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Abstract

Myasthenia gravis (MG) is an autoimmune disorder mediated by autoantibodies that impair neuro-
muscular junction (NM]) signaling, clinically characterized by fluctuating skeletal muscle weakness
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and fatigue. In recent years, with advancements in diagnostic techniques, the incidence of MG has
shown an increasing trend. Based on distinct autoantibody profiles, MG can be classified into ace-
tylcholine receptor (AChR) antibody-positive, muscle-specific receptor tyrosine kinase (MuSK) an-
tibody-positive, low-density lipoprotein receptor-related protein 4 (LRP4) antibody-positive, and
seronegative types. AChR antibodies contribute to pathogenesis through complement activation,
accelerated AChR degradation, and blockade of acetylcholine binding. MuSK antibodies are more
common in females and often involve bulbar muscles. Furthermore, the discovery of novel antibod-
ies such as anti-ryanodine receptor (RyR), LRP4, and agrin antibodies has provided new insights
into the pathological mechanisms and treatment of MG. Clinical features and treatment responses
vary between double seropositive (DSP-MG) and double seronegative (DSN-MG) MG patients, with
some DSN-MG cases detectable for low-affinity antibodies via cytochemical assays. This article re-
views recent advances in MG-related antibodies, discusses their pathogenic mechanisms, clinical
characteristics, and treatment strategies, aiming to provide a theoretical basis for precise diagnosis
and management of MG.

Keywords

Myasthenia Gravis, Pathogenesis, Anti-Acetylcholine Receptor Antibody

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 53|

HE LG 7] (Myasthenia Gravis, MG) & —Fi H H & Hi/ /- F A 4 - JJLA 42 Sk (Neuromuscular
Junction, NMI/f& 54L& 1) H & ML, FERIFELAN 8~10/(A /TN « 4F), BURHELN 150~250/(F
JIN < 4F), TR, mTeBEARRKE. NOZRAERZR, HARWEEIMEA[1]. MG MIEKRE
MZFhZRE, EIB R B RN IR G 55 P (2] PP EIE AT, AT Ae < H IR DR A
PREFENLIER . MG 2 —MEfE R BEREIR, AR B R E IR SR & AR
AR B S HURE AT 508 IR S AR (AChR)BUR AL LPARE 5 1 52 A4 I 2 BR B (MuSK) Fi AR Y 4%, A
P52 BZNLAAS R BT 43 9 MR LB RN 4 B B, AR A5 4 188 43 o J L2 B AN RN BY (3]

2. Rt

FREILTG 7I(MG) & —Flt AR 22 JUL PR 2 Sk (NMU) A% 388 B A AR AE 1) B BF %0 . AChR $iko o &
BBURPUARE 80%~90%). iXLAE T 2 FIHLH]FE R il J5 IR AChR FEmeb K IhRekk, HmHgs
JR R LRI BRI JT, HER RS R Ak 5iMAS 5, SRR AME I AChR KEMIR, il
RAfdAE IR R [4]. NIhBRERM MR, O ARG EZA = AMERRPEERER . 2R %
IR BTSN AR . DLRO Z B IERES & 1) B 5e S P[5 ] AR T FAEILTG 77 (MG) I S 2 KA AL
AU R T2 NS NMD) /S I PUR N S0, S aRERE /4% RiFfRER . RSN, MG
BEAFEHEN T, B 4R RAT: Th17 ARG &, mifvE T 400(Treg) 8 K IhRE T, S
BT 2R o WAL Th17 4070 TL-17. TL-21. TL-6 Z540MfR 7, et B 4ippistb 5014k, o
HSPUARE SR R, JEMRHREIME T 40M(Thyi@it 20 1L-21 5 B 4TS F(BAFF)4EFR4E Kk ot %
N, DK E SRV B I fE . A FLHE 7R IFN-y & TNF-a L IULZZH AChR $i 5 3%
&, AT TR BAE S S5 R
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3. BENMRER

H ol 2 A MG £ 243 A HE: AChR-MG (4115 80%)MuSK-MG (4] 5%~8%)~LRP4-MG (£ 2%~5%)
DAL 2= P MG 55 S R BAE S WL AW AERE s 10 o0 A0« 52 RIVEE SBT3 3%
LT MG )5 5 R ik

3.1. T EHREEZ F il

P22 LA 2 S Kb 2% a5 JE b ) 2 B BE B 32 AR (A ChR) & — o T SR AR B b 25 1, v o oy B0 T iliE .
FBOTHLRIN : 454 5 b BRI L BEIERR(ACh) J5 3B IE TG 51 R84S T IR 5, A SRR
WA= R 2Bk AT (mEPP), Ax % mEPP £ %% [H] 5 I [RLERITE s Z AR HLAL(EPP) . 24 EPP MR AE &R
BORBMERE, BPRTENLAR4E Lgl R EnfE AL, B4 SELAGE6]. £ MG ¥, $L AChR Hiik(Ant-
AChR) S AKE RN 68.60%, FHrp4x G SR B H MR 05108 71.43%81 49.02%. K% 50%
) AChR H 5%y e N R AET H o W, W TR ZRIT A IhREA AT sl B3 2, 5 e P
BRI BRI P TE B B0 AChR, I S BCE SRR B LS 7] M — DI LSRR, PuikpT
WU e e A AR T, A2 e B I R R I ™ B AR B 1) — N EH R R R ME AR B2, % AChR “
R X” (MIR)FIPUARE T 1gG1 Fl 1gG3 WAL, BATRENS A B #ME R 5, H IR S s ™=
FPAERBR[8]. TEVRYT 7T, AMFFUFSE, P AEIHITH AChR FHMER MG 3 Ae B B PR AR iy o it
WK, FFEA BRI, WA RGN T MG P4 5 8 AChR HUiRFHE MG B I R i1«
25 32 191

3.2. A% R MR SR EE

JUL PR 5 R U (ML S K) A2 11 28 JUL R 2 3k S A J S b 1) — b DG R s 2 Ak . Ly T 5 MR IE N -
M Ah B LA N R U 1 = A %o 0% BR R 1 RE 45 4 I (g 1~1g3) [ — N & & 2 bk &R 11 45 #4) 350 (cysteine-
richdomain, CRD)FJ B, i J5E &5 P4l B, 25 s SRR VA 45 A 3. R AT R IX N Bl 8 S R ) Rl P22 6k i
F[9]o ZHAEABIEAME, EEF-H MuSK-LRP4-Agrin 15 5%, #1H#] AChR B4, F3 NMJ A
FEE . KE) 5%~8%I1 MG H8 2 Xf LI RE SV s SRR VG 52 (A i Ak S BH A [10] 0 LR R DR M s . Fe e
RSN S, (EARTAREF, MuSK-Ab FHPERE & . MuSK-MG £ IL-T 4ok, HEE 70%0L E, 40 K&
FONERE, FEl>70 2 FH/DI[11]. MuSK-MG % A5 Sk, IR 75508 gl kg, e
R A R . UG o A A IR, RGTE MBI, oy R FRAL, B4 B al W& L
E45; 21 30%[ MuSK-MG 35 fAE ARG N (BB AR 52 0B H AT WL, — BB, @R
TEE IS NI ZE AR OS[12] [13].

33. REEREEAZFHEXER 4iulf

LRP4 & —Figis r, HM/MEWIRE RS 9 MKEERE FI(LDL) W&k, 2 MREAEKE
T(EGF)FELE HII AN 4 4> Bl s i3k [ 14]. Z 8 A AR MG [1—F0 B 5 G 8855, HPrrRkgir i
BASME. SCFRREVER AR m/NRAA NS LRP4 AN T RIS S AR e ik, T
IR TE ST AR A MREIR, S U SR B A LA B4R HL AL I8 M 11 32k ek S
MN[15]e ZHUAR T ZSEFHIT T Agrin-LRP4-MuSK & A&, 520 AChR 4. LRP4-MG HE FIBHMER
TEANFRE T P APAE R KA S, RIBTEEA T 2% % 50%2 [F[16]. LRP4-MG 4F & T Lctk, o WT&4EkE
BENFE, HLL 50 % DU MET AHE IL[15]. 28 G Wil KRR IS G Al R A 5 4 57, (HA Ak
s B EE T R, BEER, AHSZ 8 LRP4A-MG B3 1E R B G R R R T2 AL ek iR
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o F AL SAT, 25 i P IR AE7E agrin BUPE, T SCIGHRADIA: 1 22 25 A 17).
3.4. ZREFZFERBRER A

2% SR A2 AR (RyR) 2 B BEWUFLCoUULRE X _E ) Ca2+iEiE, RyR (DU A =] 51 7 3 o A FE Bl — 3838 .
RyR BHHFrA, H RyR1 B 5EHAMHIE, ONA RyR2 B, RyR-Ab fg-5 WFh 7 A8 XU B[ 18],
PRI BURALEL O T el R 2L RIS AL, (RSB T RCZ I, A T BSOS R
ZIR[19]. WEPRUEHE SR, #54H RyR-Ab 1 MG BE AR E, 2N WD R 42 J TR
AR, BRSSPI LS SRR P R B R DU B I R, LA A 1 R RN ERE A 1) R B RR K[ 20]
EEX b AL, A e SR S 2RI R A6 T BOR, HHLHIFE R g Ml (] T 40005 B 208 RyR
FHOCAS {55 Th RE B i IR B AR FH[21]

35. B&EER

Agrin J&—F IS Bt 2 AR RSB BR IR LRI 2 8 B R BE(HSPG), H 2 A2 THLRAH L, X
BB LA v S R B AR [22]. agrin SHLET4ERE EAE AL SN LRP4. IS HRARE
ERM EANEER D), W NMI FTE R, 4EREFI A2 (23] 75 MG 3, 29 30% [ 852 I3 Hh o] ksl 2)
BE X4 2R (Titin) 9 B S P . B0 — PR, iU Efa G R MG AME T R T 2
50%~55%, TIRFEME A I F] 55%~60%, KAHFEERZLEE MG (1)1 I B SUR A7 7F 2 2 Rk
[24]. MEAL, HWFAIIR agrin H S HUARK LT RES G ™ E EAHDC[25], I HAZPUARTERR 5 MIZE45 0
RIFLALS) B E AR [15]. ST, 4RI% agrin FURRERRIATE S, HB DI SOR LB J HAE
MG H I EARAE F AR N B

3.6. RIFER

Ji2 Ji 2 1 (Collagen) F4 G FLAM T (1 B 22, 2 5% i [R) Bt rp 9 i B IR 45 M IR L BB 70 - KT ColQ-Ab
(5 AL T ARG BN =, ColQ-Ab FIREZS 52 ColQ-AchE S &R, M 5 £ 5 i [ i v
AchE [HUEI/D[26]. ColQ HUIARTE MG B H AT I, {H ColQ HuiAkPH M IA L mT WL HE A 1 My
[27]. HETAXZEASES MG M EAERMIRER D, GRRNATIT .

3.7. MENPHME

DSP-MG J2f5#& A Tl i AChR-Ab F1 MuSK-Ab [1] MG E#(28]. HRIEIAHFL, X T DSP-MG &
i, FLIRARFR A 2 I H D™ HE 2 B PR AN 5 M GO AR FO R s I B RE AL [ 28] 1% T ZYPE N 1 2 5 IR
FEE 5 MuSK ik #fHYE MG (MuSK-MG) AU IZE =T AChR Hifk s fHYE MG (AChR-MG), R
LR — e 22 S (L P LU BB ) AR B e T2 R I [20] . — TRUER X o [ R N A U R
DSP-MG 5 A[ JH28 MuSK-MG [ — M . iZR Wi (A J1SCF-ET: DSP-MG 3 i B Th R B is (14
TG A ) FIULIE 1 /E 8% W, X5 MuSK-MG SRR AE[30] @ W&, B4R 4L0E Lt
AR KL DSP-MG 5 MuSK-MG {7-7£ & 2 25 5317

3.8. M;ERAM
135 MY FE LG 71 (Seronegative MG, SNMG) B4E1£ 41 & X E XA 14 (AChR-Ab 1 MuSK-Ab [
PE)PL A =1 (AChR-Ab. MuSK-Ab. LRP4-Ab BJBATE) ¥ . BEER TR KE, BoREZ “HTE”

151 0 BB U2 T4 P PR A I (Cell-Based Assay, CBA)AE TR SR SE R 1 BRM AR R IE B, HOR ¥ &
Z & T ELISA s )ZENiZk. CBA Ff HEK293 i 13815 AChR WL & rapsyn B LS, BT
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ATDRES, IMEPUAR I A SR . Rk, ZENRK CBA K HEIMLBUE o ikt — it s
MG At il i 14 [32]

— MR UL, DSN-MG B2 RIVEE SR ™ SR AN IG Y7 10 s B J7 T 23 H 5 AChR-MG 3%
FHAIHE ST, 5 AChR-MG B AHLL, DSN-MG B #H RIRFEREVDN, IGRRMZE M, HEfEIRD>Z R,
NG RAEMNTE I ER33]. F5E b, S5l N R BT 40 R (CBA) KAl DSN-MG H & $ifk
i, AT RATERZ) 50% 76 47 1) B3 Hh ks U B A7) AChR Hitfd[34].

DA ETEIR R, FE = 4 R R R E C A B B RN . SEPRIG LT Be 2 Buik/K-F
HREH SHERIS SR AL, B 7% ELISA JiERRIEE 17, MG 1 IRt [34]-[37]. @il
FEWPE PG 6~18 A H X CAPUAR AT EERTI, RIoA—H# 7 B vl Re DR UMK BERS N . A9 Hiak
SN SR B PEE 2 v R AR ML ¥ [38 ], BeW] AChR P i B ) 38, ik 40%TERET 2 FENFN
MiEFEYE[39].

4- IE‘Q:EEEE

AR, BIENLIE JI(MG) I FE IE R — Pk R 1H, 180 10 2 4 )% N 28 5 RG VR 9T 77 Il 0
B4 AChR. MuSK. LRP4 K Agrin SHUAM AR I, MG HIIGAR D BUA R@IN5EE, ARGUATRE
FORHLE S AR R IGYT ONE L (e S i A A o (RIS, S AR i HUARAS I (CBA) o R G2
BN, AR TS H RN, B E T MiE T MG IR R, RHES R it 7 BB
Fro MR MERSE, T 4R JMT(Thl 7/ Treg 525 EL) JEAHEITE T 40(Th) 55 354k LL K 40
MR F M4 (IL-6 1L-21. BAFF. IFN-y S5)IFFEE80E, & MG A 2R i 2 Bihlm] . 2Tk
NI, B[] B 4. #MA K FeRn YA YT SRBKIE AT NI FE AR, RMASHIHI 70) Can 46 26 W SR40) A B 40 Bl 23
BRITIVECUNR) 22 8 bt C/EMER TE MG PR 38T 30 RRIIIE TR SRELL R LA T (1) A%
G SEPURAY. RAHZE BN FHEA, MNP ER ) G M RHE: (2) Mz T
Tl IREBEET HURIE S e A MURE RS HEVRTT S0E . (3) JLE MG 5N MG ZRAUHT5T: #8R KR
WU 5 G S B R AE B AR PR 22 575 (4) BROR S Sz ic A2 AL IR K B e 1 A2 A a7 s 5 R R A
s (5) BIBLEERITEYT: TR FeRn $5HU7. BAFF FHWT 7 K 40 57 W26 0815 245900, k3 S e RS o T
MR E AL . AR S, MG BEFIEA T “HuiRiRa” iEn “ REGmiiiis” M. MEaZE¥s
ATFEARFIARWRE, X MG BURHLEI 0B EINA T, SEII IR A2 9T FE Fo s 21
2 S

&E 3k

[1] Punga, A.R., Maddison, P., Heckmann, J.M., Guptill, J.T. and Evoli, A. (2022) Epidemiology, Diagnostics, and Bi-
omarkers of Autoimmune Neuromuscular Junction Disorders. The Lancet Neurology, 21, 176-188.
https://doi.org/10.1016/s1474-4422(21)00297-0

[2] Mantegazza, R., Bernasconi, P. and Cavalcante, P. (2018) Myasthenia Gravis: From Autoantibodies to Therapy. Current
Opinion in Neurology, 31, 517-525. https://doi.org/10.1097/wc0.0000000000000596

[3] Verschuuren, J.J., Palace, J., Murai, H., Tannemaat, M.R., Kaminski, H.J. and Bril, V. (2022) Advances and Ongoing
Research in the Treatment of Autoimmune Neuromuscular Junction Disorders. The Lancet Neurology, 21, 189-202.
https://doi.org/10.1016/s1474-4422(21)00463-4

[4] Ruff, R.L. and Lisak, R.P. (2018) Nature and Action of Antibodies in Myasthenia Gravis. Neurologic Clinics, 36, 275-
291. https://doi.org/10.1016/j.ncl.2018.01.001

[5] Martinez Salazar, A., Mokhtari, S., Peguero, E. and Jaffer, M. (2025) The Role of Complement in the Pathogenesis and
Treatment of Myasthenia Gravis. Cells, 14, Article 739. https://doi.org/10.3390/cells14100739

[6] Tan,Y., Shi,J.,Huang, Y., Li, K., Yan,J., Zhu, L., et al. (2022) Long-Term Efficacy of Non-Steroid Immunosuppressive

DOI: 10.12677/acm.2025.15113176 923 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.15113176
https://doi.org/10.1016/s1474-4422(21)00297-0
https://doi.org/10.1097/wco.0000000000000596
https://doi.org/10.1016/s1474-4422(21)00463-4
https://doi.org/10.1016/j.ncl.2018.01.001
https://doi.org/10.3390/cells14100739

RS
=
5
HO

e

[12]

[13]

Agents in Anti-Muscle-Specific Kinase Positive Myasthenia Gravis Patients: A Prospective Study. Frontiers in Neurol-
ogy, 13, Article 877895. https://doi.org/10.3389/fneur.2022.877895

Kordas, G., Lagoumintzis, G., Sideris, S., Poulas, K. and Tzartos, S.J. (2014) Direct Proof of the in Vivo Pathogenic Role
of the AChR Autoantibodies from Myasthenia Gravis Patients. PLOS ONE, 9, e108327.
https://doi.org/10.1371/journal.pone.0108327

Robeson, K.R., Kumar, A., Keung, B., DiCapua, D.B., Grodinsky, E., Patwa, H.S., et al. (2017) Durability of the Ritux-
imab Response in Acetylcholine Receptor Autoantibody-Positive Myasthenia Gravis. JAMA Neurology, 74, 60-66.
https://doi.org/10.1001/jamaneurol.2016.4190

Morgan, B.P., Chamberlain-Banoub, J., Neal, J.W., Song, W., Mizuno, M. and Harris, C.L. (2006) The Membrane Attack
Pathway of Complement Drives Pathology in Passively Induced Experimental Autoimmune Myasthenia Gravis in Mice.
Clinical and Experimental Immunology, 146, 294-302. https://doi.org/10.1111/j.1365-2249.2006.03205.x

Koneczny, 1. and Herbst, R. (2019) Myasthenia Gravis: Pathogenic Effects of Autoantibodies on Neuromuscular Archi-
tecture. Cells, 8, Article 671. https://doi.org/10.3390/cells8070671

Evoli, A., Alboini, P.E., Damato, V., lorio, R., Provenzano, C., Bartoccioni, E., et al. (2018) Myasthenia Gravis with
Antibodies to MuSK: An Update. Annals of the New York Academy of Sciences, 1412, 82-89.
https://doi.org/10.1111/nyas.13518

Sanders, D.B., El-Salem, K., Massey, J.M., McConville, J. and Vincent, A. (2003) Clinical Aspects of MuSK Antibody
Positive Seronegative MG. Neurology, 60, 1978-1980. https://doi.org/10.1212/01.wnl.0000065882.63904.53

Pasnoor, M., Wolfe, G.I., Nations, S., Trivedi, J., Barohn, R.J., Herbelin, L., et al. (2010) Clinical Findings in MuSK-
antibody Positive Myasthenia Gravis: A U.S. Experience. Muscle & Nerve, 41, 370-374.
https://doi.org/10.1002/mus.21533

Takamori, M. (2020) Myasthenia Gravis: From the Viewpoint of Pathogenicity Focusing on Acetylcholine Receptor
Clustering, Trans-Synaptic Homeostasis and Synaptic Stability. Frontiers in Molecular Neuroscience, 13, Article 86.
https://doi.org/10.3389/fnmol1.2020.00086

Rivner, M.H., Quarles, B.M., Pan, J., Yu, Z., Howard, J.F., Corse, A., et al. (2020) Clinical Features of LRP4/Agrin-
Antibod-Positive Myasthenia Gravis: A Multicenter Study. Muscle & Nerve, 62, 333-343.
https://doi.org/10.1002/mus.26985

Chung, H.Y., Kim, M.J., Kim, S.W., Oh, J. and Shin, H.Y. (2023) Development and Application of a Cell-Based Assay
for LRP4 Antibody Associated with Myasthenia Gravis. Journal of Clinical Neurology, 19, 60-66.
https://doi.org/10.3988/jcn.2023.19.1.60

Li, Y., Zhang, Y., Cai, G., He, D., Dai, Q., Xu, Z., ef al. (2017) Anti-LRP4 Autoantibodies in Chinese Patients with
Myasthenia Gravis. Muscle & Nerve, 56, 938-942. https://doi.org/10.1002/mus.25591
Tsivgoulis, G., Dervenoulas, G., Kokotis, P., Zompola, C., Tzartos, J.S., Tzartos, S.J., et al. (2014) Double Seronegative

Myasthenia Gravis with Low Density Lipoprotein-4 (LRP4) Antibodies Presenting with Isolated Ocular Symptoms.
Journal of the Neurological Sciences, 346, 328-330. https://doi.org/10.1016/j.jns.2014.09.013

Romi, F., Skeie, G.O., Gilhus, N.E., et al. (2005) Striational Antibodies in Myasthenia Gravis: Reactivity and Possible
Clinical Significance. Archives of Neurology, 62, 442-446.

Lazaridis, K. and Tzartos, S.J. (2020) Autoantibody Specificities in Myasthenia Gravis; Implications for Improved Di-
agnostics and Therapeutics. Frontiers in Immunology, 11, Article 212. https://doi.org/10.3389/fimmu.2020.00212

Fiol, BERK, HiE, & EEPTEAE IR S M5 AChR FiiA, Titin JraF0 RyR Hifd ik i & Fo il
B[] A BESAE, 2012, 28(2): 218-221.
Romi, F., Aarli, J.A. and Gilhus, N.E. (2007) Myasthenia Gravis Patients with Ryanodine Receptor Antibodies Have

Distinctive Clinical Features. European Journal of Neurology, 14, 617-620.
https://doi.org/10.1111/j.1468-1331.2007.01785.x

McMahan, U.J., Horton, S.E., Werle, M.J., Honig, L.S., Kroger, S., Ruegg, M.A., et al. (1992) Agrin Isoforms and Their
Role in Synaptogenesis. Current Opinion in Cell Biology, 4, 869-874. https://doi.org/10.1016/0955-0674(92)90113-q

Gilhus, N.E., Tzartos, S., Evoli, A., Palace, J., Burns, T.M. and Verschuuren, J.J.G.M. (2019) Myasthenia Gravis. Nature
Reviews Disease Primers, 5, Article No. 30. https://doi.org/10.1038/s41572-019-0079-y

Nakata, R., Motomura, M., Masuda, T., Shiraishi, H., Tokuda, M., Fukuda, T., et al. (2013) Thymus Histology and
Concomitant Autoimmune Diseases in Japanese Patients with Muscle-Specific Receptor Tyrosine Kinase-Antibody-
Positive Myasthenia Gravis. European Journal of Neurology, 20, 1272-1276. https://doi.org/10.1111/ene.12169

Rivner, M.H., Liu, S., Quarles, B., Fleenor, B., Shen, C., Pan, J., et al. (2017) Agrin and Low-Density Lipoprotein-
Related Receptor Protein 4 Antibodies in Amyotrophic Lateral Sclerosis Patients. Muscle & Nerve, 55, 430-432.
https://doi.org/10.1002/mus.25438

DOI: 10.126

77/acm.2025.15113176 924 I A [ 2 3k

B


https://doi.org/10.12677/acm.2025.15113176
https://doi.org/10.3389/fneur.2022.877895
https://doi.org/10.1371/journal.pone.0108327
https://doi.org/10.1001/jamaneurol.2016.4190
https://doi.org/10.1111/j.1365-2249.2006.03205.x
https://doi.org/10.3390/cells8070671
https://doi.org/10.1111/nyas.13518
https://doi.org/10.1212/01.wnl.0000065882.63904.53
https://doi.org/10.1002/mus.21533
https://doi.org/10.3389/fnmol.2020.00086
https://doi.org/10.1002/mus.26985
https://doi.org/10.3988/jcn.2023.19.1.60
https://doi.org/10.1002/mus.25591
https://doi.org/10.1016/j.jns.2014.09.013
https://doi.org/10.3389/fimmu.2020.00212
https://doi.org/10.1111/j.1468-1331.2007.01785.x
https://doi.org/10.1016/0955-0674(92)90113-q
https://doi.org/10.1038/s41572-019-0079-y
https://doi.org/10.1111/ene.12169
https://doi.org/10.1002/mus.25438

B

B, R

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Zoltowska Katarzyna, M., Belaya, K., Leite, M., Patrick, W., Vincent, A. and Beeson, D. (2015) Collagen Q—A Poten-
tial Target for Autoantibodies in Myasthenia Gravis. Journal of the Neurological Sciences, 348, 241-244.
https://doi.org/10.1016/j.jns.2014.12.015

Rotundo, R.L., Rossi, S.G., Kimbell, L.M., Ruiz, C. and Marrero, E. (2005) Targeting Acetylcholinesterase to the Neu-
romuscular Synapse. Chemico-Biological Interactions, 157, 15-21. https://doi.org/10.1016/j.cbi.2005.10.007

Ohno, K., Otsuka, K. and Ito, M. (2016) Roles of Collagen Q in MuSK Antibody-Positive Myasthenia Gravis. Chemico-
Biological Interactions, 259, 266-270. https://doi.org/10.1016/j.cbi.2016.04.019

Huda, S., Waters, P., Woodhall, M., Leite, M.1., Jacobson, L., De Rosa, A., et al. (2017) IgG-Specific Cell-Based Assay
Detects Potentially Pathogenic MuSK-Abs in Seronegative MG. Neurology Neuroimmunology & Neuroinflammation, 4,
€357. https://doi.org/10.1212/nxi.0000000000000357

Muppidi, S. and Wolfe, G.I. (2009) Muscle-Specific Receptor Tyrosine Kinase Antibody-Positive and Seronegative
Myasthenia Gravis. In: Frontiers of Neurology and Neuroscience, Karger, 109-119. https://doi.org/10.1159/000212372
Guptill, J.T. and Sanders, D.B. (2010) Update on Muscle-Specific Tyrosine Kinase Antibody Positive Myasthenia Gravis.
Current Opinion in Neurology, 23, 530-535. https://doi.org/10.1097/wco0.0b013e¢32833¢c0982

Cortés-Vicente, E., Gallardo, E., Martinez, M.A., Diaz-Manera, J., Querol, L., Rojas-Garcia, R., et al. (2016) Clinical
Characteristics of Patients with Double-Seronegative Myasthenia Gravis and Antibodies to Cortactin. JAMA Neurology,
73, 1099-1104. https://doi.org/10.1001/jamaneurol.2016.2032

Zhao, G., Wang, X., Yu, X., Zhang, X., Guan, Y. and Jiang, J. (2015) Clinical Application of Clustered-AChR for the
Detection of SNMG. Scientific Reports, 5, Article No. 10193. https://doi.org/10.1038/srep10193

Cossins, J., Belaya, K., Zoltowska, K., Koneczny, 1., Maxwell, S., Jacobson, L., et al. (2012) The Search for New Anti-
genic Targets in Myasthenia Gravis. Annals of the New York Academy of Sciences, 1275, 123-128.
https://doi.org/10.1111/j.1749-6632.2012.06833.x

Tsonis, A.L, Zisimopoulou, P., Lazaridis, K., Tzartos, J., Matsigkou, E., Zouvelou, V., et al. (2015) MuSK Autoantibod-
ies in Myasthenia Gravis Detected by Cell Based Assay—A Multinational Study. Journal of Neuroimmunology, 284,
10-17. https://doi.org/10.1016/j.jneuroim.2015.04.015

Leite, M.L,, Jacob, S., Viegas, S., Cossins, J., Clover, L., Morgan, B.P., ef al. (2008) IgG1 Antibodies to Acetylcholine
Receptors in ‘Seronegative’ Myasthenia Gravis. Brain, 131, 1940-1952. https://doi.org/10.1093/brain/awn092

Gilhus, N.E., Skeie, G.O., Romi, F., Lazaridis, K., Zisimopoulou, P. and Tzartos, S. (2016) Myasthenia Gravis—Auto-
antibody Characteristics and Their Implications for Therapy. Nature Reviews Neurology, 12, 259-268.
https://doi.org/10.1038/nrneurol.2016.44

Klein, C.J., Beecher, G., Lamb, C., Naddaf, E., Milone, M., Liewluck, T., et al. (2022) LRP4-IgG Service Line Testing
in Seronegative Myasthenia Gravis and Controls. Journal of Neuroimmunology, 368, Article 577895.
https://doi.org/10.1016/j.jneuroim.2022.577895

DOI: 10.12677/acm.2025.15113176 925 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.15113176
https://doi.org/10.1016/j.jns.2014.12.015
https://doi.org/10.1016/j.cbi.2005.10.007
https://doi.org/10.1016/j.cbi.2016.04.019
https://doi.org/10.1212/nxi.0000000000000357
https://doi.org/10.1159/000212372
https://doi.org/10.1097/wco.0b013e32833c0982
https://doi.org/10.1001/jamaneurol.2016.2032
https://doi.org/10.1038/srep10193
https://doi.org/10.1111/j.1749-6632.2012.06833.x
https://doi.org/10.1016/j.jneuroim.2015.04.015
https://doi.org/10.1093/brain/awn092
https://doi.org/10.1038/nrneurol.2016.44
https://doi.org/10.1016/j.jneuroim.2022.577895

	重症肌无力自身抗体的研究进展
	摘  要
	关键词
	Research Advances in Autoantibodies in Myasthenia Gravis
	Abstract
	Keywords
	1. 引言
	2. 发病机制
	3. 自身抗体的研究进展
	3.1. 抗乙酰胆碱受体抗体
	3.2. 肌肉特异性酪氨酸激酶抗体
	3.3. 低密度脂蛋白受体相关蛋白4抗体
	3.4. 兰尼碱受体钙释放通道抗体
	3.5. 聚集蛋白
	3.6. 胶原蛋白
	3.7. 血清双阳性
	3.8. 血清阴性

	4. 总结与展望
	参考文献

