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Abstract Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED) is a
rare autosomal recessive organ-specific autoimmune disorder that is characterized by a variable
combination of (i) chronic mucocutaneous candidiasis, (ii) polyendocrinopathy and/or hepatitis
and (iii) dystrophy of the dental enamel and nails.
We analyzed the AIRE (autoimmune regulator) gene in subjects who presented any symptom that

has been associated with APECED, including candidiasis and autoimmune endocrinopathy.
We observed that 83.3% of patients presented at least two of the three typical manifestations of
APECED, while the remaining 16.7% of patients showed other signs of the disease.
Analysis of the genetic diagnosis of these subjects revealed that a considerable delay occurs in
the majority of patients between the appearance of symptoms and the diagnosis. Overall, the
mean diagnostic delay in our patients was 10.2 years. These results suggest that molecular
analysis of AIRE should be performed in patients with relapsing mucocutaneous candidiasis for
early identification of APECED.
© 2011 Elsevier Inc. All rights reserved.
1. Introduction

Autoimmune polyendocrinopathy-candidiasis-ectodermal
dystrophy (APECED; MIM# 240300) is a rare autosomal
recessive disorder that was originally identified in selected
populations through the typical association of mucocuta-
neous candidiasis with Addison's disease and hypoparathy-
roidism [1,2]. Although these symptoms usually constitute
the first manifestation of the disease in early childhood,
APECED patients often display other endocrine and non-
endocrine disorders throughout their lifetimes, including
thyroiditis, autoimmune hypogonadism, hypophysitis,
chronic active hepatitis, atrophic gastritis, pernicious
anemia, vitiligo, alopecia and ectodermal dystrophy [1–3].

Some genetically distinct populations, including Finns,
Iranian Jews and Sardinians, display elevated prevalences
(varying from 1 in 25,000 to 1 in 9,000) of this disease [4–9].
Localization of the APECED gene to chromosome 21 (21q22.3)
in linkage analysis in the Finnish population, Iranian Jews and
non-Finnish patients from other European countries led to
the identification of the AIRE gene in this region [4,6–8].
AIRE encodes a 545-amino acid protein of 58 kDa that is
characterized by an N-terminal HSR domain, two PHD-zinc
fingers, LXXLL motifs and a SAND domain; the protein is
expressed by medullary thymic epithelial cells (mTEC) and
cells of the monocyte-dendritic cell lineage of the thymus
[10,11].

To investigate the natural history of APECED and the
problems related to the diagnosis of sporadic forms of the
disease, we investigated the clinical features of APECED in 24
patients with homozygous and/or composite heterozygous
mutations of AIRE.

2. Subjects and methods

The study was approved by the Institutional Review Board
of Spedali Civili, Brescia, and informed consent was
obtained from the parents of the studied children. Blood
samples with EDTA or heparin were collected from patients
who presented with candidiasis and/or autoimmune endo-
crinopathy. Genetic analysis was performed in 225 sub-
jects: AIRE mutations were identified in 38 subjects, while
14 patients showed heterozygous mutations. A molecular
analysis of the AIRE gene was performed by direct
sequencing as follows: genomic DNA was extracted from
peripheral blood; all 14 exons of the AIRE gene were
amplified using primers located on the respective flanking
introns [15], and the amplification products were analyzed
by direct sequencing using the ABI PRISM 3130 sequencer
(Applied Biosystems, Foster City, CA). The analysis included
sequences of the donor/acceptor sites of all of the introns
(primers available upon request). Diagnosis of APECED was
based on the identification of homozygous mutations or
composite heterozygous mutations of AIRE. Clinical fea-
tures of APECED patients were collected using a form sent
to the referring physicians.

3. Results

3.1. Molecular analysis of the AIRE gene

We evaluated the genetic, immunological and clinical
features of 24 patients who were referred to our center for
genetic analysis of AIRE. The mean age of the patients was
16.5 years (range: 2–41 years). The majority of these
patients (19 subjects) were from Italy, but none of them
were from Sardinia; two patients were from Turkey, two
patients were from Holland and one patient was from
Poland. All 14 exons of the AIRE gene, including the 5′ and
3′ flanking regions of the corresponding introns, were
individually sequenced in each of the 24 APECED patients.
In these subjects, we identified 14 mutations, 4 of which
have not been reported previously (L87P, C457fs, C449X and
the complex mutation IVS8 +3GNT; +5GNT) (Table 1). In
particular, homozygous mutations were detected in 37.5% of
the patients, whereas 62.5% of the patients had compound
heterozygous mutations.

The most frequent mutation was the non-sense mutation
R257X, which occurred in 5 (20.8%) patients in a homozy-
gous state and in another 5 (20.8%) in a single allele. The
frequency of this mutation in the studied cohort was 41.6%.
The R139X mutation, which is typical of Sardinian patients,
was detected in two patients in the heterozygous state. We
identified at least one mutation in the first two exons (HSR
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domain) of the AIRE gene in 50% of the patients, whereas
41.6% of our population showed a mutation in exons 5 and 6
(SAND domain).
3.2. Clinical and immunological features

In our 24 patients, the first manifestation of APECED was
observed in childhood at a mean age of 4 years (range: 1–
13.7 years). At least one of the three most common
manifestations (hypoparathyroidism, mucocutaneous can-
didiasis and adrenal failure) appeared by 13.7 years of age
in 83% of cases. Among them, five patients developed two
major clinical manifestations by 6.7 years of age. In
contrast, four patients showed atypical manifestations as
the first expression of the disease, including one case of
ovarian failure, one case of nail dystrophy and two cases
of autoimmune hepatitis (Table 2). In the following
years, 37.5% of our patients developed all three major
clinical manifestations, while 45.8% of APECED patients
showed at least two of the three manifestations. One
patient presented with chronic hypoparathyroidism after
presenting with ovarian failure. Another patient with
ovarian failure also developed hypoparathyroidism and
occasional candidiasis. One patient developed candidiasis
followed by nail dystrophy and autoimmune hypothyroid-
ism. One patient did not develop any of the three major
manifestations, showing only vitiligo, nail dystrophy and
autoimmune gastritis.

Immunological studies including analysis of immunoglob-
ulin levels and of lymphocyte subpopulations were normal. In
particular, IgG (range: 600–2120 mg/dl), IgA (range: 40–
166 mg/dl), IgM (range: 44–209) were usually in the normal
range, or increased in some patients.

The three main manifestations of APECED occurred in the
following chronological order: mucocutaneous candidiasis
(mean age of onset: 2.5 years and maximum incidence in the
1st year of life); hypoparathyroidism (mean age of onset:
5.9 years and maximum incidence in the 6th year); and
adrenal failure (mean age of onset: 8 years and maximum
incidence in the 9th year). During their life spans, 75% of the
APECED patients developed candidiasis, which appeared
when patients were between 1 month and 19 years of age. In
41.7% of them, candidiasis was the first manifestation of
APECED. Hypoparathyroidism was the first endocrine mani-
festation to occur. It was present in 83% of patients and
developed when they were between 2 and 29 years of age.
Addison's disease was observed in 62% of cases, appearing
between 2 and 13 years of age.

Ectodermal dystrophy appeared in almost half of the
patients and always involved the nails. The mean age of
onset of this disorder (8 years) overlapped with that of
Addison's disease (peak age of onset between 7 and 9 years).
Vitiligo and alopecia were observed in 29% and 20% of cases,
respectively. Autoimmune hepatitis was observed in 25% of
our patients, occurring before 3 years of age or after 20 years
of age.

Approximately 25% of patients developed autoimmune
thyroiditis (mean age of onset: 8.9 years). Other uncommon
clinical manifestations of APECED included pernicious ane-
mia, ovarian failure, keratoconjunctivitis, type 1 diabetes
and encephalitis (Table 2).
A considerable delay between the appearance of
symptoms and the diagnosis of the disease was observed
in the majority of patients. Among the APECED patients, 17
subjects presented the first clinical manifestation within
5 years of age, and the mean diagnostic delay was
11.9 years (Fig. 1). In the other 7 patients, who presented
the first symptom of the disease after 5 years of age, the
mean diagnostic delay was 5.9 years. Overall, the mean
diagnostic delay in our patients was 10.2 years. The broad
heterogeneity in the clinical manifestations that were
observed at the onset may account for the length of time
between the first clinical manifestation of APECED and the
time of diagnosis.
4. Discussion

APECED is a very rare genetic disorder, but some distinct
populations (Finns, Iranian Jews and Sardinians) display an
elevated prevalence of this disease. Indeed, many articles
describing this syndrome are related to selected populations
[5,9,12–19]. Our study, however, is based on a heteroge-
neous group of 24 patients originating from Italy and other
European countries. In this population, we have detected
AIRE mutations that were previously reported in selected
areas: R257X (with a frequency of 42%), the W78R mutation
(identified in 17% of our cases), the 967–979 13 bp deletions
(identified in 17% of our patients) and the R139X mutation
(detected in two patients) [13]. Although we performed
complete sequencing of the coding regions and splicing sites,
we detected the majority of the mutations in the first two
exons, which encode for the HSR domain of the AIRE gene,
and in exons 5 and 6, which encode for the SAND domain.
Evaluation of the clinical features of these patients did not
reveal any genotype/phenotype correlation.

Indeed, study of the clinical manifestations of APECED in
our series of patients revealed an extreme heterogeneity in
symptoms and in the age of first appearance of the disease.
Although the first manifestation of APECED usually oc-
curred in childhood, the age of onset (ranging from 1 to
13.7 years) was extremely variable among our patients.
Moreover, despite the assumption that APECED diagnosis
requires the identification of at least two of three major
clinical manifestations (chronic mucocutaneous candidia-
sis, hypoparathyroidism and adrenal failure), only 83.3% of
our patients satisfied these criteria, while the remaining
four patients developed distinct signs of APECED at the
appearance of the disease. In particular, autoimmune
hepatitis was observed in two patients, ovarian failure
was observed in one case, and nail dystrophy was observed
in another patient.

We have observed that development of candidiasis
unresponsive to topical antifungal therapy constitutes an
alerting sign of APECED and occurs earlier than endocrine
manifestations. This observation further supports the notion
that in patients who present with relapsing candidiasis,
despite the antifungal therapy, within 3 years of age should
be subjected to screening for primary immunodeficiencies
and to genetic analysis of AIRE. Implementation of this
recommendation could help in the identification of APECED
patients before the acute development of endocrine
manifestations of the disease.



Table 1 Genetic analysis of AIRE in 24 APECED patients.

ID City,
country

Familial
case

Mutation cDNA nucl Ex. Protein effect Allele 1 ⁎ Allele 2 ⁎

1 Milan, IT No Homozygous 260 2 L87P TNC TNC
2 Padova, IT No Homozygous 769 6 R257X CNT CNT
3 Brescia, IT Yes

(3 and 4)
Compound
heterozygous

607/769 5/6 [R203X]+[R257X] CNT CNT

4 Brescia, IT Yes
(3 and 4)

Compound
heterozygous

607/769 5/6 [R203X]+[R257X] CNT CNT

5 Torino, IT No Compound
heterozygous

260/967–979 2/8 [L87P]+[C322fs] TNC Del13bp

6 NL Yes
(6 and 7)

Homozygous 769 6 R257X CNT CNT

7 NL Yes
(6 and 7)

Homozygous 769 6 R257X CNT CNT

8 Turkey No Homozygous 769 6 R257X CNT CNT
9 Torino, IT No Compound

heterozygous
260/1616 2/14 [L87P]+[P539L] TNC CNT

10 Trieste, IT Yes
(10 and 11)

Homozygous 232 2 W78R TNC TNC

11 Trieste, IT Yes
(10 and 11)

Homozygous 232 2 W78R TNC TNC

12 Napoli, IT No Compound
heterozygous

62/967–979 1/8 [A21V]+[C322fs] CNT Del13bp

13 Milan, IT No Compound
heterozygous

769/967–979 6/8 [R257X]+[C322fs] CNT Del13bp

14 Poland No Homozygous 769 6 R257X CNT CNT
15 Turkey No Compound

heterozygous
769/1370–1371 6/11 [R257X]+ [C457fs] CNT insG

16 Brescia, IT No Compound
heterozygous

415/769 3/6 [R139X]+[R257X] CNT CNT

17 Milano, IT No Compound
heterozygous

IVS1/IVS8 1/8 Splicing mutation +1GNC;
+5delG

+3GNT;
+5GNT

18 Pisa, IT No Compound
heterozygous

967–979/1347 8/11 [C322fs]+ [C449X] Del13bp CNA

19 Napoli, IT No Homozygous IVS1 1 Splicing mutation +1GNC;
+5delG

+1GNC;
+5delG

20 Milano, IT No Compound
heterozygous

232/IVS8 2/8 [W78R]+[splicing mutation] TNC +3GNT;
+5GNT

21 Napoli, IT No Compound
heterozygous

47/232 1/2 [T16M]+[W78R] CNT TNC

22 Brescia, IT No Compound
heterozygous

47/62 1 [T16M]+[A21V] CNT CNT

23 Napoli, IT No Compound
heterozygous

62/967–979 1/8 [A21V]+[C322fs] CNT Del13bp

24 Milano, IT No Compound
heterozygous

415/905–906 3/8 [R139X]+[C302fs] CNT DelGT

⁎ Novel mutations are reported in bold. Familial cases are indicated in the third column (siblings are indicated in parenthesis).
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Although a large majority of APECED patients show typical
symptoms of the disease in their first decade of life,
diagnosis is often delayed until the second decade of life.
We speculate that this unexpected hindrance in the genetic
diagnosis of APECED is related to the poor availability of AIRE
genetic testing in European countries. In addition, the
identification of APECED may be difficult in patients who
present at the onset with non-endocrine manifestations of
the disease. Because delayed diagnosis of APECED can be
associated with severe manifestations of the disease, such as
Addison's disease and autoimmune hepatitis, it would be
appropriate to increase the availability of genetic testing of
AIRE and to improve awareness about this rare disorder
among pediatricians and endocrinologists.
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Table 2 Clinical manifestations in 24 APECED patients.

The first row of the table reports the patient identification number. For each patient, the appearance of specific manifestation is marked in grey.

Figure 1 Diagnostic delay of genetic diagnosis of APECED in 24 patients. For each patient, the age at diagnosis (black column) and
the diagnostic delay (white column), calculated as the difference between the diagnosis and the observation of the first symptom, are
reported on the y axis.
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