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The new views as to the morphology of the thymus gland and their bearing on the problem of 
the function of the thymus. JA Hammar (1921) Endocrinology 5: 43-73. 
« The cases in which hyperplasia of the thymus is found are relatively rare. Such findings have been made chiefly after 

castration, in Graves’disease, myasthenia and acromegaly. » 

Role of the thymus in murine leukaemia. JFAP Miller (1959) Nature 183: 1069. 
Immunological function of the thymus. JFAP Miller (1961) Lancet 2: 748-9. 

Claude Galen – 2nd ‘father’ of Western medicine  (129 – 210 or 216 AD) 

« The thymus is the seat of soul, eagerness and fortitude. » 

“Troubles thymiques” in French medical language                           
= mood disorders, i.e. bipolar and unipolar depression. 

The moving place of the thymus in the history of medicine 
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Geenen V (2012) Ann NY Acad Sci, in press  
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 Thymic repertoire of neuroendocrine self precursors 

Geenen et al. (2004) Encyclopedia of Neuroscience 3rd Edition 





 TSHR expression in the thymus 

Graves’ thyroid Thymus 

B-actin 

TSHR variant   
714 bp 

TSHR variant  714 bp 

Paschke R & Geenen V (1995) J. Mol. Med. 73: 577-580. 



Thymic expression of thyroid antigens 

Sospedra J. et al. (1998) J  Immunol 161: 5918-5929 
Dutton et al. (1997) Thyroid 6: 879-884 
Spitzweg et al. (1999) Thyroid 9: 133-141 





CT-scan  
A.  Control 
B.  Before treatment 
C.  After treatment 

1. Thyroid 
2-3. Thymus 

Northern 
1. Thyroid 
2-3. Thymus ICC forTSHR 

A. Thyroid 
B-D. Thymus 

Murakami et al. (1996) J. Clin. Invest. 98: 2228-2234 



Rubicky RA et al. (2010) Pediatrics 125: e433 

Graves disease and thymus hyperplasia 



APS-I or APECED syndrome 



A.  Level of Aire expression in tissues 

B-D.  Tranplantation of Aire-/- thymus 

Anderson M et al. (2002) Science 298: 1395-1401 



Aire controls thymic transcription of tissue-specific Ags 

Anderson M et al. (2002) Science 298: 1395-1401 



 Teff  Treg 

Thymus 
Thymus physiology 
•  Intrathymic AIRE-mediated transcription of neuroendocrine and ‘peripheral’ genes (TSA). 

•  Deletion of T cells with high affinity for TSA. 

•  Selection of CD4+ CD25+ Foxp3+ nTreg, specific of TSA. 

A defect in thymus T-cell education to self ? 

The role of the thymus in the development of autoimmunity 

Geenen V & Chentoufi AA (2011) Clin Dev Immunol 



TSHR mRNA expression in 17 human tissues 

Colobran R et al. Hum. Mol. Genet. 2011;hmg.ddr247 

© The Author 2011. Published by Oxford University Press. All rights reserved. For Permissions, 
please email: journals.permissions@oup.com 



TSHR expression in the human thymus related to rs179247 

Colobran R et al. Hum. Mol. Genet. 2011;hmg.ddr247 

© The Author 2011. Published by Oxford University Press. All rights reserved. For Permissions, 
please email: journals.permissions@oup.com 



TSHR expression in thymic cell populations 

Colobran R et al. Hum. Mol. Genet. 2011;hmg.ddr247 

© The Author 2011. Published by Oxford University Press. All rights reserved. For Permissions, 
please email: journals.permissions@oup.com 



TTF1 expression in TSHR-expressing thymic cell populations 

Colobran R et al. Hum. Mol. Genet. 2011;hmg.ddr247 

© The Author 2011. Published by Oxford University Press. All rights reserved. For Permissions, 
please email: journals.permissions@oup.com 
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Diabetes-prone BB rats 

Kecha O et al., Diabetes Metabolism Research, 2001 



Impaired thymic tolerance to α-myosin directs 
autoimmune myocarditis 

Lv H et al. (2011) J Clin  Invest 121:1561-73 



 Teff  Treg 

Thymus 
Thymus physiology 
•  Intrathymic AIRE-mediated transcription of neuroendocrine and ‘peripheral’ genes (TSA). 

•  Deletion of T cells with high affinity for TSA. 

•  Selection of CD4+ CD25+ Foxp3+ nTreg, specific of TSA. 

Thymus physiopathology 
•  Absence or decrease in thymic expression/presentation of TSA                                                 

 (APECED, Down syndrome, BB rat, NOD…) 

•  Enrichment of T-cell repertoire with ‘forbidden’ self-reactive T cells (Teff). 

•  Decrease in selection of nTreg with specificity TSA.  

Bridge between self-reactive Teff and peripheral autoantigens 
•  Role of intra- and extra-MHC loci. 

•  Role of environmental factors (viruses, diet, vitamin D deficiency, stress…). 

The role of the thymus in the development of autoimmunity 

Geenen V & Chentoufi AA (2011) Clin Dev Immunol 



General conclusions 
« Take-home message » 

✓   A thymus dysfunction in T-cell education to self-antigens is the primary event in the 
 development of organ-specific autoimmunity (such as autoimmune thyroiditis). 

✓   Since T-cell self-education occurs during fetal development, most of autoimmune 
 diseases are programmed during fetal life. 

✓   Resulting form this thymic defect in T-cell self-education, the enrichment of T-cell 
 repertoire with self-reactive T cells and its deficiency in self-specific nTreg is a 
 condition necessary but not sufficient for priming the autoimmune response. 
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