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[ Abstract]  Myasthenia gravis (MG) is a neuromuscular junction transmission disorder
mediated by autoantibodies against acetylcholine receptor, muscle-specific kinase and other
autoantigens located at the postsynaptic membrane of the neuromuscular junction. Autoantibody
detection has been the preferred auxiliary diagnostic indicator recommended by the MG treatment
and diagnostic guidelines. The methods of MG autoantibodies detection mainly include
radioimmunoprecipitation, enzyme-linked immunosorbent assay and cell-based assay. There are
objective differences in the specificity and sensitivity of each method, and it is necessary to select
different detection method in combination with the needs of clinical diagnosis. To this end, Chinese
Society of Neuroimmunology edits the "Expert consensus on laboratory diagnosis of myasthenia
gravis autoantibodies 2022". This guideline is generated based on previous diagnosis guideline, the
progress of antibody detection and the comparison result from the MG antibody examination
methodologies. And it provides guiding suggestions on methodological selection to further
standardize autoantibodies testing of MG.
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Table 1 Classification and recommended levels of

evidence in this consensus
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Figure 1 Schematic diagram of serum acetylcholine receptor antibody in myasthenia gravis

NP S RE RS RN Y Rl
Ho — I, EBABURBITE B Y
Il PR R BRAF 5 MG BYPIRE FRHAIE , Toi HEBR 28 MG 1Y
AfREME . B —J5 i, AChR P4k B M I A — & 2
MG . —Septsr R, DEEE MG AHE(1.44%)
DL HA B B e A (0 6.25% 119 PR 2254
R ILTE FPAETE AChR BRI ah, 24t
AL A S5 4 I S ) S hm o 2 5= (R 52 i, 47
AHG ) 285 SRS S X VR 1, A7 7 AR PR R B
FIRTREME . R, MGIRIRIZWIGR T 2% A SPiik
Tebn, — A A B E IR R A AL IR 12
Wit bR ARl 7 S AT 2R I .

VAR, [E N 4M A & AChR I MuSK B A (1912
Wi 7 A 9 AR AL T S K5 . BR
T AChR FI MuSK HifA , H it MG HiAth 7 S HiiAk iy 5

interpreted by cell-based assay

W Wi A O AT SR e AN 2 A
AR Tl =25,

M A E R BEERE SO 2 e b L)
ERZRLMA (RERNBEHEHE)  ECEDR
R ) B B R [ U B ) 6 0 (2 22 B K
HBERBE ) | Ak (L 530 2 W il P ) T (T S
B2 BB B ) L B2 (1D AR5 — BB 4 — I s e B
GRS T BB B BE ) ) 1 T (Il R B I o — B B )
V0 o B A B s B ) A 25 (A B A2
JE 565 — B B ) B R A (L A R BRI A B )
oI 8 (F AP R iR BE Bt ) BT (I s B ) B
(AR BB I ) 6V (8 AR 2 50— R B ) e e (11 %
iz RGEPO I PR B 24 B FE .0 R BT (N 58 BERLR
MR B BE) AEBEFS (2 MR2EE BB ) Xk OB MK



rhAE R4k 2023 4E3 H 45 56 4545 3 8] Chin J Neurol, March 2023, Vol. 56, No. 3 .- 255

P — MR B e ) X s S B R AR (B R L) |
A R 2 (98 v B e oA 2 A 4 PH R Bt ) e AT () N B AR
R RS BB ) BUGE R (f 22 S /S BE 2 bt ) (BB AT
(PR R AR = BR Bt ) 4l (2 B I AR L EERe) |
HEARAR R ER A SRR st e rbuly) MR %
(WL BERIR =S BB JHE 22 (P ERR A — R
BEBe) T (R 7 BRRER - 5 BE e ) L EAL VK CE AR EE Rt
KRR =B ) AR (AR =R s
BEBe) \EREZE (AR B R ) R (P E R r Rl e b ot
PIVRIEERE ) ARIT (SN BRI BB BE R ) WA CRHEER
R BEBE ) MR be (I R PR MR 26 R Be) Wk
("PRIREAIHERE RE ) SRAF3 (R R B e MRS BB ) |
TRELE (P BER S — BB ) Tk B (PU1RA AP B ) |
FRAE RN BRI 27 e 25— = e ) B8 2 A ([l R R R 2
Wi o — B e ) S B R (R T BRI 2 e )

ikl P SR Rl PR EN

Bt FANE RS EARCZILAME BITRGH . S5%
LRI 2 A 5 (R Ik IR DGE PRE HEF ) 38 23 0 (i 48
Be B R kB B ) s 0 (I 1 4 B2 25 B2 IF ST B ) L ik 7
(b miREFH— B ) Fin CRHERERRS: ME ) B (2 AR
SFMmE AL BERE) kol CRHEE R B R B

W

£ X B

[1] Lazaridis K, Tzartos S]. Myasthenia gravis: autoantibody
specificities and their role in MG management[]]. Front
Neurol,2020,11:596981.DOI: 10.3389/fneur.2020.596981.

[2] Sussman ], Farrugia ME, Maddison P, etal. Myasthenia
gravis: association of British neurologists’ management
guidelines[]]. Pract Neurol, 2015, 15(3): 199-206. DOI:
10.1136/practneurol-2015-001126.

[3] Meriggioli MN, Sanders DB. Autoimmune myasthenia
gravis: emerging clinical and biological heterogeneity[]].
Lancet Neurol, 2009, 8(5): 475-490. DOI: 10.1016/
S1474-4422(09)70063-8.

[4] Gilhus NE, Verschuuren JJ. Myasthenia gravis: subgroup
classification and therapeutic strategies[]J]. Lancet Neurol,
2015, 14(10): 1023-1036. DOI: 10.1016/S1474-4422(15)
00145-3.

[5] Gilhus NE, Tzartos S, Evoli A, etal. Myasthenia gravis[]].
Nat Rev Dis Primers, 2019, 5(1): 30. DOI: 10.1038/
s41572-019-0079-y.

[6] Pasnoor M, Dimachkie MM, Farmakidis C, et al. Diagnosis
of myasthenia gravis[J]]. Neurol Clin, 2018, 36(2):
261-274.D0I: 10.1016/j.ncl.2018.01.010.

(71 PR ez sr2x . P IFEAE U2 W RnG Y7
51 (2020 KR [J]. o [ Bh 22 e 2 b 2200 2% 24 8, 2021,
28(1): 1-12.DOI: 10.3969/j.issn.1006-2963.2021.01.001.
Chinese Society of Neuroimmunology. Chinese guidelines
for the diagnosis and treatment of myasthenia gravis
(2020 edition) [J]. Chin J Neuroimmunol Neurol, 2021,
28(1): 1-12.DOI: 10.3969/j.issn.1006-2963.2021.01.001.

[8] Patrick ], Lindstrom ], Culp B, et al. Studies on purified eel
acetylcholine receptor and anti-acetylcholine receptor
antibody[J]. Proc Natl Acad Sci U S A, 1973, 70(12):
3334-3338.D0I: 10.1073/pnas.70.12.3334.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Benatar M. A systematic review of diagnostic studies in
myasthenia gravis[]]. Neuromuscul Disord, 2006, 16(7):
459-467.D0I: 10.1016/j.nmd.2006.05.006.

Maddison P, Sadalage G, Ambrose PA, et al. False-positive
acetylcholine receptor antibody results in patients
without myasthenia gravis[]]. ] Neuroimmunol, 2019,
332:69-72.D0I: 10.1016/j.jneuroim.2019.04.001.

Hewer R, Matthews I, Chen S, etal. A sensitive
non-isotopic  assay  for  acetylcholine  receptor
autoantibodies[]]. Clin Chim Acta, 2006, 364(1-2):
159-166.DO0I: 10.1016/j.cccn.2005.05.035.

Martino G, Twaddle G, Brambilla E, etal. Detection of
anti-acetylcholine receptor antibody by an ELISA using
human receptor from a rhabdomyosarcoma cell line[]].
Acta Neurol Scand, 1994, 89(1): 18-22. DOI: 10.1111/
j.1600-0404.1994.tb01626.x.

Han ], Zhang ], Li M, etal. A novel MuSK cell-based
myasthenia gravis diagnostic assay[]]. ] Neuroimmunol,
2019,337:577076.DOI: 10.1016/j.jneuroim.2019.577076.
Lazaridis K, Tzartos SJ]. Autoantibody specificities in
myasthenia gravis; implications for improved diagnostics
and therapeutics[]J]. Front Immunol, 2020, 11: 212. DOI:
10.3389/fimmu.2020.00212.

Yan C, Li W, Song ], et al. Cell-Based Versus Enzyme-linked
immunosorbent assay for the detection of acetylcholine
receptor antibodies in Chinese juvenile myasthenia gravis
[J]]. Pediatr Neurol, 2019, 98: 74-79. DOI: 10.1016/j.
pediatrneurol.2019.01.016.

Chang T, Leite MI, Senanayake S, etal. Clinical and
serological study of myasthenia gravis using both
radioimmunoprecipitation and cell-based assays in a
South Asian population[]]. ] Neurol Sci, 2014, 343(1-2):
82-87.D0I: 10.1016/j.jns.2014.05.037.

Cai Y, Han L, Zhu D, etal. A stable cell line expressing
clustered AChR: a novel cell-based assay for anti-AChR
antibody detection in myasthenia gravis[J]. Front
Immunol, 2021, 12: 666046. DOI: 10.3389/fimmu. 2021.
666046.

Leite MI, Jacob S, Viegas S, etal. IgGl antibodies to
acetylcholine receptors in 'seronegative’ myasthenia gravis
[J]. Brain, 2008, 131(Pt 7): 1940-1952. DOI: 10.1093/
brain/awn092.

Mirian A, Nicolle MW, Edmond P, etal. Comparison of
fixed cell-based assay to radioimmunoprecipitation assay
for acetylcholine receptor antibody detection in
myasthenia gravis[J]. ] Neurol Sci, 2022, 432: 120084.
DOI:10.1016/j.jns.2021.120084.

Oger ], Frykman H. An update on laboratory diagnosis in
myasthenia gravis[]]. Clin Chim Acta, 2015, 449: 43-48.
DOI: 10.1016/j.cca.2015.07.030.

Masi G, Li Y, Karatz T, et al. The clinical need for clustered
AChR cell-based assay testing of seronegative MG[J]. ]
Neuroimmunol, 2022, 367: 577850. DOI: 10.1016/j.
jneuroim.2022.577850.

Rodriguez Cruz PM, Al-Hajjar M, Huda S, etal. Clinical
features and diagnostic usefulness of antibodies to
clustered acetylcholine receptors in the diagnosis of
seronegative myasthenia gravis[]]. JAMA Neurol, 2015,
72(6): 642-649.DOI: 10.1001/jamaneurol.2015.0203.
Andreetta F, Rinaldi E, Bartoccioni E, et al. Diagnostics of
myasthenic syndromes: detection of anti-AChR and



256

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

rRAER R4 AE 2023 4E 3 H 45 56 45 3] Chin J Neurol, March 2023, Vol. 56, No. 3

anti-MuSK antibodies[J]. Neurol Sci, 2017, 38(Suppl 2):
253-257.D0I: 10.1007/s10072-017-3026-2.

Oh SJ. Muscle-specific receptor tyrosine kinase antibody
positive myasthenia gravis current status[J]. J Clin Neurol,
2009, 5(2): 53-64. DOI: 10.3988/jcn.2009.5.2.53.

Wolfe GI, Oh SJ. Clinical phenotype of muscle-specific
tyrosine kinase-antibody-positive myasthenia gravis[]].
Ann N Y Acad Sci, 2008, 1132: 71-75. DOI: 10.1196/
annals.1405.005.

Tsonis Al, Zisimopoulou P, Lazaridis K, etal. MuSK
autoantibodies in myasthenia gravis detected by cell
based assay—a multinational study[J]. ] Neuroimmunol,
2015, 284:10-17.DOI: 10.1016/j.jneuroim.2015.04.015.
Ohta K, Shigemoto K, Kubo S, etal. MuSK antibodies in
AChR Ab-seropositive MG vs AChR Ab-seronegative MG[J].
Neurology, 2004, 62(11): 2132-2133. DOI: 10.1212/01.
wnl.0000129274.12702.92.

Matthews [, Chen S, Hewer R, etal. Muscle-specific
receptor tyrosine Kkinase autoantibodies-a new
immunoprecipitation assay[]]. Clin Chim Acta, 2004,
348(1-2): 95-99.DOI: 10.1016/j.cccn.2004.05.008.
Chang T, Gunaratne P, Gamage R, etal. MuSK-
antibody-positive myasthenia gravis in a South Asian
population[J]. ] Neurol Sci, 2009, 284(1-2): 33-35. DOI:
10.1016/j.jns.2009.03.020.

Kostera-Pruszczyk A, Kaminska A, Dutkiewicz M, etal.
MuSK-positive myasthenia gravis is rare in the Polish
population[J]. Eur J Neurol, 2008, 15(7): 720-724. DOI:
10.1111/j.1468-1331.2008.02176.x.

Niks EH, Kuks B, Verschuuren JJ. Epidemiology of
myasthenia gravis with anti-muscle specific kinase
antibodies in The Netherlands[]J]. ] Neurol Neurosurg
Psychiatry, 2007, 78(4): 417-418. DOI: 10.1136/
jnnp.2006.102517.

Illa I, Diaz-Manera JA, Juarez C, etal. "Seronegative"
myasthenia gravis and antiMuSK positive antibodies:
description of Spanish series[]J]. Med Clin (Barc), 2005,
125(3):100-102.DOI: 10.1157/13076937.

Shiraishi H, T, etal
Acetylcholine receptors loss and postsynaptic damage in
MuSK antibody-positive myasthenia gravis[J]. Ann
Neurol, 2005, 57(2): 289-293. DOI: 10.1002/ana.20341.
Scuderi F Marino M, Colonna L, etal. Anti-p110
autoantibodies identify a subtype of "seronegative"

Motomura M, Yoshimura

myasthenia  gravis with  prominent oculobulbar
involvement[J]. Lab Invest, 2002, 82(9): 1139-1146. DOI:
10.1097/01.1ab.0000028144.48023.9b.

Hoch W, McConville ], Helms S, et al. Auto-antibodies to
the receptor tyrosine kinase MuSK in patients with
myasthenia gravis without acetylcholine receptor
antibodies[J]. Nat Med, 2001, 7(3): 365-368. DOI: 10.1038/
85520.

Koneczny I, Stevens JA, De Rosa A, etal IgG4

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

autoantibodies against muscle-specific kinase undergo
Fab-arm exchange in myasthenia gravis patients[]]. |
Autoimmun, 2017, 77: 104-115. DOI: 10.1016/j.jaut. 2016.
11.005.

Kim MJ], Kim SW, Kim M, etal. Evaluating an in-house
cell-based assay for detecting antibodies against
muscle-specific tyrosine kinase in myasthenia gravis[]]. ]
Clin Neurol, 2021, 17(3): 400-408. DOI: 10.3988/jcn.2021.
17.3.400.

Huda S, Waters P, Woodhall M, etal. IgG-specific
cell-based assay detects potentially pathogenic MuSK-Abs
in  seronegative = MG[J]. Neurol = Neuroimmunol
Neuroinflamm, 2017, 4(4): e357. DOI: 10.1212/NXL
0000000000000357.

Jacob S, Viegas S, Leite MI, et al. Presence and pathogenic
relevance of antibodies to clustered acetylcholine
receptor in ocular and generalized myasthenia gravis[J].
Arch Neurol, 2012, 69(8): 994-1001. DOI: 10.1001/
archneurol.2012.437.

Devic P, Petiot P, Simonet T, et al. Antibodies to clustered
acetylcholine receptor: expanding the phenotype[]]. Eur ]
Neurol, 2014, 21(1): 130-134. DOI: 10.1111/ene.12270.
Zhang B, Tzartos ]S, Belimezi M, etal. Autoantibodies to
lipoprotein-related  protein 4 in  patients  with
double-seronegative myasthenia gravis[]]. Arch Neurol,
2012, 69(4): 445-451.DOI: 10.1001 /archneurol.2011.2393.
Pevzner A, Schoser B, Peters K, etal. Anti-LRP4
autoantibodies in AChR-and MuSK-antibody-negative
myasthenia gravis[]]. ] Neurol, 2012, 259(3): 427-435.
DOI: 10.1007/s00415-011-6194-7.

Higuchi O, Hamuro ], Motomura M, et al. Autoantibodies
to low-density lipoprotein receptor-related protein 4 in
myasthenia gravis[]]. Ann Neurol, 2011, 69(2): 418-422.
DOI: 10.1002/ana.22312.

Rivner MH, Liu S, Quarles B, et al. Agrin and low-density
lipoprotein-related receptor protein 4 antibodies in
amyotrophic lateral sclerosis patients[]]. Muscle Nerve,
2017,55(3): 430-432.DOI: 10.1002/mus.25438.

Tzartos ]S, Zisimopoulou P, Rentzos M, etal. LRP4
antibodies in serum and CSF from amyotrophic lateral
sclerosis patients[]]. Ann Clin Transl Neurol, 2014, 1(2):
80-87.DO0I:10.1002/acn3.26.

Chan KH, Lachance DH, Harper CM, etal. Frequency of
seronegativity in adult-acquired generalized myasthenia
gravis[]]. Muscle Nerve, 2007, 36(5): 651-658. DOI:
10.1002/mus.20854.

Sun F, Tavella-Burka S, Li ], etal. Positive acetylcholine
receptor antibody in nonmyasthenic patients[]J]. Muscle
Nerve, 2022, 65(5): 508-512. DOI: 10.1002/mus.27500.
Leite MI, Coutinho E, Lana-Peixoto M, etal. Myasthenia
gravis and neuromyelitis optica spectrum disorder: a
multicenter study of 16 patients[]]. Neurology, 2012,
78(20): 1601-1607. DOI: 10.1212/WNL.0b013e31825644ft.



A
2~ | OB .
miBHEaEROeIFIEASEIEERT

REMERRFOEIFEALRNE, AEBIRKRERRZKE
BEREEG, HEPEFSRERSHHEEDPRERLE (UTF
BfR “XKigFis” ) HEEE. 2020108, SEZSREHIHS
ELEEMY, FT2020F1281BXRBIIEEFREZTBERTX,
800RTKIIDMT2022F3REXNEA, EMR. ¥ LRER
WF—1F.

KELR=MERENEE. MERRItE (CBA) |« EBEXSR E;ﬁ%ﬁﬁiﬁﬂﬂ%b

%% (ELISA) . MIRIRELISA . BFRBH FREMIINITNE BB n =
HHARFRES FRRMIIS SSRGS, MREeE
S R T AR HR R S MR A7 M — SR RS T AR SS

€) wume

o, VA
XiBHhisrhiR S RS ARG T T TR T
BBEinFiEnp= ZEHEEEAChR) AT
AQP4/MBP/MOG/GFAP PSS S B SR EB (MUS KR BT e
i50.5m
(BB RS A ERA(LRPA) A RIT =g
o NIRE EREEE (Titin) PR TR ‘ AW,
et e E
ZBEA(RyR) AR
sz | iz | swn e
EENENAEER \ A%
RARAREE R G BR BRI (AChR/MUSK/LRP4/Titin/RyR) m5E1.0ml
(AQP4/MBP/MOG/GFAP) B—ZEN
‘ o S EENEOAAEER
CRARIER R BE A TR CBAX RS .0ml Hﬁé ”: 1-3 (AChR/MUSK/ LRP4/Titin/RyR/Agrin/Sox1)
(AQP4/MBP/MOG) o i{,ganﬁﬁ
I 3 - s
= ©) EmeE  sRFEENEND:
G)Emﬁﬁ B AT R G RS Y D%3 D2l DR DHEEl O SR
T 2 S5%R2K 0 1SS m% .
Sz ShEw BRIENLE
AN ERE M AChRITKR BHMZIVERAS
MBS w _ . _
e FEFH IR S — &N ERRE
Come || mm || mm |
. KEXSAEMREERAT
- et AY ol .
‘ wmceazien || ZISMERN. gmmsepe
> == 7 EIE: 022-24899602 N HBFE: nt@newterrain.cn

Q bt KEERTHR (EBEFR) P IHRFEEK86S L&
A E10SH
& Mt http:/Avww.newterrain.cn/

I (28R 1 H4ER | X2 | B | EK | &8 | 8] | R | sEREss | S&AST | R | BT | 4= | sl | BB | 8 | & | 55 |
FE BN EOR | KD 180 | BE | K& | AXE | KR | 7K | BOR | BT | ER | B | &% | f&#8 | 5260 | 515 | =M



