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Auto-immune disease: the viral route is confirmed 
 

Why would our immune system turn against our own cells? This is the question that 
the combined Inserm/CNRS/ Pierre and Marie Curie University/Association Institut de 
Myologie  have strived to answer in their “Therapies for diseases of striated muscle”, 
concentrating in particular on the auto-immune disease known as myasthenia gravis. 
Through the project known as FIGHT-MG (Fight Myasthenia Gravis), financed by the 
European Commission and coordinated by Inserm, Sonia Berrih-Aknin and Rozen Le 
Panse have contributed proof of the concept that a molecule imitating a virus may 
trigger an inappropriate immune response, causing muscular function to deteriorate. 
These results have been published in Annals of Neurology, accessible on line. 

 

Myasthenia, a rare auto-immune disease 

Myasthenia gravis is a rare auto-immune disease (5,000 to 6,000 patients in France) that 
produces muscular weakness and exhaustion. It generally affects the facial muscles first, 
and may then become generalised through the muscles of the limbs or the respiratory 
muscles, causing respiratory distress.  
This is due to the production of circulating auto-antibodies that block the acetylcholine 
receptors (RACh), these neurotransmitters being necessary for transmitting the motor nerve 
signal to the neuro-muscular junction.  

 

Could a viral infection be the origin of myasthenia? 

Myasthenia is a multi-factorial disease in which environmental factors seem to play a key 
triggering role. Viral infections are suspected but it is hard to prove the role of a virus in 
triggering the condition. In fact, diagnosis of myasthenia is often made months, or even 
years, after the actual start of the illness when the virus is no longer detectable, even though 
the signature left by the virus is visible long after the infection. 

 

Proof of the concept of a viral origin contributed by researchers  

Under the European FIGHT-MG project, the team of researchers managed to decode the 
trigger for the illness by using a molecule that mimics the RNA double viral strand 
(Poly(I:C)).  

To do this, they concentrated on the organ that plays a central role in the disease – the 
thymus. It is in this gland located in the thorax that the T-lymphocytes mature, these being 
the key players in immune response that are normally programmed to avoid the development 
of any auto-immunity.  

The researchers were thus able to show in vitro that the Poly(I:C) was capable of specifically 

http://onlinelibrary.wiley.com/doi/10.1002/ana.23791/abstract;jsessionid=C388C9BB74105AD627C0C63719986561.d04t02


inducing an over-expression of RACh through thymal epithelial cells, while activating three 
proteins (the “toll-like” receptor 3 (TLR3), the protein kinase R (PKR) and interferon-beta 
(IFN-â)); it is this last that produces inflammation in the thymus. 

At the same time, they analysed pathological thymus glands of myasthenia sufferers in 
whom they observed over-expression of these same three proteins in the immune system, 
characteristic of a viral infection. 

Finally, the researchers also managed to identify the same molecular changes in the thymus 
glands of mice, after they had been injected with Poly(I:C). After a prolonged injection period, 
they also observed a proliferation in the mice of B anti-RACh cells, the presence of auto-
antibodies blocking the RACh receptors and clinical signs synonymous with the muscular 
weakness found in myasthenia. These original results show that molecules that mimic a viral 
infection are capable of inducing myasthenia in the mouse, something that had never been 
demonstrated before.  

This set of papers published in the Annals of Neurology provides proof of the concept that a 
viral infection can cause inflammation of the thymus and lead to the development of 
auto-immune myasthenia. 

The next stages of the research will consist in determining which exogenous virus this may 
be or whether it is a case of the abnormal activation of an anti-viral response by endogenous 
molecules. 
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The introduction of a double strand of RNA (Poly(I:C) into the thymal epithelial cell induces the over-
expression of the acetylcholine receptors (RACh), via the activation of the “toll-like” receptor 3 (TLR3) 
and the protein kinase R (PKR),  as well as the production of interferon-beta (IFN-β)). These changes 
in the thymus gland cause the formation of B anti-RACh cells and the production of circulating auto-
antibodies that block the acetylcholine receptors present in the neuromuscular junction. 

 

 

Anticorp
s 

 
Thymus 

 
Muscle 

Cellule épithéliale
thymique

 IFN-β

ARNdb
(Virus)

 RACh

PKRTLR3

B B

B
Cellules B
Anti-RACh

Anticorps
anti-RACh

MYASTHÉNIE

INFLAMMATION 

B

B

B

B

B

MYASTHENIA 

INFLAMMATION 

RACh 

IFN-β 

RNA db 

(Virus) 

Antibody 

Anti-RACh 

antibodies 

B Anti-

RACh cells 

Thymal epithelial 

cell 
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FIGHT-MG (Fighting Myasthenia Gravis) – a European collaboration making giant leaps forward 

The FIGHT-MG project seeks to determine the genetic and environmental risk factors associated with the 
occurrence of the illness and its development. The project aims also to identify the key immunological 
molecules associated with its appearance, and to study the pathogenic mechanisms at the neuromuscular 
junction, establish new diagnostic tests, as well as new treatments (cellular treatments, immuno-regulatory 
treatments, immuno-absorption of pathogenic auto-antibodies and other pharmacological treatments). 

 “When one is working on a rare disease, it is essential to work through networking, so as to be able to 
share our facilities and resources to promote fundamental and clinical research. It is also crucial to 
communicate permanently with patient associations. It is this combination that enables us to take giant 
steps in the treatment of rare conditions,” explains Sonia Berrih-Aknin.  

FIGHT-MG : http://www.fight-mg.eu/  

 
FIGHT-MG started in December 2009 and will last for four years, with a total budget of about six million euros 
funded by the European Union (FP7). The project involves 12 partners based in seven European countries:  

The 12 partners: 

Inserm (coordinator), France: http://www.inserm.fr/  
Hellenic Pasteur Institute (HPI), Greece: http://www.pasteur.gr/?lang=en  
Open University of Israel (OUI), Israel: http://www-e.openu.ac.il/  
Fondazione Istituto Neurologico “Carlo Besta” (INNCB), Italy: http://www.istituto-besta.com   
Oslo University Hospital (OUS), Norway: http://www.oslo-
universitetssykehus.no/omoss/english/Sider/side.aspx  
Hadassah Hebrew University Medical Center (HMO), Israel: http://www.hadassah-med.com/  
Israel Institute of Technology (TECHNION), Israel: http://www1.technion.ac.il/en  
University of Paris 6 Pierre and Marie Curie (UPMC), France: http://www.upmc.fr/  
University of Basel (UNIBAS), Switzerland: http://www.unibas.ch/  
ProteoSys (PSY), Germany: http://www.proteosys.com/  
Genopolis Consortium for Functional Genomics (GENOPOLIS), Italy: http://www.genopolis.it/  
INSERM TRANSFERT SA (IT), France: http://www.inserm-transfert.fr/fr/  

The “Myasthenia” team 

The “Myasthenia” team, headed by Sonia Berrih-Aknin joined the Institute of Myology directed by Professor T. 
Voit, just over a year ago in order to get closer to the reference centre for neuromuscular diseases run by Prof 
B. Eymard, at the Pitié-Salpêtrière Hospital in Paris. The Institute of Myology is an international center of 
expertise on the muscle and its diseases, a member of the Institute of Biotherapy of rare diseases created by 
the AFM-Telethon. The Sonia Berrih-Aknin’s team is interested in the etiological and physio-pathological 
mechanisms of myasthenia and innovative treatments that could improve patients’ quality of life.   

Even though winning a European project is very competitive, this team has exceptionally been granted three 
other projects since 2001, and was responsible for their coordination. Sonia Berrih-Aknin was the coordinator of 
the “Mechanisms of Myasthenia” project (2001-2005) under FP5, the MYASTAID (2006-2010) project under  le 
cadre du FP6, as well as the Euromyasthenia Project (2006-2009) through the European Public Health  
Directorate. These projects brought a total of more than fifty teams of clinicians, researchers and associations 
of sufferers in Europe. 

http://www.fight-mg.eu/ 
http://www.inserm.fr/
http://www.pasteur.gr/?lang=en
http://www-e.openu.ac.il/
http://www.istituto-besta.com/
http://www.oslo-universitetssykehus.no/omoss/english/Sider/side.aspx
http://www.oslo-universitetssykehus.no/omoss/english/Sider/side.aspx
http://www.hadassah-med.com/
http://www1.technion.ac.il/en
http://www.upmc.fr/
http://www.unibas.ch/
http://www.proteosys.com/
http://www.genopolis.it/
http://www.inserm-transfert.fr/fr/
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Inserm www.inserm.fr  

The “French National Health and Medical Research Institute” (Inserm), created in 1964, is a public body of a 
scientific and technical nature, under the dual auspices of the Ministry of Higher Education and Research and 
the Ministry of Health.  

Its researchers are involved in the study of all types of illness, from the commonest to the rarest, through their 
biological, medical and health of the population research.  

With a budget of €905 million euros for 2011, Inserm supports some 300 laboratories installed throughout 
French territory. The teams contain a total of about 13,000 researchers, engineers, technicians and 
administrators. 

Inserm is a member of the “Alliance nationale pour les sciences de la vie et de la santé”, founded in April 2009 
with the CNRS, the CEA, the Inra, the Inria,  the IRD, the Institut Pasteur, the Conférence des Présidents 
d’Université (CPU) and the Conférence des directeurs-généraux de centres hospitaliers régionaux et 
universitaires. This alliance is part of the policy of reforming the research system so as to better coordinate the 
role of the various entities involved and to reinforce the position of French research in this sector through 
coordinated planning. 

Inserm is Europe's leading European project instigator, with 28 projects coordinated by the Institute as part of 
the FP7 scheme. 
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