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1. Project execution 
The EU FP6 specific targeted research project EurAPS within the area of rare diseases was 
created by bringing together leading scientists in Europe, Australia and China to work on the 
best available biological model for autoimmune disease, Autoimmune Polyendocrine 
Syndrome type I (APS-1), a rare hereditary disorder. At the time when the EurAPS 
consortium commenced, all groundbreaking research within this area had been conducted in 
Europe, but as this model gained in popularity, significant competition from USA has 
evolved. 
 
Autoimmune polyendocrine syndrome type 1 (APS-1) is a rare hereditary disorder with 
autoimmune manifestations affecting both endocrine and non-endocrine tissues. The disease, 
also named APECED (autoimmune polyendocrinopathy, candidiasis and ectodermal 
dystrophy), has been instrumental in unravelling mechanisms critically involved in the 
induction of tolerance. APS-1 is caused by mutations in the autoimmune regulator (AIRE) 
gene, a putative transcription factor primarily expressed in medullary thymic epithelial cells 
where negative selection is thought to occur, to some extent also in rare peripheral 
lymphocytes. This rare monogenic disease shares many features with more common 
autoimmune disorders with complex patterns of inheritance, such as type 1 diabetes, 
Hashimoto's thyroiditis, autoimmune premature ovarian failure and Addison's disease.  
 
During the course of this 3 years project, a series of important research problems have been 
attacked in collaboration between partners with complementary expertise through a set of five 
different scientific work packages resulting in many publications in top ranking journals such 
as New England Journal of Medicine, PLoS Medicine and Proceedings of National Academy 
of Sciences. 
 
EurAPS had a budget of € 6,5 million of with € 3,0 million was contributed by the EU. The 
project was coordinated by Uppsala University and included 17 academic partners including 
two from Australia and one from China. 
 

Project objectives 

The main objective is to utilize our unique position and pool of collected expertise in the 
biology of APS-1 and AIRE to create increased understanding of the molecular mechanisms 
underlying loss of tolerance in this disease and in autoimmune disorders in general and to 
develop new strategies for early and specific diagnosis of this monogenic autoimmune disease 
to identify patients with APS-1 before life-threatening conditions such as hypoparathyroidism 
with severe hypocalcemia or adrenal failure with Addisonian crisis occur and to enable early 
intervention in the disease process. 
 
In order to achieve this objective the consortium has undertaken steps to: 
Work package 1: Establish a pan-European database and biobanks to facilitate standardized 
diagnostic and clinical practices for the care and monitoring of patients with APS 1. 
Work package 2: Identify novel autoantigens and ameliorate the diagnostic procedures.  
Work package 3: Establish new animal models of the disease and identify genes that modify 
the intensity and the course of the disease. 
Work package 4: Determine the gene expression profiles of cells that express or do not 
express AIRE in order to identify pathways involved in the functions of the AIRE gene 
product in different cells. 
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Work package 5: Understand the propensity for the superficial mucocutaneous Candida 
infection that affect most APS I patients both at the T-cell level and at the level of innate 
immune system, i.e. involvement of Th-17 cells, presentation by dendritic cells or alteration 
of antimicrobial peptides.  

 

Work performed and end results 

WP 1: A biobank for DNA and sera has been established in Bergen, Norway. A web-site 
containing information for patients, clinicians, scientists and members of the consortium has 
been created (http://www.apeced.net). A consensus strategy for the treatment and clinical 
follow-up of APS-1 patients has been published (1). 
 
 
WP 2: Autoimmune hypoparathyroidism is a hallmark of APS-1. The parathyroid 
autoantigen, NALP-5, was identified by a collaboration within the EurAPS consortium (2). 
This autoantigen provides better diagnostic opportunities and is the first well characterized 
autoantigen in the mouse model for APS-1, the Aire deficient mouse. 
 

 
Staining of parathyroid cells with serum from an APS I patient with (left) and without (right) hypoparathyroidism 
 
An important discovery made by the consortium is that almost all APS-1 patients develop 
autoantibodies to type 1 interferons (3). KCNRG was identified as a pulmonary autoantigen 
(4) and this discovery will enable early diagnosis of the rare but often fatal complication of 
pulmonary involvement in APS-1. A novel protein array technology to detect new 
autoantigens has been established. A mouse that expresses the recombinase Cre under 
transcriptional control of the Aire locus has been generated. This has provided evidence for a 
much wider function of Aire than previously anticipated. 
 
 
WP 3: The breeding of Aire deficient mice on the C57BL/6 and C57BL/10 backgrounds has 
been completed (5) and breedings on other backgrounds susceptible for arthritis and 
experimental autoimmune encephalitis has recently finished. Also, breedings to study the 
interactions between Aire mutation and other autoimmune mutations have been started. The 
signaling pathway that initiates the negative selection of self-reactive thymocytes has been 
delineated. 

  
Page 3 of 6 



Publishable final activity report  EURAPS 005223 
   

 
WP 4: Expression array data have been collected from thymus and testis to identify genes 
that Aire directs (7). The promoter elements of the Aire gene have been characterized 
functionally and several interacting proteins identified. Futhermore, a novel AIRE interacting 
DNA-PK protein complex, which is able to phosphorylate AIRE protein, has been identified. 
Using NMR the three dimentional structure and interactions of the PHD-domains of AIRE 
with histones have been solved (8). 
 
 
WP 5: An unexpected but highly interesting observation is that the mice model for APS I, the 
Aire deficient mouse does not develop Candidiasis. The reason for this species difference is 
unclear. The roles of Th-17 and dendritic cells have been analysed (manuscripts in 
preparation). Paneth cells involved in the innate immunity of the gastrointestinal tract have 
been identified as important targets for the immune attack in APS-1 (see Figure 2 below), but 
the autoantigens in Paneth cells remains to be identified. 
 
 

 
Paneth cells in the small intestine stained with serum from a patient with Candidiasis and APS I 
 
 
 
Impact of the EurAPS project 
1. A higher awareness among clinicians to diagnose more patients with APS-1 earlier. Better 
and more uniform treatment modalities for APS-1 patients. 
 
2. Importantly, as a model for autoimmune disorders, APS-1 will continue to provide a deeper 
insight into the mechanisms of tolerance induction and maintenance as well as autoimmunity 
in general (9). The identification of pathways important for the development of autoimmunity, 
will undoubtedly identify novel drug targets that may be instrumental in the development of 
new treatment modalities. 
 

  
Page 4 of 6 



Publishable final activity report  EURAPS 005223 
   

 
References 
1. Husebye ES, Perheentupa J, R. Rautemaa R, Kämpe O. 
Clinical manifestations and management of patients with autoimmune polyendocrine 
syndrome type I 
J Intern Med 2009 in press.  
2. Alimohammadi M, Björklund P, Hallgren Å, Pöntynen N, Szinnai G, Shikama N, Keller 
MP, Ekwall O, Kinkel SA, Husebye ES, Gustafsson J, Rorsman F, Peltonen L, Betterle C, 
Perheentupa J, Åkerström Å, Westin G, Scott HS, Holländer G, Kämpe O. 
Autoimmune Polyendocrine Syndrome Type 1 and NALP5, a Parathyroid Autoantigen. 
New Engl J Med 2008; 358: 1018-1028. 
3. Meager A, Visvalingam K, Peterson P, Möll K, Murumägi A, Krohn K, Eskelin P, 
Perheentupa J, Husebye E, Kadota Y, Willcox N. 
Anti-interferon autoantibodies in autoimmune polyendocrinopathy type 1.  
PLoS Med 2006; 3: e289. 
4. Alimohammadi M, Dubois N, Sköldberg F, Hallgren Å, Tardivel I, Hedstrand H, Haavik J, 
Husebye ES, Gustafsson J, Rorsman F, Meloni A Janson C, Vialettes B, Kajosaari M, Egner 
W, Amoura Z, Grimfeld A, De Luca F, Pontén F, Betterle C, Perheentupaa J, Kämpe O,  
Carel J-C 
Pulmonary autoimmunity as a novel component of autoimmune polyendocrine syndrome type 
I and the sdentification of KCNRG as a bronchial autoantigen. 
Proc Natl Acad Sci 2009; 106:4396-401. 
5. Hubert FX, Kinkel SA, Crewther PE, Cannon PZ, Webster KE, Link kM, Uibo R, O'Bryan 
MK, Meager A, Forehan SP, Smyth GK, Mittaz L, Antonarakis SE, Peterson P, Heath WR, 
Scott HS. 
Aire-deficient C57BL/6 mice mimicking the common human 13-base pair deletion mutation 
present with only a mild autoimmune phenotype. 
J Immunol 2009; 182: 3902-18. 
6. Irla M, Hugues S, Gill J, Nitta T, Hikosaka Y, Williams IR, Hubert FX, Scott HS, 
Takahama Y, Holländer GA, Reith W. 
Autoantigen-specific interactions with CD4+ thymocytes control mature medullary thymic 
epithtelial cells. 
Immunity 2008; 29: 451-63. 
7. Ruan QG, Tung K, Eisenman D, Setiady Y, Eckenrode S, Yi B, Purohit S, Zheng  WP, 
Zhang Y, Peltonen L, She JX 
The autoimmune regulator directly controls the expression of genes critical for thymic 
epithelial function. 
J Immunol 2007; 178: 7173-80. 
8. Chignola F, Gaetani M, Rebane A, Org T, Mollica L, Zucchelli C, Spitaleri A, Manella V, 
Peterson P, Musco G. The solution structure of the first PHD finger of autoimmune regulator 
in complex wit non-modified histon H3 tail reveals the antagonistic role of H#R" methylation. 
Nucl Acids Res 2009 e-pub ahead of print. 
9. Goodnow CC. 
Multistep pahtogenesis of autoimmune disease. 
Cell 2007; 130: 25-35. 

  
Page 5 of 6 



Publishable final activity report  EURAPS 005223 
   

 
2. Dissemination and use 
The EU fp6 project EurAPS was designed to improve the diagnosis and treatment of patients 
with APS-1 and at the same time use this rare monogenic disorder as a model to understand 
autoimmunity in general using cellular assays and mouse models.  
 
The success of the EurAPS project has had important consequences on our understanding of 
mechanisms for tolerance and autoimmunity at a molecular level and has also improved the 
diagnosis with the disease with the identification of several important novel autoantigens 
including type 1 interferons, NALP5 and KCNRG. As a result, a number of papers have 
already been published in high ranking scientific journals including New England Journal of 
Medicine, Immunity, PLoS Medicine and PNAS. In addition, reviews and book chapters 
aimed at a broader readership including clinicians have also been written. In May 2009 
Journal of Internal Medicine, a journal aimed at clinicians, will publish four reviews written 
by members of the consortium to improve knowledge and awareness of the disease. In 
addition, work has been presented at several congresses and symposia, including meetings for 
rare diseases. A web-site has been set up intended for patients, clinicians and scientists. The 
exceptional collaboration with Australian scientists in an EU project has attracted a lot of 
attention in Australia to this project. Contacts have been taken with centres for rare diseases 
and with national societies for endocrinology in all EU member states. 
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