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< Abstrac t>
Myasthenia gravis is an autoimmune disorder mainly

caused by antibodies to the muscle acetylcholine

receptors at the neuromuscular junction. Loss of these receptors leads to a defect in neuromuscular

transmission with muscle weakness and fatigue. In thi

s study, to understand of myasthenia gravis, we

reviewed about anatomical and physiological view of neuromuscular junction.
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A7)} dolow W aln £58 7AA#d), ol
AEE 72t AR L g 52 A= 5, 4=
o] 5z aaye] A= A4z HA3E By o
Al A4 g1 o adan e gL 258 843
we AN A8 &% A4S 84352719, oF
AEE AAZ 4FFE AY 2802 BuUAA ok
olZ <3l 289 &3} ojge] A3 Fyslo] &7
< 2AY 9 Heye s F& ol A ¢ UG EH
Zqt, 2000: Eric 5, 2000).

SEANAY 2 FuAsl FAIAEY A% o
P27t AR EAN 2802 Add F UEE S48
A E3ld 72E 4732 9% ¥ (neuromuscular
junction) EE £F%F % (motor end plate)°]&} 31,
o] X132 AZF9 55 Agattn & 4 UrHe|AY
7} vkAo}, 1996). Al A (synapse)& AZAA N 27
o] 2%3hs H-AE UW3ly, Alg2e] AFF 7% v
S YAMEe ARAAZEH] AYg2d ARFD
(presynaptic nerve ending) el %E] felslo] A gx
Z(postsynaptic) X2 89t e 78719 A
e slojobgitH(Miriam, 1999). A7 Al %
ele 2% 248 o) 2802 YY) =y
SEEde SHRE T FEgAA APFEH
(Rosemary®} Marylou, 1988). oj2jgt 4742 AHF-
9] 71534 (disorder) & of7|Hl& tIEAQ Ago]
% 28 Zoln.
gravis, my: <, asthenia: 93, gravis: 3%)& 417
o AYRY 2§ olHEZY 4287] (acetylcholine
receptor)oll T3t A2 Q18 op7|xle AF o] AtE
o 7158 Aolt}, o|& £4719 JERHeR Qs A
A Atol9] JH 2 M (transmission)el A7} ok
1 2 9239 9271 Bt (Angela 5, 2001).

E2x 8k 259 #¥d B2 FEE AVAE,
FAE, 4 ¢ FAAE, TFAR, WA Fo= A
g3 len, AT AR rleder 9 ¥

e N s B = |

%% 259 % (myasthenia

dahe 35 27858 A% BUAREe A U
dishe A9l oM MIAY £E2F. M 5&

28 F Ah(WAS3 wlE, 1998).

¥ n#@dMe 5% 2759 B} "L ol3E 4
d, AR ARFF9 e pxo Y aF R
gz Ad, 34, A= da] ol Eux
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1. AMHZ AR sHFEEE T
579 &4 Z(end plate)old £ 29
9] Eg HEo2 ARXME g}, 25470 24
frol 717 AA ™, Z2t9] 42 (myelin sheat) 7} 114l
a2 A9 she 7IAE Ui, o] B ABALGERS
B AlYg2a @ (synaptic bouton)E A (P
A F, 1993). 479 A ad FodSde A4A
2EAS FH|3y] e "ag A S0 EAdhe,
ARAGEZAQ otAE Zd (acetylcholin, ©13F ACh)
£ 33 A& AX(synaptic vesicle)9} AChY &
FA HH1E sfE 538 859 (active zone)7t
Aok, AYAA el X% BE SR AAAD
B4 87171 AT AgAF SARe] | 2o
25 o] e AHE FE(unctional fold)} wlFH
2 g Fch A2 g} Ag 23 72 o 100nm9]
AW A 744 (synaptic creft) 22 2|50} i}, Ay
2 714 Alelelle Zaldlz AXe] 713 giAR 4
d 712" (basement membrane)°] SloH, oA E
U(acetylcholine) & 12 £ 52 Halshs 4 of4
g 2o Aej2hA (acetylcholinesterase, ¢13F AChE)
7b 7129t A shteled AFElo] vk 2A
oA AHE FFo] FEH e FHde B2
voltage-gated Na channelol ZA3tHAAA, 1991:
oldeix} ut7do}, 1996: Arthur, 1986: Eric
2000) (2% 1).

=

)

2. AlYAN 9 (presynaptic membrain)oi|
AMe| Mefstaol s}

Z2te] oA EolE ARALEAL ACho|t).
Katz$} Miledi(1970)& HIEZ %4 (tetrodotoxin)&
A3t yoltage—gated Na channeld AAIZIH Al
Yad SAE AAF o FopAa o2 A Ay
2% Az Zhrdy, Agad A7 40mVelsa
Yol APAF AY: AR nE AAALEAS
F2e A aA A 2o gi-F o]&drtn Hagrh
Voltage-gated channelol4l Na*9] 43 K'9] #&
o o8] fuite 110mve SEANA7 &4 2o 84
Bod ola®l, 4 UUREZ Ca™E st =



voltage-gated Ca** channelZ Ca**9] el deold
t}(Arther, 1986; Jeziorski®} Greenberg, 2000)(2
42). AR FLNA Yojuhes Al 2L XS] F7|E AT
2ol gEE AEIZd s 2ol AFH] e
2] (compartment) 3 843290l dockingsol £H
g % SlE F8o| dedl. Ca?7t =Y docking®
o] 9l AR fusion poreE €1 ABEA] F&H
2 30, AP (synapsin) & Q4¥8E o] MEZZ 2
2RE AZdo d& 2% fEH2, ol €47
2 trafficking®]" targeting®t}(Rosahl® Spillane,
1995). 28 & ¥9|E 93] dockingpriming, fusion
H & §3o] dojdrl. o] ul Rab proteind Aulo]

A vesicle trafficking# targeting®ll #-&@tHDeacon
7} Gelfand, 2001). Doking-priming. fusion, ¥#&&
98 Axutd] g @Al VAMP(synaptobrevin)
s} APY EEla% (synaptotagmin), 223 AZFE
uo] gl Mkl (syntaxin)# e =(neurexs)® &
Fatgo] dojdrt AP A% W e R &
A9 AYEAAN (synaptophysin)& B} &4 71u4]
(tyrosine kinase)dll 23] Qltslsa AFAGE2
$2& 233 HDavis ¥, 2001: Daly?t Sugimori,
2000: Ono %, 1998: Sudhof, 1995: Yang®
Larsson, 1999) (2¥3).

Synaptic vesicle,

Ach birdding at
transmitergated
channeis

Channet openiag

Presyngpic N % Na Intlow
membrane : E 4
ACHiVE ZONE ... " % . 'Nar_ Kougow
4 Lk channet | Genolarizati
3| teft & oolarization
Synaptic cle - {end-phate pateedialy
Ca channel .. P x\db‘é?{ .
ACh receptor % A -gm,_\_;/ﬂw;,;; : Ogening of voliage;
eplors 3 ? ) g—i& &% : gatad Ma channeds
5 - ® -
. & %
Junctional fold | oo b < : Na inllow
“ i '," -
Voltage-gated ' * g " PO Depolarzation
Na channet gy, ) i
Y vordoen Nid Actios patestial
Past ptic b chage-ga
synaptic membrane g channel
a7 1. AzadEs 37 2. AH% SHEYoIMS ML 58 K T Na” £}

1: Targeting, 2: Docking, 3: Priming
4 Fusion, 5: Endocytasis

08 3. AREUN AlASES| FI|

3. oj2xlidol cst nE
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NZHQ o] Aol s A&t @rt. AFHTE %
I LE AR ol o] 2AdE X A T
Ao] EA3t, ojAde Ax Tt FtEAZE



29 55E AW AZolu SHEAA w9 st

549 2dn Ag23A9A FRAS G S8
2o BAE WE W38 =AY g AR ol 2ald

o ol#) 7}sslt}. ol & Al 23 FU=EE Ca 9 #
A& A XA B thAlAEQ AP S v 5 3]
3, ARAGEA Bt op g Tyt 4o e
#4318 o 2 2H(Eric F, 2000).

olg§t o] 2Ade 54 ol&% AFtam Ay,
449 A=F & A, = (ligand), A% ¢ 9
8 1 2% (compomation)e] ¥W3lq AdE& dAY 2
ony, At Wl o8 ZAHE voltage-gated
channel, #}%3 HA2E4d(chemical transmitter)el
ol3} 3=+ ligand-gated channel, @43 <12k3}s}
©Ql 4t 3} (dephosporylation) el & ZFH &
phosporylation-gated channel 22|32 ¢3ou A%
o] <3} ZA 5+ mechanicallly gated channel 52
g 37 FEdri(Hamill®} Martinac, 2001: Rudy$}
McBain, 2001)(2384).
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Closed
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4. Y272 (synaptic creft)ollA{2] Az|
EIgSCE

547 F%AM ACh7t &5 WA ACh
receptorst Ai3le] AL ZABFAE BER AT
Hog g &7)E st 7129 e AChE7Z} ofA)
49323 B340 7l g FAAA 1 71%E 283
A gt =g FujE Ache] YHEL oz 4
o] AChE®l 93] #adct. £ul¥ ACh9 282
2msece|Wo] ¢RH 1 oA A FEPE F=R
3 3-5msec7t AdATh At e AChS &
(choline)# ol EA(acetic acid) 22 Hdjso] thA]
AR zRee B8 F4En, ggoeye de 2Uy
Al AChZ I ETHR AR, 1991: Arther, 1986).

5. AlYAZE gf(postsynaptic membrain)
oflAel MelstE s}

e A R
gated =& ionotropic recpetor2! nicotinic type9
ACh #8717} 19 vlola220HF 1000047071 2
o] 9t} ole&ade 2709 a-subunitst f-y-0-
subunit® FAHo] 21w, 2] a-subunit®] opv
A 27)(amino terminus)el AChE <14stx A}
she 2971 doh oA Ade sy AdEd
AChel 218l 33 delA dch(Eric 5, 2000).

ACh-gated channel® A X9 FEA AFAT A
9 Z, WA 9 (end plate potential) THELZ HAYA]
7131, Na 9} K & A9 ujs:3b EA1719, =& Al
2 A7} o] && e AChY ol mha} Ay A9
7} ¥3bke E<iet 4t ACh-gated channel $%
7H7tolell Y215t voltage-dependent Na & E4J31A]
A, AdaF AX7 A Hoz GRFge w6 B
£ voltage-gated channele] gelA] g1 o]d whio
2 Na channel& W27 5322 &5HAE A
Al gy AE st SAHARFE AUy
(Arther, 1986)(2%2).
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=

=
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33258 5L ol EdFY F#8 (acetylcholine

receptor, ©8F AChR)ell th3gt A7} WS w0 2 Q13



AAZANRY AY ooz Fol2 3le) HES
z e Agoch(o] B9 FEY, 1997). AT
750042 19 A= Wgshs vlnd =& dWoln,
AukAQl Mg o|@go] st Jlen, 53] 60
A o]AollA Z7Hgo] ErHAngela %, 2001: Schon¢t
Drayson, 1996).

DA
el Ay ) FF2TEFE AL

Aol Agay A zutd] AEHel gde =EY of
Ag2d 424 (nicotinic acetylcholine receptor)el
)3+ #7134 (autoantibodies) ol 218 fdsH, of &
A7} AChRY] & #A2A7]3, o2 U8 AAQS A2
7} 2 o3}t ob71dth(Huang 5, 1996). B A7
A e-bungarotoxin®] AChRE A ZIthe Aast v
ston], FZ2RYZAA Y I FAARY AL F
©] ACh Z2#5971 ez, 4F 789 E58 #
Ho| ©o] FFPsA Ak It (Fambrough &,
1973). 8FA9d o8] ¥rlsle di¥Ee AChe °f
Ag ol 26l olal 7H4Ess e, AChRY
47} AASE ACh7F 849 A7) Aol 7l§
sslo] 7152 & 4 e AChY F7} #Hagc £
AR FF 5] FEHY7} AU A2zl |
o] ACh7t A2zt o2 &350 ad o +
2719 4324 F e 7HeAel b ol 1
A ApF2A FdolM HAEe] ACh7E did &%
o o8] W A P2R g ZA7t 4711 °]
21§ o] AZtEAAEY 2o 3¢ 99
o] }(Eric %, 2000).

uie AEA FETRY5e g 858 o TEE
RE] AChS §29] EAE Ziske Algad A 32
o] v, AMAQl AChEY #%, AChRY &4 =&
#4719 71 o] fdoia Fch(Engel 5, 1999).

Axol $FRYZEAE FTI7IFT A o
HUZEE FAE Bl o), 52 A 4
ahe} AL 9] 229lo] oJHA AR AT THAA 10
o Ad ZXg AEAY FAFE Fadvtn I
(Angela %, 2001).

e s §
o

2) 5%
o] Aghe wishe AT FAIY sk wet 33
ol hEn, ¥ FAOZ EE ol E UEL,
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o}sle} ghals) wiE7| = @ 339 FxE GF 5
ot Alzte] Aol wat thedl Wl o Adn, F4&
apa 243o] gstdd), 3F £ 77 vt 2 4
ztg ez s 9 4 AcHAngela F, 2001).

Ezo 9on Aukist 7zts Fioln, A& 34
Hz 2 Q1% st vehdtt. gsise 282 7
o] me} kst T F2 9t (extraocular) 3 3
A2 (levator palpebrae)dl 98l ob7lsle AT
(ptosis) s} #A] (diplopia)7t vehte, 72 (bulbar
m.)T e stz A2 ¥} ey, YUY, A
7l Sol olgdgol Uehdtt, BT &9| %3z ogdE
29 A7t Ha, 32 9sj9 28] JAydtn 3
o &9 Ze 2KEE IFsHE 45 Yok I
z&29 943tz #4899 (Cunning® Shawna,
2000).

3) g

AChR #A7A171 W] Ao {-8-3ich. He] X3y
€ 7% o 85%] FA AN P22 ehtAIRE, of
15%9) 22282 gx= AChR &7} 9o, o
2 AA2 9429 @A muscle specific
kinase(MUSK)7} Yehhe #4= slth. =3 473

Z3a T2 Z(gcular myastheniagravis) &#tel °F
50%% AChR & S4uts-& vehlo] Adtd] o

go] ¢lek FH{Angela 5, 2001).

g oz vAAAA FHore] AL ¢
&, wEgE AR AIFA T 2F A
(evoked motor action potential)®] 47 vehdt,
2@ A 3Hz2 HEAHA Hz AAF AS
(supramaximum nerve stimulation)*], & 832
4 % A 9] (evoked compound muscle action
potential) ¢ Z47t Jehg A% F327Ys5es 2
@ 4 2ltH(Odabasi 5, 2000). 4& 553752
2 Ago] {9 CTY MRIZ FR&89& AA8 $4
7150l 4 FAE ZAs)of shed), ole A9 &
A7} Burg AS7E 87 WEQ, Bxbe] o 70% 14
Z4 (hyperplasia) 27 & Holx, ¢ 10%e F41F
(thymoma)e°] vehdtiz stgich(o] &2 B34,
1997: Maggi, 1991)

4) A&
¥ 2] = 2E] 2% (pyridostigmine) ¢} 22 AL



o] 26|24 (anticholinesterase) 2] Tk A F
225859 Aud HEHD, ACh/} 7HsEdEe
RE go} AL F9] 8719 Fu2A8dsr Y=s ¢
o} (Massey, 1997).

F44A & (thymectomy) & F2 32 A 3
45, i FPE FFEFEHT A FAE
A7b $uE AChR 34 SA %S 8 eln A%
8} %]  (immunosuppression treatment)& # &% o}
HA e #@xlelA A4d. FAAEAR A9 3449
gslo] it 7AW G gAY, olvle FAE T
Eodle €X 7] Yoy =3 A2 F8T

< ke FAo] AAH7] dRolelet 5 rHEric
<. 2000).

413 aAoAe 842 (plasma exchange) ]t
(Newsom-Davis ¥, 1978), A4 wg2a¥d
(intravenous immunoglobulins)S FARH 4§ &
ofste] ZHaxell A o|tHGajdos ., 1997).

.2 £

Aol 718 g H &g olsfE wigo s B8
o Fashe A2 A8 AHPE 2 =35 F A
o, ol§ SsiME 712 A FHE n2dhe AL
g&Aoltt. w2, BR8P} A8she o8 A%
§ 7 287 9dd A8 4328 e e
2 s e APYAE F52FE5 g 2
ol&) & S8 NAT AR Fo g A AL nF
3 5275 dUx 4, A aeln Az o
8 gobrgitt. 2 7)1W & Fvl P& 47] Al e 7]
293z B Aol 7120k & Aol

(L2 E)

334 51 A%, &AL 186, 1993.

AARA AT, 2¥AL 44-46, 1991.
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Angela V, Jackis P, David H : Myasthenia gravis,

Lancent, 375, 2122-2128, 2001.

Arther GC : Textbook of medical physiology, 7th
ed, W.B.Saunders company, 1986. .

Cunning, Shawna : When the Dx is myasthenia
gravis. RN, 63(4), 26-31, 2000.

Daly C, Sugimori M : Synaptophysin regulates
clathrin-independent endocytosis of synaptic
vesicles, Proceedings of the National Academy
of Sciences of the United States of America, 97
(11), 6120-6126, 2000.

Davis MJ et al : Regulation of ion channels by
protein tyrosine phosphorylation. American
Journal of Physiology: Heart & Circulatory
Physiology, 50(5), 1835-48, 2001.

Deacon SW, Gelfand V : Of Yeast, Mice, and
Men: Rab Proteins and Organelle Transport,
Journal of Cell Biology, 152, 21-24, 2001.

Engel AG, Ohno K, Sine SM :
myasthenic syndrom: recent advavces, Arch
Aeurol, 56, 163-71, 1999.

Eric RK, James HS, Thomas MJ : Principles of
neural science, 4th ed, Mc Craw Hill, 2000.
Fambrough DM, Drachman DB, Satyamurti S :

Neuromuscular junction in myasthenia

Congenital

gravis: decreased acetylcholine receptors,
Science, 182, 293-295, 1973.

Gajdos P et al : Clinical trial of plasma exchange
and high-dose intravenous immunoglobulin in
myasthenia gravis, Ann Neurol, 41, 789-96,
1997.

Hamill OP,

Mechanotransduction in Living Cells,
Physiological Reviews, 81, 685-701, 2001.
Huang et al : Link Increased levels of circulating

Martinac B : Basis of

acetylcholine receptor (AChR)-reactive IL-10-
secreting cells are characteristic for
myasthenia gravis (MG), Clinical &
Experimental Immunology, 118(2), 1999.

Jeziorski MC, Greenberg R : The molecular
biology of invertebrate voltage-gated Ca
channels, 203, 841-57, 2000.

Katz B, Miledi R : Membrainnoise produced by



acetylcholine, Nature, 226, 962-963, 1970.
Maggi G et al : Thymoma® results of 241 operated
cases, Ann Thorac Surg, 51, 152-56, 1991.
Massey JM : Treatment of acquired myasthenia

gravis. Neurology, 48, S46-S51, 1997

Miriam MS : The constant junction, Science,
286(5439), 424, 1999.

Newsom-Davis J et al : Function of circulating
antibody to acetylcholine receptor in
myasthenia gravis: investigation by plasma
exchange, Neurology, 28, 266-72, 1978.

Odabasi Z, Kuruoglu R, Oh SJ : Turns-amplitude
analysis and motor unit potential analysis in
myasthenia gravis. Acta Neurologica
Scandinavia, 101(5), 315-321, 2000.

Ono S et al : Regulatory roles of complexins in
neurotransmitter release from mature
presynaptic nerve terminals, European
Journal of Neuroscience, 98(10), 1998.

Rosahl TW, Spillane D : Essential functions of
synapsis I and II in synaptic vesicle regulation,

- 767 -

Nature, 375(6531), 488-494, 1995.

Rosemary MS, Marylou RB : Physical Therapy,
J.B. Lippincott Company, 1988.

Rudy B, McBain CJ : Kv3 channels: voltage-
gated K(sup+] channels designed for high-
frequency repetitive firing, Trends in
Neurosciences, 24(9), 517-527, 2001.

Schon F, Drayson M : Myasthenia gravis and
elderly people. Age & Ageing, 25(1), 56-59,
1996.

Sudhof TC : The Synaptic vesicle cycle: cascade of
protein-protein interaction, Nature,
375(6533), 645-653, 1995.

Truffault F et al : Altered intrathymic T-cell
repertoire in human myasthenia gravis, Ann
Neurol, 41, 731-41, 1997.

Yang SN, Larsson O @ Syntaxin interacts with the
L-subtype of voltage-gated Ca channels in
pancreatic cells, Proceedings of the National
Academy of Sciences of the United States of
America, 96, 10164-10170, 1999.



	MRCRB4_2001_v13n3-0276.tif
	MRCRB4_2001_v13n3-0277.tif
	MRCRB4_2001_v13n3-0278.tif
	MRCRB4_2001_v13n3-0279.tif
	MRCRB4_2001_v13n3-0280.tif
	MRCRB4_2001_v13n3-0281.tif
	MRCRB4_2001_v13n3-0282.tif

