Effect of Immunological and Pharmacologic
Agents on Acetylcholine Receptor Clusters of
Skeletal Muscle

BEE:jpn

HhRE
~EH:2017-10-04
F—7— K (Ja):
*—7— K (En):
YER

A—=ILT7 KL R:
Firi&:

http://hdl.handle.net/2297/8296




FRAFHEEFLLHME 1015 18 57-67 (1992)

57

%%%7&%»:U7Vt7ﬁ~-ﬁﬁxﬂ—m
RSB RIE R L OEBLR T O e

SRAFELMENELME (B | BFERID
B OA
CPBUA4F 1 H 8 AEA)

BAERG#EJTEE (myasthenia gravis, MG) B msss & ORI TR BT 5 L £ 2 bhTL 5 FEHIR, 75 Mg

ﬁm@ﬁtﬁﬁbh%7t$w:va&iﬂ~@ﬁ§¢(

acetylcholine receptor cluster, AChR 7 5 = & =) EDL S

BB EX BBV TRE LY. ¥ 00T 25420 v bt 7 % — (acetylcholine receptor, AChR) % fluorescein
isothiocyanate (FITC) % #%# & 7+ a-bungarotoxin (FITC--BuTx) K CHNEHE L, L —F =1 } 2 — & —Z AT LR
@%Eﬁﬁ%@ﬁ%ﬁ%ﬂﬂ—VKEOI5&@%%5%6#Tﬂmbt.MG%%E%HN%M%&EE%%%oT%@M
ﬁm%ﬁéA%Riﬁxﬂ~%E?é%%ﬁﬁDﬁﬁﬁE%ﬁTgﬁéﬁ%ﬁ%b%ht.mﬁﬂiéﬂﬁ%,ﬁﬁbh
A%Rﬁ?%ﬂ—@ﬁ?%ﬁ%ﬁ%”ﬂ‘V(Eﬁ,?ﬁﬁ%éW&MGE%ﬁkﬁﬁﬁ?kﬁLtﬁ,ﬁﬁﬁﬁﬁﬁb&
otc. BEMEXGHEMED AChR 752 % — DHBRBEERE T I RIYREEZOEFOWT tF L2y v 1w 7R~
LB & ORICIZEBORBENED b, 70, MR OB DB LA <5 HIYT, BEMNECLE L Emia o
FABE A B3t L, ¥IGREEE S (fluorescence recovery after photobleaching, FRAP) K THERE A R io2s, SR
ﬂﬂ@%ﬁ&@ﬁmﬁﬁﬁﬁ%b&#ot.%ﬂ@&#?ﬁ,ﬁW%VlUV&M%?&&%&%WJ%;UC—#T—{&

EMILT 5 & &1 phorbol 12-myristate 13-acetate (TPA) 1z,

AChR 7 52 % — D HBLR 38 < 13 B3R TD bRt .

k%,:wt%v,ﬁ4bw5va%mmW®ﬁ4auyaAMP&@%?%%%T%%mmecWMAMRAamﬁ
ﬁﬁﬁ@ﬁ@@éwwvr:vﬁﬁ?%ﬁ&i%Fmmmmmgm&mawpwma(mmnmm,ﬁﬁ&@@méuﬁmg
hmmot.:hb@ﬁ%#&Amﬁaaxiam,fﬁmmﬂ»%yluv%ﬁ%&Lc—#w—&mmﬁ%éhaxﬁm

H@ET@%E&%%LTxO,MGE%M%K@AQR&

STRFEELLDLHEEI NI,

:@&Ek@ﬁ%ﬁ%g%@k,mmRﬁszy—@wg%kt

Key words myasthenia gravis, acetylcholine receptor, cluster, calmodulin, cytoskeletal system

EEMDMEIEE (myasthenia gravis, MG) Iz E & LTLE DL
ﬁﬁ?&%ﬁ&?é%%%ﬁf%é.%@&ﬂkm@&%&é
%@&yffxmmﬁE#67ﬁ%w:uVthﬂ—
(acetylcholine receptor, AChR) 1o LT HOMGRELE IR,
Wﬁ%&é%w%w17t%»:uv&mﬁﬂiwﬁﬁ,ﬁﬁ
tO&@%%%ﬁﬁ,ﬁ%ﬁ&ﬁﬁ%ﬁﬁ%@S%WEﬁbf
L%&%ibhrmahL#L,%%@Mﬁﬁkiémﬁﬁ
DERZBT LSRRG L BT 5 & 0 TIdich - f.

KH%Tm,Kﬁ%ﬁ®ﬁﬁﬁ%ﬁ%mmﬁi@A%RK
5%6%§KOVT%NétbK,Mﬁ%%ﬁ%@%ﬁ%?w
tbf%éﬁybﬁﬁﬁﬁmmtmﬂméhaA%R@ﬁ%
ﬁmamﬁ9x5~&wwhm&ﬁﬁb,mﬁ%m%%%ﬁ
%%M@%K%MLh&,A@Raaxa—mg@;bmgm
ﬁiuém,@%LQ%%%&&T%&,@%#E@&é&E
%m;a%@#,@A%R%M@ﬁm@ﬁLrwb&%th
rmé%ﬁﬁ?@ﬁﬁmaol5&%%@%%%%#6#,m
-—

DT RV, AChR O ETO B L B s
D ZRIZH T BEMF RSO M2 KAt . 7k, ACHR 2
7 AZ —DE{LDFAMIL B EE (fluorescein isothiocyanate-
wﬂyﬁn}#vy,Hﬂ}mﬂvﬁnb#yy)%ﬂmb,
V=W =94} A~ %~ (ACAS 570) % LT/~ 7:.

WHELUFE

. BE&LUHBRMmME

ﬁﬁk#@&WﬂAﬁE%%ON%@Eﬁﬁﬁﬁﬁﬁﬁ&%
%&LT#EE%%ﬂEE%H%(Eﬁkgﬂkiwﬁﬁﬁﬁ
Mﬁﬁkﬁ%ﬁZ%)Dm%%ﬁﬁbt.Eﬁ%%ﬂﬁ@%%
mﬁﬁﬁﬁ,%ﬂ%%ﬁﬁ(iFﬂ7w:¢A%sz%ﬁ§
ﬁéﬁ?%%ﬁ,ME¢®ﬁA%Rﬁ%ﬁM%&EK;Qt
ﬁot.ﬂﬁmx?u4ﬁﬁEﬁ§Mﬁﬂ®&$m%HTMk
Vﬂ@ﬂﬁ@b,mﬁ%?&%t,%ﬁ%ﬂtﬁ%%#@%b
7.

Abbreviations : AChR, acetylcholine receptor; a -BuTx, a -bungarotoxin; CGRP, Calcitonin gene-related
peptide ; DMEM, Dulbecco modified Eégle’s medium ; EITC, fluorescein isothiocyanate ; FRAP, fluorescence
Tecovery after  photobleaching; HEPES, N-[ 2-Hydroxyethyl] piperazine-N'-[ 2-ethanesulfonic acid] ; MG,
myasthenia gravis; PMT, photomultiplier tube; TPA, phorbol 12-myristate 13-acetate
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1. 5+ b AChR OHH?

B4 AZ—FRT v } ORBMHELTREL0~140 BT THE
OBREEER O W L. ML, 46580 Tris BEHKA
(NaCl, 0.1M ; phenylmethy sulfonyl fluoride, 0. 1mM ;
NaN;, 0.02% ; ethylenediamine-tetraacetic acid (EDTA), 1
mM ; ethyleneglycol bis (2-aminoethylether) tetraacetic acid
(EGTA), 1 mM; Tris-HCl, 50mM, pH 7.4) Z % TR E Y F
4 X L. 4°CT 15000rpm, 304080, HMBCRAED 1%
Triton X-100 #&1s Tris BEWE AL MLz, LW 4LTRET
—wp @@L, 47T, 17,000rpm K C30HELEDO LB
AChR 4 & Liz. T OERLYH AChR HAMAED D
HR & LT,

W. #5+~ ¢ AChR Hi{&fERE"

# AChR #AMBIER, ARG EROCILERAEED
2ODHEI L - TfTo 1.

1. ZH&RETEE RGNS

g 8vH e+ F vV (a-bungarotoxin, a-BuTx) (7 =
Yy k- Upty, BER) CEH LA ACRR E (1 pmol
BuTx binding site/ml & 7@ %) 100x1 =, 0.29% Triton
X-100 %435 Tris REHE AWK TL00fEH R Lo gidmiE 100
plEmz T, " BACCHE L. thity) vBEHK
(phosphate-buffered saline, PBS) T 2 f5FM Lzt e b
IgG (~F A PPy tv, BR)S0p1 22T, 4 CRT—HE
WieH, 4TIt T 3,500rpm, 200 fEEG L. EEREBT,
#120.2% Triton X-100 %% Tris ZEKAY 2 ml 2 Ik
¥\, 4 CRT 3,500rpm, 204 &0, WETHS “la -
BuTx &% AChR, #i AChR Hithk L Ui e b 1gG kD5
BEEAHROKEEEYRIE L. MRk LcEEHOK
BEMY, Lz ¥l-a-BuTx ORHE®RCBREL, 251K
1ml OmMEDI- D OFEMICHIE LT, pmole BuTx-binding
site/ml MEE LTRLE. TXCOAUBIIME 1 B
X3V VTARIED, 752 wEIed L OFHEL
7.

2. 2vHhFANY v AE (RERAMHAE)

gRamyE 50 41 12 0. 2pmol BuTx-binding site/ml iZ 5% Lic
AChR 100 ¢! #inx—We 4 CRZTHEH, “l-a-BuTx % 0.2
pmol 2T, —B4d CTHE, “hxavisr Y vA-
+7 »m—R% 3 s 0.5ml (Pharmacia, Uppsala, Sweden) I3
LT AChR #3E X 7. 0.29% Triton X-100 %4 ¢s Tris £2
FWRARHFELTACARIZHEA LT isl Y- a-BuTx ¥
W LI, » 5 ACRET DIMHERLWE L RAw). 17
DRI HIC Tris LEHA 50p1 AV LOEOWTRBK
HETEEERE L RAwna). REFEMEMIL, 100X RAma—
RAuc)/RAcnua (28) 2 HR®BI.

V. BMHHesE

EH1~2BHOFHEYA AZ—FT » P I0PERTY = &
7= NVECHBR, BEREOIHLA A VI ABCR L, 2O
BE» HREERETCCRE, F, OFRELETLHAR
DLEXBMOM LIz, TOBHARFZ ELIPTTHET L, 0.3%
PV 7Y v (1 1 250) (Difco Lab., Detroit, US.A.) & T37
T, 305 (L LRI 2 1872 . 1,500rpm 12 T104 RO
LEERER DR 728, BRI Dulbecco HEE Eagle #%
# (Dulbecco modified Eagle’s medium, DMEM) (Gibco,
Grand Island, US.A\) #in%, &5 1,000rpm 12T 5 5fHE

DL, EERBT, B o REER10% O 416 8 &
(Gibco, Grand Island, US.A) £ 10% DIEMIL L 7= & M #&
(Gibco, Grand Island, U.S.A.) # &1 DMEM 20ml 2%, &
¥Ry 7,4 vy LTHRYS— K Lk, 25 —-¥va—t
LTl 60mm 75 AFy 740 VL (BRAET, B K
Sml ¥4 Lic. MMM BRI 720305 S
R LI, HEERCEAL EEOSERL, 10% 048 R
# (Gibco, Grand Island, U.S.A.) 38 X U'10% D3EM1L LK1
# (Gibco, Grand Island, US.A.) #&1s DMEM % I ml kD&
3~ 4 X10° fHOMBE 755 X Sz, £ LTEOMEE
WHix oS —5va— RO Bmm BT FAF » 72 )
M CEEAST, B w2ml Fo9% L, 600 HEEE LA,

BT, BERRAHENT TV DR RY, BREY
BFEWRYR IR BT 100eM v ) 2 v (Sigma,
St.Louis, US.A), 10#4M 72 A Y v (Sigma, St.Louis,
US.A) 38 X 010% DML LicBimiE %4t DMEM I 2 #
L, A8WFfsEEE Lz,

Fiow10% OFEML Lic B Mg % &t DMEM W3 RE% 30
Wik, XL 12 Lic, T 2T 5 SERImE S L UT10%
DML LB MiErY&is DMEM IKEBRAYZTRLT, &b
V[ St C 36RERIE R 2T 7o B8, AChR OB ERERTT -
fo. 703, EEROBMFITSTEENHCT, BRETT
T, 5% CO:, BREZK T T,

V. ZROZEOAE

AChR 7 5 = 2 —iesb3 5 A OB 2 28412, KD
BEBOBRTHAWCD L A—OBERTUTORES, BE, K
MO L, AChR ¥R Eav T . EHAE O EHIZ
dibutyryl cyclic AMP (v=+, $6F), 1mM, 24BFf; & b
CGRP (Calcitonin gene-related peptide) (27" FEF AT, K
BZ), 200nM, 24B§f) ; = 7 = ¥ ¥ v (nifedipine) (Sigma,
St.Louis, US.A), 20« M, 128sf ; phorbol 12-myristate
13-acetate (TPA) (Sigma, St.Louis, U.S.A.), 100nM, 128Ff];
trifluoperazine dihydrocholoride (Sigma, St.Louis, U.S.A.),
10M, 68EM]; W-T (E{L®THE, ®BX), 102M, 6KH,;
W5 (k2T %, HE), 10«M, 68M; are sV
(colchicine) (Sigma, St.Louis, US.A.), 10M, 6KfHE; 1 b
# % v v B (cytochalasin B) (Sigma, St.Louis, US.A)),
2 pg/ml, 6FEH, TERERT-.

VI. AChR #FHem"

BBk (FF3AF 9y 72 VD) V2 AR THRERE,
10mM N-[ 2-Hydroxyethyl] piperazine-N’-[ 2-ethanesulfonic
acid] (HEPES) (pH 7.4) 8 X U° 5 %414 R 11T % &1 DMEM
(A¥R) W=h 2 TC2000M, 37C, 5%,CO., BHZER FTHEY
7. g fluorescein isothiocyanate (FITC) ¥ fEA IR -
a—-FvHea trFv v (FITC-a-BuTx) (Sigma, St.Louis,
US.A), 500nM &L ARICEBRKETH L, S HII05H,
ﬁ%#fﬁﬁ?ffﬁo?‘:.

AR RES LT\ ity FITC-a-BuTx #H D RL 72,
AV P AR TCEERE, —20C =% —A—BRLESY
fTotz. =9 i 0.1M O sodium carbonate ’Sf’é.““ﬁ%% 7
Y er— LTI, BEEOWEET-T .

o3, 4E5 ¢ M D a-BuTx (Sigma, St.Louis, U.S.A.) i€ T
2 MERIEE Lictk, EREFARCRAERTV, BRBEERL
foo Fho, FRXTNTRNC T » .
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VI. MRBREE e ‘

Ml R RN R ET 5 700, MIRBCET AT
R oY VIRED FITC M¥FEETH B N-(5-fluorescei-
nthiocarbamoyl)  dipalmitoyl-L-a-phosphatidylethanolamine
(FL-PE) (Molecular Probes, Inc., Eugene, US.A) % F %
10mg/ml L7ed X357 R L ARBRLE. ch
10mM HEPES (pH 7.4) &1 DMEM 1= T1000f5 %R L, X
CERML.

COWEFEBREOERE A CHE, 04, 37C, 5%
CO;, BRI PR TR R Lk, ~v 2 AR
THEE - 7. HEMROBELE 1o d 0.75uM D7 +
m F b (Sigma, St.Louis, US.A) &t~ v 2 A% 2
ml %51 LRI O Byt D BT 24T - 1=

Vil. AChR 7 5 X & —D5kH

AChR 7 5 A &% —DFfiiciy ACAS 570 v — 2 25— 4
v (Meridian Instruments Inc., Okemos, U.S.A.) 2 FIf L=,
ACASST0 122 v ¥ a — 2 — I & » THIM S e LRI 5
ThHh, v—F-RER, HEBRHES, avea—g—hbk
7B

V== XRRL, R OMK TS DI SEL
ThBAEEMETAHSTEW 7 42 v L —+4 — (INNOVA-
90) (Coherent, Palo Alto, US.A) 22 b 7c % . B RS 40 3
MBS (X ) VR, HH), AT v T E—2 -1 L BHBEA
7=, XEHMEE (photomultiplier tube, PMT) (#ak b =
7 A, B i), V- RERALDORE R L v X
0X) ZBLTE L pm DA ED, FHHELLOMNY
PMT CTEETS. bhitBitar . -2 -l
ERTWBEADT n /'S AT L DT Eh 5.

KBEOWELL, v—F—HOWEY 488nm L, BET 4
Jb % — (neutral-density filter) & LCT10% %/ L1z b, #iF
TRIZACIVEBEV -F-KORBER—FER LD L5
V=HF— 0 R K 150mW IZBRE L. 2048, %EREA
A= a2 — (ScanImage) #3#R L. %5 2 — 2~ 12, PMT ©
RE (PMT sensitivity) %50%, L~ — | &M DE X (scan
strength) %30%, WIESDOMFE (step size) & 1 4m & g
L, lEDRET 180 mx180xm DEMD¥IE (520nm) %
ECcEA L 1Z L.

LR D&, A0S L R L, B
REBES 2+ _RTOEBOMEEZHE L, ez GHMERD B g
HABRWEL w2750 v P& LUHBHBROREE L b
EL5|E, UTFO&H2#AT4% ACRR 25242 — L L
TF—2—®{HEL, AChR 7 5 A % — % B+ 2 PENaDH
BEE (%) L LCHLE.

AChR 7 5 2 2 —i3, (V& BMITH 5 BEmia L ic i+
L&, QTomEMBREELY SRR - Chr
W& QBB O MO IR & H LT 2 5L E 0RO B
BHTL, WBRPAROER TS, 128D LR R
CRETHBIL, BT -F T 2 b ERAT B DER
SemBEHBZ L, HRTHEEE L.

K. FRESEERENME DM (3B & EE )™

B MO OB A 5 2 T B b & D
WOREBHEBAEERE (fluorescence recovery after photoblea-
ching, FRAP) i« Lo CHIzE L7z, FEZ, BXREI i
RIEO—@ 5 RAIARL L — v — k% BT TEOR S L BE

(7Y —5) SR, ZOMBPIEHITT L — — % —F
BTYTTV 2L, BEIhAHREREDF 286 R L
TOABBEBEEOWMAK X D MEAEE LTS, CoEEDR
S THRECHBM L2 WET 2 b0 TH 5. ZOREKL D
ACASST0 V— 27 25— 3 vAFIH L.

CDOWEKE AChR DRI Hutaz iV Fo B s M & A
RO DRI L, B Y 5 % OBBING & 10% DIEEIL
LKiiiEx &t DMEM wss# L, 37C, 5% CO,, 95%7%2
ST 12K R L. 0%, MREORECHRAYF-, 3+
I ACAS 570 © FRAP 7w 75 aic CHIE L.

R LZ5 2 ~2 =%, V—¥—KOWEEY 488nm, L —
F- 0kEE K 150mW, PMT ORRE (PMT sensitivity) %
60%, v—9 — 1 &KNXDMX (scan strength) % 2%, 7V —
BED L~ DM (blast strength) #50%, 7V — F A 5t
BF[H (blast time) % 50msec, SE A DG (step size) %
0.25 ¢ m, BUEMMEE 5 FEFE20EC S| & T L0RRERE 6 1
DRE, LBELL. WWEWL 0.754M OF b r F sy v
(Sigma, St.Louis, US.A.) DELTF, 0CD v 7 AFHRCT
NCT 7. WEIBEED S v & —F v aF D Ef v 5 v
E X THRABBFURICKDS X 5 L.

BHR K 12 Koppel OB I 5T ACAS »
FRAP TR 7 = 75 s ICBA LT, SRR A R DR,
Z D& FPRER OHHERL, T TRIEBRE D H - TV B
T E148,9000 FITC-F % A + 5 v (Sigma, St.Louis,
US.A) %405 F720325% D7) « v — VESEIC D LT ik gk
FRECRREL, TOMEL OWE L TRDI.

X. #atang

BoORLF — 2 L THE L EREE TR L. Mi§E iz
FBLEH D AChR 7 5 2 2 — & 47 5 8 KIF O H B E D
s X ORI B B Y © Holic DU Tid, Mann-Whitney
VRTAMY w2 TA MR L THHMNBSI 2T, #
AChR 5ithfili & AChR D@isy: & DB D BB OB,
Pearson DHIBIGRE A ReOTT - 2. BAEATAE )i # 3 L otset
JRBED 2 D ACRR 7 5 2 8 —DW Nt % — v Ol
Fisher D% G MOMEHTT 72 LT, RSO BEAD 1 B
ZHTz, FTRTI DN T S YR O LR R A b - THE L
EL.

B "

I AChR 7 5 24— (c 3 2 BEEHB NEAZIZOZE

1. FLEGEMBR LD AChR 75 = & —

MERPHEANC & 5 UM A Fibler - i E, BEMk (%
1) OMLORS LS LT, ¥EOABIT S LA D 2
B THEENE BN ELE L (K2). H3on s
RRBO 1 REMEF -2 —TH 5. 20k 5 nBSElto
HEOBRCHERIZBHBTRESBED bRV E0nD,
ACIR 7 5 A # -2 #E 2t FRHUTHERTPOBRE &
WORARBDLERLR, HFLE—HETR, LIFLE
AChR 7 7 2 2 —DFUIRAICIZ & A E¥EAELE LIt
RETDHZERD o7, i, 20O AChR 75 2 & — 3
ACAS 570 D=RTEHHA T 2 75 a2 X T, J5 X (8D &
BE (HXE) Lol LTHB AL (F4).

2. BEMED AChR 7 5 2 2 — DHBUEEIC 5 % 5 8

REEE (50£12%) LHBE LT, BHEMBC L 5AERE (25+
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Fig. 1. Phase contrast microscopy of rat cultured multinucl-
eated myotubes on the day 7 after staining with FITC-a -
bungarotoxin and fixation in cold ethanol. x400.

Fig. 2. Fluorescence image of the same area as shown in
Fig. 1. The ACAS 570 provided a graded pseudocolor
image on the computer display. An AChR cluster is a
bright area (white~red area) at thé center of the image.
180 4 m X180 4 m.
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Fig.3. Linear section of the AChR cluster already present-
ed in the Fig. 2. Numbers on vertical axis indicate the
intensity of the fluorescence (arbitrary unit) and horizontal
axis shows the distance (#m) from a point which has the
background fluorescence intensity. The AChR cluster was
observed as a higher intensity area than other portion of
the myotube.
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13%) Tit AChR 7 3 2 2 — ¢ BT 5 HEMROHTERE DS
Eix (p<0.01) ET 2@ (K5).

3. mBAED AChR 7 5 A % —DWRIEN T 5 HE

MmEMBEEE L TEE L AChR 7 5 2 % — DM <
B — VIR L BEMTEAER - OMERD B0 E 5
DWCERHERA. MEOZAD ACR 25 A &% —K2 W
THEE L FHELE BRCER/ER) % ACAS 570 DTS
R7ZACTEELRE (®6).

TORER, MIERELSETHEHEINILD, HED
BAD t RERT, MBEOTHEOHIZEND S iR

Fig. 4. Three-dimensional presentation of the fluorescence
of an AChR cluster. The image was constructed on
ACAS 570. The arrow (<) indicates the AChR cluster.
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Fig.5. Myotubes with AChR clusters (%) after the treat-
ment with the serum samples of 17 MG patients and 11
controls. The average values of the two groups are
plotted as mean+S.D. The serum samples of MG
patinets disrupted AChR clusters significantly in compari-
son with those of the controls. v, p<0.01 (Mann-Whitney
test). .
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fo.

%9, WOV REE, 570+311 2 m? (n=110) ¥ L 08
BFERE, 5401338 um? (n=8]) L BRI HEERRD AL
Moto. i, PHEKBICOGCIIBEE, 11924356 (L&
BAY) (arbitrary unit) % L OVBERE, 1169382 ((FEBAL) &
BHHCHEBREZIRD b hih o7,

f-T, BFELA AChR 2 53 A % — W IZmiB R S &
OEHENEL SCEIRD BRI -7,

1. BEMED AChR 75242 —WEEFEH O

-
-] *
e
o
<,
*
(] * °
3 °o .
> o * *
g . ‘“00 °
Qs *0
g 17 o Lo o4 0% o
g ° e o o :0".00 o' -
£ og % @ e’ o
o & o L
Lotod, a ¥
LA
L
T
0 500 1000
2
Area (um°)
Fig. 6. Characteristics of the fluorescence intensity of the

each AChR cluster remaining after the treatment with the
serum samples. The horizontal axis indicate the area
(# m® occupied by AChR clusters. The integrated
fluorescence value on the area is indicated on the vertical
axis. (O, control serm samples; ¢, MG serum samples.
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Fig.7. Time course of disappearance and reformation of
AChR clusters after exposure of the two MG patients’
serum samples to the rat myotubes. The myotubes with
AChR clusters (%) observed at 6, 12, 24 and 36hr were
plotted (mean+S.D.). During incubation for 6 to 12 hr,
AChR clusters were rapidly disappeared. At 36 hour,
remarkable recovery of AChR clusters was observed in the
patient B serum having low titer of anti-AChR antibody,
however, no apparent recovery was seen in the patient A
serum having high titer of anti-AChR antibody. O,
patient A; @, patient B; A, control cultures.

Myotubes with AChR clusters (%)

Fig. 8.

Myotubes with AChR clusters (%)

AChR 7 5 A 2 — B3 5 BB HBEE ST 5 i
HEDEREMFEORVIHREN, MFEFOED L 5 kRFI X
L0 M5 ERNT, TOHBEERL BRSSO L5 7eks
FERTHET DO OWTHA L. 2T, AChR 75 =
2 =% HTHHEMROHBERE & 5 AChR His il & DB
OWTHERE L.

1. KsMEE

ED L 5 7eREBIC T AChR 75 X 2 — DA+ T8

20

Anti - rat AChR bindng antibody titer (pmol/ml)
Correlation between the anti-AChR binding antibody
titer (pmol/ml) of the MG patients and the myotubes with
AChR clusters (%) after treatment with the serum
samples. AChR cluster dispersal activity was significantly
correlated with the binding antibody titer (r=-—0.764,
p<0.01).

60

504 o e

0 T T g T
0 20 40 60 80

Anti - rat AChR blocking antibody titer (%)

Fig.9. Correlation between the anti-AChR blocking antib-
ody titer (%) of the MG patients and the myotubes with
AChR clusters (%) after treatment with the serum
samples. Significant correlation between blocking antibody
titer and the AChR cluster dispersal activity was observed
(r=—0.647, p<0.05).
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OMRHHIWT, AChR 75 2 2 -% 6T 5540 HE
HEOETHAREIh L 2FADBENE (BEABLUB)
DWT, MIERHNE 6 B, 1287, 248, 36BERIIC Fh 2
7L AChR #¥ ¥, AChR 75 2 2 —% BT 50S A
O MBRBEE % R,

BEMBELBEL T VWERRATIVIROBERET
AChR 75 A2 —pig bh by, BEMBELE (A, B) %175
& MFERM 6 ~12BRIc B8\ T AChR 25252 -2 BT 51
FHROHUAHEECE TAERCRDSAS Lo ich, 248
MBICRIE & 7o » 70, BEBOMFLE TII6MEE, Tk
HBEBEOEE,RED bhic (R T). ie¥, fi5 v + AChR#
K, BFACOCTRESESE 14, 1pmol/ml, FRERH
#44% T, BEBIOWTIIEAIYE 1.3pmol/ml, FAER
FLk20%TH -7z,

2. ¥ AChR Hi{Rffi & D@

FEETHAM R O TRERMAMoME & L AChR 7 5
AR —REGEMRBEREEET & I WHE @48, p<
0.01; FHER, p<0.05) »B»5hiz (K8, 9). MAlE: D
HUAMA ERIZoRh T AChR 75 2 %~ FT 55 EMBED
HRFEMET L7z,

0. EEMFOHESHIGHERBRTE~OXE

BEOEOMBERBENOBE LR DD, 1—1THE
ALk 2floBEnNRE (BEABLIOR) 8102 fIEER
miF (CE L UD) ¥ Th FhGEMICing 12/ MR L
B, WREEHEHRE LE by 2.

O F R ERSE (50msec) DI L —F —IC X hiBE X
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Fig.10. An example of FRAP (fluorescence recovery after
photobleaching) analysis of myotube plasma membrane
fluidity on the presence of patient's serum. The fluores-
cence of a fixed area on the myotube plasma membrane
was measured at various time (sec). The u value was
calculated by the method of Koppel™™ ", and collected 1n
(4+) were analyzed based on the “flat cell analysis”
program of ACAS 570 software. The gradual decrease in
Ing value shows recovery of the fluorescence of the
plasma membrane and means the fluidity of it.

BUEBR AR DR R & B 5 B EBH O ML E D24 JIEE S
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(n=6), MBMED TI32.87+£0.98 (n=9) (X 10 °%cm?/sec) & &
EENERE L EESBEOMICEEERADShich -
. -, BEOLFIHENROMMBER B 12 EEs 5
RN ERG s,

V. AChR U 522 —~DEH|DFE

EE LAl (B) REABDY vB(LIRBI B E8av 5% 2
EH B LOMREROEARBICHEY 52 2THEDH 5%
FEBAWCHEMED ACIR 7 5 R 2 —~DEBR T (K
1.

BREAORPLTHILES 2 Y VIEREL CY/hrE D o
Y VIRFHERBRERHET R W-T9 & C - 9 — R ERIL
3% TPA™ ZHEMIAE D AChR 7 5 2 2 — %+ 5%
LULWRHIRARD Hhte (p<0.05). W-5", trifluoperazine'®, =
72 DUV ICIIARNE LG TRBRRBD SR o1,

MEADOYA 29 v 2 AMP %4 LCAEBIER RS &R+
EEZ BN T35 dibutyryl cyclic AMP ® CGRP™ = & h LB
TR & LB L TR BRI e o 7.

MREBRACEED  CECHEAXS SR TLELLR
TWBareF /2094 1+ 35 vBP 2 HEHRERERC
mxfc& 25, BEME T el HREEN I E LY B
72b DD, AChR 7 5 A % —% AT AHEMRO HEEEEC
RBEHB U TIZ- & D LcZERBDLRICH -0, THEESRM
Zikare ez cBe, HEARIZBRHEMRRDO X 5P
HLUEENE OBMEBEEIENTONMBESh, 1 b
7 vV BRMAICBETH DM ERCER L.

control {day7) (n=8) e
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control (day5) (n=4)
dBICAMP (n=5) [
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80

Myotubes with AChR clusters (%)
Fig.11. The effect of drugs on the maintenance of AChR

clusters of rat cultured myotubes. Cultured myotubes
were treated with the drugs listed in the figure., W-7, an
inhibitor of calmodulin, disrupted AChR clusters significa-
ntly, whereas neither W-5, a weaker inhibitor of calmoduli-
n, nor trifluoperazine, an other type of calmodulin inhibit-
or, did. TPA, an activator of C-kinase, also inhibited the
maintenance of AChR clusters. *, p<0.05 (Mann-Whitney
test). .
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BRGMBELO=aF v T 2FLra ) v LT & —
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ARCBRRTE LoD, REBIY TEAE & B4 mUMt
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£, AP R KEBEOHIHY™, 7 7 ) v (agrin)
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R OBNT LRV vy tr=5FvTa— |
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PRI O — MO RG-S AT 5 2 LR FIFT 5 ikl &
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il AChR HilbDfic 817 4 5 § vk, HY 4 v &+ . Vi
eV B RRERCHT 2GRS Th D L OWE D
HH®, ThHH ACKR 252 2 —DREXEEL TV EHE
FAEBEELX TR ELELDND. £ TAPR T
AChR 7 5 2 & — %43 % Temla o HBSEE OE T 4 ki
&R Sl — 80 oW T, B RER E
ErELTORV 3 hRELE. LhL, BGBaEEE
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Abstract

To gain insight into how the acetylcholine receptor (AChR) is dispersed by antigen-specific humoral factor in myasthe-
nia gravis, the effects of myasthenic patient serum or pharmacologic agents on AChR clusters were investigated. At first,
the cultured rat myotubes were stained with fluorescein isothiocyanate cojugated « — bungarotoxin (FITC~ « —BuTx) and
changes caused by the serum or drugs were determined by the use of lasercytometer (ACAS 570). Serum samples from 17
myasthenia gravis (MG) patients caused a dispersal of AChR clusters in quantitative correlation with anti — AChR antibody
titers. The fluorescent patterns (area or average of fluorescence intensity) of AChR clusters remaining after the treatment
with the serum samples showed no significant difference between the patient group and the control group. FRAP (fluores-
cence recovery after photobleaching) analysis also showed no effect of myasthenic sera on the myotube membrane fluidity.
Calmodulin antagonist (W —7) and C— kinase activator (TPA) induced a significant loss of AChR clusters. On the other
hand, colchicine, cytochalasin B, and drugs effective on intracellular cAMP concentration (dibutyryl cyclic AMP, CGRP)
did not disrupt or induce the formation of AChR clusters. These results, obtained by the use of clinical and pharmacologic
samples, lead to the possibility that the myasthenic antibody may influence the interaction between AChR and the submem-
branous system, and the submembranous system is stabilized by calmodulin and interfered with by C—kinase.



