFEELED L

MG BE O KM S36), B335, MR 25 50 ML
120 ST EAT o 72,

B
*
157 l ®
£ |1
3 107
5
£
2 54
= -
0 T

T T
PBMC BM Thymus

Fig.3. Anti-AChR antibodies (A) and IgGs (B) in the supernatant of cultured mononuclear cells from lymphoid organs of patients with
myasthenia gravis. Results representX = SEM. PBMC, peripheral blood mononuclear cell; BM, bone marrow. * p<0.05.
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Fig.4.  Anti-AChR antibodies in the serum (A) and those produced in the cultured cells (B) in relation to five grades of clinical severity.



386 st

1. PLAChRILIEEELRE (fmol/ml)

THEEEERECRT L, AHMTEIL1I+£214, EMT
12452+ 6.46, NI TI22.86£5.54Td ), KAHM & Mk
Wi E ORIZIEAELE 0=0.03) 2D /2%, Kigm e HHED
1 (p=0.058), &% & MIFHMEE OB (p=0.69) |ZIZHEE TR
Dhhor (KA MRy 25 A e LTFisher D/ EER
Ex AV TEES TS (H34).

2. IgGREARE (o g/ml)

R £ EHRRETRT &, REMTE9.89+17.8, HHMT
1£3.02 & 3.54, WRRARAETIZ0.26£0.62TaH Y, ERIM & FHE
YO (p=0.016), FAHYIM & WIRAMEREE DM (p=0.003) IZIXEE
ERTOLH, FEE AR E OB (p=042) KIZFEEZH
Dot (KA Ay 27 R b & L TCFisher DR/ANE EER
Ex AV TR ESEST) (X3B).

. PBMC i AChR HiikE4EE

1. B L MIEPS & U T AChRYUAM & DRtk

MG EE 535 (EM156], K¥38H) O PBMCIZ 2V THRFT
2TV, BEEE & IEHAChRIAM & O (H48), BLTE

A

80 o

In vitro anti-AChR antibody (fmol/ml)

1 1
0 50 100 150
Serum anti-AChR antibody (pmol/ml)

C
80'} .
.
= 60 .
= .
)
3 .
&} _
o 40 .
(-]
E
»
E( 20" .
b .
Po Ce,
0 ;oo °e|‘ .2 T 1
0 50 100 150

Serum anti-AChR antibody (pmol/ml)

%

fEHE & B3 EEPLAChRIUAM & DM (U4B) (I3 & h 7,
B R E R D L dr o 72,

2. IMi% B L R EEOFTAChRIUAKM, IgGil L Dk

HLAChRILAMIGTE MG B & 2961 (B8 6, i 216) o
PBMC 2D WTHEN 21T - 7. MLIEPLAChRPURAM & 554 ki
HLAChRYUEM & ORI IZ A E R IEOHBE (ps=0.50, p=0.01,
n=29) % (W5A), ¥ LiEHAChRIUEM & B3 116
i DRI O HEE R IEDHE (ps=0.77, p< 0.001, n=29) * &
7= (K5B). IMiEHAChRILARAN & 553 LFE P O IgGE & D
(=0.37) (H5C), B & UMIFEHAChRILAEAM & M7FIeG & Of
(p=0.78) (H5D)IZIFHEE MM RS Ld o7z,

V. PBMC I ¢ 3 HERIBDOR

1. BEEIRE#EORE

MG 2% 5350 (1561, HE38H) IZoWTHRE L, &
2% i O AChRIUAAN (fmol/ml) 1, #HHEEETldiE21
(0-84.8), PWM %Nz 7= BETlasp 2.3 (0-84.9), PHAZMA
F-BECId R 2.5 (0-85.8), IL-2 & MNA 78 TIEAiE2.6 (O
825) Th -7 (M6A). IgGIE (ng/ml) 1&, HHHEETIEIARE

B
80_} °
T -
5 60 )
5 L
&)
2 407 y
£
S
=207
)
.Io
0 - = 1

T T
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In vitro anti-AChR antibody (fmol/ml)
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o
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) .
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< 15004 o w0 . .
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£ 10004
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Fig.5. Correlations between anti-AChR antibodies in the serum and in vitro production (4), in vitro synthesis of anti-AChR antibodies and
IgGs (B), serum anti-AChR antibodies and in vitro IgG production (C), anti-AChR antibodies and IgGs in serum (D).
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12 (0-78.4), PWM % fji & 7= #ECleTh 9Ll 1.6 (0-152), PHA#%
Mz 72 E I E3.6 (0-58.0), IL-2 &R B Tldduftio.7
(0-148.0) TH 7z (B16B). MGHERIIOVWTHEL, X
#5 L OPWM, PHA, IL2EMAHEOVWTIOMIZS, T
AChRILIAAME (p=0.94) B & UF1gG1l (p=0.79) & b IZHEE IR
B 6o 7z (Kruskal-Wallis D#5E).

2. SAGsIZ X B g

1) MfaseGERE

SAGs & L Ti, SEA, SEB, SEC1, SEC2, SEC3, SEE,
TSST-1% filvy, IEEHSHES B (B4 6, &t16l), MGHE®E

A
1005 . : .
. [ ] [ ] ®
] ° ° M °
N e ° [ ®
:E: . . ° %0
= 1 88 ,I oe [
E . ¢ o s
E 104 *%° ° ° °
= 1 ° o L] H
=Y 4 ® ° o,
g 13¢ v 01
g T eee L) *% oo
; T o% _*_. ° + _‘_
- — °
&) B %o oo ¢ 0
< ? c‘o 0ge
:‘E 1 : M o:o
=] 4 % oo L4 e
g 7 ¢ s °*
= T ° : o0
= . .
0.1-

Control PWM PHA IL-2

1360 (B4R, LBl Ic oW THRE L7, EEdEB L0
MGHEE L b2, SAGs #IMA 7 BECH E 2 H-IY A A0 L5
O (p<0.0001), &ZSAGSHETIHEEZIIRD LD -
7o (ZTCECE A EHn 7).

2) HURREARE

MGEZE 4B FBrkenl, L8 21T, SAGs& LT
SEA, SEB, SEE%# A, MAEEROELERFA LA, #iT
AChRFLK( (fmol/ml) &, xtHREETIZPILET.3 (0.8-93.9),
SEA BTl JLfE 6.8 (0-85.5), SEBEETIZHh9L#7.1 (0.890.0),
SEE#ETIZhJ{E6.9 (1.091.1) TH o7, 1gGiE (xg/ml) i,

B
1000
i . .
100 -
EI | : - :
u : : e
1 LN
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-3 BT, S R -
5 3 ° '5” 8
4 M —— Lo
e 131
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CRE I S LN
1 ege 0.0 s
o.o HH M !
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I °
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T T T T
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Fig. 6. In vitro synthesis of anti-AChR antibodies (A) and IgGs (B) in the presence of mitogens and exogenous interleukin-2. Solid lines
represent median values for each group. PWM, pokeweed mitogen; PHA, phytohemagglutinin; IL-2, interleukin-2.

3H-thymidine incorporation ()X 104 cpm)
(]

=
Control g:
T
SEB

<
=
7

SEC1

SEC2
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TSST-1

Fig.7. T cell proliferative response to superantigens. Experiments were done in quadruplicate for *H-thymidine incorporation. [J,
normal; %, patients with myasthenia gravis. SEA, staphylococcal enterotoxin A; SEB, staphylococcal enterotoxin B; SEC1, staphylococcal
enterotoxin C1; SEC2, staphylococcal enterotoxin C2; SEC3, staphylococcal enterotoxin C3; TSST-1, toxic shock syndrome toxin-1.
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xF BERECIE AP SLE 0.6 (0.1-35.0), SEAT T3 RfE0.5 (0-37.5),

SEB BTl R1# 0.6 (0.1-37.6), SEE#ETIEHLAE0.6 (0.1-

31.6) Td > 7z. HIAChR¥FMAM, IgGMEE b IZSAGsE MR 7%
WITHREEE L, WTNhOSAGsEMAFEL L EFEELYR
B Mol (X8).

V. PBMC O b > EELERE

1. IL2 (pg/ml)

EENBLOBIH 1H (10%) M Ehi0izd L, MGHE
E3260h 46 (13%) TS, EECHFEEI o7
X5z, IL2MEIEEWBE TP RE<6 (<624.4), MGE
TIIPRIE< 6 (< 641.5) T, HREEG L2072 (KA. MG
DFTP T, RARMGLLFIF 46 (36%) THRE SN0
WL, &HHMG2Hl&fl TR ENT, FRICIHGHEMGD
FHERTH o 72 (p=0.01).

2. IL4 (pg/ml)

EER10BIA 36 (30%) Mt Sz L, MG
Z3260 66 (19%) IR sh, HECEESEI R b o7
E 5\, LA MRETCIRPRE2 (<28.3), MGH#
TIXRRE<2 (<2102 T, FEZILho72 (U9B). MG
DFRPITIE, RHEMGL2ZHIf TRIL SN d - 72012x
L, £5HMG205H 6% (30%) THH ENEETH - /225
HEEIR D272 (p=0.07).

3. IL5 (pg/ml)

EHEWBI0BI 56 G0%) IZHE SN0zt L, MGE
E32IR 1450 (44 %) I[HRIBS I, HECAEER o2
252, ILSEIREEWEECEhRE24 (<2-129), MGH
TIdhRfli< 2 (<2522) T, AEEE v -7 (K9C). MG
DIFEGTIE, BHEEMGL2EIH 661 (50%), &LEIMG204]
8B (40%) IR S NEEEICHEEREIZ R L, Fio, ILBHEIE
IREGEMG TP RE<2 (<248), &FBTIErPRM24 (<
2-522) CHEEX L h o7z

4. IL-6 (pg/m))

EENIR10F B L UMG BE 326 P LB THRE &
N7z 502, IL6EIZIEF  F#E ¢ 9K 28.0 (6.4-370),
MG BT RE18.1 (2.3-452) THEZIZ Eh -7 (X9D).
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z i
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Control SEA SEB SEE

i3

MG O FEEGTid, TL-6MEIXMRA T MG T Jefl18.0
(2.5-447), £ HMTidhRiE18.2 (2.3-452) T, HEZII%
VAR WA

5. IL10 (pg/ml)

EE TR 106 Fh &6zl S hizolxat L, MGEBE324)
256 (78 %) (IR SN, HELAEEE o7 &by,
IL-10 fE (L IE % & BE#ECI3 rP 02 23.1 (8.1-101), MG T
fl18.7 (< 3-209) THEZIZ LN -7 (KIE). MG OFHRY T
13, IERHEMGI26IHh 86 (67%), ZEHTIMG206It 174
B5%) I S NIFEFICHES IR {, 72, IL-10MEISHRE
BMG CIEFRiEL7.0 (<3194), EFTTIEHRIME24.6 (<3
209) THEZ I Lho7.

6. IL-13 (pg/ml)

FEEMNBLIOBIH5E (50%) BB SN0 L, MGE
E326Ih 216 (66%) (RSN, EEIAEEE R,
X517, ILI3MEIZER B TIIhRE<T7 (< 7-104), MGE
TIERR(EST7 (7535 T, HEEIR L, -7 (H9F). MGO
FERGTIE, IL-13MEIEIRAFT MG Crh gLl 9.1 (<7-204), £
HHIMG Trgfit8.2 (< 7-534) THEZIX b o7z,

7. IFN-y (pg/ml)

EEABLI0FI A 46 (40%) IZHM SN/zoizk L, MGHE
E 326 1260 (38%) MR SN, EEICEEEIEh oL,
K512, TFN-y EIXIERHXTBE TP RE<2 (<2224), MG
BTl PRE<2 (<2-133) T, AEEE L, o7 (K96).
MG RIEE B TId, IR MGI2HBI 56 (42%), £48
MG20 % 741 (35 %) \ZHH S WEEICEEERI R, £,
IFN-y IR T MG Tl P <2 (<2-26), £25BMGT
< 2 (< 2133) THEXI Lo 7.

8. TNF-« (pg/ml)

E#EBI0E R 26 (20%) (2 &R0k L, MGH
Fhes TRl ST, ERNBETEHERTHIH
BRI L h - 72 (D9H).

512, MGEZ#MIRE R o6l L tkb il L i25id
THE L7725, FRFROF A A4 g, RSN
EBLUEERICAESIEO Lo /2.
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Fig.8. In vitro synthesis of anti-AChR antibodies (A) and IgGs (B) in the presence of superantigens. Solid lines represent median values for
each group. SEA, staphylococcal enterotoxin A; SEB, staphylococcal enterotoxin B; SEE, staphylococcal enterotoxin E.
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V. AFEEEY T b H1 CEE E DR DHBEERL A, L2, L4, IL5, IL-13, IFN-y, TNF-«
MGERETEFNENDT A Mh A4 Y EEDIHRH EN6 0 H DOE L ITHEE RO R b o7,
oW THRES L7z, PBMCH;3E 1% b 5T AChRETRAE & 1L-2, = .
14, L5, IL-6, IL-10, IL-13, IFN-», TNF-o D & I35 % -
EHBERED h o7, BEEETIgGMEIL6 (o $=0.47, MG 2817 2 HLAChRILKEE I THIKETH D ™, B
p=0.01, n=32), IL-10 (o s=0.46, p=0.03, n=25) NfE L ZHHE LI BRIIBOWTHOHMK EE SN A -DI21F, HE, Bill,
A B C
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Fig9. Cytokine levels in the culture supernatant secreted by peripheral blood mononuclear cells from normal controls and patients with
myasthenia gravis (MG). The broken lines represent the detection levels for each assay system. The figures below the broken lines
show the number of samples with undetectable levels. Solid lines represent median values for each group. (4) interleukin (IL)-2, (B) IL-4,
(©) IL'5, (D) IL-6, (E) IL-10, (F) IL-13, (G) interferon (IFN)-y and (H) tumor necrosis factor (INF)- & levels in normal controls (n=10)
and patients with MG (n=32).
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THIM, §iEIEFRHK (antigen presenting cells, APC) AS¥ 8%
BEREEZLNTA, MGEFMIRIZIZ, AChRZEHBL C
WAL BN (myoid cell) ©, AChRIUIRME A% A
Y% B, AChREFRHTHIME™™, APC & L T8l & B EIRH
B (interdigitating dendritic cells) 25FFE L™, i1 5 Mk s
DEEFIZL DITAChRITEEED O LN L Z EAT TS
NTVBYW SHIIMGEREOERNMIML, Fi, Vo \Hho
BRI O T b JTAChRIUEKE £ A7 5 5 20253,
FORR Y > SERE BT B L Mifd 2 ) O AT R 7o
BIBR AL AChR AR B AR LD P OB 2 b DL EES N T E
7:. Lo L, MIROAROEETIZERAOHAChRILARITFH
TE™, F IR AT L M#HPAChRFUEMATRT L %
WEINH LD EETHD. FHERAIBCTRLEE LRI
UFI21gG L IgA) BEARE L 2N A7, MGIZBITZHOI
RREEEIZMT 2 REFIIL R VT, RO RETIX, Mfus/
Y O AChRILEEE A fEIZ, PBMC, B8, MIlRiZIs1T 5 B
HoJEIZ@EmV. B EA L PBMCALEENIZEZ N 26
PLAChRIUKRBE A2 51T 5 PBMC D& b k%b‘f‘:¥‘z%
N7z FAEOFREHEMBRPNICE U RIEFNEE TH-oTH ™,
ZOFREDFEF %) DIZPBMC EHEZ L 72,

Fujii 5 {2 X 2 MGEAEZEPBMCOfifaZli~—H—I12L B
WHAT T3, MM E%IE 7 0 7)) >~ (surface Ig, slg) Bt Bl
fiE#16% TH Y, MBLHANSRE S T 7) >~ (cytoplasmic Ig,
clg) BHEBMABIZ1FTCH1I%DOA BB SN, FEBEEL L
BLCOAEEE o/ 805, F/2, MGEFDPBMC
o, slgM B BMRLIZH 9% T L, slgGltEBHIIZ#43%
EABTHLLEENE?, &5, HIAChRITREERREAT
HDEIMHABHIKED 1/14,085THB E W™, LidoT,
PBMCH ®OB#ifgidiz & A EHFEFEIHIZH - THAREAIZIE
MELTwaweEzoh, LrbMGREIZE W THRIEMIC
MEEAEZIT> TS PBMCH#IIL Twa L v ) fRIEHE
LR TWARWOT, iz PBMCAMRA % #58E A 1231 AChRIK
REEdE LT TV A LR TE R,

A7 TIE, HEREHVT, MGHEEZ O PBMC OHiRES:
fE%, LR OPLAChRIUAAR & O B HUR I B & B ik
BEARED I 2 HRIEIZEEM L /2. MGAEF PBMC Iz I3 i
25 slgG, clgGa A+ 5 BHIlEAFET 2720, KagEdZ4
NS OMBLAIER L L Ic IgG AT 2 A T REdE & %8
L, 7, BERIZBVTMGHEEPBMC A ERI A% Bk
THEDERMALL. HEHNOPBMCE i L & 1T
BLzbo, BXURHAGKRIERTHL I 7OAFL I ME
A TERLAHBOE#H, PBMCOAZHERO LFO THIZ
DWCHEL, PBMCOA &R L 7o il CAEIZ 1gGE,
AChRILEM O LRAVFRD SN, LT, HRRAIIBVT
PBMC #*1gG ¥ & U'HLAChRBLfR & i 712§ 5 2 & AR
=¥ (AR

BERIIB DMEEEORBMERIZDVTIE, MGEE
O MM BRI, AEENTT CIORIE S hshmkeE
AR (445 % O H R BAHIIAT clgG ™) 12 & b THIKIRK
Tt 24 BERR AP 85 £ B 5T (ongoing responses) &, APC
FAETTAEY ~BMMICL ) THIREFEEIC3~5HEKLD
I E A4 (spontaneous responses) (29 A Z LML R
TWaA® M PBMCOETIE, 4HHE TV EOMMARES:
L2EDHLNT, 4~9HBICHRIMBEENS VIS

EENHM 7, Kalgvh o BHIEISHUR R B A % Wb
TENERIOHDZBES LHEEEEZPIELGAIZERLT
W RS hTwA, BLEL Y, PukEERELTa
OLNBEERETHHO LEPORKME, LB, FEioks
ELTERL .

JER & PTAChRHTARAG & 13BN 2 BRIE % <, ERNETI
WBTCERWEENTVEY, RBEMGTRREOiyF 17
MG A #50% & ZVoIZx LT, 2FBMGTIEH10% L4
WO PEOPIZIIEERGHAH. F72, BEICH ) ERE
HHN T DA HLACKR PLEMATHME % T 250555 &
&R, BRC L MEH AChR FLAEME AT 200 pmol/ml Ll £ & &g
b b THIZHEFTEOHFA VS 2BE OB VERD
MGBIOREBAH LI L EMb b, BREMRE & mMiBH
AChRILEMIZIEFI L v EeEZ DML, FOHEBLE LTI
BEMFERIZED SN BIAChRI A AT y0—F 1 Th
D@ L PRI 2 Bl FRZREL Y, BEBATO
WEETHHEIREE 22 MEOALET S I LIERTHE
T, BABHOBWLEE LTV a2V L, AKRILo®RED
M, JAChRILAELIALOAELHEE T 2 WEDCTFAEDOTEE
M2 PHEZ LN TS, SEOKRET, EOA2TT 1 7MGH
ND19% (4/21%) TPBMCHEIZ L V) ZOHE FiFR ISR
STAChRIUMADEEE ZFEDHTE D, —EBOIER T3 M EHLAM
IFHERELT O 0 Bl S i vwads, HAChRIUERE LR
IBELTWAZ EASREMN. F7:, PBMCHEDHACKRH
AR BREEILA L2V E V) FL DERN S, BED
B TER SN A AChRILAAMN 12 7% R ik A o fi ko g
BLELLEATV DA FEMEA TR S

L AChRIFLAMM BRI DV Tid, PBMCH:#E Ligrp & fiEd
& TIAEE R HBESED 5L, PBMC O3 AChRYUEREL: B
MEFAChRFUAAG Iz 30 ¢ KBk & B Z LdREhz, Fi,
Begk T AChR LKA I3 5538 Fi8 1eG il & b A & 4 HAH72
HHI, BERIBWTMGHAEPBMCIE% 7 o— Y HICHE
EEEFETLIIFEHIbEhTwi &L N E561,
(L3447 AChR HLMAAIG & L7 IgG H XM A3 & g, BT
DY) 2RO T AEHVLACKRIUEE AR BT H 70—
ThbEHEINT. UL, Levinson 5 O MG ?ﬁ?’fB?HH'&L
IERNTIES 7 0= PRI SR TR Y, HER TR
PlbE RO LV EOFR LMLz, LAL ,&b@%WH
T OTEPAC LGB o) slg B VEANIL AT MG B TR 2 7
ZEERRRE LTV A, EHIREE L HEES LT DM
s gy p i F g HERERCCIE PWM OIS & U HLACKRYL
ﬂwq DEMAED S h o2 b 2RME LSy o— it

|’H[ﬁ7§ S E LTV DAY, SRECIEMEALAT R O & R
TERY

X IARIZETIE, ) Y SERRIMIC & B HUREARED
2hBI0, ¥4 Y2 THBPWM, PHA L IL2 &4 %%
RANL 72, PWM I3 THIB AR A4 12 B#IRG % TR Ml oL
REBMEME LD EAESN?, PHA G EZ THIE % M#
L, IL2idE-Thi M2 6 ik s h, THeBMlROAT
d, MERG EOMEERE Lok Shb. AT TMGHE
FPBMC OV A bV x v ¥ 3RS IcoWTiE, PWM,

VB MR FUSAME T LT 59, PWMAIHIC &
D IgGEA B LEd - 2%, PWMIC & ) HLAChRHLHS
X U1gG DL % Tol & ¢ 7:™% H AChRi {4 445 PBMC
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DADEHETRAD LN L 272 PWMHAMIZE h EDH o R
7BIAd o 72, PWMEIREIZ & 0 BEF T3t AChRILEE
AN L EAEH TIIEIM S /2™ L UL 2 REH B,
L2 LTI, MGHEEPBMCEE LBEHOTIBEIL2SA
HIREFBBELFEESL (Y, THRET LOIL2%AE
GREBEOTERED T, IL2RINIC & ) M HEEO D 3
DhholMEDORENDHL. KL DRETIE, PWM,
PHA, IL-2DiRHNC & W HAChRIUEB X CIgGREED L/
RFDHLHNT, TRETOHRELHLERZHEMGESE
PBMC TG4 THDEWVE D, LzdoT, EEGR
#7 BAUHLIN B ClET AChR PR BE A2 AT N T 5 — & DfE I
hwkEL LR,

—%, MGOREFEIZBIT A2 THROBSIZOWTIE, Yi
L9 2L B EMGHEEPBMCH O TR D S H#1/5000 7%
AChRIFEMTHE L EESINLTWAE, L2 L, EENE
Z00~9 LEHE N S (2 d AChRIURICK G 2 THIIL 7 1 —
YHERHBENTEY, MGRERMEIWEI RV, T/, §XT
OHCKICETHR o — Y PEOHEELE2RET L DITT
R, —EDZO— DR FDIF6 &% b 0L SHEE
NE—=5y P LTERERATEEEND L., 22T, T
BT, L2bEREO) I, BEOTHlL 75—V T
VAV M EETATHIEE® MAC OHEZ 292G+ 2
ZEDPHLENTWBSAGS™ v, EEHELOLBEIIBWT
MGEETHOBIERE O A E T MRS IE, TiikELR
DERIOWTHRE L7z, MIRBERIGIZOWTIE, A/
SAGsiZ, SEA, SEB, SEC1, SEC2, SEC3, TSST-1T& b,
Ihbizkbh, Vel 2, 8,5 6, 7,9, 12, 13, 14, 15,
17, 0BT AHTHRL S TSR ENzZ L2k b, AR
FTiE, SAGSTRINC & b #3045 b DML KIS MG B &
REEEWEEEOWMBECHEES MY, MEERPELELE
SAGSHICd RIDMICFEZERRO Lo/, %, HD
RERBBWEFVIIBNT, HOVMBRZ M2 TS
ABVATZL AV N2 Db DIZREENTVWA I LD RENT
ECBY, FIZIEIMGOEBWETF IV TH HERYHCHELEE

FERFIESISE (experimental autoimmune MG, EAMG) Tix AChR
CRBBT A THIRIZV B65° &2\ LV 387 ORI BB A
WEDHENDH L, T2, B FTIIMGEEPBMCIZEWT
1560 4 6112 AChR¥FLEHIBLIZ & v THIRE 7 v — > & B ahE
PRD, FO4BIRIFIITHROV B12:EEFOHEIEE B0
REDHERH LD, L L, FHFEORKESSIE, SAGsIC
WY B RIBAHE RS BV id R LA THIE L S b7 OFE IR
SNl dotz, 72770, KR TEBIRNIIE -—DV L
AVMEETATHBEEZHMLTWADTIER L, SAGsIZ X
NHBLENY % b 7-THEL/SMT2RBLTWS DL,
RIS S B MBOVE T L A Y b %4 T 5 THIEORIEAS
FEICREVDIZHE LTRIBTE b » 20 BB S h
5,

SAGsHIBIz & BHUKEAEREDE(LIZOWVTIX, SEA, SEB,
SEE % VB % 4T - 7045, B S hATHIRL /ST, V
£1, 8,5 6,7 8 9, 12, 14, 15, 17, 18, 20\2A%4 ¥+ 5.
Ch b SAGs N2 T b HAChRELAAMEB & U 1gG 43 T
YROT, FURIEERA I THIEL 2 HI8 L2 R S 470
ATIEBHLOMAEE R R LAV EASRERA. ShUC
B, 7Ly — e % O CD8*V g * THlME b FBH RIS

N-HEPEZLNDH, SHEIKT~ —F — I & 20347
ST, ¥/, HORIBHTHIIESAGsIZ & 1 sE5E %I 8
H BVIITEBAL EF 1T VAT, SAGs EHERMIEIZL B
REETCITHRATORGH R 22 THEEIZELONS
B, SHRORFHBRETHS.

D LI, MGEZDPBMC OREERIIBIT S HOHEE
A RPUE IR R A RN ) BRI TR EE R ST W
ZENFREN. FIT, BRRTOE 70— EHEEED
REEE) BIMAZEFELTE— 254 0B WIINT 7
SAVHIIDWMENDET A b A OB eER, BEEED
DBEFMELZ., ThETOMGEETOF A bH A ViEE
2B 2E Tld, AChRIFTEHIEIC X % PBMC @ mRNA%H
2%, 114, IL-6, IL-10, IL-12, IFN-y, TNF-o, BEEREE
K F (transforming growth factor, TGF)- g I BW TITENFRD &
N7 LREEINTHE, LLLIRLOERE, KEO
BRI OEHTTH 5 0L BN LML KL Ty
WIEEEASH Y, mRNAOHERE LEAL IV oMld s vid
MR OB EMBEA~OTRE L OMBEFH S TIRERL, W
A NI A IR ICHBEANS R ENTERTAODTH S
7%, mRNAZRTLEDSFOH A M H A OFEANDHR VS
FRTERMETE R, $72, MGRZMET T, IL2,
IL-6DMEEIE R L TWzas™, IFN-y, TNF-« O#EIZ L
ALTuhdo/® LnwiFRIMREShTW S, IEPOY
A b4 R, MRS SORMW, KLFOZFEEEDOREES,
PREEOIRANLERERL TV A, MEPORER
BEAETEDAT KL TR WSS S, FrlddhEH
BIRILTTON A b A YEARFMT 270, HEMEEH
WHEWELETTMGEENDPBMC#553 L, #0% 1 b4~
DERDWE L HE L. Mokhtarian 5*® IIMGHEED
PBMC ® IL-2 Jil#IZ & B#EETIL2 £ IFN-y OELEBO EH
%, Verviiet 5™ 3PHA®H 2\ iz > #+ % 7 ¥ ADHIEIC
L BB#TIFN-y OMEART %, Ahlberg 5% IXIFN-y D B %
WELL I AT Y7 ZARBIZ L BIL-2EERETL,
TNF- G EEFATL Y EEIFLHRE LTS, LiL,
RIFFOMREPHIE, FEGBELMBRLUAELELRED LA %
BOTHA MO LIRS E b7, T2, LAChRILE
EAEE OMHBEERLAZDOL %2, HOCHAELDOTEILH
BEIGTLYA A4 b BRI P72, £KoT, MGO
FREEIZBITZ2Th1 B LU ThR2DEMMEIZOVWTIEERTS I L
T ELhoiz, ~S—THIKIZHIED Lo, 112, IFN-
v, TNF-o /g %43 U B\ HBE S8 12 B 5 5 Thi i &,
IL-4, IL-5, IL-6, IL-10, IL-13% 40 L B A fitE st o B 54
A Th2#ifs &z e nTwad. £7=, Th2Mifr s FI2EE
ENBILAY, L5, 167, 1107, IL13™ X, Vi d Bl
JosfbeseEso 7)) YEEEZTTESEL Z EFHshEE
RERBIZBY 2HOHAEEACEBLTY A LEESATY
5. SEOMGREEIIBITHRFTIE, L6 & IL10DFWED
AAAEIgGEER L EELEOMBEERL, 114, IL5, IL-13
OSWE L IHBEERD o7, MGEFETIZ, ~/s—T
MO IL6 EAKKRAOTHEITRIE S ™, L6137 2 KK
MAET > TVATREERNEZOND. Lo, IL6ELRI
EFANBEENRDOOLNE T, IL6IIRTHESHDOTLE
PHAAEEEICES L WA REERTSCELLRS, EL
0, KHFEHSIEMGHEEZOPBMCEREIZBITAIgCELRD
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FLHECIZIL6 B K OFIL1012 X A BMifa % 7 v — » gL
HES LTV A EEMARE SR, 414, MGOHLAChRHLE
FEEIIBUIAFA MIA L2y P T OREBIIDOWTEL
WRE E RO L LERFHD LEDbNRL.

& i

1. MGHEZPBMCI3EEZICB VT L IAChRMEZ B4
FTHIEPRENTD, T4 PPz R A= —HH % EDH
EIEEEN LM CIEMAEEETELRVWEER bR,

2. MGAE%PBMC 0537423817 5 i AChREL/REE 4 L 1L
HHIACKRILAME & A B L EQHMIROON, S HICHRSD
BV BB O BEER L B L PBMCA & ) &WIHLAChRHUE
EAEREA A LTWA I LA REN, PBMCHHCIEELIZE
Bl R E 2 BE o TV D LRI N,

3. tTAHT 4 TMGHID19% (4/21%]) TPBMCH;EIZ
LY #OREEEPICEELRIIACKRRIMEKDOEE RO
¥, FO—EHDFEF T AChRIIEEERIZA L TWAHE
FEDHIE R TIEEED T O 0 MEFEMIE & Lk
BEPEATE 2 BT,

4. PBMCEETIIMGEZIZBWIEELRT A MY A VE
HEOTHER 7, HAChRIEES LHFRMICHFET LT b
B4 LRI nhdroiz®, Thl1 B X OTh2 DEAHEIZD
WTIEHBEL P TIE o/, L2L, BERTOMGESHR
PBMC O IgGREA TTHEIZIL6 L IL-1012 X 2 Biilan £ 7 o —
PR AT 5T B W AR AR S Tz,

Eil i

WERADICHED, HEELHEREZIGEY ¥ L BMESRAEES
GBS T RS OREOREA R LT T, £, EEH
feBy 72720 2 FBEE N BABR ST RS W A LT, 8 610, R
BV FREEENE L, ENEEEICE LR R
LETES.

LB, RHXOEED—BE, P 7EEEAREERBEEENE
EEWENEESSE (1996418, i), S38OHANEEERE
(199745 B, $HGE), 300 HAMGEEAHS (199845 H, ),
1606 A RMETHESEARS (199847H, &) 2BV THELE.
AT LB A e R B S R R R BT RL7, 8, 9, 104F
ERIEE B L OFERY, 10EENENERBNEOBM ST LE
RT3,

pa R

1) Drachman DB. Myasthenia gravis. N Engl J Med 330:
1797-1810, 1994

2) Engel AG. Myasthenia gravis and myasthenic syndromes.
Ann Neurol 16: 519-534, 1984

3) Miiller-Hermelink HK, Schultz WA, Marx A.
Characterization of the human thymic microenvironment:
lymphoepithelial interaction in normal thymus and thymoma.
Arch Histol Cytol 60: 9-28, 1997

4) Schluep M, Willcox N, Vincent A, Dhoot GK, Newsom-
Davis J. Acetylcholine receptors in human thymic myoid cells ¢z
situ; an immunohistological study. Ann Neurol 22: 212-222, 1987
5) Vincent A, Scadding GK, Thomas HC, Newsom-Davis J. In
vitro synthesis of anti-acetylcholine receptor antibody by thymic
Iymphocytes in myasthenia gravis. Lancet 1: 305-307, 1978

6) Newsom-Davis J, Wilcox N, Calder L. Thymus cells in

myasthenia gravis selectively enhance production of antj-
acetylcholine-receptor antibody by autologous blood
lymphocytes. N EnglJ Med 305: 1313-1318, 1981

7) Scadding GK, Vincent A, Newsom-Davis J, Henry K.
Acetylcholine recepror antibody synthesis by thymic
lymphocytes: correlation with thymic histology. Neurology 31
935943, 1981

8) TFujii Y, Monden Y, Nakahara K, Hashimoto J, Kawashima
Y. Antibody to acetylcholine receptor in myasthenia gravis:
production by lymphocytes from thymus or thymoma.
Neurology 34: 1182-1186, 1984

9) Fujii Y, Monden Y, Nakahara K, Hashimoto J, Nakahara K,
Kawashima Y. Acetylcholine receptor antibody-producing cells
in thymus and lymph nodes in myasthenia gravis. Clin Immunol
Immunopathol 34: 141-146, 1985

10) Heidenreich F, Vincent A, Wilcox N, Newsom-Davis ],
Anti-acetylcholine receptor antibody specificities in serum and in
thymic cell cutture supernatants from myasthenia gravis patients.
Neurology 38: 1784-1788, 1988

11) Hohlfeld R, Kalies I, Kohleisen B, Heininger K, Conti-
Tronconi B, Toyka KV. Mpyasthenia gravis: stimulation of
antireceptor autoantibodies by autoreactive T cell lines.
Neurology 36: 618-621, 1986

12) Hohlfeld R, Toyka KV, Tzartos SJ, Carson W, Conti-
Tronconi BM. Human T-helper lymphocytes in myasthenia
gravis recognize the nicotinic « -subunit. Proc Natl Acad Sci
USA 84: 5379-5383, 1987

13) Protti MP, Manfredi AA, Straub C, Wu XD, Howard JF,
Conti-Tronconi BM. Use of synthetic peptides to establish anti-
human acetylcholine receptor CD4 " cell line from myasthenia
gravis patients. J Immunol 144: 1711-1720, 1990

14) Mosmann TR, Cherwinski H, Bond MW, Giedlin MA,
Coffman RL. Two types of murine helper T cell clone. L
Definition of according to profiles of lymphokine activities and
secreted proteins. J Immunol 136: 2348-2357, 1986

15) Romagnani S. Human Ty1 and T,2 subsets: doubt no more.
Immunol Today 12: 256-257, 1991

16) Osserman KE, Genkins G. Studies in myasthenia gravis:
shortterm massive corticotropin therapy, JAMA 198: 699-702,
1966

17) Lindstrom J. An assay for antibodies to human
acetylcholine receptor in serum from patients with myasthenia
gravis. Clin Immunol Immunopathol 7: 36-43, 1977

18) Somnier FE. Anti-acetylcholine receptor (AChR)
antibodies measurement in myasthenia gravis: the use of cell line
TE671 as a source of AChR antigen. J Neuroimmunol 51: 63-68,
1994

19) Hohlfeld R, Toyka KV, Heininger K, Grosse-Wilde H,
Kalies I. Autoimmune human T lymphocytes specific for
acetylcholine receptor. Nature 310: 244-246, 1984

20) Sommer N, Willcox N, Harcourt GC, Newsom-Davis J.
Myasthenic thymus and thymoma are selectively enriched in
acetylcholine receptor-reactive T cells. Ann Neurol 28: 312:319,
1990




MG BEHEIROIAChRYE & A by 4 v B 393

21) Newsom-Davis J, Willcox N, Scadding G, Calder L, Vincent
A Anti-acetylcholine receptor antibody synthesis by cultured
lymphocytes in myasthenia gravis: thymic and peripheral blood
cell interactions. Ann NY Acad Sci 377: 393-402, 1981

22) Lisak RP, Laramore C, Zweiman B, Moskovitz A. In vitro
synthesis of antibodies to acetylcholine receptor by peripheral
blood mononuclear cells of patients with myasthenia gravis.
Neurology 33: 604-608, 1983

23) Fujii Y, Hashimoto J, Monden Y, Ito T, Nakahara K,
Kawashima Y. Specific activation of lymphocytes against
acetylcholine receptor in the thymus in myasthenia gravis. ]
Immunol 136: 887-891, 1986

24) Shinomiya N, Yata J. B and T cell involvement in anti-
acetylcholine receptor antibody formation in myasthenia gravis.
Clin Exp Immunol 46: 277-285, 1981

25) Benner R, Hijmans W, Haaijman JJ. The bone marrow: the
major source of serum immunoglobulins, but still a neglected site
of antibody formation. Clin Exp Immunol 46: 1-8, 1981

26) Hibi T, Dosch H-M. Limiting dilution analysis of the B cell
compartment in human bone marrow. Eur J Immunol 16: 139-
145, 1986

27)  Fujii Y, Monden Y, Hashimoto J, Nakahara K, Kawashima
Y. Acetylcholine receptor antibody production by bone marrow
cells in a patient with myasthenia gravis. Neurology 35: 577-579,
1985

28) Levinson Al, Zweiman B, Lisak RP, Dziarski A, Moskovitz
AR. Thymic B-cell activation in myasthenia gravis. Neurology
34: 462-468, 1984

29) Zweiman B, Levinson Al, Lisak RP. Phenotypic
characteristics of thymic B lymphocytes in myasthenia gravis. J
Clin Immunol 9: 242-247, 1989

30) Link H, Olsson O, Sun J, Wang W, Andersson G, Ekre H,
Brenner T, Abramsky O, Olsson T. Acetylcholine receptor-
reactive T and B cells in myasthenia gravis and controls. J Clin
Invest 87: 2191-2196, 1991

31) Spencer J, Choy M, Hussel T, Papadaki L, Kington JP,
Isaacson PG. Properties of human thymic B cells. Immunol 75:
596-600, 1992

32) Willcox HNA, Newsom-Davis J, Calder LR. Greatly
increased autoantibody production in myasthenia gravis by
thymocyte suspensions prepared with proteolytic enzymes. Clin
Exp Immunol 54: 378-386, 1983

33) Willcox HNA, Newsom-Davis J, Calder LR. Cell types
required for anti-acetylcholine receptor antibody synthesis by
cultured thymocytes and blood lymphocytes in myasthenia
gravis. Clin Exp Immunol 58: 97-106, 1984

34)  Limburg PC, Hummel-Tappel E, Oosterhuis HJ. In vitro T-
cell dependent B-cell activity in myasthenia gravis. Clin Exp
Immunol 61: 31-38, 1985

35) Roses AD, Olanow W, McAdams MW, Lane RJM. No
direct correlation between serum antiacetylcholine receptor
antibody levels and clinical state of individual patients with
myasthenia gravis. Neurology 31: 220-224, 1981

%) Lewis RA, Selwa JF, Lisak RP. Myasthenia gravis:

immunological mechanisms and immunotherapy. Ann Neurol 37
(S1): S51-862, 1995

37) Kornfeld P, Fox S, Maier K, Mahjoub M. Ten years
experience with therapeutic apheresis in a community hospital. J
Clin Aphresis 7: 63-68, 1992

38) Lindstrom J, Shelton D, Fujii Y. Myasthenia gravis. Adv
Immunol 42: 233-284, 1988

39) LiZ, Forester N, Vincent A. Modulation of acetylcholine
receptor function in TE671 (rhabdomyosarcoma) cells by non-
AChR ligands: possible relevance to seronegative myasthenia
gravis. J Neuroimmunol 64: 179-183, 1996

40) Levinson Al, Dziarski A, Lisak RP, Zweiman, Moskovitz
AR, Brenner T, Abramsky O. Polyclonal B-cell activity in
myasthenia gravis. Neurology 31: 1198-1201, 1981

41) Skolnik PR, Lisak RP, Zweiman B. Monoclonal antibody
analysis of blood T-cell subsets in myasthenia gravis. Ann Neurol
11: 170-176, 1982

42) Keightley RG, Cooper MD, Lawton AR. The T cell
dependence of B cell differentiation induced by pokeweed
mitogen. J Immunol 117: 1538-1544, 1976

43) Kawanami S, Kanaide A, Itoyama Y, Kuroiwa Y.
Lymphocyte function in myathenia gravis. ] Neurol Neurosurg
Psychiatry 42: 734-740, 1979

44) McLachlan SM, Nicholson LVB, Venables G, Mastalgia FL,
Bates D, Smith BR, Hall R. Acetylcholine receptor antibody
synthesis in lymphocytes cultures. J Clin Lab Immunol 5: 137-
142, 1981

45) Lefvert AK, Holm G, Sundén H, Pirskanen R. Cellular
production of antibodies related to the acetylchoine receptor in
myasthenia gravis: correlation with clinical stage. Scand ]
Immunol 25: 265-273, 1987

46) Ahlberg RE, Pirskanen R, Lefvert AK. Defective T
lymphocyte function in nonthymectomized patients with
myasthenia gravis. Clin Immunol Immunopathol 60: 93-105, 1991
47) Infante AJ, Infante PD, Jackson CE, Barohn RJ, Tami J,
Iturriaga E, Talib S, Kraig E, Clarkin KZ, Krolick KA. Evidence
against chronic antigen-specific T lymphocyte activation in
myasthenia gravis. ] Neurosci Res 45: 492-499, 1996

48) Ragheb S, Ferrio MF, Lisak RP. Response of peripheral
blood mononuclear cells from myasthenia gravis patients to
exogenous interleukin-2. Ann NY Acad Sci 681: 323-324, 1993

49) Yi Q, Pirskanen R, Lefvert AK. Human muscle
acetylchoine receptor reactive T and B lymphocytes in the
peripheral blood of patients with myasthenia gravis. ]
Neuroimmunol 42: 215-222, 1993

50) Melms A, Malcherek G, Gern U, Wiethélter H, Miiller CA,
Schoepfer R, Lindstrom J. T cells from normal and myasthenic
individuals recognize the human acetylcholine receptor:
heterogeneity of antigenic sites on the «-subunit. Ann Neurol
31:311-318, 1992

51) Sommer N, Harcourt GC, Willcox N, Beeson D, Newsom-
Davis J. Acetylcholine receptor-reactive T lymphocytes from
healthy subjects and myasthenia gravis patients. Neurology 41:
1270-12786, 1991



394 &

52) Salvetti M, Jung S, Chang S-F, Will H, Schalke BCG,
Wekerle H. Acetylcholine receptor-specific T-lymphocyte clones
in the normal human immune repertoire: target epitopes, HLA
restriction, and membrane phenotypes. Ann Neurol 29: 508-516,
1991

53) Fredrikson S, Sun J-B, Huang W-X, Li B-L, Olsson T, Link
H. Cord blood contains high numbers of autoimmune T cells
recognizing multiple myelin proteins and acetylcholine receptor.
J Immunol 151: 2217-2224, 1993

54) Kotzin BL, Leung DYM, Kappler J, Marrack P.
Superantigens and their potential role in human disease. Adv
Immunol 54: 99-166, 1993

55) Krco CJ, David CS, Lennon VA. Mouse T lymphocyte
response to acetylcholine receptor determined by T cell receptor
for antigen V3 gene products recognizing Mls-1*. J Immunol
147: 3303-3305, 1991

56) Infante AJ, Levcovitz H, Gordon V, Wall KA, Thompson PA,
Krolick KA. Preferential use of a T cell receptor V3 gene by
acetylcholine receptor reactive T cells from myasthenia gravis-
susceptible mice. J Immunol 148: 3385-3390, 1992

57) Aimé-Sempé C, Cohen-Kaminsky S, Bruand C, Klingel-
Schmitt I, Truffault F, Berrih-Aknin S. Iz vive preferential usage
of TCR V3 8 in Torpedo acetylcholine receptor immune
response in the murine experimental model of myasthenia gravis.
J Neuroimmunol 58: 191-200, 1995

58) Grunewald J, Ahlberg R, Lefbert A-K, Dersimonian H,
Wigzell H, Janson CH. Abnormal T-cell expansion and V-gene
usage in myasthenia gravis patients. Scand J Immunol 34: 161-
168, 1991

59) Zhang G-X, Navikas V, Link H. Cytokines and the
pathogenesis of myasthenia gravis. Muscle Nerve 20: 543-551,
1997

60) Matusevicius D, Navikas V, Palasik W, Pirskanen R,
Fredrikson S, Link H. Tumor necrosis factor- « , lymphotoxin,
interleukin (IL)-6, I1-10, IL-12 and perforin mRNA expression in
mononuclear cells in response to acetylcholine receptor is
augmented in myasthenia gravis. J Neuroimmunol 71: 191-198,
1996

61) Navikas V, Link J, Palasik W, Soerstrom M, Fredrikson S,
Olsson T, Link H. Increased mRNA expression of IL-10 in
mononuclear cells in multiple sclerosis and optic neuritis. Scand
J Immunol 41: 171-178, 1995

62) Link J, He B, Navikas V, Palasik W, Fredrikson S,
Séderstrém M, Link H. Transforming growth factor-3 1
supresses autoantigen-induced expression of pro-inflammatory
cytokines but not of interleukin-10 in multiple sclerosis and
myasthenia gravis. J Neuroimmunol 58: 21-35, 1995

63) Link ], Fredrikson S, Séderstréom M, Olsson T, Hojeberg B,
Ljungdahl A, Link H. Organ-specific autoantigens induce

transforming growth factor- 3 mRNA expression in mononuclear
cells in multiple sclerosis and myasthenia gravis. Ann Neuro] 35;
197-203, 1994

64) Link J, Soderstrom M, Ljungdahl A, Hojeberg B, Olsson T,
Xu Z, Fredrikson S, Wang Z-Y, Link H. Organ-specific
autoantigens induce interferon-y and interleukin-4 mRNA
expression in mononuclear cells in multiple sclerosis and
myasthenia gravis. Neurology 44: 728-734, 1994

65) Link J, Navikas V, Yu M, Fredrikson S, Osterman P-O, Link
H. Augmented interferon-y , interleukin-4 and transforming
growth factor- 5 mRNA expression in blood mononuclear cells in
myasthenia gravis. J Neuroimmunol 51: 185-192, 1994

66) Hartung HP, Reiners K, Schmidt B, Stoll G, Toyka KV.
Serum interleukin-2 concentrations in Guillain-Barré syndrome
and chronic idiopathic demyelinating polyradiculoneuropathy:
comparison with other neurological diseases of presumed
immunopathogenesis. Ann Neurol 30: 48-53, 1991

67) Shimada K, Koh CS, Yanagisawa N. Detection of
interleukin-6 in serum and cerebrospinal fluid of patients with
neuroimmunological diseases. Jpn J Allergol 42: 934-940, 1993
68) Confalonieri P, Antozzi C, Cornelio F, Simoncini 0.
Immune activation in myasthenia gravis: soluble interleukin-2
receptor, interferon-gamma and tumor necrosis factor-alpha
levels in patients’ serum. J Neuroimmunol 48: 33-36, 1993

69) Mokhtarian F, Shirazian D, Grob D. Production of
interferon gamma and interleukin-2 by peripheral blood
lymphocytes of patients with myasthenia gravis and other
autoimmune diseases. Ann NY Acad Sci 681: 315-318, 1993

70) Vervliet G, Carton H, Billiau A. Interferon-y production by
peripheral blood leucocytes from patients with multiple sclerosis
and other neurological diseases. Clin Exp Immunol 59: 391-397,
1984

71) Mosmann TR, Coffman RL. TH1 and TH2 cells: different
patterns of lymphokine secretion lead to different functional
properties. Ann Rev Immunol 7: 145-173, 1989

72) Hirano T, Akira S, Taga T, Kishimoto T. Biological and
clinical aspects of interleukin 6. Immunol Today 11: 443-449,
1990

73) Rousset F, Garcia E, Defrance T, Péronne C, Vezzio N, Hsu
D-H, Kastelein R, Moore KW, Banchereau J. Interleukin 10 is a
potent growth and differentiation factor for activated human B
Iymphocytes. Proc Natl Acad Sci USA 89: 1890-1893, 1992

74) Zurawski G, de Vries JE. Interleukin 13, an interleukin 4
like cytokine that acts on monocytes and B cells, but not on T
cells. Immunol Today 15: 19-26, 1994

75) Bongioanni P, Ricciardi R, Romano MR, Murri L, Muratorio
A. T-cell interleukin-6 receptor binding in patients with
myasthenia gravis. J Neurol Sci 158: 215-220, 1998




MG BEBEHIROFIAChRIUA L4 1 b 4 et 395

In vitro Production of Anti-acetylcholine Receptor Antibodies and Cytokines Induced by Mononuclear Cells from
Patients with Myasthenia Gravis Katsuaki Sato, Department of Neurology, School of Medicine, Kanazawa University, Kanazawa
920-8640 — J. Juzen Med Soc., 107, 382 — 395 (1998)

Key words myasthenia gravis, anti-acetylcholine receptor antibody, peripheral blood mononuclear cells, superantigens, cytokines
Abstract

Myasthenia gravis (MG) is an organ-specific autoimmune disease that is caused by autoantibodies raised against
acetylcholine receptors (AChR) in the muscles. Although it has been clearly established that thymus abnormalities are closely
related to the occurrence of MG, synthesis of anti-AChR antibody by mononuclear cells in the thymus is not sufficient in itself
to explain the amount of anti-AChR antibodies in the serum of the whole body. In the present study, we used a cell culture
system to clarify the characteristics of spontaneous antibody production by mononuclear cells from patients with MG. In the
in vitro study, cultured peripheral blood mononuclear cells (PBMC) showed significantly elevated levels of anti-AChR
antibody and IgG synthesis compared to those of the normal controls. When PBMC from patients with seronegative MG was
cultured, 4 of 21 samples revealed significantly detectable levels of anti-AChR antibody in vitro. PBMC culture can thus be
considered to be a useful diagnostic tool for seronegative MG. PBMC demonstrated a higher synthesis of anti-AChR
antibodies per cell than those from bone marrow and thymus. It is therefore likely that PBMC constitute a principal site for
the secretion of anti-AChR antibody in patients with MG. No obvious relationship was found between clinical severity and
either in vitro anti-AChR antibody synthesis by PBMC or serum anti-AChR antibody titer in MG patients. Since there was a
significant correlation between in vitro anti-AChR antibody synthesis and in vitro IgG production, we assumed the occurrence
of polyclonal B cell activation in vitro. In vitro, anti-AChR antibody synthesis was not influenced by mitogens such as
pokeweed mitogen, phytohemagglutinin, recombinant IL-2 or superantigens, suggesting that antigen non-specific stimulation
of lymphocytes is not implicated in the increase in autoantibody production. The production of cytokines, such as
interleukin(IL)-2, IL-4, IL-5, IL-6, IL-10, IL-13, IFN-y , TNF- «, was not significantly elevated in the PBMC culture of
patients with MG compared to those of the normal controls. The level of anti-AChR antibodies in the culture did not
significantly correlate with that of the cytokines, while total IgG levels significantly correlated with the IL-6 and IL-10 levels.
These results suggest that the increase in IgG synthesis by PBMC from patients with MG is brought about by polyclonal
activation of B cells induced by IL-6 and IL-10.



