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against TDRD6 or ECE2 and antiparathyroid anti-
bodies against anti NALP5, while antibodies against 
anti-calcium sensor are rare in APECED.

The specific type of mutations may influence 
the phenotype, even though great phenotypic vari-
ability for one and the same genotype is observed. 
HLA antigens class II DR3/DR4 predispose to type 
1 diabetes and autoimmune thyroid diseases. Male 
gender is protective against hypoparathyroidism, 
while females develop more alopecia and gonadal 
insufficiency. The immunogenic rule of infections 
has also been demonstrated.

Autoimmune thyroid diseases are rarely expressed 
in PEA1: there was one patient with hypothyroidism 
at 8 years and four with antiTPO in our series (19 
cases), the incidence normally being 0-13% in the 
literature, but 25% in Slovenia.14 The median age 
of occurrence of thyroid disorders has been cited as 
20 years according to Betterle,15 26.5 years accord-
ing to Perheentupa.16 The most frequent expression 
was Hashimoto’s thyroiditis or atrophic thyroiditis. 
Graves’ disease is very rare with only two cases hav-
ing been reported.13,17

One particular form of the disease was described 
in an Italian family with APECED closely cosegre-
grating with hypothyroid autoimmune thyroiditis. 
Surprisingly, inheritance was autosomal dominant 
and not recessive, as is usually noted. In this fam-
ily a mutation directed against gene G228W was 
observed.18 It was subsequently demonstrated that 
the mutation G228W affects the SAND domain of 
the AIRE protein, modifies its cellular localization 
and has a dominant negative effect by binding to 
the wild non-mutated AIRE protein, this pointing 
to a mechanism which commonly also explains the 
resistance to thyroid hormones.

polyenDocRine synDRome type 2

PEA2 is clearly better known and commoner 
than APECED. Prevalence is about 4-5 per 100,000 
inhabitants. Females are three times more frequently 
affected than males. Occurrence is commonly observed 
in adults at ages 20-60 years, mostly in the third or 
fourth decade, although incidence in childhood is 
also observed.4

Inheritance of PEA2 is also more complex: it 
appears to be autosomal dominant with incomplete 
penetrance,19 as attested by lack of concordance in 
monozygotic twins. This suggests the contribution 
of environmental factors, such as bacterial and viral 
infections, medications, psychological factors, etc. 
Cases of PEA2 were found to arise after therapy 
for hepatitis or leukemia with interferon alpha.20,21 
Emergence of PEA2 is also influenced by steroids, 
sexual hormones and pregnancies.

An imbalance between effector and regulatory T 
lymphocytes is the major determinant of the autoim-
mune polyendocrine diseases. A subgroup of T cells 
recognizes peptides of target organs. HLA alleles 
determine specific tissue targeting. B lymphocytes 
stimulated by T lymphocytes produce autoantibodies. 
T lymphocytes also contribute to cellular damage.22

The Major Histocompatibility System has the 
highest implication, being dependent on polymor-
phisms of the human leucocyte antigen (HLA) gene 
on chromosome 6. Some frequent associations with 
HLA haplotypes and manifestations observed in 
PEA2 are summarized in Table 3.

There is also a contribution of a cytotoxic T lym-
phocyte-associated (CTL4) gene located on chromo-
some 2q33 to the genetic susceptibility to thyroid 
antibody production.23,24 CTLA-4 modifies T cell 
activation and interacts with antigen presenting cells.25 
Moreover, there is high additional relation of PEA2 
to MIC-A (MHC class 1 chain-related A), a non-
classic HLA molecule.26 Finally, the protein tyrosine 
phosphatase non-receptor 22 (PTPN22) encodes an 

Table 3. Associations between HLA haplotypes and manifestations 
of PEA2 (according to 4, 41)

Haplotype HLa a1, B8, DR3, DQa1*0501, DQB1*0201 = 
multiple autoimmune component diseases of PEa2
Haplotype HLa DR4-DQB1*0302 = beta-cell autoimmunity only
Haplotypes HLa DR3/4, DQ2/DQ8, DRB1*0404 = risk of ad-
dison’s disease
Haplotype HLa DR5 = schmidt syndrome, HLa DRB1*13 = 
vitiligo
HLa DQB1*03, DRB*1104, DRB1*0401, and DQB1*0301: 
alopecia
HLa DR2: protective




