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Characteristcs of autoimmune MG

• Autoimmune myasthenia ≠ congenital myasthenia

• Rare disease (prevalence: 1/20.000; incidence: 2-5 cases/year/million)

• Neuromuscular disease: defectve transmission between nerve and muscle 

• Fatgable muscle weakness of skeletal muscles: ocular - respiratory muscles

• Auto-antbodies against muscle components of the neuromuscular juncton



Classifcaton of MG patents
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Ant-AChR antbodies

 AChR (Appel et al, 1976)

       > classical immunoprecipitaton assay

 Clustered-AchR (Leite et al, 2008)

        >  cell-based assay on clustered-AChR

~5%



What happens in the muscle of MG patents?

Normal Muscle MG Muscle

Mechanisms of acton of ant-AChR antbodies

• Accelerated degradaton of AChR (Drachman et al. 1977)

• Complement mediated damage (Engel et al. 1976)

• Blocking antbodies (Howard et al. 1987)



Ant-MuSK or ant-LRP4 antbodies
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Clustered-AchR~5%

~5%1-5%

• MuSK for Muscle Specifc Kinase

• LRP4 for Low-density lipoprotein Receptor-related Protein 4

• Agrin interacts with the LRP4-MuSK complex

• Agrin, MuSK and LRP4 are necessary for NMJ formaton and the AChR clusterizaton



Ant-MuSK antbodies
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Seronegatves ? 

~5%

~5%1-5% ~5%

• Agrin (Gasperi et al, 2014; Zang et al, 2014)

Always detected in combinaton with ant-MuSK, LRP4, or AChR antbodies.

• Cortactn (Gallardo et al, 2014)

A protein actng downstream from agrin/MuSK promotng AChR clustering



Characteristcs of autoantbodies

Antbodies to AChR AChR
low afnity

MuSK LRP4

Discovered by Appel et al
(1976)

 Leite et al
(2008)

Hoch et al
(2001)

Higuchi et al
(2011)

Frequency of
patents

85% 3% 4% 2%

Pathogenicity Animal model
and in vitro

In vitro Animal model
and in vitro

Animal model
and in vitro

Isotypes IgG1, IgG3 IgG1 IgG4 IgG1-IgG3

Role of
complement

Yes Probable No Yes

Correlaton with
severity

No ? Yes ?

Double seropositve patents (AChR-MuSK, AChR-LRP4 or MuSK-LRP4)



Classifcaton of MG patents

Afected
muscles

Thymic
abnormalites

Ocular MG

Generalised MG

Age of onset
< 40-45 >

Specifcity of
autoantbodies

Early onset
Late onset 

AChR
MuSK
LRP4

AChR
LRP4 ?



Implicaton of the thymus in Myasthenia Gravis (MG)

AChR

αβ
εα

δ

Early-onset < 40
Mostly women 

 Follicular hyperplasia Thymoma

Late-onset >50
Men and women 

(from Cavalvante P)
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médullaires

Thymocytes

• Maturaton and educaton of  T cells

• Central role of thymic epithelial cells (TECs)

• mTECs expressed tssue-specifc antgens (TSAs)

• mTECs expressed AChR subunits

The normal thymus



Thymic hyperplasia in AChR+ EOMG

Germinal centers (CD21 labeling)
Epithelial cells (keratn labeling)

Adult control MG + cortcoïdsMG

%
 o

f 
C

D
21

+
 a

re
as

0.01

0.1

1

10

p<0.003p<0.001

MG + Cortico MG Controls

Méraouna et al. Blood 2006



MG
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Berrih-Aknin et al. Ann. Neurol. 2008

Actve angiogenic processes in AChR+ EOMG



Berrih-Aknin et al. Ann. Neurol. 2008
Weiss et al. Immunobiol. 2012

Increased expression of chemokines in AChR+ EOMG

CXCL13
by

thymic epithelial cells

GC

HEV

mTECs

Méraouna et al. Blood 2006

CCL21
by
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by
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Intense cellular trafcking in and out of the MG thymus



AChR

The pathological thymus in EOMG
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•  Germinal center development

•  Ant-AChR autoreactve T cells

•  B cells producing ant-AChR antbodies

• Actve angiogenic processes

• Chemokine involvement

Why myasthenia gravis ?



Multfactorial disease

Genetc
predispositon

Gender
bias

Environmental
factors

Immune
dysregulatons

Polymorphisms on HLA and other genes

Female predispositon
in EOMG



Genetc
predispositon
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Immune
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Search for
a viral signature

Multfactorial disease
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Myasthenia and viral infectons



Toll-Like Receptors

TLRs = Receptors for pathogen-associated molecular paterns

IFN-I

TLRs

PKR

Endosome

RIG1/MDA5

Helicases

Virus dsRNA

Toll-like receptors
(TLR1-9 )

ANTIVIRAL
RESPONSE

Antviral
genes

Efects of TLR agonists on thymic epithelial cells ?



Cuf et al. Ann. Neurol. 2013
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Efects of Poly(I:C) injectons in mice

Poly(I:C) triggered thymic α-AChR expression through the release of IFN-I 

Poly(I:C) (ip)
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From Cufi et al. Ann Neurol 2013



IFN-I orchestrates thymic changes in EOMG

Germinal center

Viral infecton (dsRNA)
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What about MG-associated thymoma ?



Antbodies against IFN-I in MGT

High levels of circulatng ant-IFNα2 in MGT

MGT Viral infectonsMG AIDs

Meager et al. Clin. Exp. Immunol 2003



IFN-I expression in the thymus of MGT
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Cuf et al. J Autoimmunity 2014



Central role of IFN-I in ant-AChR response 

Viral infecton
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Multfactorial disease
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Canonical representaton of T cell subsets
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Defectve Treg and Tconv cells in MG

Gradolato al, J Autoimmunity 2014
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Why Treg and Tconv cells are defectve in MG ? 
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(Maria Fot)

Gradolato al, J Autoimmunity 2014



Th1 and Th17 cytokine expression in MG Treg
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Flexibility and plastcity of T cell subsets

From  O’Shea and Paul, Science 2010

A switch of Treg toward Th17 phenotype in MG could explain the
altered Treg suppressive functon in MG
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Regulatory B cells in MG

Sun et al, Muscle & Nerve 2014
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