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Autoimmune Polyendocrinopathy-Candidiasis-

Ectodermal Dystrophy

Jaakko Perheentupa

The Hospital for Children and Adolescents, Helsinki University Hospital, FIN-00029 Helsinki, Finland

Context: Autoimmune polyendocrinopathy-candidiasis-ectodermal
dystrophy is known as a rare hereditary disease with classic triad of
mucocutaneous candidiasis, hypoparathyroidism, and adrenocortical
failure, two of which, diagnostic dyad, are required for the diagnosis.
Evidently many patients suffer unrecognized because the condition is
more variable and complex.

Objective: The objective of the study was to describe the variability
of autoimmune polyendocrinopathy-candidiasis-ectodermal dystro-
phy for promoting recognition and adequate follow-up of patients.

Setting: The Finnish series of patients is the largest internationally.

Patients: The study population was all 91 known Finnish patients.

Results: Besides the classical triad, a dozen autoimmune endocrine
and other components occurred variably, several of them dangerous.

The initial manifestation appeared within the age range of 0.2—-18 yr,
mucocutaneous candidiasis being part of it in 60% of the patients,
hypoparathyroidism in 32%, and adrenocortical failure in 5%. But
23% of the patients had one to six other components before the di-
agnostic dyad: hepatitis, keratoconjunctivitis, chronic diarrhea, pe-
riodic rash with fever. The dyad appeared 0.2-20 yr later. Prevalence
of most components increased with age, diabetes mellitus, hypothy-
roidism, and testicular failure becoming common toward middle age.
Tubulointerstitial nephritis occurred in 9% of the patients, apparent
mineralocorticoid excess in 9%, asplenia in 19% of adults, and oral or
esophageal squamous cell carcinoma in 10% of patients older than 25

yr.

Conclusions: Any child or young adult with one of the many disease
components should be examined for others and consideration of AIRE
mutation assay. (J Clin Endocrinol Metab 91: 2843-2850, 2006)

UTOIMMUNE POLYENDOCRINOPATHY-candidia-
sis-ectodermal dystrophy (APECED), also called au-
toimmune polyendocrine syndrome type I, is a rare autoso-
mal recessive disease (OMIM 240300) with a complex picture
discovered over decades (1-5). Chronic mucocutaneous can-
didiasis (MC), hypoparathyroidism (HP), and adrenocortical
failure (AF) are its most common components, the classic
triad. APECED has become of great theoretical interest be-
cause mutations of a previously unknown gene, AIRE
(21922.3), were shown to be its cause (6). At least 58 such
mutations are known. APECED appears to occur worldwide,
but is relatively common only in Iranian Jews, Sardinians,
and Finns.

APECED belongs to the Finnish Heritage of Disease (7),
and I have personally studied most of the 91 known Finnish
patients and over four decades familiarized myself with the
course of the disease in all of them. Various clinical, immu-
nological, and genetic studies of this population have been
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Abbreviations: Abs, Autoantibodies; AF, adrenocortical failure;
AME, apparent mineralocorticoid excess; APECED, autoimmune poly-
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TIN, tubulointerstitial nephritis.
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reported (4-6,8-22). With regard to the AIRE genotype, they
are a relatively uniform series, almost all being homozygotes
or heterozygotes for mutation R257X. Because this Finmajor
mutation appears also to be the most common one world-
wide, the Finnish phenotype is of wider interest. What fol-
lows is a detailed description of it. Emphasis will be on the
following: 1) wide variation of the clinical picture and course,
even among patients with identical AIRE genotype, indeed
between siblings; 2) less common disease components may
dominate the picture, even over many years; and 3) kidney
disease, apparent mineralocorticoid excess, asplenia, and
oral or esophageal cancer are common but of unclear cause.
On therapy, only some observations will be presented.

Patients and Methods

This overview of the Finnish APECED phenotype is based on my
personal clinical experience with most and knowledge of all the known
91 patients (Table 1). I have studied 82 of them for up to 40 yr, following
up 56 of them personally (those living in the south of the country) and
26 in cooperation with colleagues, most of whom trained with me. Also,
my experience has provided the substance of guidelines for therapy,
which I provided to all the clinicians who look after these patients.

All 91 patients but two fulfilled the classic diagnostic dyad, presence
of at least two of MC, HP, and AF. Of the two exceptions (see no. 2 and
12 in Fig. 2), one was confirmed by mutation assay, and the other was
based on unquestionable diagnosis of his sister (no. 13) and the facts that
all three of his disease components were part of the APECED spectrum
and his oral squamous cell cancer is a known complication of APECED.

The investigation was conducted in accordance with the Declaration
of Helsinki and was formally approved by our ethics committee. All
patients or guardians gave informed consent.
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TABLE 1. Basic demographics of the 91 patients

Female/male (n) 46/45%
Age at onset of first component (yr) 0.2-18.0 (3.3)°
Age at diagnosis (yr) 0.6-45.2 (7.5)

4.7-60.0 (32.9)
6.8—-63.0 (34.0)
80/91 (88%)

Age at last follow-up (n = 65) (yr)
Age at death (n = 26) (yr)
AIRE mutation searched for

R257X homozygote (genotype 1) 62/80 (77%)
R257X mixed heterozygote 15/80 (17%)

With L323SfsX51 (genotype 2) 6/80

With X546Cext59 (genotype 3) 4/80

With C311Y (genotype 4) 2/80

With K83E (genotype 5) 1/80

With M388l1fsX36 (genotype 6) 1/80

With n.f. (genotype 7) 1/80
1.323SfsX51; X546Cext59 (genotype 8) 1/80

n.f. 2/80

n.f., None found in the coding region of AIRE. This is the case with
some 10% of the AIRE genes of APECED patients (23).

¢ Seventy-five sibships: one of four, one of three, and 11 of two
affected siblings. Number by decade of life, starting with the first (age
< 10yr), 4, 21, 18, 22, 16, 7, 3.

® Range (median).

All the patients had been followed up at hospitals, and their lifetime
clinical documents were available. I perused them collecting data on a
Microsoft Access database (Microsoft, Redmond, WA).

Results
Patients as a group

The clinical picture seemed to vary between siblings as
much as between other patients. The patients with mixed
heterozygosity or those with undetected mutations or non-
assayed genotype did not seem to differ clinically from the
R257X homozygotes. Hence, all 91 patients were analyzed
together.

The initial manifestation included MC in 55 and HP in 29
of the 91 patients, but many other components were variably
part of it (Table 2). In fact 10 of the 91 patients had from one
to three other components for 0.1-14 yr (median 1.7 yr) before
any of the triad components. And with MC, 21 patients had
from one to six other components for 0.2-25 yr (2.2 yr) before
HP and AF. These other components included keratocon-
junctivitis in 10 patients, chronic diarrhea in six, periodic rash
with fever (and arthralgia in two patients) in six, and hep-
atitis in four patients.

The prevalence of most components increased with age
(Table 3). However, the time courses differed markedly. The
incidence of diabetes mellitus (DM), hypothyroidism (HT)
(Fig. 1), and testicular failure (TF) peaked late relative to the
others. In contrast, no new cases of keratoconjunctivitis and
hepatitis appeared beyond the age of 16 yr.

Patient demographics

The clinical picture and course varied widely (Tables 1 and
2 and Fig. 2). The first sign of APECED was observed at age
0.2-18 yr. The diagnostic dyad was evident in 11 patients
only at the age of 15-35 yr and in one not by the latest
observation at 45 yr (no. 12 in Fig. 2). In 12 patients less
common components dominated the picture until the age of
13-45 yr with candidiasis but neither HP nor AF present (no.
7,12, and 14).

Perheentupa ® APECED

TABLE 2. First component and first endocrine component in the
series of 91 patients

No. of

Component patients (%)

First component

Part of the classical triad® 89
Nontriad® 11
Candidiasis with or followed by 23
nontriad component(s)®
Candidiasis 60 (47)¢
HP 32 (24)
AF 5(2)
Keratoconjunctivitis 9(4)
Chronic diarrhea® 5(5)
Periodic rash with fever 4(3)
Severe obstipation 4(2)
Alopecia 3(1
Hepatitis 1(-)
PA 1(-)
Vitiligo 1(1)
First endocrine component
HP/ 68 (64)
AF 33 (29)
GH deficiency 1(1)
HT 1D
DM 1(1)

¢ Candidiasis (MC), HP, and AF.

® Interval to the appearance of the first triad component was 0.1-14
yr (median 1.7 yr).

¢ Interval to the appearance of HP or AF was 0.2-25 yr (2.2 yr).

9 When more than one component appeared together, all were
counted (first number); for cases with the component appearing alone,
the number is given in parentheses.

¢ In some cases, diarrhea may have resulted from hypocalcemia of
HP.

"HP and AF appeared together in four patients.

The number varied from one to five (median two) for
endocrine components and from two to 10 (five) for all dis-
ease components (excluding asplenia and dental, nail, and
tympanic membrane dystrophies). Six adults (five men) re-
mained with HP as the only endocrinopathy at age beyond
28 yr, besides MC (e.g. no. 11), two patients had alopecia and
one pernicious anemia (PA). Similarly, six (all male) had AF
as the only endocrine component at age beyond 32 yr; besides
MC four of them had alopecia and two PA. The AIRE ge-
notype, known for four of those HP patients and all the AF
patients, was homozygosity for R257X.

Classic triad

MC occurred in all adult patients, at least periodically. In
one case it appeared only during a febrile disease in the
fourth decade of life (Table 3). In some, MC was observed in
the nails before the mouth, and in two adults only nail in-
fection was recorded, although it was assumed to be sec-
ondary to oral infection. In fact, one of the two (no.12 in Fig.
2) developed oral cancer. Esophageal MC was diagnosed in
14 patients, usually associated with substernal pain, partic-
ularly on swallowing, but not always with oral MC at the
same time. Several patients required esophageal stricture
dilatation. A 39-yr-old woman with AF, HP, and ovarian
failure (OF) and frequent recurrence of oral and intestinal
MC developed long-lasting watery diarrhea with heavy
growth of Candida albicans in stool culture. It persisted de-
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TABLE 3. Prevalence® (percent) of the diagnostic dyad® and the most common disease components by age (birthdays) with age ranges at

their appearance in the series of 91 patients

Age (yr) Age range (median)
1 2 5 10 15 20 30 40 50 at appearance (yr)

Diagnostic dyad 0 0 21 70 85 94 97 99 929 2.2-35(7.0)
Classic triad

Candidiasis 17 30 48 83 93 96 98 100 100 0.2-31(5.4)

HP 0 6 34 65 77 83 85 87 88 1.6-43 (6.0)

Adrenal failure 0 0 8 40 63 72 78 81 84 3.5-41(10.0)

All three 0 0 3 25 50 56 64 71 76 3.5-43 (11.3)
Other endocrine disorders

OF 35 53 60 69 -36

TF 8 12 28 -37

DM 0 0 2 3 7 10 13 23 33 4.1-58 (23.5)

HT 0 0 1 1 1 4 14 21 31 4.7-45 (26.5)
Skin disorders

Alopecia 0 0 5 16 29 33 39 39 39 2.5-30 (10.3)

Vitiligo 1 1 2 9 17 20 27 31 0.7-45 (12.7)

Rash with fever 3 7 10 12 13 14 14 15 0.7-31(2.8)
Gastrointestinal disorders

PA 0 0 0 3 10 16 20 28 31 6.1-48 (17.2)

Severe obstipation 1 1 8 10 14 18 21 26 1.0-31 (13.0)

Chronic diarrhea® 0 0 8 13 16 17 22 22 22 2.5-27 (6.6)

Hepatitis 1 2 5 12 16 18 18 18 18 0.7-16 (8.0)
Eye disorders

Keratoconjunctivitis 0 5 11 18 20 21 22 22 22 1.3-16 (5.4)

In a subgroup of 68 patients, the prevalence of enamel hypoplasia of permanent teeth was 77% (5).
¢ Estimated from the observed incidence rates over the age intervals, assuming that all patients live until the age of 50 yr.

® At least two of candidiasis, HP, and AF.
¢ Does not include the diarrhea associated with hypocalcemia.

spite oral medication with amphotericin B and fluconazole
but was cured for 2.5 yr (so far) by 2-wk iv amphotericin B
therapy. A girl 12.9 yr old developed febrile genital candida
infection. No deep infection was ascertained in vivo, but a
30-yr-old patient (no. 5 in Fig. 2) was at autopsy found to

18
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8.0

6.0

4.0

2.0

0.0

3.0

2.5 1
2.0

Cases per 100 patient years at risk

1 2 5
Age (years)

10 15 20 30 40 50

Fic. 1. Incidence rates (new cases in the preceding age interval di-
vided by the number of person-years at risk and multiplied by 100)
of 14 components of APECED according to age in 91 patients (46
females in case of ovarian failure). AH, autoimmune hepatitis; Al,
alopecia; Di, chronic diarrhea; Kc, keratoconjunctivitis; Ob, severe
obstipation; RF, rash with fever; Vi, vitiligo.

have Candida abscesses in the pericardium and small intes-
tine, with necrotizing inflammation of the colon and mes-
enterium. Four males and two females developed squamous
cell carcinoma of the mouth (24, 25) or esophagus (n = 1) at
the age of 29-44 yr, meaning 10.5% of patients over 25 yr
(Rautemaa, R., J. Hietanen, S. Niissalo, S. Pirinen, and ]J.
Perheentupa, manuscript submitted). The males were smok-
ers. Because of transplanted kidney, the youngest patient
remained on immunosuppressive medication from age 23 yr.
This very malignant neoplasm is presumably induced by
chronic candidiasis. That notion is supported by the fact that
no other malignancies occurred in our series. Hence, oral and
esophageal candiasis must be strictly controlled. The con-
azole-type systemic drugs should not be used in prevention
because resistance may develop (Rautemaa, R., M. Richard-
son, P. Koukila-K&hkold, M. Pfaller, M., H. Saxén, and ].
Perheentupa, manuscript submitted). Another type of im-
mune defect was observed in a boy (no. 2 in Fig. 2), whose
severe susceptibility to pneumococcal pneumonias was due
to defective antibody response to polysaccharide antigens.

HP was the only component with a distinct gender dif-
ference, appearing earlier and in a significantly larger pro-
portion of females (98%) than males (71%) (21). No antibodies
associated with HP could be confirmed (21), in contrast to a
recent report (26), not even autoantibodies (Abs) to Ca*"
sensing receptor. AF (or its therapy) appeared to reduce
susceptibility to HP: none of the 12 patients who had AF as
the first endocrinopathy (or, in one case, second after HT)
had HP by the mean age of 33.4 yr. In many of the patients,
target calcemia was difficult to maintain, presumably in part
due to variation in calcium intake and absorption. Evidently,
loss of Mger was associated with HP, and even severe man-
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Fic. 2. Disease histories of 14 patients with APECED, selected to demonstrate the variability of the clinical picture and course. The lines start

at birth and end at death (7) or at age of the last observation (arrowhead). Age at appearance of disease component is indicated by symbol of

the disease: A, adrenocortical failure; a, alopecia; C, carcinoma, oral squamocellular; ¢, candidiasis, mucocutaneous; D, diabetes mellitus; d,
diarrhea, chronic; E, exocrine pancreatic failure; G, GH deficiency; H, hemolytic anemia, autoimmune; i, iridocyclitis; I, infections, exceptionally
persisting/recurring respiratory; j, arthralgia with fever; k, keratoconjunctivitis; L, hepatitis; M, mineralocorticoid excess, apparent; N,
nephritis, tubulointerstitial; o, obstipation, severe; P, hypoparathyroidism; p, pernicious anemia; R, rheumatoid arthritis; s, periodic rash with
fever; T, hypothyroidism; v, vitiligo; X, kidney transplantation; 2, OF; &, TF. Patients no. 12 and 13 were brother and sister. Numbers 4 and
6-11 had AIRE genotype 1 (Table 1), no. 2 and 14 genotype 2, and no. 3 genotype 7. The others died before availability of DNA analysis.

ifestation of magnesium deficiency, nonhypocalcemic con-
vulsion, was not rare. Hence, I recommend a Ca?* prepa-
ration containing Mg>* and a small dose of cholecalciferol.

AF developed variably: deficiencies of cortisol and aldo-
sterone appeared often years apart, either way. One patient
(no. 7 in Fig. 2) had cortisol deficiency since age 23 yr but no
salt loss by present age of 33 yr. When Ab assay indicated
adrenalitis (10, 24), its progress was easily monitored with a
2-h ACTH stimulation test, plasma renin activity (PRA), and
salt restriction test (9, 10). This Ab positivity led sooner or
later to AF, except in two patients whose Abs disappeared.
AF was associated with HLA-DRB1*03 (18).

Other endocrinopathies

DM (type 1 in all but two of 17 of 91 patients) became
prevalent toward middle age. As in the general population,
HLA-DRB1*15-DQB1*0602 appeared to protect against type
1 DM (18). Interestingly, whereas the prevalence of the iso-
lated type 1 DM internationally is highest in Finland (27), so
is also the prevalence of type 1 DM in APECED patients
(Table 3) (25).

High-titer antithyroid Abs were frequent, but HT became
common only relatively late. Yet in a boy (no. 3 in Fig. 2), it
appeared at age 4 yr as the first endocrinopathy. Hyperthy-
roidism occurred once: a 26-yr-old female was mildly hy-
perthyroid with absence of thyroidal radioiodide uptake in-
dicating acute autoimmune thyroiditis, which progressed to
HT in 2 months.

GH deficiency (25, 28) was diagnosed in five patients, at
age 5-15.4 yr.

Of patients with OF, 12 of 23 had absence or early inter-
ruption of spontaneous pubertal development. OF appeared

associated with AF: all the patients with OF had AF; only one
developed AF after OF. Steroid cell and steroid side-chain-
cleavage enzyme Abs in female patients are good predictors
of ovarian failure (10, 25).

Of the 12 non-OF and 23 OF patients over 16 yr of age, six
and 11, respectively, were living in a steady pair relation.
Four and one of them, respectively, had given birth to a child,
the latter at the age of 33, shortly before her ovaries started
to fail. Four of the 11 other OF persons had resorted to ovum
donation. Two were successful, another aborted at midpreg-
nancy and lost her uterus, and the fourth gave up after
several attempts.

Male hypogonadism was heterogeneous: of the seven
cases, three had azoospermia evidently with otherwise nor-
mal sexual function, three others had primary testicular at-
rophy, and one was hypogonadotropic. Five of the seven had
AF; the other two were azoospermic (29), one of them with
a history of mumps orchitis.

Skin diseases

Alopecia was in 11 of 32 cases present before the diagnostic
dyad. It usually appeared as patchy loss of hair, often fol-
lowed by some regrowth, but became universal in 22 pa-
tients. It was strongly associated with HLA-DRB1*04-
DQB1*0302 (18). Although our social security pays fully for
good-quality wigs, to some females alopecia was more dis-
tressing than AF, HP, OF, and keratoconjunctivitis.

Vitiligo was variable in extent, from spots to almost uni-
versal. It was the first component in one of 23 cases and
appeared before the diagnostic dyad in five.

Periods of maculopapular, morbilliform, or urticarial rash
of fleeting character, usually with fever and in two patients
with arthralgia, occurred in 13 patients, continuing for 0.2-
1.2 yr (Table 4). Of these 13, five, 0.7-1.2 yr old, had plasma
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TABLE 4. Unusual, less known, and possible components and
complications of APECED in the series of 91 patients

Periodic rash with fever (14%), appearing at age 0.7-31 yr and
lasting for 0.1-1.2 yr ¢
Asplenia (9% at age 5-15 yr, 19% at age > 17 yr)°
Squamous cell carcinoma of mouth or esophagus (10.5% at age >
25 yr)
Hypokalemia or AME (15%) appearing at 5-28 (median, 14) yr®
TIN (9%), evident by 10-21 yr<
Chronic iridocyclitis (8%) appearing at 6-27 yr
Dry eye (11%) evident by 6—48 yr°
Exocrine pancreatic insufficiency (4%) by 4—-28 yr’
Following conditions, each in one case®
Case 1, Autoimmune hemolytic anemia (at 6 yr) (25)
Case 2, Bronchitis obliterans organizing pneumonia (at 9 yr)
Case 3, Fulminant RA (at 28 yr)
Case 4, Hypoplastic anemia (at 30 yr)
Case 5, Sjogren syndrome (at 51 yr) (25)
Case 5, Amyotrophic lateral sclerosis (at 52 yr)

“ Proportion of patients observed with the component.

® By sonography of 11 children and 43 adult patients.

¢ Of eight (three male) patients with AME, six had AF, five HP, five
OF, two DM, two HT, three active or inactive hepatitis, two PA, four
TIN; of the six (four male) others, all had AF, six HP, two OF, one DM,
one HT, four AH, four PA, one TIN.

@ Of eight (two male) patients, six had HP, six AF, five OF, two HT,
one DM, and one PA.

¢ One of these patients is no. 5 in next group.

7 Of five (three male) patients, four had AF, four had periodic rash
with fever, three had HP, two had autoimmune hepatitis. DM, OF,
HT, PA, and TIN each affected one patient.

€ Other components for case 1, see no. 3 in Fig. 2; case 2, OF,
hepatitis; case 3, see no. 5 in Fig. 2; case 4, HP, AF, OF, DM, TIN; and
case 5, HP, AF.

IgG levels of 24-51 g/liter (normal range up to 17 g/liter).
One of those five patients had a recurrence, at the age of
9.7-9.9 yr. A skin biopsy was performed in four cases: two
had lymphoplasmacytic vasculitis (25), the others no specific
pathology. This may be another autoimmune component.

Gastrointestinal

Hepatitis was of variable severity. Fulminant necrotizing
disease killed three of 16 of the patients within a few weeks
atage 10-15 yr (5, 25). In the youngest of these, the immediate
cause of death was sepsis with Listeria monocytogenes, which
developed during her strong immunosuppressive medica-
tion. Several others survived with years of azathioprine med-
ication. In nine others asymptomatic elevation of plasma
alanine aminotransferase up to 2-fold the upper normal
range subsided over some months without immunosuppres-
sion.

Pernicious anemia was almost always preceded by su-
pranormal plasma levels of antiparietal cell or intrinsic factor
blocking Abs or both.

Chronic diarrhea was of variable etiology and duration. In
some cases diarrhea heralded the appearance of HP and then
signaled hypocalcemia in patients with HP. Exocrine pan-
creas failed (30) in five of the 16 patients, and one had de-
fective bile acid reabsorption. In five cases diarrhea alter-
nated with obstipation, presumably due to autoimmune
intestinal endocrine dysfunction (30). Intestinal candidiasis
(25) caused severe diarrhea, even in absence of clear oral
infection. Another patient had multiple periods of severe
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diarrhea with intestinal Clostridium difficile infection. Severe
obstipation probably contributed to death of a girl (Table 5).

Ocular disease

Bilateral keratoconjunctivitis was an early component (Fig.
1). Ten patients were blind, probably because of insufficient
intensity of early therapy. Three of them received corneal
transplants, with slight improvement of vision (19).

Cortical lenticular opacities, ascribed to HP or its therapy,
were present in 10 of 52 appropriately examined patients
(16). Six patients had chronic iridocyclitis (Table 4), two had
optic atrophy, and two retinal degeneration (16). Eleven
needed therapy for dry eyes (16) (Table 4).

Other

Hypokalemia with arterial hypertension was a varying
long-term (3-10 yr) problem in 14 patients (Table 4), which
can be divided into two subgroups. The first one of eight
patients manifested apparent mineralocorticoid excess
(AME), with suppressed PRA and subnormal plasma aldo-
sterone levels in absence of mineralocorticoid medication.
Two of them had neither AF nor circulating adrenocortical
Abs. These two and two others of this subgroup had tubu-
lointerstitial nephritis (TIN). Two others (with AF and with-
out TIN) later developed need of mineralocorticoid substi-
tution. The second subgroup of six patients all had AF with
salt loss necessitating mineralocorticoid substitution. How-
ever, they were very sensitive to it so that even a very small
dose (0.025 mg fludrocortisone acetate every 1-5 d) caused
hypokalemia with PRA suppression. The problem could be
managed by searching for each patient a suitable combina-
tion of K-sparing diuretic, slow-release KCl, and fludrocor-
tisone acetate. However, their balance remained unstable,
and it was often necessary to readjust the medication. Some-
times the mineralocorticoid was better discontinued. Thus,
some of the individual patients shifted between the two
subgroups. Elevated basal cortisol levels of early adrenalitis
(9) are an unlikely cause of AME. We found no clear evidence
of stimulated endogenous mineralocorticoid secretion. TIN
may have caused the AME in some cases. But apparently in
most cases the problem was caused by consumption of salted
licorice (31). It turned out to be very difficult to stop, espe-
cially at teenage. In many cases the amount consumed ap-
peared small. These patients might be exceptionally sensitive
to licorice or have an unusual craving for it. Glycyrrhizic acid
assay was not available.

TIN affected the total eight patients (Table 4). Four of them
developed terminal renal failure at the age of 10 (with AME),
19, 20, and 29 yr. The three youngest of those four received
a kidney transplant, which functioned well at the latest ob-
servation 0.5, 16, and 21 yr postoperatively. The oldest of the
four had severe distal tubular acidosis with K* loss (base
excess around —20 mmol/liter); she died at the age of 30 yr
(no. 5 in Fig. 2), and autopsy revealed nephrocalcinosis with
TIN. She and the second oldest of the four had experienced
long periods of severe hypercalcemia due to unsatisfactory
follow-up. Of note is that the two youngest of the eight TIN
patients (as already mentioned in the preceding paragraph)
had no HP: the 10-yr-old boy with kidney transplant and a
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TABLE 5. Causes of death

Perheentupa ® APECED

No. of
cases

Cause (patients’ characteristics®)

Accident (7F dPp; 17M ALP 1)

RN

Addisonian crisis possible

AEDoPGT 1; 46M AGKLPT 1; 62M AaDkP 2)

[P BN

Fulminant hepatitis (10M LPd; 13F AakLP 1, Listeria sepsis; 15F AakLoPp)

Oral/esophageal squamous cell carcinoma (34M AkPp 1; 36F AGP 1; 42M AaDPT 1; 45M aG)

Unclear cause, death occurred before the complexity of APECED was known (6F DdP; 12F adkP; 54M Pp; 59F aDdP),
Loners unexpectedly found dead or moribund at home® (24M AkP 5; 26M AakP 4; 35M ADP 1; 42F AEGP 1; 43F

Diverse Campylobacter sepsis, severe coprostasis and negligence of medication (19F AgoP 1); septicemia after

replacement surgery of hip joint destroyed by fulminant rheumatoid arthritis (25) (29F AdGNPpR); pulmonary
embolism after air travel (32F AaDkoPT 4); acute alcohol intoxication (43M AaEGP 1); amyotrophic lateral sclerosis

(54F AoP 1); Parkinson’s disease (66M AGP)

A, AF; a, alopecia, universal; D, DM; d, diarrhea, chronic; E, alcoholism, chronic; G, hypogonadism; k, keratoconjunctivitis; L, hepatitis; N,
nephritis, tubulointerstitial; o, obstipation, severe; P, HP; p, PA; R, rheumatoid arthritis; T, HT; M, male; F, female.
¢ Age in years, sex (M/F), main disease components and complications, AIRE genotype number (Table 1), if known. All had mucocutaneous

candidiasis.
® No clear cause of the sudden death was identified at autopsy.

12-yr-old nonuremic boy with distal tubular acidosis both
had AME (no. 2 and 3 in Fig. 2).

APECED may cause great psychosocial burden. The per-
sistent risk of developing new, possibly life-threatening, dis-
ease components, and the often disfiguring superficial dis-
ease components can be a source of continuous distress. Oral
candidiasis requires strict control, sometimes continuous
medication. HP, AF, and DM and their treatments influence
each other. Patients with two of these components and, par-
ticularly those with all three, are prone to metabolic imbal-
ance and big fluctuations in wellness. Teenage patients often
deny their disease and neglect therapy, sometimes with life-
threatening consequences. Depression and suicidal thoughts
are not infrequent. Peer group support has proved valuable;
our patients established their own association, and meetings
and mutual contacts have had positive influence on those
who joined the group. Professional psychosocial support
should also be readily available.

Discussion

The AIRE mutation R257X enriched in the small popula-
tion (5.5 million) of Finland has generated the internationally
largest series of patients with APECED. Our national public
health service has allowed us to centralize their management.
Hence, I am able to present longitudinal data demonstrating
the variable evolution of this complex disease over a lifetime.
The prevalence of the disease components increases with
age; thus, only age-specific prevalence figures have full
meaning. Apparently only the Finnish series is large enough
for useful estimation of such figures, even up to the age of
50 yr (Table 3).

My most striking finding is the wide variation of the clin-
ical picture and course of APECED. Little is known about the
basis of this variation. It was not clearly less between affected
siblings than between other patients. In a study of 127 pa-
tients, half of them Finnish, the only observed association
between AIRE genotype and APECED phenotype was higher
prevalence of candidiasis in patients homozygous or het-
erozygous for the Finmajor mutation R257X than in those
with other mutations (18). AF and MC showed the same

human leukocyte antigen associations and type 1 DM the
same negative human leukocyte antigen correlation that are
known for these diseases in non-APECED patients. But most
of the phenotypic variation of APECED remains
unexplained.

For safety of the patients, early diagnosis of APECED and
ongoing regular surveillance are critical. The surveillance
must include accessibility of an expert when something new
arises. With regard to early diagnosis, it is most important to
know the variability of the early clinical picture. The classic
diagnostic dyad allows early recognition of only a minority
of new cases. Its presence is diagnostic, but its absence is of
no diagnostic value. The well-known and useful hallmark of
APECED, chronic oral candidiasis, when present after the
newborn period, should bring APECED into mind. How-
ever, it was present at the first manifestation in less than two
thirds of the Finnish patients, despite being associated with
the predominant Finnish mutation (18). It may be much less
common elsewhere. Of 24 Iranian Jewish patients, who have
their own unique mutation, candidiasis was observed in only
four (32). According to the Finnish phenotype hepatitis, ker-
atoconjunctivitis, periodic rash with fever, chronic diarrhea,
severe obstipation, alopecia, and vitiligo should be recog-
nized as potential early components of APECED. The same
holds for apparently isolated hypoparathyroidism or adre-
nocortical failure, especially in children, but even anyone
under 30 yr of age. Observing one of these diseases calls for
scrutiny for other components of APECED, including the
visible oral, ophthalmic, and dermal features. Search for
AIRE mutations should be considered, particularly if more
than one component is present.

In Finland, availability of an assay for our three common-
est AIRE mutations allows quite reliable recognition of new
cases. Our two youngest patients, sisters, are good examples.
They received the diagnosis of APECED at the age of 0.6 and
2.3 yr. They had oral candidiasis from age 0.2 and 1.4 yr, and
hence, their parents took them to see a pediatrician. The
message about early features of APECED had reached the
pediatrician, who referred them to their university hospital
as suspected cases of APECED. Both were found to be ho-
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mozygous for R257X. The hospital followed them up and
diagnosed HP at a presymptomatic stage at the age of 2.7 and
6.0 yr, respectively. The family was informed of how the
disease may evolve and the importance of lifelong ongoing
surveillance.

Our patient group has willingly participated in research of
their disease in cooperation with domestic and foreign re-
search groups. This led to discovery of the AIRE gene (6),
development of the mutation assay, and extensive ongoing
research on the molecular biology of AIRE. Similarly, much
hasbeen learned of the immunology of APECED. So far these
other recent advances of basic research on APECED have not
much helped the clinician. Certain Abs (22) may be helpful
when the assays are available. Combined analysis for Abs
against steroid 21-hydroxylase, side-chain cleavage enzyme,
and aromatic L-amino acid decarboxylase has been sug-
gested to identify patients with APECED (22), but this ap-
proach is likely to give false negatives in young children.
Presence of circulating antiinterferon Abs at a very early
stage appears promising (33).

Tubulointerstitial nephritis of an APECED patient was
recently reported, with detection of antiproximal tubular
Abs (34). I now report on TIN affecting 9% of our patients
(Table 4). Because TIN belongs to the most dangerous com-
ponents, its autoimmune origin should be rapidly confirmed
and ways for early detection and prevention searched for. In
our series asplenia (35) was also relatively common, and
there was a suggestion of increasing prevalence with age
(Table 4). Hence, autoimmune origin appears likely, even for
this component. Presently only hepatitis and, perhaps, in-
testinal dysfunction and keratoconjunctivitis (30) can be re-
pelled with immunosuppressive medication. With regard to
the other components, the risks of immunosuppression seem
to outweigh its potential benefits.

With all the intense APECED-related basic research going
on in research centers globally, the clinician remains opti-
mistic that new ways of limiting the autodestruction caused
by this nasty disease will become available.
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