
Classification and Characterization of APS

Autoimmune Polyendocrine Syndromes (APS)
were initially defined as a multiple endocrine gland in-
sufficiency associated to an autoimmune disease in a
subject. Probably the first description of an APS dates
back to 1855 when Thomas Addison described perni-
cious anemia and vitiligo, in a patient with idiopathic
adrenal insufficiency (1). Subsequently the association
between diseases in APS was noted not to be at ran-
dom but in particular combinations and that some
non-endocrine autoimmune diseases were also part of
the syndromes. After a careful clinical observation of
affected patients, Neufeld and Blizzard in 1980 sug-
gested a classification of APS, based on clinical criteria
only, and described four main types (Table 1).

Pathogenesis of APS

In 1908 Claude (3) first hypothesized a common
pathogenesis of APS, however, it was not the time yet
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Table 1. Classification of the APS according to Neufeld 1980
(2) (modified)

APS-1 Chronic candidiasis, chronic hypoparathyroidism,
Addison’s disease (at least two  present)

APS-2 Addison’s disease (always present) + autoimmune thy-
roid diseases and/or type 1 diabetes mellitus

APS-3 Autoimmune thyroid diseases associated with other
autoimmune diseases (excluding Addison’s disease
and/or hypoparathyroidism)

APS-4 Combinations not included in the previous groups
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for a correct interpretation of their pathogenesis. In
fact, in 1912 Hashimoto described a mononuclear
leukocyte infiltration that was defined as “ struma
lymphomatosa” in some patients with goitrous thy-
roid glands (4). Addison previously described a simi-
lar infiltration in the patient with adrenal insufficien-
cy and idiopathic atrophy of the adrenal cortex (1). In
1940 a similar infiltration was described within pan-
creatic islets of patients with type 1 diabetes mellitus
and was called “insulitis” (5). In 1954, Bloodworth et
al. (6) suggested, for the first time, that the accumu-
lation of antibodies in the thyroid gland in patients
with hypothyroidism and adrenal insufficiency
(Schimdt’s Syndrome) might be subsequent to re-
duced levels and protection of adrenal cortex hor-
mones. In 1956 some interesting discoveries were
made, the first consisted in demonstration of autoan-
tibodies in the sera of patients with Hashimoto’s thy-
roiditis which reacted with thyroid autoantigens (7),
the second in the possibility to reproduce experimen-
tally in rabbits a thyroiditis similar to Hashimoto’s
thyroiditis by immunization using autologous thyroid
tissue (8), the third in the discovery of a factor capa-
ble of stimulating the thyroid gland defined “long-
acting thyroid stimulator (LATS)” in the sera of pa-
tients with Graves’ disease (9) which was subsequent-
ly recognized as an autoantibody to the TSH receptor
(10). Thanks to these observations in 1957, Witebsky
and Rose (11) formulated the criteria to define an au-
toimmune disease (Table 2) and Hashimoto’s thy-
roiditis was the first disease included. In the same
year it was discovered also that patients with “idio-
pathic” Addison’s disease (AD) had serum autoanti-
bodies against cytoplasmatic antigens of the adrenal
cortex, besides the lymphocytic infiltration (12).
These data, determined the inclusion of AD among
this group of diseases as well as Hashimoto’s thy-
roiditis.

In the following years, based on these criteria,
several diseases considered until then “idiopathic”
found a collocation within the group of autoimmune
diseases. To date over 60 human diseases belong to
this group (13). In recent years, several hypotheses
have been put forward to explain how an individual
can lose its tolerance against self antigens (14). From
these sudies emerge that autoimmune diseases can be

determined, in genetically susceptible individuals, by
the release of sequestered antigens, environment-in-
duced alterations of host membrane proteins, cross-
reactivity between environmental agents and host
antigens. A defect in the cells regulating the immune
response must be supposed to underly this immuno-
logical disorder. If on the one hand, these theories try
to explain why some individuals develop an autoim-
mune disease, on the other they do not explain why
others develop an APS. Recently, it has been suggest-
ed that an APS may be due to external agents sharing
one or more epitopes with a common antigen in sev-
eral endocrine tissues (14). An interesting hypothesis
is that organs deriving from a same germ layer can ex-
press common germ-layer specific antigens that could
serve as targets for the autoimmune responses in APS
(15). According to this theory, APS type 2, in which
the targets are the adrenal cortex (mesodermal layer),
the thyroid gland and the pancreas (endodermic lay-
er), would derive from the autoaggression of 2 differ-
ent germ-layer specific antigens or of an antigen com-
mon to both mesoderm and endoderm.

Animal models of APS

The difficulty of understanding the pathogenesis
of APS is due also to the few animal models available.
In NOD mice and obese strain chickens, which devel-
op spontaneously type 1 diabetes mellitus or
Hashimoto’s thyroiditis, APS never attain the clinical
stage (16, 17). In other animal models APS develop
only after important immune-manipulations or after
viral infections (18-23), however, in human APS no
important immunological alterations or viral infec-
tions have been shown to date.

Table 2. Criteria of definition of an autoimmune disease (11).

• Demonstration of serum autoantibodies and/or cell-mediated
events

• Demonstration of a lympho-monocyte infiltration in the tar-
get organ

• Possibility of identifying and isolating autoantigens

• Possibility of inducing experimentally the disease in animals
by immunization with autoantigens and to transfer the dis-
ease passively by serum or lymphocytes
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APS -1

a. Historical news

The first case of APS-1 was that of a child with
chronic tetany, due to hypoparathyroidism associated
with chronic candidiasis reported in 1929 (24). How-
ever, only in 1943 a case of a 12 year old girl with non
tubercular AD, idiopathic hypoparathyroidism,
chronic candidiasis and phlyctenular keratoconjuntivi-
tis was described (25). In 1956, in consideration of
other similar reports, Whitaker added AD to the de-
scription by Torpe (26). In the following years the re-
ports of patients with different combinations of these
3 diseases (candidiasis, hypoparathyroidism and AD)
became more frequent, and in 1958 Bronsky analyzed
50 cases reported in literature (27), in 1981 Neufeld
71 cases (28). The present review analysed the data of
256 cases (47 of which are from personal observations)
derived from the 7 largest published studies (Table 3).
To these data it may be important to add many other
singular cases reported from some case reports.

The following major clinical features characterize
APS-1: chronic candidiasis (CC), chronic hypoparathy-
roidism (CH), Addison’s disease (AD). This APS has
been referred to as: Whitaker’s syndrome (26), au-
toimmune polyendocrinopathy type 1 (APS-1) (2),

and APECED (Autoimmune Poly-Endocrinopathy,
Candidiasis, Ectodermic Dystrophy) (27a). In this re-
view it will be continued to be called APS-1 as sug-
gested by Neufeld (2, 28). Two of the three major fea-
tures are sufficient to make the diagnosis of APS-1
(29, 30), however approximately half of these patients
develop all three components (31-33). Exceptionally
the diseases present simultaneously, and in general
they follow a precise chronological order. Patients be-
gin with CC, followed by CH and finally by AD. As
to the major features, these usually develop within 20
years of age whereas the minor components continue
to develop lifelong (2, 28, 31-33).

b. Epidemiology

APS-1 is very rare, however, in some geographi-
cal areas and communities it is relatively more fre-
quent. The prevalence ranges from 1:9000 inhabitants
among the Iranian Jewish community (34), 1:14,400
in Finland (32), 1:25,000 in Sardinia (35); 1:80,000 in
Norway (36), and 1:200,000 in Northern Italy (Vene-
to) (37). The variable concentration of APS-1 among
these populations is the consequence of the variable
concentration of a constitutive gene (see genetic sec-
tion). The female/male ratio varies in different series
from 0.8-2.4 (2, 28, 32, 33, 36, 38).

Table 3. Percentage frequency of major and minor clinical features in APS-1 in different populations.

Clinical Disorders USA Finland Iran USA S. Italy Norway N. Italy Total
n=71 n=68 n=23 n=16 n=11 n=20 n=47 n=256

Neufeld Ahonen Zoglotora Wang Perniola Myhere Betterle range
1981 1990 1992 1998 2000 2001 2002

(2, 28) (32) (34) (71) (72) (36) (33, 37)

Hypoparathyroidism 76 79 96 100 100 85 89 76-100
Candidiasis 73 100 18 75 100 85 83 18-100
Addison’s Disease 100 72 22 93 82 80 77 22-100
Alopecia 32 72 13 50 nd 40 36 13-72
Hypogonadism 17 60 38 24 18 31 40 17-40
Keratitis nd 35 0 nd nd 10 6 0-35
Autoimmune Hepatitis 13 12 nd 31 27 5 19 5-31
Vitiligo 8 13 nd 12 0 25 15 0-25
Malabsorption 22 18 nd 6 18 10 11 6-22
Pernicious Anemia 13 13 9 nd 9 0 15 0-15
Chronic Thyroiditis 11 4 4 31 36 10 11 4-36
Type I Diabetes 4 nd 4 nd 0 0 4 0-12
Cancer 1 nd nd nd nd nd 7 1-7

nd = not determined
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c. Main clinical features

1. Chronic Candidiasis (CC)

CC is the first clinical manifestation to occur
generally during the first months of life, even if it can
present up to 21 years of age; for many years this man-
ifestation can remain undiagnosed. The mean age of
occurrence is anyway before 5 years. In our patients
the mean age was 6.7 years. The age at presentation of
CC in our patients is reported in Figure 1. The fre-
quency of CC varies from 18-100% in the examined
populations (Table 3). It is rare in Iranian Jews (18%),
and very frequent in Italians and patients from North-
ern Europe. CC may affect nails, skin, tongue, and the
mucous membranes. CC is due to a selective im-
munological deficiency of T cells towards Candida al-
bicans (2, 28, 32, 33). Anyway, patients usually main-
tain a normal B cell response, which prevents the de-
velopment of systemic candidiasis (39). The defect of
T lymphocytes in patients with APS-1 is demonstrat-
ed by skin anergy to candida and tuberculin antigens
(38). In some patients the infection spreads to the

esophagus and with time can lead to chronic
esophagitis with retrosternal pain and severe compli-
cations such as esophageal stricture with subsequent
dysphagia (32, 33, 38). CC may lead in some patients
to epithelial carcinoma of the oral mucosa, tongue or
esophagus (33, 38). In some patients CC may give ab-
dominal pain, meteorism, and diarrhea and the symp-
toms subside after systemic anti-fungal treatment
(38). APS-1 in consideration of CC has been includ-
ed among the immunodeficiency diseases by the
WHO (40). A review of several medical centers
pointed out that it is always useful to evaluate and fol-
low-up carefully children with CC as this may be the
first clinical presentation of an APS-1; in fact this
study evidenced that about 50% of these children de-
veloped the other typical components of APS-1 with
time (41). Treatment of CC has changed with years.
In the past Amphotericin B associated with transfer
factor yielded the best results (2). At present, periodi-
cal treatment with Itraconazole is useful, although this
drug is more effective in patients with nail infections
and does not seem effective in those with mucosal in-
fections (33, 42).

2. Chronic hypoparathyroidism (CH) 

CH is the first endocrine disease to present usu-
ally after CC between 3 months and 44 years of age,
although the presentation is usually before 15 years. In
our series the mean age was 10.8 years and the features
are reported in Figure 1. When CH presents in the
neonate a differential diagnosis must be made with
other genetic diseases as: a) Di George’s syndrome
(caused by a 22q11 gene deletion) (43, 44); b) Ken-
ney-Caffey‘s disease (locus on chromosome 1q42-
q43) (45); c) Barakat’s syndrome ( caused by haploin-
sufficiency of GATA3) (44, 46). Di George’s syn-
drome is characterized clinically by a defect in the de-
velopment of organs deriving from the neural crest
and encounters cardiac defects in particular of the
great vessels, hypocalcemic tetany due to failure of de-
velopment of parathyroid tissue, and isolated T cell
defect due to the absence of a normal thymus (47). Fi-
nally, hypoparathyroidism not associated with APS-1
can occur as an isolated disease with different patterns
of inheritance (48, 49, 50).

Figure 1. Age at presentation of the main diseases in APS-1
(personal series).
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a. Pathology

In the patients with APS-1 and CH in whom a
post-mortem examination was possible an atrophy
and infiltration of the parathyroid glands with
mononuclear cells was shown. In some cases the atro-
phy was such that the parathyroid glands were unde-
tectable (26, 38, 51).

b. Clinical Features

Clinically CH is characterized by: a) paresthesias,
b) neuro-muscular hypereccitability, c)hypotension, d)
malabsorption and steatorrhea.

The main sign is tetany (parossistic muscular
contractions and generalized seizures). Contractions
start from the periphery of the limbs and extend to the
muscles of the trunk. The hands present a contraction
in flexion of the thumb, which becomes opposed to
the other hyperextended fingers (accoucher’s hand).
The upper limbs flex close to the trunk and the hands
fold towards the forearms. The lower limbs are con-
tracted and hyperextended with tarsal-podalic spasm.
If the contractions involve the muscles of the face, the
rims of the mouth assume the typical appearance of a
carp fish mouth. In the worst cases the whole body is
rigid. Contractures are painful but the patient never
loses consciousness at variance with seizures. Some-
times there is a contraction also of the muscles of the
larynx, which determines a stridulus laryngospasm. In
some cases tetany is a medical emergency. In the mild
forms tetany appears only if triggered (latent tetany)
with the characteristic signs of Chvostek (contraction
of the muscles innervated by the motor branch of the
facial nerve, i.e. those at the corners of the mouth, base
of the nose, eyelids, front) hammering the trunk of the
facial nerve where it emerges, half-way between the
corner of the lips and the external hearing meatus or
of Trousseau (spasm of the hand muscles about 5 min-
utes after interrupting the afflux of blood). Latent
tetany can be documented even by EMG during is-
chemia (ischemic garrot) (52).

Hypotension is the result hypotonia of the
smooth muscles and is clearer during acute hypocal-
caemia. Papilledema and calcification of the basal
ganglia are other signs of chronic hypocalcaemia. Al-

though cerebral calcifications are often very extended,
only rarely they determine extrapiramidal dystonic
syndromes or cerebellar syndromes. Subcapsular lens
opacities and keratoconjunctivitis, sometimes with
Sjögren’s syndrome (see further down) can be typical.
Other signs of hypocalcaemia are dry skin, thick hair
and nail dystrophy. Defective enamel formation may
also occur and is useful to date the beginning of
hypocalcaemia back to childhood.

In some cases the correct diagnosis of CH is dif-
fered for months and the episodes of tetany are asso-
ciated with alterations in the EEG dependent on low
calcium levels; this leads to the incorrect diagnosis of
epilepsy. Subsequently patients are treated for months
with anti-epileptic drugs before the correct diagnosis
of CH is made on the basis of low blood calcium lev-
els or for the presentation of typical signs (36).

c. Laboratory tests

All the forms of CH are characterized by
hypocalcaemia and hyperphosphoremia with low
urine calcium and increased phosphorus. In the con-
genital and acquired forms and in Di George’s Syn-
drome, PTH is low or undetectable whereas it is in-
creased in pseudohypoparathyroidism (53).

Anti-parathyroid antibodies, identified in 11-38%
of patients with CH by immunofluorescence on hu-
man parathyroids (54, 55) are not specific (56) as they
recognize a human mitochondrial antigen of 46kD
(57, 58). Thereafter, autoantibodies directed to the cell
surface of the parathyroid cells have been identified
(59) as cytotoxic in culture (60) but also these are non-
specific as they are adsorbable by endothelial cells (61).
Recently, in patients with APS-1 and CH, autoanti-
bodies against calcium-sensing receptors have been re-
ported (62), however, they have not been confirmed
(38). Although cell-mediated immunity appears to
play a role in CH, to date it is not possible to identify
an antibody as a serological marker (63).

c. Treatment

Treatment is based on chronic administration of
calcium and vitamin D. Acute hypocalcaemia must be
treated administering calcium i.v.: in the adult 10-20
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ml of 10% calcium gluconate (about 10 mg calci-
um/mL) in 10 minutes. In less severe cases the same
dose may be given in 4-8 hours. Chronic treatment re-
quires vitamin D and calcium per os in order to main-
tain blood calcium levels around 8-9 mg/dl. As PTH
is missing, the renal enzyme 1-hydroxylase is inhibit-
ed, thus it is best to use vitamin D preparations already
hydroxylated in position 1 as calcitriol, colecalciferol or
dihydrotachysterol.

3. Addison’s Disease (AD)

AD is the third main disease to present (the sec-
ond endocrinopathy) in the natural history of APS-1
between 6 months and 40 years of age. In our patients
the mean age at presentation was 14.6 years and the
trend of presentation is shown in Figure 1. In the dif-
ferent populations studied, AD presented in 22-100%
of cases (Table 3). Once again it is less frequent in Jew-
ish and more frequent in Northern Europe (Table 3).

a. Pathology

The rare cases of APS-1 with AD in which the
adrenal glands could be studied showed atrophy of the
glands and lymphocyte infiltration (51, 64, C. Better-
le, personal observation).

b. Diagnostic Imaging

Computerized Tomography (CT) scanning
shows in patients with APS-1 and AD normal or at-
rophic adrenal glands.

c. Clinical Presentation

The signs and symptoms reported by patients
with AD are due to the combined deficiency of gluco-
corticoids, mineralocorticoids and androgens (65, 66).

The main complaints are weakness, fatigue,
malaise, apathy, weight loss and anorexia. Many symp-
toms are aspecific and usually present in a rather in-
sidious manner. Weakness and fatigue are generalized,
worsen with physical activity and improve with rest-
ing. Weight loss may vary from 2 to 15 Kg and is due
to anorexia and dehydration and is visible in the ad-

vanced stages of adrenal insufficiency. Sometimes
these patients feel the need to take suddenly some
salts. In the undiagnosed cases the clinical conditions
may worsen until the stage of adrenal crisis, which is a
metabolic emergency and may lead to the exitus of the
patient. Several factors may trigger an adrenal crisis
such as infections, surgery or other stressful events.
These subjects may be also extremely sensitive to
drugs as narcotics and anesthetics and recover more
slowly after illnesses and surgery.

Gastrointestinal symptoms are characterized by
nausea, vomiting, abdominal pain and diarrhea some-
times alternated with constipation. Vomiting and ab-
dominal pain may be early presenting features of an
adrenal crisis. Cardiovascular symptoms are character-
ized by hypotension, mainly standing, which may deter-
mine syncopes. Metabolic symptoms are characterized
by hypoglycemia, which presents after prolonged fasting
or several hours after a meal rich in carbohydrates.
This is common in children and is due to glucocorti-
coid deficiency combined with an increased peripher-
al utilization of glucose. Hypoglycemia is associated
with increased insulin sensitivity, reduced gluconeoge-
nesis and increased hepatic glycogen synthesis. In
most cases skin hyperpigmentation is due to increased
melanin synthesis. This is diffuse and is more intense
in previously darker areas (areolae mammae, nevi, ex-
ternal genitalia), areas exposed to the sun or subjected
to chronic micro traumas. Hyperpigmented spots may
be seen on the mucosa of the mouth (cheeks, gengivas,
rims of the tongue). The hyperpigmentation of the
palmar folds and of scars formed during hypoadrenal-
ism are typical, whereas previous scars remain white.
Hyperpigmentation is due to increased levels of pro-
opiomelanocortin, ACTH, β-lipotropin, melatonin or
to a combined action of these peptides. Hair and nails
become darker too. If vitiligo is also present the typi-
cal areas of depigmentation contrast more. If alopecia
is coexistent areas of partial or complete loss of hair
appear. Sexual dysfunction presents with primary or
secondary amenorrhoea in 25% of females and is sec-
ondary to hypergonadotropic hypogonadism (see
ahead). Thinning of pubic and axillary hair is sec-
ondary to reduced estrogen levels, reduced libido and
sexual potency to adrenal androgen deficiency. Some-
times cases of asplenia have been reported (see ahead).
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Neuro-psychological symptoms are characterized by
depression, psychosis, confusion, delirium, stupor, and
pseudotumor cerebri, which usually disappear with the
correction of electrolytic disequilibria.

d. Laboratory tests

Full-blown AD is characterized by hyponatrem-
ia, hypochloremia and hyperkalemia with reduced
plasmatic osmolality. Increased liver function tests and
calcemia and reduced blood glucose levels may be pre-
sent. The full blood count shows mild eosinophylia
with lymphocytosis and micro- or macrocytic anemia.
To diagnose AD, ACTH and cortisol must be mea-
sured at 8.00 a.m.: ACTH will be increased whereas
cortisol reduced. Aldosterone and dehydroepiandros-
terone are reduced and low aldosterone is associated
with increased plasma renin activity. Testosterone lev-
els are normal in males, while reduced in females as in
these latter the adrenal gland is the main source.

In our patients with APS-1 and AD, antibodies
against the adrenal cortex (ACA) determined by im-
munofluorescence, were positive in 86% of cases (Fig-
ure 2), however, at the onset of the disease they may be
positive in up to 100% of cases. After 21-hydroxylase
(21-OH) was recognized as the major antigen of ACA
(67, 68, 69), laboratory tests to dose 21-OH antibodies
were prepared. These antibodies were detected in 81%
of our patients with APS-1 and AD (Figure 2) and at
diagnosis may be positive in up to 100% of cases (37).

ACA/21-OHAbs may also be frequently detect-
ed (48%) in paediatric patients, which have the major
components of APS-1 (CC and/or CH) without AD.
Prospective studies have shown that all the positive
children develop AD on average within 3 years of fol-

low-up (70). Therefore, ACA/21-OHAbs must be as-
sayed always in patients with APS-1 as they are useful
diagnostic markers both in the presence and absence
of clinical AD.

e. Treatment

Patients with AD must be instructed on the fea-
tures of this endocrine deficiency, on the rational for
replacement treatment, on the need to maintain treat-
ment and modify it in the case of intercurrent diseases
or stress, on when to consult a physician and when
emergency parenteral treatment is required. Further-
more, one must explain that the treatment is a re-
placement treatment and as such if correct, does not
have side effects, and must never be discontinued.

Patients with clinical AD must be started on 20-
30 mg of hydrocortisone (in two or three doses) or 25-
37.5 mg of cortone acetate. The aim is to use the min-
imum dose of drug to control clinical symptoms as
higher doses than those necessary can determine un-
desired side effects as weight increase, hypertension,
osteoporosis, and gastric ulcers. The determination of
urine cortisol is useful to assess the appropriate dose of
hydrocortisone (65).

Patients with primary AD must take also fludro-
cortisone in one dose of 50-100 mg, to replace aldos-
terone. Blood pressure levels, kalemia and plasmatic
renin must be within the normal range and are the pa-
rameters necessary to regulate the adequate dose of
drug (65).

All patients with AD should have a clinical record
with themselves or a bracelet or a chain with the spe-
cific indications for their disease as is done usually in
patients with cardiac disease (65). Patients must be ad-
vised to double or triplicate the dose of cortisone in the
case of fever or disease and must always have some
vials of cortisone to use in the case of vomiting (65).

d. Minor clinical manifestations

In patients with APS-1, other immune and non-
immune mediated diseases have been described as 1)
endocrinopathies: hypergonadotropic hypogonadism,
autoimmune thyroid diseases, type 1 diabetes mellitus,
lymphocytic hypophysitis; 2) autoimmune diseases of

Figure 2. Frequency of ACA, 21-OH Abs, StCA, 17α-
OHAbs and/or P450sccAbs in patients with AD and APS-1.
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the gastro-intestinal tract: chronic atrophic gastritis,
pernicious anemia, coeliac disease; 3) malabsorption; 4)
hepatic diseases: autoimmune hepatitis and cholelithi-
asis; 5) autoimmune diseases of the skin: vitiligo and
alopecia areata; 6) autoimmune exocrinopathies as Sjö-
gren’s syndrome; 7) rheumatoid arthritis; 8) ectodermal
dystrophy; 9) immunologic alterations: IgA deficiency,
policlonal hypergammaglobulinemia; 10) asplenia; 11)
malignant neoplasias; 12) calcification of basal ganglia,
membranae tympani and sublenticular cataract; 13)
vasculitis; 14) nephrocalcinosis (correlated with vita-
min D therapy) (Table 3 ). It has been observed that
the earlier was the first clinical presentation, greater
will be the number of diseases that will develop during
the life of a patient with APS-1 (28, 32, 33). Cancer of
mucosae, usually develops in patients with long-stand-
ing diseases (Perheentupa 1999 ).

1. Hypergonadotropic hypogonadism

Hypergonadotropic hypogonadism is present in
24-60% of cases of APS-1 (Table 3) and is more fre-
quent in females (60%) than in males (14%). In most
cases hypogonadism presents after AD and usually as
secondary amenorrhoea although in some cases as pri-
mary amenorrhoea (38, 73). In 60-80% of patients with
APS-1, steroid-producing cell antibodies (StCA) have
been detected (74-77). StCA are present in 60% of our
patients (Figure 2). Generally, these antibodies are cor-
related with hypogonadism and their high frequency in
APS-1 reflects the high incidence of hypogonadism in
this APS (76-78). Recent studies have shown that the
steroidogenic enzymes, 17α-hydroxylase (17α-OH)
and P450 side chain cleavage (P450scc), are the main
autoantigens recognized by StCA (77, 79, 80). RIA
methods have been set to dose the antibodies against
these enzymes (17α-OHAbs, P450sccAbs). The fre-
quency of detection of these autoantibodies in our pa-
tients with APS-1 is summarized in Figure 2. A good
correlation exists between StCA and 17α-OHAbs
and/or P450sccAbs (37). Only in few patients with
APS-1, hypogonadism and StCA it has been possible
to analyze the hystology of the ovaries, which showed
lymphocytic oophoritis (37, 76). Furthermore in most
patients with lymphocytic oophoritis, StCA antibodies
have been found in the circulation (76).

Generally, in lymphocytic oophoritis the primor-
dial follicles are not inflammed while follicles in for-
mation are infiltrated with lymphocytes and plasma
cells (76). Immunohistochemistry has shown that the
cells that infiltrate the ovaries are mostly T lympho-
cytes (CD4+ and CD8+) with few B-lymphocytes and
many plasma cells, sometimes macrophages and NK
cells (76).

Patients with APS-1 who are not hypogonadic
may be StCA-positive; this occurs in 20% of cases and
these patients have a high risk of developing clinical
hypergonadotropic hypogonadism (73, 81).

2. Autoimmune thyroid diseases

Autoimmune thyroid diseases (ATD) occur in 4-
36% of cases (Table 3), between 9-32 years of age and
usually as chronic thyroiditis (33, 38). Idiopathic
mixedema usually presents itself at a mean age lower
than chronic thyroiditis (33). Graves’ disease is excep-
tional in these patients. In our patients thyroid dis-
eases presented in 11% of cases at an average age of
20.3 years. Anti-microsomial (anti-peroxidase) and/or
anti-thyroglobulin antibodies are detected in most pa-
tients with autoimmune thyroid diseases (33, 38, 72).
Anti-thyroid antibodies in the absence of clinical dis-
ease have been described in about 25% of cases with
APS-1 (33, 38). Recently one of our patients, positive
for thyroid antibodies for many years, developed hy-
pothyroidism at 70 years of age, whereas another pos-
itive female patient developed Grave’s disease. To our
knowledge, this is the second case of APS-1 reported
in the literature with this disease.

These data confirm that thyroid antibodies must
be assayed in all patients with APS-1 and the positive
cases must be carefully followed-up as they might de-
velop autoimmune thyroid disease with clinical symp-
toms. With regard to clinical symptoms and signs,
laboratory and radiological investigations in autoim-
mune thyroid diseases, please refer to two recent im-
portant reviews (82, 83).

3. Autoimmune Liver Diseases

Five-31% of patients with APS-1 presents with
autoimmune hepatitis (Table 3) from 5-21 years of age.
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The clinical history is very variable and includes sub-
clinical diseases and fatal fulminating forms if not rec-
ognized immediately and treated with immunosup-
pressive drugs (32, 84). Autoimmune hepatitis corre-
lates in APS-1 with positive antibodies against liver
and kidney microsomes (anti-LKM) (72, 84). In these
patients, these antibodies react with CYP-IA2 (85) and
CYP-2A6 antigens (35). Anti-LKM antibodies are
present even in 25% of our patients with APS-1 with-
out alterations in their liver function tests. However,
during follow-up only one of these subjects showed a
transient alteration in liver function tests (33).

4. Alopecia Areata

Alopecia areata presents in 13-72% of cases
(Table 3) from 3-30 years of age. Alopecia presents
with patches on the scalp and then spreads to the en-
tire scalp (total alopecia), and may expand further to
eyelashes, eyebrows, axillary and pubic hair (universal
alopecia). In some cases after a period of transient
alopecia areata, hairs may regrow spontaneously (38).
Autoantibodies against tyrosine hydroxylase have
been detected in patients with alopecia areata (85a).

5. Vitiligo

Vitiligo presents in 0-25% of cases from the first
month of life to 15 years (33). Complement-fixing
melanocyte antibodies have been detected practically
in all patients with vitiligo associated with APS-1 (33,
86, 87). These antibodies are not detected in patients
with vitiligo and other APS (87). Recently it has been
reported that 63% of patients with APS-1 and vitiligo
have antibodies against transcription factors SOX9
and SOX10 (88). Complement-fixing melanocyte an-
tibodies have been described in patients with APS-1
without vitiligo and in some cases preceded the pre-
sentation (89).

5. Type 1 Diabetes Mellitus

Diabetes Mellitus is very rare in APS-1 and pre-
sents in 0-12% of cases (Table 3). The age of presen-
tation is 4-45 years (38). The disease is characterized
generally by the presence of islet-cell antibodies

(ICA), or autoantibodies to glutammic decarboxylase
(GADAbs), to second islet antigen (IA-2Abs) and to
insulin as in the classical form of the autoimmune type
1 diabetes (33, 38, 90, 91).

In patients with APS-1, autoantibodies against a
51kD antigen of the beta cells of the pancreatic islet-
cell also have been described (92) and identified with
the L-amino aromatic acid decarboxylase (93). How-
ever, this antibody is not correlated with type I dia-
betes mellitus but with autoimmune hepatitis and vi-
tiligo (94). In patients with APS-1 without type I
DM, autoantibodies against the endocrine pancreas
are very frequent, in particular ICA are present in 18-
30% of cases (33, 38, 72) and GADAbs in 41% (38).
Despite the high prevalence of these autoantibodies,
most patients with APS-1 do not develop type 1 DM.
In one of our patients, who died at 18 years because of
a cerebral hemorrhage and positive for ICA, GADAbs
and 51kDAbs for many years, the immunohistochem-
istry of the pancreas did not show lymphocyte infil-
tration confirming that in these patients autoimmuni-
ty against the insulae was only serological (95). The
hypothesis is that very few of these subjects with pos-
itive antibodies develop DM because they lack genet-
ic predisposition or because autoantibodies can recog-
nize different epitopes than those of patients with
classical DM (33, 38).

6. Chronic atrophic gastritis with or without pernicious
anemia

In patients with APS-1 chronic atrophic gastritis
presents in 13-27% of cases and is associated with
parietal cells antibodies. Pernicious anemia presents in
0-15% (Table 3), on average at 19 years (33). In this
latter disease besides parietal cell autoantibodies even
intrinsic factor antibodies are present (33, 72). Intrin-
sic factor antibodies have been shown even in 32% of
patients with APS-1 without macrocytic anemia and
some of these have developed pernicious anemia after
a mean follow up of 7 years (33).

7. Malabsorption and alterations in the opening of the
bowels 

Malabsorption was first described in patients with
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APS-1 in 1953 (96, 97). Malabsorption presents in 18-
22% of cases (Table 3) and may be due to different
causes. Coeliac disease associated to reticulin or en-
domisium antibodies can be one cause (33), cystic fi-
brosis (98), pancreatic insufficiency (99, 100), intestinal
infections from Candida Albicans or Giardia Lamblia
(100), intestinal lymphangectasia (101) could be other
causes. In some patients with “idiopathic malabsorp-
tion” the symptom is well controlled with immunosup-
pressive treatment suggesting as possible cause a disor-
der of the immune system (102, 103). A recent study
confirmed this hypothesis identifying in 48% of pa-
tients with APS-1 the tryptophan hydroxylase autoan-
tibodies (TPH-Abs). These autoantibodies were corre-
lated with gastrointestinal dysfunction resistant to all
pharmachological treatments (104). The sera of pa-
tients with TPH-Abs reacted with normal human in-
testinal enterochromaffin cells, and cells containing
serotonin were not found in intestinal biopsies from
these patients as in the jejunum of normal subjects
(104). TPH-Abs are absent in patients with gastroin-
testinal disorders but unaffected by APS-1 (104). Tryp-
tophan-hydroxylase is an enzyme belonging to the
group of pteridin-dependent enzymes, involved in the
synthesis of neurotransmitters (105). The recent dis-
covery of an idiopathic cholecystokinin deficiency in a
patient with APS-1 with this complaint, confirms the
multiplicity of causes of malabsorption (106).

9. Hypophysitis

Seven per cent of our cases with APS-1 present
with lymphocytic hypophysitis with isolated or multi-
ple tropin deficiencies. Rarely these patients have anti-
pituitary autoantibodies. Autoantibodies against PRL-
secreting cells have been described in patients with
APS-1 who were not prolactin deficient and the clini-
cal meaning of this finding remains uncertain (107).

10. Neoplasias

Patients with APS-1 can present with malignant
neoplasias (squamous carcinoma of the mouth mu-
cosa, the tongue, esophagus, adenocarcinomas of the
stomach) (32, 33, 38). Four of our patients developed
epithelial neoplasias (37).

11. Gallbladder Stones

Gallbladder stones were first reported in 1991 in
4/9 patients with APS-1 (108). The disease presents
early with respect to the general population and could
be secondary to malabsorption, which causes an alter-
ation of the bile cycle and predisposition to deposit
cholesterol stones. One of our patients developed
stones at 28 years and the gallbladder was subsequent-
ly removed.

12. Ectodermic dystrophy

Ectodemic dystrophy presents in 10-52% of cas-
es and is characterized by nail dystrophy, defects in the
formation of tooth enamel, bad implant of teeth (32,
109a).

12. Asplenia

Asplenia has been very rarely described and may
be congenital (Ivermark syndrome) or acquired. The
acquired form seems to depend on a progressive im-
mune-mediated destruction of the spleen or to vascu-
lar insults (108). Asplenia was first described in a pa-
tient with APS-1 in 1968 (109). The frequency of this
finding is not established with certainty, infact it was
reported by Parker in 2/3 patients (110), by Friedman
in 4/9 (108), but in none of the 69 cases described by
Ahonen (32) and 1 of 15 of our evaluated patients
(33). Asplenia must be suspected whenever Howell-
Jolly bodies, thrombocytosis, anysocytosis, poikilocy-
tosis, target and burr cells are observed in the blood
smear. The frequency of occurrence of major and mi-
nor diseases in patients with APS-1 are summarized
in Table 3.

All these data evidence that patients with APS-1
tend to develop a large number of diseases during
their lives, mainly autoimmune diseases. In Ahonen’s
study a total number of 231 diseases were document-
ed in 69 patients (32). We documented 213 diseases in
our 47 patients. Therefore, APS-1 surely represents
the model of human autoimmune disease in which the
most severe deficiency of immune tolerance, probably
subsequent to the particular genetic condition (see
ahead) occurs.
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13. Autoantibodies in the absence of disease

Patients with APS-1 often present with one or
more positive autoantibodies in the absence of the
corresponding clinical disease (Table 4). With the ex-
ception of ICA and/or GADAbs, which are associat-
ed with a low risk of developing type 1 DM, the oth-
er antibodies can precede the clinical disease. There-
fore, we think it is useful and necessary to perform in
patients with APS-1 a wide autoantibody screening
and to repeat it periodically (every 1-2 yr).

Genetics

APS-1 presents both in a sporadic and familial
form (31, 51, 111) with an autosomic recessive inher-
itance (27a, 112). Initially a correlation between class
I major histocompatibility antigens (MHC) and
APS-1 was described. HLA-A28 has been detected

more commonly in patients with APS-1 with respect
to the normal control populations, whereas HLA-A3
was present in patients with APS-1 and ovarian fail-
ure compared to patients with normal gonadal func-
tion (113). With regard to class II antigens an associ-
ation with HLA-DR5 has been reported in Jewish
Persians (114) and in Italians (33) with APS-1. The
TCLA-4 (cytotoxic T lymphocyte antigen-4) gene
has not been related to APS-1 in the different ethnic
groups studied (115).

In 1994, investigating 14 Finnish families with
APS-1, a relation was found with a gene on chromo-
some 21 (116). The responsible gene was subsequent-
ly isolated, identified, cloned and defined AIRE (Au-
toimmune Regulator ) (117). The AIRE gene is made
of 14 exons and codifies a 545 aminoacid protein (117,
118). Until the year 2001, 42 different mutations as-
sociated with APS-1 have been identified but only
four seem to be the main (119) (Figure 3).

Table 4. APS-1: autoantibodies in minor diseases

Presentation Autoantibodies to Before the disease 

Hypergonadotropic hypogonadism steroid-producing cells (StCA) Yes
17α-OH 
P450scc Yes

Vitiligo melanocyte (Complement-fixing) Yes
transcription factors (SOX9 and SOX10) ?

Autoimmune hepatitis liver-kidney microsomal Yes
P450-IA2 ?
P450-2A6 ?

Coeliac disease reticolin Yes
endomisium Yes
transglutaminase

Type I Diabetes Mellitus islet-cell (ICA) Yes
GAD Yes
IA2 Yes
51 kD ?

Autoimmune thyroid diseases thyroid microsomal Yes
thyroglobulin Yes

Chronic atrophic gastritis parietal cells (PCA) Yes

Pernicious anemia PCA+ anti-intrinsic factor Yes

Malabsorption tryptophan hydroxylase ?

Alopecia areata tyrosine hydroxylase ?

Adenohypophysitis pituitary ?
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The first and most important mutation discov-
ered was the R257X mutation in exon 6 (117, 118-
120). This is present in 82% of the alleles of the
Finnish with APS-1, but is also the most frequent in
other ethnic groups as in patients from Northern Italy,
Switzerland, English, German, Newzealanders and
Americans of Anglo-Saxon origin (71, 121). The
del13 in exon 8 (117-120) is the most common muta-
tion in Caucasian American patients, in particular in
those originating from Northern and Eastern Europe
or in Anglo-Saxon patients, but also in Italians (36,
71, 118, 121-124). The R139X in exon 3 is the most
common mutation in patients with APS-1 from Sar-
dinia, being found in 18 of 20 alleles (123). The Y85C
mutation is instead the only one identified in Jewish
Persians (125). Other minor mutations occasionally
described are: insA, 3 different C mutations, k83E,
Q173X, R203X, X546C, L28P, R15L (103, 120, 126,
127).

These data show that APS-1 is the first autoim-
mune disease caused by the mutation of a single gene.
However, the clinical expression of the disease de-
pends on the presence of the mutation in both alleles
of the AIRE gene. In fact the parents and siblings of

patients with APS-1 who have just one mutated allele,
generally do not present any sign of the syndrome.
The mutations of the AIRE gene observed in APS-1
could be responsible for the alteration in the immuno-
logic tolerance in humans (120). Subsequently the
knowledge of the biological role of the AIRE gene
could lead to new understanding of the mechanisms
regulating tolerance and autoimmunity (38). The
AIRE gene seems to be involved with negative selec-
tion and induction of self-reactive thymocyte anergy
(128). The AIRE gene has a high concentration in the
thymus (in epithelial cells and in the cells of the
monocytic-dendritic line, which both are antigen-pre-
senting cells) and a low concentration in the spleen,
lymphonodes, pancreas, adrenal cortex and peripheral
blood mononuclear cells (117, 118). Among the 47
Italian patients suffering from APS-1 we studied, 10
came from 5 different families and the other 37 with
sporadic mutations had no family history of the dis-
ease. Seventeen came from the region Veneto, which
has a population of approximately 3.5 milions. Con-
sidering these data we calculated the prevalence of
APS-1 in this region, which was 1 case every 200,000
inhabitants. However, we observed that 9 of these 17

Figure 3. Schematic representation of chromosome 21 showing the map of the APECED region (at the top) and the structure of
the AIRE gene with the main mutations associated with the presence of APS-1 (at the bottom).
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patients came from a limited area in the province of
Vicenza. The high concentration of patients with
APS-1 in this area is certainly due to a high concen-
tration of mutations in the AIRE gene. In accordance
with the preliminary data (121), the R257X mutation
was confirmed to be the commonest in our regional
population as it was found in 7/10 subjects (5 ho-
mozygotes and 2 heterozygotes for the del 13). Two
patients were homozygotes for del13 (the most fre-
quent in Anglo-Saxon patients). It is interesting to
point out both patients homozygous for del13 pre-
sented with APS-1 as adults. Furthermore, the tenth
patient, a homozygous R139X mutation was found as
described only in the population from Sardinia (Table
5). From a practical point of view, it is possible to date
to perform a screening to identify the mutations of the
AIRE gene in communities or areas at high risk of
this disease or in unaffected relatives of patients with
this syndrome. In particular it is useful to research the
R257X and del13, but also R139X and Y85C, which
are predominant in particular populations. These in-
vestigations will allow an early diagnosis of APS-1.

5. APS -2

a. History

The association between AD and chronic thy-
roiditis was first described in two patients in 1926

(129). In 1931 the first case of an association of AD,
hyperthyroidism and diabetes mellitus (130) and in
1932 the first case of a patient with AD, hypothy-
roidism and diabetes mellitus were described. The
last case died for ketoacidosis and the post mortem
examination showed completely ialinized pancreatic
islet with a lymphocyte infiltration, few cortical cells
were visible in the adrenals but signs of chronic in-
flammation and fibrosis were present. In addition the
thyroid showed a lymphocyte infiltration altering the
normal structure of the gland (131). In the following
years, APS-2 was progressively more frequently
found and in 1964 Carpenter (in a review of the lit-
erature) described over 100 cases (132). He suggest-
ed this association should be called “Schmidt’s syn-
drome” from the name of the Author who first de-
scribed it. In 1981 Neufeld studied 224 cases (28).
In the present review we examined 351 patients
(Table 6).

b. Epidemiology

APS-2 (2) or Schmidt’s syndrome (132) is charac-
terized by AD associated with autoimmune thyroid
diseases and/or type 1 DM (2). This APS is rather rare
with an incidence of 1.4-4.5 cases every 100.000 in-
habitants (127, 133). APS-2 affects mainly adult
women, and is very rare in children (2, 28, 37, 75, 133).
The mean age at presentation is 35 years (28, 132, 133).
The F/M ratio is 2.7-3.7 (Table 6). Of the 107 cases we

Table 5. Aplotypic analysis of the AIRE gene in 10 patients from the Veneto region 

Patients Mutations Sex Major Diseases Age at presentation
Allele1/Allele 2 of APS-1

1. F.T. R257X/R257X F CC+CH+AD Adult
2. F.L. R257X/R257X F CC+CH+AD Young
3. A.E. R257X/R257X M CC+CH+AD Young
4. C.A. R257X/R257X M CC+CH+AD Young
5. C.G. R257X/R257X M CC+CH+AD Young
6. C.G. del 13/R257X F CC+CH+AD Young
7. C.E. del 13/R257X F CC+CH+AD Young
8. T.P. del 13/del 13 F CC+CH+AD Adult
9. DG.F. del 13/del 13 M CC+CH+AD Adult
10.S.M. R139X/R139X F CC+CH+AD Young

Patients 4 and 5 are brothers and patients 6 and 7 sisters. They belong to 2 different families.
CC: Chronic candidiasis; CH; Chronic hypoparathyroidism; AD: Addison’s Disease
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studied, 89% had AD associated with another main
component of APS and only 11% had all three major
components (29).

c. Major clinical manifestations

1. AD

One hundred percent of patients with APS-2
have AD being for convention the disease always pre-
sent (2, 28, 37, 129, 133-135). In our 107 patients
with APS-2, the mean age at presentation of AD was
36 years. In Figure 4 the trend of presentation of AD
is reported.

The pathology, symptoms and clinical signs and
the laboratory investigations of AD in APS-2 are
identical to those reported in the previous chapter
(please refer to) but for the age of presentation of the
disease. Even in patients with APS-2 a CT or MRI
scan of the adrenals shows normal or small glands,
however in long-standing disease the glands are at-
rophic (37).

In patients with APS-2 of different duration,
ACA are present in 89% of the cases while 21-

OHAbs in 91% (Figure 5) (77), however if assayed at
diagnosis of AD they can be positive in up to 100% of
cases (37).

Table 6. Diseases in APS-2

Neufeld 1980 Papadopoulos 1990 Betterle 2002 Total
(2) (134) (37)

N° Patients 224 22 107 351
F/M nd 2.7 3.7 2.7-3.7
Familiarity for APS 2 nd nd 0 0

Main diseases % % % %

- Addison’s Disease 100 100 100 100
- TAD 69 73 82 69-82
- DM type 1 52 41 30 30-52

Minor diseases % % % %

- Vitiligo 5 4.5 11 4.5-11
- Simple atrophic gastritis nd nd 11 11
- Hypergonadotropic Hypogonadism 4 9 7 4-9
- Autoimmune Hepatitis nd nd 4 4
- Alopecia 1 nd 4 1-4
- Neoplasias nd nd 2 2
- Pernicious anemia <1 4.5 1 1-4.5
- Miastenia gravis nd nd 0 0
- Adenohypophysitis nd nd 0 0

nd = not determined

Figure 4. Age at presentation of the fundamental diseases in
APS-2 (personal series).
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2. Autoimmune Thyroid Diseases (TAD)

In APS-2 TAD are reported to occur from 69-
82% of cases, according to the series of patients (Table
6). In our patients, TAD occurred in 82% of cases: in
particular, 50% had AD + chronic thyroiditis, 21% had
AD + Graves disease and 11% had the complete triad
AD + TAD + type 1 DM. The trend of presentation of
TAD is summarized in Figure 4. Generally, Graves dis-
ease developed before AD at a mean age of 31 years,
while chronic thyroiditis developed simultaneously or
after AD at a mean age of 39.6 years (133, 134, 136). A
recent review of literature will provide further knowl-
edge on the diagnosis, clinical features and treatment of
chronic thyroiditis and Graves disease (82, 83).

3. Type 1 Diabetes Mellitus 

Type 1 Diabetes Mellitus (DM) occurs in 30-
52% of patients with APS-2 (Table 6). In our series of
patients with APS-2 type 1 DM presented in 30% of
cases; in detail 18% had AD + DM, 12% had AD +
TAD + DM. The mean age at presentation of DM
was <28 years and the trend is summarized in Figure
4. Patients with DM in the context of APS-2 have a
high frequency of positive ICA, GADAbs or IA2 Abs
(137). DM may present acutely or have a non-acute
onset, as in LADA (latent autoimmune diabetes of the
adult).

d. Incomplete APS-2: a poorly known entity

Neufeld had established in his paper that a pa-
tient could be classified as having APS-2 if affected by

TAD or type 1 DM and if in the family at least one
member had APS-2 (2). We do not think this is cor-
rect; we think a patient should be considered to have
incomplete APS-2 if besides AD, positive thyroid an-
tibodies and/or ICA or GADAbs or if besides TAD
and/or type 1 DM, ACA/21-OHAbs are positive in-
dependent of the family situation. With regard to this
we would like to mention that the modern conception
of autoimmune diseases considers chronic illnesses
with a long period of latency mainly asymptomatic
and that in the natural history of these diseases three
distinct phases can be identified: a) potential; b) sub-
clinical or latent, and; c) clinical. The first phase is
characterized only by the detection of autoantibodies,
markers of the disease with no functional alteration of
the target organs; in the second phase appropriate
functional tests show alterations and only in the third
phase clear clinical manifestations present (13).
Therefore, we have suggested classifying a subject
with incomplete APS-2 as potential or subclinical, on
the basis of the functional situation of the target or-
gan. Patients with AD and ICA and normal glucose
tolerance or patients with type 1 DM with ACA/21-
OHAbs with normal adrenal function should be con-
sidered as having potential APS-2. Instead subjects
with AD and thyroid autoantibodies with subclinical
hypothyroidism or subclinical hyperthyroidism or pa-
tients with AD + ICA or GADAbs with impaired
glucose tolerance after glucose challenge, or with type
1 DM + ACA/21-OHAbs and subclinical adrenal in-
sufficiency, should be regarded as having subclinical
APS-2 (138). The different combinations of incom-
plete APS-2 are summarized in Table 7.

This approach allows identifying incomplete
APS-2 in the patients with only one constitutive dis-
ease of the syndrome (type 1 DM or TAD or AD). Pa-
tients with complete APS-2 are rather rare but repre-
sent only the “ tip of the iceberg” while certainly many
other cases of incomplete APS-2 exist and can be iden-
tified using only the approach we suggest. Once these
subjects have been identified specific investigations
must be carried out (fT3, fT4, TSH, oral glucose tol-
erance test, ACTH-test) to discriminate those with
potential from subclinical APS-2. With regard to these
latter, the onset of a specific treatment in a very early
phase can be of great benefit and can prevent modifi-

Figure 5. Frequency of ACA, 21-OHAbs, StCA, 17α-
OHAbs and/or P450sccAbs in 55 patients with APS-2.
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cations in the well-being and sometimes be life-saving
(37).

e. Minor autoimmune diseases

In APS-2 other minor autoimmune diseases can
develop: for example hypergonadotropic hypogo-
nadism (4-9%), vitiligo (4.5-11%), alopecia (1-4%),
autoimmune hepatitis (4%), chronic atrophic gastritis,
pernicious anemia (4.5-11%) and hypophysitis. These
diseases, however, present with a lower frequency
compared with APS-1 (Table 6). Generally, these mi-
nor diseases are associated with positive autoantibod-
ies, serological markers of the illness, however some-
times these antibodies may precede the clinical onset
of the corresponding disease (133).

Our 107 patients with APS-2, developed alto-
gether 240 autoimmune diseases and this suggests
that although in APS-2 the genetic susceptibility is
completely different from that of APS-1 (see ahead),
even in this disease an important alteration of im-
munologic tolerance occurs.

f. Genetics

APS-2 may present in several generations of a
same family in an autosomic dominant fashion with

incomplete penetrance (139, 140). HLA antigens play
a role in conditioning T lymphocyte response to anti-
gens and the association of different HLA alleles with
many autoimmune disorders has been shown (141,
142). In patients with APS-2 an increased prevalence
of HLA-DR3 and/or DR4 has been found (143).
Several subsequent studies have confirmed the associ-
ation with HLA-DR3 in patients with APS-2 and in
particular with DRB1*0301, DQA1*0501,
DQB1*0201 haplotype (133, 144-150), whereas the
association with HLA-DR4 has not been confirmed
(133, 145-149). Huang showed that the subtype
HLA-DR3, DQB1*0201 was increased in American
patients with APS-2 whereas HLA-DR4,
DQB1*0302 was increased in the subjects who had
associated type 1 DM (149). Recently an increased
DR3-DQ2 and DR4-DQ8 independent of type 1
DM has been described in Norwegian patients with
APS-2 (137). We have studied the HLA genetic
arrangement in 40 patients with APS-2 and have
found that DR3 and DR4 are significantly increased
in APS-2 subjects with a relative risk of 2.74 and 3.19
respectively and that this increase is independent of
type 1 DM. Furthermore we observed an inverse cor-
relation with DR1, DR7, DR13 and DR14, which
would give protection (Figure 6).

In patients with APS-2 other HLA-related
genes have been studied, such as the TNF (Tumour
necrosis factor) gene belonging to class III (148) and
the MIC-A gene belonging to HLA class I (150),
however because of a tight linkage disequilibrium
among the genes of this region it is difficult to deter-
mine the independent role of each one.

The antigen 4 gene on cytotoxic T lymphocytes
(CTLA-4) on chromosome 2 encodes a co-stimulato-
ry molecule, which is an important negative regulator
in the activation of T cells (151). This locus has been
related to type 1 DM and to autoimmune thyroid dis-
eases (Graves’ disease and Hashimoto’s thyroiditis)
(152-154). Studies on German patients with APS-2
suggested that ala17 allele of CTLA-4 is significantly
associated only in a subgroup of patients owning the
HLA-DQA1*0501 allele (153). A study on APS-2
patients, from different European countries, showed
that only in English there was an association with
CTLA-4 (115, 155). Patients with APS-2 have been

Table 7. Possible combinations of incomplete APS-2

Chronic Diseases Serology

Addison’s Disease + Thyroid Abs and/or ICA 
and/or GADAbs

Thyroid autoimmune + ACA/21-OHAbs
diseases (TAD)

Type 1 DM + ACA/21-OHAbs

TAD + Type 1 DM + ACA/21-OHAbs

None ACA/21-OHAbs 
+

thyroid Abs 
and/or ICA
and/or GADAbs

ACA=Adrenal cortex antibodies; 21-OHAbs=21-hydroxylase
autoantibodies; ICA=islet-cell autoantibodies; GADAbs=glu-
tamic acid decarboxylase autoantibodies
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studied even for del13 on the AIRE gene (typical of
English with APS-1) but the frequency of this muta-
tion was not different from that of the normal popu-
lation (155).

C. APS-3: association between autoimmune thyroid dis-
eases and other autoimmune diseases

1. APS-3 according to the classification by Neufeld and
Blizzard

In the original classification by Neufeld, APS-3
was defined as the association between a clinical en-
tity of TAD (Hashimoto’s thyroiditis, idiopathic
mixedema, asymptomatic thyroiditis, Graves’ disease,
endocrine ophtalmopathy, pretibial myxoedema) and
another autoimmune disease as type 1 DM (Type
3a), chronic atrophic gastritis, pernicious anemia
(Type 3b), vitiligo, alopecia, miastenia gravis (Type
3c). The authors also hypothesized a fourth group
(Type 3d) which included other unspecified diseases
(Figure 7). AD and/or chronic hypoparathyroidism
were obviously categorically excluded from this APS
(2).

B. APS-3: proposal for a new classification

In the following years APS-3 appeared to be
more complicated than initially reported by Neufeld.
All these observations lead to a review of clinical, ge-
netic and immunological aspects of this syndrome
(156). However, even this review is incomplete and
does not show the complex heterogeneity of this
APS. For this reason we analyzed carefully the clini-
cal and serological features of a series of 288 patients
with TAD which came to our observation in the years

Figure 6. HLA-DR in patients with APS-2.

Figure 7. APS-3 and subgroups according to Neufeld (Neufeld
1980)
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1997-99. The clinical analysis showed that 28% of
the patients had another clinical autoimmune disease
(and in many cases the observed combination could
not be included in the classification suggested by
Neufeld as for example TAD + coeliac disease, TAD
+ hypophysitis, TAD + autoimmune hemolytic ane-
mia, TAD + multiple sclerosis, TAD + LES, TAD +
Sjögren’s syndrome). Furthermore, in patients with
apparently isolated TAD, organ- and non organ-spe-
cific autoantibody screening showed a further 24% of
patients with one or more of these autoantibodies, re-
vealing an incomplete APS-3. On the basis of these
data 52% of patients with TAD can be considered af-
fected by APS-3 (complete or incomplete). More-
over, considering that TAD (82, 83) are the most fre-
quent autoimmune diseases in the population being
present on average in 7-8% of the general population
(10% in women and 3% in males) it was calculated
that 3.5-4% of the total population (5% of women
and 1.5% of males) has a complete or incomplete
APS-3. Moreover, considering that TAD are the
most frequent diseases in patients with other autoim-
mune diseases in particular they are present from 10-

30% of patients with DM type 1, pernicious anemia,
coeliac disease, multiple sclerosis, vitiligo, alopecia,
Sjögren’s syndrome, autoimmune hemolytic anemia,
biliary cirrhosis, LES, it is easy to understand why
APS-3 is the most important and frequent among
those described to date. Therefore we have suggested
a revision of APS-3 evidencing 4 subgroups on the
basis of the apparati or main systems implicated (Fig-
ure 8).

D. APS-4: Autoimmune diseases associated with other
diseases not enclosable in the previous classifications

APS-4 is a rare syndrome, which includes all the
clinical combinations, which cannot be allocated in
one of the previously described APS (2). For example
AD associated with hypogonadism, chronic gastritis,
pernicious anemia, coeliac disease, miastenia gravis,
vitiligo, alopecia, hypophysitis, etc. or the combina-
tions of type 1 DM with hypogonadism, chronic gas-
tritis, pernicious anemia, coeliac disease, miastenia
gravis, vitiligo, alopecia, hypophysitis can be included
in this specific APS.

Figure 8. APS-3 and subgroups according to the new classification (Betterle 2001).
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Conclusions

In recent years the study of APS has received a
great impulse thanks to improved knowledge of au-
toimmune diseases and their natural history. This has
allowed identifying patients with APS in the potential
or subclinical phase and to start an early hormonal re-
placement treatment. The discovery of new autoanti-
bodies correlated with clinical manifestations has al-
lowed to understand the pathogenesis of such mani-
festations and to prepare new therapies. The identifi-
cation of many autoantigens, targets of the autoim-
mune reactions, has allowed the preparation of new
diagnostic tests very sensible and specific and to facil-
itate the diagnosis. The discovery of the genetic muta-
tions in patients with APS-1 will allow us to perform
screenings in high-risk populations or in the relatives
of affected patients to identify the subjects at risk ear-
ly. The study of the role of the AIRE gene and of its
products on the immune responses will allow under-
standing better the mechanisms that regulate im-
munologic tolerance and subsequently those which al-
low autoimmunity.

Acknowledgments

I would like to thank all those who contributed and co-
operated in these years to the study of APS.

Prof. Bernard Rees Smith, Dr. Jadwiga Furmaniak and
Dr. Shu Chen, of the FIRS Laboratories RSR Ltd, Cardiff and
University of Wales, for the studies on autoantibodies against
the enzymes of steroidogenesis.

Prof. Franco Mantero, Chair and Division of Endocrinol-
ogy of the University of Padua for his valuable clinical experi-
ence.

Dr. Hamish Scott of the Walter and Eliza Hall Institute
of Medical Research, Melbourne, Australia, for the study of the
mutations of the AIRE gene.

Dr. Nella A. Greggio and Dr. M. Paola Albergoni of the
Department of Pediatrics for the HLA study.

Dr. Chiara Dal Prà, Dr. Fabio Presotto, Dr. Marina Vol-
pato and Dr. Cinzia Aglaura Spadaccino of the Departments of
Medical and Surgical Sciences, University of Padua for the
clinical follow-up of the patients.

Mr. Beniamino Pedini, Chair of Clinical Immunology
and Allergology, Department of Medical and Surgical Sci-
ences, University of Padua and Mr. Alessandro Moscon, Azien-
da Ospedaliera, Università di Padova for their excellent clinical
assistance.

Prof. Robert M. Blizzard for the valid clinical classifica-
tion of APS and for having encouraged me many years ago and
deepen the knowledge in this fascinating and complex chapter
of medicine.

Finally I wish to homage affectionately my mentor Prof.
Mario Austoni who addressed me to the study of autoimmune
diseases.

This work was possible even thanks to a 40% grant by the
Murst 2001: “Addison’s disease, clinical forms, etiopathogene-
sis and natural history”.

References

1. Addison T. 1855 on the constitutional and local effects of
disease of the suprarenal capsules. In a collection of the
published writing of the late Thomas Addison, M.D.,
physician to Guy’s Hospital. London: New Sydenham So-
ciety 1868. Reprinted in Medical Classics 1937; 2: 244-93.

2. Neufeld M, Blizzard RM. Polyglandular autoimmune dis-
eases. In: Symposium on Autoimmune Aspects of En-
docrine Disorders. Pinchera A, Doniach D, Fenzi GF,
Baschieri L. (Eds). Academic Press, New York, 1980: 357-
65.

3. Claude H, Gourgerot H. Insuffisance pluriglandulaire en-
docrinienne. J Physiol Pathol Gen 1908; 10: 469-80.

4. Hashimoto H Zur kenntnis der lymphomatosen veran-
derung der schilddruse (struma lymphomatosa). Acta Klin
Chir 1912; 97: 219-48.

5. Von Mayenburg H. Uber “insulitis” bei diabetes. Schweitz
Med Wochenschr 1940; 71: 554-7.

6. Bloodworth JM, Kirkendall WM Carr TL. Addison’s dis-
ease associated with thyroid insufficiency and atrophy. J
Clin Endocrinol 1954; 14: 540-5.

7. Roitt I.M, Doniach D, Campbell PN, Hudson RV. Au-
toantibodies in Hashimoto’s disease. Lancet 1956; 2: 820-1.

8. Rose NR, Withebsky E Studies in organ specificity. V
Changes in the thyroid glands of rabbit following active
immunization with rabbit thyroid extracts. J Immunol 1956;
76: 417-27.

9. Adams DD, Purves HD. Abnormal responses in the assay
of thyrotropin. Proc Univ Otago Med School 1956; 34: 11-2.

10. Kriss JP. Inactivation of long-acting thyroid stimulator
(LATS) by anti-kappa anti-lambda antisera. Clin En-
docrinol 1968; 28: 1440-4.

11. Witebsky E, Rose NR, Terplan K, Paine JR, Egan RW.
Chronic thyroiditis and autoimmunization. JAMA 1957;
164: 1439-47.

12. Anderson JR, Goudie RB, Gray KG, Timbury GC. Au-
toantibodies in Addison’s disease. Lancet 1957; 1: 1123-4.

13. Betterle C, Presotto F, Zanchetta R. Generalità sulle
Malattie Autoimmuni. In: Betterle C. Le Malattie Au-
toimmuni. Piccin (Ed.) Padova, 2001: 9-36.

14. Kamradt T, Mitchinson NA. Tolerance and autoimmunity.
N Engl J Med 2001; 344: 655-64.

betterle  4-04-2003  11:35  Pagina 27



28 C. Betterle, R. Zanchetta

15. Tadmor B, Putterman C, Naparstek Y. Embryonal germ-lay-
er antigens: target for autoimmunity. Lancet 1992; 339: 975-8.

16. Asamoto H, Oishi M, Akazawa Y, Tochino Y: Histological
and immunological changes in the thymus and other organs
in NOD mice. In: Insulitis and Type 1 diabetes-Lessons
form the NOD Mouse. Eds (Tarui S, Tochino Y, Nonaka
K. Tokyo, Academic Press, 1986: 61-71.

17. Krug J, Williams AJ, Beales PE, Doniach I, Gale EA
Pozzilli P Parathyroiditis in the non-obese diabetic mouse-
anew finding. J Endocrinol 1991; 131: 193-6.

18. Onodera T, Toniolo A, Ray UR, Bennett-Johnson A,
Knazen RA, Notkins AL. Virus-induced diabetes mellitus.
Polyendocrinopathy and autoimmunity. J Exp Med 1981;
153: 1457-73.

19. Khoury EL, Bottazzo GF, Ponte De Carvalho LC, Wick
G, Roitt IM. Predisposition to organ-specific autoimmuni-
ty in Obese strain (OS) chickens: reactivity to thyroid, gas-
tric, adrenal and pancreatic cytoplasmic antigens. Clin Exp
Immunol 1982; 49: 273-82.

20. Haspel MV, Onodera T, Prabhakar BS, Horita M, Suzuki
H, Notkins AL: Virus-induced autoimmunity: monoclonal
antibodies that react with endocrine tissue. Science 1983;
220: 304-6.

21. Sakaguchi S, Fukuma K, Kuribayashi K, Masuda T. Organ-
specific autoimmune diseases induced in mice by elimina-
tion of T cell subset. I. Evidence for the active partecipation
of T cells in natural self-tolerance; deficit of a T cell subset
as a possible cause of autoimmune disease. J Exp Med 1985;
161: 72-87.

22. Bartolomaeus WN, O’Donoghue H, Foti D, Lawson CM,
Shellam GR, Read WD  Multiple autoantibodies following
cytomegalovirus infection: virus distribution and specificity
of autoantibodies. Immunology 1988; 64: 397-405.

23. Sakaguchi S, Sakaguchi N. Organ-specific autoimmune
disease induced in mice by elimination of T cell subsets. V.
Neonatal administration of cyclosporin A causes autoim-
mune disease. J Immunol 1989; 142: 471-80.

24. Torpe ES, Handley HE. Chronic tetany and chronic
mycelial stomatitis in a child aged 4 and half years. Am J Dis
Child 1929; 38: 328-38.

25. Sutphin A, Albright F, Mc Cune PJ. Five cases (three in
siblings) of idiopathic hypoparathyroidism associated with
moniliasis. J Clin Endocrinol 1943; 3: 625.

26. Whitaker J, Landing BH, Esselborn VM, Williams RR.
The syndrome of familial juvenile hypoadrenocorticism,
hypoparathyroidism and superficial moniliasis. J Endocrinol
1956; 16: 1374-87.

27. Bronsky D, Kushner D, Dubin A, Snapper I. Idiopathic hy-
poparathyroidism: case reports and review of the literature.
Medicine 1958; 37: 317-23.

27a.Ahonen P. Autoimmune polyendocrinopathy-candidosis-
ectodermal dystrophy (APECED): autosomal recessive in-
heritance. Clin Genet 1985; 27: 535-42.

28. Neufeld M, MacLaren NK, Blizzard RM. Two types of au-
toimmune Addison’s disease associated with different
polyglandular autoimmune (PGA) syndromes. Medicine
1981; 60: 355-62.

29. Betterle C, Dal Pra C, Greggio NA, Volpato M, Zanchet-
ta R. Autoimmunity in isolated Addison’s disease and in
Polyglandular Autoimmune Diseases Type 1, 2, and 4. Ann
Endocrinol (Paris) 2001; 62: 193-201.

30. Betterle C. Sindromi pluriendocrine autoimmuni. In: C.
Betterle. Le Malattie Autoimmuni. Piccin (Ed.). Padova,
Italy, 2001: 189-203.

31. Brun JM. Juvenile autoimmune polyendocrinopathy. Hormo
Res 1982; 16: 308-16.

32. Ahonen P, Myllarniemi S, Sipila I, Perheentupa J. Clinical
variation of autoimmune polyendocrinopathy-candidiasis-
ectodermal dystrophy (APECED) in a series of 68 patients.
N Engl J Med 1990; 322: 1829-36.

33. Betterle C, Greggio NA, Volpato M. Clinical Review: Au-
toimmune Polyglandular Disease Type 1. J Clin Endocrinol
Metab 1998; 83: 1049-55.

34. Zlotogora J, Shapiro MS. Polyglandular autoimmune syn-
drome type I among Iranian Jews. J Med Gen 1992; 29: 824-
6.

35. Clemente MG, Meloni A, Obermyer-Straub P, Frau F,
Manns MP, De Virgilis S. Two cytochrome P450 are major
hepatocellular autoantigens in autoimmune polyglandular
syndrome type 1. Gastroenterology 1998; 114: 324-8.

36. Myhre AG, Halonen M, Eskelin P, Ekwall O, Hedstrand
H, Rorsman F, Kämpe O, Husebye ES. Autoimmune poly-
endocrine syndrome type 1 (APS I) in Norway. Clin En-
docrinol 2001; 54: 211-7.

37. Betterle C, Dal Pra C, Mantero F, Zanchetta R. Autoim-
mune Adrenal Insufficiency and Autoimmune Polyen-
docrine Syndromes: Autoantibodies, Autoantigens, and
their Applicability in Diagnosis and Disease Prediction.
Endocrine Rev 2002; 23: 327-64.

38. Perheentupa J, Miettinen A. Type 1 autoimmune polyglan-
dular disease. Ann Med Interne 1999; 150: 313-25.

39. Peterson P, Perheentupa J, Krohn KJ. Detection of candidal
antigens in autoimmune polyglandular syndrome type 1.
Clin Diagn Lab Immunol 1996; 3: 290-4.

40. Report of the WHO Scientific group. Primary immuodefi-
ciency diseases. Clin Exp Immunol 1995; 99 (Suppl. 1): 1-
24.

41. Herrod HG. Chronic mucocutaneous candidiasis and com-
plications of non-candida infection: a report of the Pedi-
atric Immunodeficiency Collaborative Study Group. J Pedi-
atr 1990; 116: 377-82.

42. DePadova-Elder SM, Ditre CM, Kantor GR, Koblenzer
PJ. Candidiasis-endocrinopathy syndrome. Arch Dermatol
1994; 130: 19-22.

43. Wilson DI, Cross IE, Goodship JA, Brown J, Scambler PJ,
Bain HH, Taylor JF, Walsh K, Bankier A, Burn J, Wolsten-
holme J. A prospective cytogenetic study of 36 cases of Di
George syndrome. Am J Hum Genet 1992; 51: 957-63.

44. Van Esch H, Groener P, Nesbit MA, Schuffenhauer S,
Lichtner P, Vanderlinden G, Harding B, Beetz R, Bilous
RW, Holdaway I, Shaw N, Fryns JP, Van de Ven W,
Thakker RV, Devriendt K. GATA3 haplo-insufficiency
causes human HDR syndrome. Nature 2000; 406: 419-
22.

betterle  4-04-2003  11:35  Pagina 28



29Update on autoimmune polyendocrine syndromes (APS)

45. Diaz GA, Khan KT, Gelb BD. The autosomal recessive
Kenny-Caffey syndrome locus maps to chromosome 1q42-
q43. Genomics 1998; 54: 13-8.

46. Barakat AY, D’Albora JB, Martin MM, Jose PA. Familial
nephrosis, nerve deafness, and hypoparathyroidism. J Pedi-
atr 1977; 91: 61-4.

47. Cooper MD, Lawton AR. Primay immune deficiency dis-
eases. In: Harrison’s Principles of Internal Medicine 14th

Edition Fauci AS, Braunwald E, Isselbacher J, Wilson J,
Martin JB, Kasper DL, Hauser SL, Longo AL (Eds.) Mc-
Graw-Hill, New York 1998: 1783-91.

48. Ahn TG, Antonarakis SE, Kronenberg HM, Igarashi T,
Levine MA. Familial isolated hypoparathyroidism: a mole-
cular genetic of 8 families with 23 affected persons. Medi-
cine (Baltimore) 1986; 65: 73-81.

49. Thakker RV, Davies KE, Whyte MP, Wooding C, O’Rior-
dan JL. Mapping the gene causing X-linked recessive idio-
pathic hypoparathyroidism to Xq26-Xq27 by linkage stud-
ies. J Clin Invest 1990; 86: 40-5.

50. Parkinson DB, Thakker RV. A donor splice site mutation in
the parathyroid hormone gene is associated with autosomal
recessive hypoparathyroidism. Nat Genet 1992; 1: 149-52.

51. McIntyre Gass JD. The syndrome of keratokonjunctivitis
superficial moniliasis idiopathic hypoparathyroidism and
Addison’s disease. Am J Ophthalmol 1962; 54: 660-74.

52. Fardin P. L’ABC dell’EMG. Istantanee di elettromiografia.
Rotografica, Padova, 1998.

53. Guise TA, Mundy GR. Clinical Review 69: Evaluation of
hypocalcemia in children and Adults. J Clin Endocrinol
Metab 1995; 80: 1473-8.

54. Blizzard RM, Chee D, Davis W. The incidence of parathy-
roid and other antibodies in the sera of patients with idio-
pathic hypoparathyroidism. Clin Exp Immunol 1966; 1:
119-28 .

55. Irvine WJ, Scarth L. Antibody to the oxyphil cells of the
human parathyroid in idiopathic hypoparathyroidism. Clin
Exp Immunol 1969; 4: 505-10.

56. Swana GT, Swana MR, Bottazzo GF, Doniach D. A hu-
man specific mithochondrial antibody. Its importance in
the identification of organ-specific reactions. Clin Exp Im-
munol 1977; 28: 517-25.

57. Betterle C, Caretto A, Zeviani M, Pedini B, Salviati G.
Demonstration and characterization of anti-human mito-
chondria autoantibodies in idiopathic hypoparathyroidism
and in other conditions. Clin Exp Immunol 1985; 62: 353-
60.

58. Chapman CK, Bradwell AR, Dykks PW. Do parathyroid
and adrenal autoantibodies coexist? J Clin Pathol 1986; 39:
813-4.

59. Posillico JT, Wortsman J, Sikanta S, Eisembarth GS, Mal-
lette JW, Brown EM. Parathyroid cell surface antibodies
that inhibit parathyroid hormone secretion from dispersed
human parathyroid cells. J Bone Miner Res 1986; 1: 475-83.

60. Brandi ML, Aurbach GD, Fattorossi A, Quarto R, Marx
SJ, Fitzpatrick LA. Antibodies cytotoxic to bovine parathy-
roid cells in autoimmune hypoparathyroidism. Proc Natl
Acad Sci USA 1986; 83: 8366-9.

61. Fattorossi A, Aurbach GD, Sakaguchi K. Anti-endothelial
cell antibodies: detection and characterization in sera from
patients with autoimmune hypoparathyroidism. Proc Natl
Acad Sci USA 1988 ; 85: 4015-9.

62. Li Y, Song Y, Rais N, Connor E, Schatz D, Muir A, Ma-
claren N. Autoantibodies to the extracellular domain of the
calcium sensing receptor in patients with acquired hy-
poparathyroidism. J Clin Invest 1996; 97: 910-4.

63. Rose NR. Is idiopathic hypoparathyroidism an autoim-
mune disease? J Clin Invest 1996; 97: 899-900.

63. a. Rowntree LG, Snell AM. A clinical study of Addison’s
disease, Mayo Clinic Monographs, Phila, Pa: WB Sunders
CO, 1931.

64. McNicol AM, Laidler P. The adrenal glands and extra-
adrenal paraganglia. In: Lewis PD, Ed. Endocrine System:
Churchill Livingstone, 1996: 59-121.

65. Oelkers W. Adrenal insufficiency. N Engl J Med 1996; 335:
1206-12.

66. Ten S, New M, MacLaren N. Clinical Review 130: Addi-
son’s disease 2001. J Clin Endocrinol Metab 2001; 86: 2909-
22.

67. Winqvist O, Karlsson FA, Kämpe O. 21-hydroxylase, a ma-
jor autoantigen in idiopathic Addison’s disease. Lancet
1992; 339: 1559-62.

68. Baumann-Antczak A, Wedlock N, Bednarek J, Kiso Y, Kr-
ishnan H, Fowler S, Rees Smith B, Furmaniak J. Autoim-
mune Addison’s disease and 21-hydroxylase. Lancet 1992;
340: 429-30.

69. Bednarek J, Furmaniak J, Wedlock N, Kiso Y, Baumann-
Antczak A, Fowler S, Krishnan H, Craft JA, Rees Smith B
1992 Steroid 21-hydroxylase is a major autoantigen in-
volved in adult onset autoimmune Addison’s disease. Fed
Eur Bioch Soc Let 309:51-55.

70. Betterle C, Volpato M, Rees Smith B, Furmaniak J, Chen
S, Zanchetta R, Greggio NA, Pedini B, Boscaro M, Presot-
to F. II. Adrenal cortex and steroid 21-hydroxylase autoan-
tibodies in children with organ-specific autoimmune dis-
eases: markers of high progression to clinical Addison’s dis-
ease. J Clin Endocrinol Metab 1997; 82: 939-942.

71. Wang CY, Davoodi-Semiromi A, Huang W, Connor E,
Shi JD, She JX. Characterization of mutations in patients
with autoimmune polyglandular syndrome type 1 (APS1).
Hum Genet 1998; 103: 681-5.

72. Perniola R, Falorni A, Clemente MG, Forini F, Accogli E,
Lobreglio G. Organ-specific and non-organ-specific au-
toantibodies in children and young adults with autoim-
mune polyendocrinopathy-candidiasis-ectodermal dystro-
phy (APECED). Eur J Endocrinol 2000; 143: 497-503.

73. Betterle C, Rossi A, Dalla Pria S, Artifoni A, Pedini B,
Gavasso S, Caretto A. Premature ovarian failure: autoimmu-
nity and natural history. Clin Endocrinol 1993; 39: 35-43.

74. Sotsiou F, Bottazzo GF, Doniach D. Immunofluorescence
studies on autoantibodies to steroid-producing cells, and to
germline cells in endocrine disease and infertility. Clin Exp
Immunol 1980; 39: 97-111.

75. Bottazzo GF, Mirakian R, Drexhage HA Adrenalitis,
oophoritis and autoimmune polyglandular disease. Chapter

betterle  4-04-2003  11:35  Pagina 29



30 C. Betterle, R. Zanchetta

100. In: Rich RR, Fleisher TA, Schwartz DB, Shearer WT,
Strober W, eds. Clinical Immunology. Principles and Prac-
tice. St. Louis: Mosby, 1996: 1523-36.

76. Hoek A, Schoemaker J, Drehhage HA Premature ovarian
failure and ovarian autoimmunity. Endocr Rev 1997; 18:
107-34.

77. Betterle C, Volpato M, Pedini B, Chen S, Rees-Smith B,
Furmaniak J. Adrenal-cortex autoantibodies (ACA) and
steroid-producing cells autoantibodies (StCA) in patients
with Addison’s disease: comparison between immunofluo-
rescence and immunoprecipitation assays. J Clin Endocrinol
Metab 1999; 84: 618-22.

78. Anonymous. Enzymes as autoantigens (Editorial). Lancet
1992; 339: 779-8.

79. Chen S, Sawicka S, Betterle C, Powell M, Prentice L, Vol-
pato M, Rees Smith B, Furmaniak J. Autoantibodies to
steroidogenic enzymes in autoimmune polyglandular syn-
drome. Addison’s disease and premature ovarian failure. J
Clin Endocrinol Metab 1996; 81: 1871-6.

80. Furmanjak J, Sanders J, Rees Smith B. Autoantigens in the
Autoimmune Endocrinopathies. From: Contemporary
Endocrinology: Autoimmune Endocrinopathies. Edited
by: R. Volpè. Humana Press Inc., Totowa NJ, 1999; 183-
216.

81. Ahonen P, Miettinen A, Perheentupa J. Adrenal and
steroidal cell antibodies in patients with autoimmune
polyglandular disease type I and risk of adrenocortical and
ovarian failure. J Clin Endocrinol Metab 1987; 64: 494-500.

82. Dayan CM, Daniels GH. Chronic autoimmune thyroiditis.
N Engl J Med 1996; 335: 99.

83. Weetman AP. Graves’ Disaese. N Engl J Med 2000; 343:
1236-48.

84. Michele TM, Fleckenstein J, Sgrignoli AR, Thuluvath PJ.
Chronic active hepatitis in the type 1 polyglandular au-
toimmune syndrome. Postgrad Med J 1994; 70: 128-31.

85. Clemente MG, Obermyer-Straub P, Meloni A, Strassburg
CP, Arangino V, Tukey RH, De Virgilis S, Manns MP. Cy-
tochrome P450 IA2 is a hepatic autoantigen in autoim-
mune polyglandular syndrome type 1. J Clin Endocrinol
Metab 1997; 82: 1353-61.

85. a. Hedstrand H, Ekwall O, Haavik J, Landgren E, Betterle
C, Perheentupa J, Gustafsson J, Husebye E, Rorsmann F,
Kämpe O. Identification of tyrosine hydroxylase as an au-
toantigen in autoimmune polyendocrine syndrome Type 1.
Biochem Bioph Res Co 2000; 267: 456-61.

86. Hertz KC, Gazze LA, Kirkpatrick CH, Katz SI. Autoim-
mune vitiligo. Detection of antibodies to melanin-produc-
ing cells. N Engl J Med 1977; 12: 634-7.

87. Betterle C. Mirakian R, Doniach D, Bottazzo GF, Riley
W, MacLaren NK. Antibodies to melanocyte in vitiligo
Lancet 1984; 1: 159.

88. Hedstrand H, Ekwall O, Olsson MJ, Landgren E, Kemp
HE, Weetman A, Perheentupa J, Husebye E, Gustafsson J,
Betterle C, Kampe O, Rorsman F. The transcription factors
SOX9 and SOX10 are vitiligo autoantigens in autoimmune
polyendocrine syndrome type 1. J Biol Chem  2001; 276:
35390-5.

89. Betterle C, Caretto A, Scalici C, Rigon F, Bertoli P, Pe-
serico A. Melanin-producing cell autoantibodies: predic-
tive marker of autoimmune vitiligo. Arch Dermatol 1991;
128: 123-5.

90. Tuomi T, Bjorses P, Falorni A, Partanen J, Perheentupa J,
Lernmark A, Miettinen A. Antibodies to glutamic acid
decarboxylase and insulin dependent diabetes in patients
with autoimmune polyendocrine syndrome type 1. J Clin
Endocrinol Metab 1996; 81: 1488-94.

91. Gylling M, Tuomi T, Björses P, Kontiainen S, Partanen J,
Christie MR, Knip M, Perheentupa J, Miettinen A. Cell
autoantibodies, human leukocyte antigen II alleles, and
type 1 diabetes in autoimmune Polyendocrinopathy-Can-
didiasis-Ectodermal Dystrophy. J Clin Endocrinol Metab
2000; 85: 4434-40.

92. Velloso LA, Winqvist O, Gustafsson J, Kampe O, Karlsson
FA. Autoantibodies agaisnt a novel 51 kDa islet antigen
and glutamate decarboxylase isoforms in autoimmune poly-
endocrine syndrome type 1. Diabetologia 1994; 37: 61-9.

93. Rorsman F, Husebye ES, Winqvist O, Biörk E, Karlsson
FA, Kämpe O. Aromatic-L-amino-acid decarboxylase, a
pyridoxal phosphatase-dependent enzyme, is a _-cell au-
toantigen. Proc Natl Acad Sci USA 1995; 92: 8626-9.

94. Husebye ES, Gebre-Medhin G, Tuomi T, Perheentupa J,
Landin-Olsson M, Gustafsson J, Rorsman F, Kämpe O.
Autoantibodies against Aromatic-L-Amino Acid Decar-
boxylase in Autoimmune Polyendocrine Syndrome Type
1. J Clin Endocrinol Metab 1997; 82: 147-50.

95. Wagner R, McNally JM, Bonifacio E, Genovese S, Foulis
A, McGill M, Christie MR, Betterle C, Bosi E, Bottazzo
GF. Lack of immunohistological changes in the islet of
nondiabetic, autoimmune, polyendocrine patients with
beta-selective GAD-specific islet cell antibodies. Diabetes
1994; 43: 851-6.

96. Salvesen HA, Böe J. Idiopathic Hypoparathyroidism. Ac-
ta Endocrinol 1953; 14: 214-9.

97. Morse WI, Cochrane WA, Landigran PL. Familial hy-
poparathyroidism with pernicious anemia, steatorrhea and
adrenocortical insufficiency. N Engl J Med 1961; 264:
1021-4.

98. McMaon FC, Cookson DV, Kabler JD, Inhorn SL. Idio-
pathic hypoparathyroidism and idiopathic adrenal cortical
insufficiency occurring with cystic fibrosis. Ann Int Med
1959; 51: 371-84.

99. Sjöberg KH. Moniliasis an internal disease? Three cases of
idiopathic hypoparathyroidism with moniliasis steator-
rhea, primary amenorrhea and pernicious anemia. Acta
Med Scand 1966; 79: 157-66.

100. Sciré G, Magliocca FM, Cianfarani S, Scalamandrè A,
Petrozza V, Bonamico M. Autoimmune polyendocrine
candidiasis syndrome with associated chronic diarrhea
caused by intestinal infection and pancreas insufficiency. J
Pediatr Gastroenterol Nutr 1991; 13: 224-7.

101. Bereket A, Lowenheim M, Blethen SL, Kane P, Wilson
TA. Intestinal lymphangectasia in a patient with autoim-
mune polyglandular disease type 1 and steatorrhea. J Clin
Endocrinol Metab 1995; 80: 933-5.

betterle  4-04-2003  11:35  Pagina 30



31Update on autoimmune polyendocrine syndromes (APS)

102. Padeh S, Theodor R, Jonas I, Passwell JH. Severe malab-
sorption in autoimmune polyendocrinopathy-candidosis-
ectodermal dystrophy syndrome successfully treated with
immunosuppression. Arch Dis Child 1997; 76: 532-4.

103. Ward L, Paquette J, Seidman E, Huot C, Alverez F, Crock
P, Delvin E, Kämpe O. Severe Autoimmune Polyen-
docrinopathy-Candidiasis-Ectodermal Dystrophy in an
Adolescent Girl with a Novel AIRE mutation: response to
immunosuppressive therapy. J Clin Endocrinol Metab
1999; 84: 844-852.

104. Ekwall O, Hedstrand H, Grimelius L, Haavik J, Perheen-
tupa J, Gustafsson J, Husebye E, Kämpe O, Rorsman F.
Identification of tryptophan hydroxylase as an intestinal
autoantigen. Lancet 1998; 352: 279-83.

105. Ekwall O, Hedstrand H, Haavik J, Perheentupa J, Better-
le C, Gustafsson J, Husebye E, Rorsman F, Kampe O.
Pteridin-dependent hydroxylases as autoantigens in au-
toimmune polyendocrine syndrome Type 1. J Clin En-
docrinol Metab 2000; 85: 2944-50.

106. Högenauer C, Meyer RL, Netto GJ, Bell D, Little KH,
Ferries L, Santa Ana CA, Porter JL, Fordtran JS. Malab-
sorption due to cholecystokin deficiency in a patient with
autoimmune polyglandular syndrome Type 1. N Engl J
Med 2001; 344: 270-4.

107. Bottazzo GF, Pouplard A, Florin-Christensen A, Do-
niach D. Autoantibodies to prolactin-secreting cells of hu-
man pituitary. Lancet 1975; 2: 97-101.

108. Friedman TC, Thomas PM, Fleisher TA, Feuillan P, Park-
er RI, Cassorla F. Frequent accurrence of asplenism and
cholitiasis in patients with autoimmune polyglandular
duisease Type 1. Am J Med 1991; 91: 625-30.

109. Blizzard RM, Gibbs JH. Candidiasis studies pertaining to
its association with endocrinopathies and pernicious ane-
mia. Pediatrics 1968; 42: 231-7.

109.aPerniola R, Tamborrino G, Marsigliante S., De Rinaldis
C. Assessment of enamel hypoplasia in autoimmune
polyendocrinopathy-candidiasis-ectodermal dystrophy
(APECED). J Oral Pathol Med 1998; 27: 278-82.

110. Parker RI, O’Shea P, Forman EN. Acquired splenic atro-
phy in a sibship with the autoimlmune polyendocrinopa-
thy-candidiasis syndrome. J Pediatr 1990; 117: 591-3.

111. Myhre AG, Björses P, Dalen A, Husebye ES. Three sisters
with Addison’s disease. J Clin Endocrinol Metab 1998; 83:
4204-6.

112. Spinner MW, Blizzard R M, Gibbs J, Abbey H, Childs B.
Familial distributions of organ specific antibodies in the
blood of patients with Addison’s disease and hypoparathy-
roidism and their relatives. Clin Exp Immunol  1969; 5:
461-8.

113. Ahonen P, Koskimies S, Lokki ML, Tiilikainen A, Per-
heentupa J. The expression of autoimmune polyglandular
disease type I appears associated with several HLA-A
antigens but not with HLA-DR. J Clin Endocrinol Metab
1988; 66: 1152-7.

114. Shapiro MS, Zmir R, Weiss E, Radnay J, Sherkman L.
The polyglandular deficiency syndrome: a new variant in
Persian Jews. J Clin Inv 1987; 10: 1-7.

115. Kemp EH, Ajjan RA, Husebye ES, Peterson P, Uibo R,
Imrie H, Pearce SH, Watson PF, Weetman AP. A cyto-
toxic T lymphocytic antigen-4 (CTLA-4) gene polymor-
phism is associated with autoimmune Addison’s disease in
English patients. Clin Endocrinol 1998; 49: 609-13 .

116. Aaltonen J, Bjorses P, Sandkuijl L, Perheentupa J, Pelto-
nen L. An autosomal locus causing autoimmune disease:
autoimmune polyglandular disease type I assigned to
chromosome 21. Nat Genet 1994; 8: 83-7.

117. Nagamine K, Peterson P, Scott HS, Kudoh J, Minoshima
S, Heino M, Krohn KJE, Lalioti MD, Mullis PE, An-
tonarakis SE, Kawasaki K, Asakawa S, Ito F, Shimizu N.
Positional cloning of the APECED gene. Nat Genet 1997;
17: 393-39.

118. The Finnish-German APECED Consortium. An au-
toimmune disease, APECED, caused by mutations in a
novel gene featuring two PHD-type zinc-finger domains.
Nat Genet 1997; 17: 399-403.

119. Heino M, Peterson P, Kudoh J, Shimizu N, Antonarakis
SE, Scott HS, Krohn K. APECED Mutations in the Au-
toimmune Regulator (AIRE) gene. Hum Mut 2001; 18:
205-11.

120. Peterson P, Nagamine K, Scott H, Heino M, Kudoh J,
Shimizu N, Antonarakis SE, Krohn KJE. APECED: a
monogenic autoimmune disease providing new clues to
self-tolerance. Immunol Today 1998; 19: 384-6.

121. Scott HS, Heino M, Peterson P, Mittaz l, Lalioti MD,
Betterle C, Cohen A, Seri M, Lerone M, Romeo G,
Collin P, Salo M, Metcalfe R, Weetman A, Papasavvas
M-P, Rossier C, Nagamine K, Kudoh J, Shimizu N,
Krohn KJ, Antonarakis SE. Common mutations in Au-
toimmune Polyendocrinopathy-Candidiasis-Ectodermal
Dystrophy patients of different origins. Mol Endocrinol
1998; 12: 1112-9.

122. Heino M, Scott HS, Chen Q, Peterson P, Mäenpää U, Pa-
pasavvas MP, Mittaz L, Barras C, Rossier C, Chrousos G,
Stratatkis CA, Nagamine K, Kudoh J, Shimizu N, Ma-
claren N, Antonarakis E, Krohn K. Mutation analyses of
North American APS-1 patients. Hum Mutat 1999; 13:
69-74.

123. Rosatelli MC, Meloni A, Meloni A, Devoto M, Cao A,
Scott HS, Peterson P, Heino M, Krohn KJE, Nagamine
K, Kudoh J, Shimizu N, Antoniakis SE. A common mu-
tation in Sardinian autoimmune polyendocrinopathy-can-
didiasis-ectodermal-dystrophy patients. Hum Genet  1998;
103: 428-34.

124. Pearce SH, Cheetham T, Imrie H, Vaidya B, Barnes ND,
Bilous RW, Carr D, Meeran K, Shaw NJ, Smith CS, Toft
AD, Williams G, Kendall-Taylor P. A common and recur-
rent 13-bp deletion in the AutoImmune regulator gene in
British kindreds with autoimmune polyendocrinopathy
type 1. Am J Hum Genet 1998; 63: 1675-84.

125. Björses P, Pelto-Huikko M, Kaukonen J, Aaltronen J, Pel-
tonen L, Ulmanen I. Localization of the APECED pro-
tein in distinct nuclear structures. Hum Mol Gen  1999; 8:
259-66.

126. Ishii T, Suzuki Y, Ando N, Matsuo N, Ogata T. Novel

betterle  4-04-2003  11:35  Pagina 31



32 C. Betterle, R. Zanchetta

Mutations of the Autoimmune Regulator Gene in Two
Siblings with Autoimmune Polyendocrinopathy-Can-
didiasis-Ectodermal Dystrophy. J Clin Endocrinol Metab
2000; 85: 2922-6.

127. Chen QY, Kukreja A, Maclaren NK. The autoimmune
polyglandular syndromes. In: Endocrinology 4th Edition.
De Groot LJ, Jameson JL (Eds.) W.B. Saunders Compa-
ny. Philadelphia. Chapter 41, 2001; 587-99.

128. Pitkänen J, Doucas V, Sternsdorf T, Nakajima T, Aratani
S, Jensen K, Will H, Vähämurto P, Ollila J, Vihinen M,
Scott HS, Antonarakis SE, Kudoh J, Shimizu N, Krhon
K, Peterson P. The Autoimmune Regulator Protein Has
Transcriptional Transactivating Properties and Interere-
acts with the Common Coactivator CREB-binding Pro-
tein. Am Soc Biochem Mol Biol 2000; 275: 16802-9.

129. Schmidt MB. Eine biglandulare Erkrankung (Neben-
nieren und Schilddrüse) bei Morbus Addisonii. Verh
Dtsch Ges Pathol 1926; 21: 212-21.

130. Rowntree LG, Snell AM. A clinical study of Addison’s
disease, Mayo Clinic Monographs, Phila, Pa: WB Sun-
ders CO, 1931.

131. Gowen WM. Addison’s disease with diabetes mellitus. N
Engl J Med 1932; 207: 577-9.

132. Carpenter CCJ, Solomon N, Silverberg SG, Bledsoe T,
Northcutt RC, Klinenberg JR, Bennett IJjr, McGehee
Harvey A. Schmidt’s syndrome (thyroid and adrenal in-
sufficiency): a review of the literature and a report of fif-
teen new cases including ten instances of co-existent dia-
betes mellitus. Medicine 1964; 43: 153-80.

133. Betterle C, Volpato M, Greggio AN, Presotto F. Type 2
polyglandular autoimmune disease. J Ped Endocrinol
Metab 1996; 9: 113-23.

134. Papadopoulos KI, Hallengren B. Polyglandular autoim-
mune syndrome type II in patients with idiopathic Addi-
son’s disease. Acta Endocrinol (Copenhagen) 1990; 122:
472-8.

135. Doniach D, Bottazzo GF. Polyendocrine autoimmunity.
In: Franklin EC, Ed. Clinical Immunology Update. Else-
vier North Holland, Amsterdam, 1981: 95-121.

136. Beaven DW, Nelson DH, Renold AE, Thorn GW. Dia-
betes mellitus and Addison’s disease. A report of 8 pa-
tients and a review of 55 cases in the literature. N Engl J
Med 1959; 261: 443-54.

137. Myhre AG, Undlien DE, Lovas K, Uhlving S, Nedrobo
BG, Fougner KJ, Trovik T, Sorhein JI, Husebye ES. Au-
toimmune Adrenocortical Failure in Norway Autoanti-
bodies and Human Leukocyte Antigen Class II Associa-
tions Related to Clinical Features. J Clin Endocrinol
Metab 2002; 87: 618-23.

138. Betterle C, Volpato M, Rees Smith B, Furmaniak J, Chen
S, Greggio NA, Sanzari M, Tedesco F, Pedini B, Boscaro
M, Presotto F. I. Adrenal cortex and steroid 21-hydroxy-
lase autoantibodies in adult patients with organ-specific
autoimmune diseases: markers of low progression to clin-
ical Addison’s disease. J Clin Endocrinol Metab 1997; 82:
932-8.

139. Eisenbarth GS, Wilson PN, Ward F, Buckley C,

Lebovitz H. The polyglandular failure syndrome: dis-
ease inheritance, HLA-type, and immune function
studies in patients and families. Ann Int Med 1979; 91:
528-33.

140. Skordis N, Maclaren N. Immunogenetics of autoimmune
polyglandular syndromes. Chapter 15th. In: Immuno-
genetics of Endocrine Disorders. Farid NR (Ed.). Alan
R. Liss, Inc, New York, 1988: 373-99.

141. Klein J, Stato A. The HLA System. First of two Parts. N
Engl J Med 2000; 343: 702-9.

142. Klein J, Stato A. The HLA System. Second of two Parts.
N Engl J Med 2000; 343: 782-6.

143. Maclaren NK, Riley WJ. Inherited susceptibility to au-
toimmune Addison’s disease is linked to human leukocyte
antigen-DR3 and/or DR4, except when associated with
type 1 autoimmune polyendocrine syndrome. J Clin En-
docrinol Metab 1986; 62: 455-9.

144. Badenhoop K, Walfish PG, Rau H, Fisher S Nicolay A,
Bogner U, Schleusener H, Usadel KH. Susceptibility and
resistance alleles of human leukocyte antigen (HLA)
DQA1 and DQB1 are shared in endocrine autoimmune
disease. J Clin Endocrinol Metab 1995; 80: 2112-7.

145. Latinne D, Vandeput Y, De Bruyere M, Bottazzo GF,
Sokal G, Crabbe J. Addison’s diseases: immunological as-
pects. Tissue Antigens 1987; 30: 23-4.

146. Böehm BO, Maufras B, Seidl S, Holzberger G, Kuhnl P,
Rosak C. The HLA-DQb non-Asp-57 allele: a predictor
of future insulin-dependent diabetes mellitus in patients
with autoimmune Addison’s disease. Tissue Antigens
1991; 37: 130-2.

147. Weetman AP, Zhang L, Tandon N, Edwards OM. HLA
associations with autoimmune Addison’s disease. Tissue
Antigen 1991; 38: 31-3.

148. Partanen J, Peterson P, Westman P, Aranko S, Krohn K.
Major histocompatibility complex class II and III in Ad-
dison’s disease. Human Immunol 1994; 41: 135-40.

149. Huang W, Connor E, Dela Rosa T, Muir A, Schatz D,
Silverstein J, Crockett S, She J-X, Maclaren N. Although
DR3-DQB1*0201 may be associated with multiple com-
ponent diseases of the Autoimmune Polyglandular Syn-
drome, the Human Leukocyte Antigen DR4-DQB1*
0302 haplotype is implicated only in beta-cells autoim-
munity. J Clin Endocrinol Metab 1996; 81: 2259-63.

150. Gambelunghe G, Falorni A, Ghaderi M, Laureti S, Tor-
toioli C, Santeusanio F, Brunetti P, Sanjeevi C. Mi-
crosatellite polymorphism of the MHC Class I chain-re-
lated (MIC-A and MIC-B) genes marks the risk for au-
toimmune Addison’s disease. J Clin Endocrinol Metab
1999; 84: 3701-7.

151. Waterhouse P, Penninger JM, Timms E, Wakeham A,
Shahinian A, Lee KP, Thompson CB, Griesser H, Mak
TW. Lymphoproliferative disorders with early lethality
in mice deficient in CTLA-4. Science 1995; 270: 985-8.

152. Nisticò L, Buzzetti R, Pritchard LE, van der Auwera B,
Giovannini C, Bosi E, Martinez Larrad MT, Serrano
Rios M, Chow CC, Cockram CS, Jacobs K, Mijovic C,
Bain CS, Barnett AH, Vandewalle CL, Schuit F, Gorus

betterle  4-04-2003  11:35  Pagina 32



33Update on autoimmune polyendocrine syndromes (APS)

FK, Belgian Diabetes Registry, Tosi R, Pozzilli P, Todd JA.
The CTLA-4 gene region of chromosome 2q33 is linked
to, and associated with, type 1 diabetes. Hum Mol Genet
1996; 5: 1075-80.

153. Donner H, Braun J, Seidl C, Rau H, Finke R, Ventz M,
Walfish PG, Usadel KH, Badenhoop K. Codon 17 poly-
morphism of the cytotoxic T lymphocyte antigen 4 in
Hashimoto’s thyroiditis and Addison’s disease. J Clin En-
docrinol Metab 1997a; 82: 4130-2.

154. Donner H, Rau H, Walfish PG, Braun J, Siegmund T,
Finke R, Herwig J, Usadel KH, Badenhoop K. CTLA4
alanine-17 confers genetic susceptibility to Graves’ disease
and to type 1 diabetes mellitus. J Clin Endocrinol Metab
1997b; 82: 143-6.

155. Vaidya B, Pearce S, Kendall-Taylor P Recent advances in
the molecular genetics of congenital and acquired primary
adrenocortical failure. Clin Endocrinol 2000; 53: 403-18.

156. Muir A, She JX. Advances in the genetic and immunolo-
gy of autoimmune polyglandular syndrome II/III and
their clinical applications. Ann Med Interne 1999; 150:
301-12.

Received: 16 December 2002
Accepted in original form: 20 December 2002
Correspondence: Corrado Betterle
Clinical Immunology and Allergology 
Department of Medical and Surgical Sciences 
University of Padua, Via Ospedale Civile 105
I-35128, Padua, Italy 
Tel: +39 049-8213014 
Fax: + 39 049-657391 
E-mail: corrado.betterle@unipd.it

betterle  4-04-2003  11:35  Pagina 33


