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Autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED), also

known as autoimmune polyglandular syndrome type 1 (APS-1), is a rare genetic

disorder caused most often by biallelic mutations in the AIRE gene. Classic clinical

findings of the disease are chronic mucocutaneous candidiasis and autoimmunity

that primarily targets endocrine tissues, such as hypoparathyroidism and adrenal

insufficiency. Recently, however, it has been appreciated that enamel hypoplasia,

together with intestinal malabsorption and a characteristic APECED rash, is a prominent

early disease manifestation of APECED which can aid in the diagnosis of disease before

other potentially life-threatening disease manifestations occur. To demonstrate this point,

we present data from a cohort of APECED patients, ∼70% of who present with enamel

dysplasia at an early age. Importantly, early life presentation with enamel dysplasia was

predictive of likelihood for subsequent APECED diagnosis. Furthermore, we present

a case of a patient with APECED and severe enamel defects and discuss the utility

of medical-dental professional co-operation in the diagnosis and management of this

complex disorder.
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INTRODUCTION

A growing body of evidence has suggested an association between oral manifestations
and systemic disease (1, 2). Indeed, immunocompromised patients will present with
various oral infection susceptibility. Often patients with numerous systemic, cutaneous and
gastrointestinal inflammatory symptoms will also have clinical oral manifestations. It is therefore
imperative that medical and dental professionals strengthen a collaborative understanding
of common risk factors and biological findings related to oral and systemic disease. This
article features clinical and diagnostic criteria and oral manifestations of Autoimmune
polyendocrinopathy-candidiasis-ectodermal dystrophy (APECED), also known as Autoimmune
polyglandular syndrome type 1 (APS-1) to highlight the importance of a multidisciplinary
approach in providing early diagnosis and comprehensive care to patients.
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OVERVIEW OF APECED

APECED is an inherited monogenic disorder caused most often
by biallelic mutations in AIRE and results in the development of
multi-organ autoimmunity, chronic mucocutaneous candidiasis
(CMC), and ectodermal dystrophy. AIRE is a transcription
regulator highly expressed in thymic medullary epithelial cells
(mTECs) where it orchestrates negative selection of auto-reactive
T cells (3). These cells escape into the periphery in the AIRE-
deficient patient where they are both necessary and sufficient for
development of autoimmunity (4–6).

APECED affects∼1:100,000–1:200,000 people internationally
with higher prevalence in Iranian Jews, Sardinians, Finns
and Slovenians (∼1:9,000–1:25,000) and lower prevalence
in populations of Norwegian (1:80,000), Irish (1:130,000),
French (1:500,000) and Japanese descent (1:10,000,000). In the
U.S., APECED is estimated to occur in 1:100,000–1:300,000
persons (7–9).

More than 25 disease manifestations (shown in Table 1) have
been reported through the course of disease (5, 10) amongst
which CMC, hypoparathyroidism, and adrenocortical failure
(Addison’s disease), are three of the most highly prevalent.
Together they form the “classic triad” and development of any
two (a “diagnostic dyad”) of these is sufficient for establishing
a clinical diagnosis of APECED (6, 11). Although this classic
triad is characteristic for APECED, it often occurs late in the
course of the disease. Through the comprehensive evaluation
of our APECED cohort at the National Institutes of Health

TABLE 1 | Clinical manifestations that affect patients with APECED.

Manifestations of APECED

• Chronic mucocutaneous candidiasis (CMC)

• Enamel hypoplasia

• Sjogren’s-like syndrome

• Aphthous ulcers

• Urticarial eruption

• Alopecia

• Vitiligo

• Nail dystrophy

• Retinitis

• Keratoconjunctivitis

• Hypoparathyroidism

• Adrenal insufficiency (Addison’s disease)

• Growth hormone deficiency

• Autoimmune gastritis

• Gastric carcinoma

• Asplenia

• Intestinal dysfunction

• Tubulointerstitial nephritis

• Autoimmune hepatitis

• Autoimmune pneumonitis

• Pernicious anemia

• Iron deficiency

• Type 1 diabetes

• Pure red cell aplasia

• Hypogonadism

• Asplenia

• Hypothyroidism

(NIH) Clinical Center, we found 80% of patients developed an
average of 3 non-classic triad manifestations before reaching
a diagnostic dyad (10). Amongst these, enamel hypoplasia,
intestinal malabsorption, and a characteristic APECED rash were
the most prevalent early clinical manifestations. In fact, their
inclusion in expanded diagnostic criteria (classic triad + adjunct
triad) (Figure 1) would have reduced the time to diagnosis by
half (Figure 2) (10), which has potential major implications
in earlier recognition of the disease and could help improve
patient outcomes.

These findings call for a multidisciplinary approach to patient
evaluation with participation of multiple specialties of medicine
and dentistry. Due to advances in sequencing technology,
gene mutations are more frequently identified and support
the theory that an inheritable factor exists in this disorder.
However, identification through genetic testing is not always
definitive or clinically available. There is a wide range and
variability of disease manifestations and phenotypic expression
of APECED (Table 1). Clinicians including endocrinologists,
allergists, pediatricians, gastroenterologists, hematologists,
ophthalmologists, pulmonologists, dermatologists, dentists and
dental hygienists, can all recognize early-onset symptoms
and disease manifestations and begin a differential
diagnosis that may lead to early interventions helpful
in establishing an APECED diagnosis and preventing
life-threatening complications.

ENAMEL DEFECTS CAN BE AN EARLY
SIGN OF APECED

Enamel defects may be a phenotype of hereditary conditions that
involve only the enamel matrix or may be a component of a
hereditary medical syndrome. Enamel is formed by ameloblasts
during tooth development (12). This protective outermost layer
of the tooth structure helps protect the inner dentinal and
pulpal tissues from masticatory forces and continual bacterial
and other pathogenic insults. Ameloblast disruptions during the
development of the enamel matrix can result in hypoplastic and
hypo-mineralized enamel (12). Hereditary syndromes such as
Treacher Collins, which presents with craniofacial abnormalities
of the zygomatic complex, jaws and palate (13, 14); Heimler
syndrome, characterized by sensorineural hearing loss and nail
abnormalities (15, 16); and Usher syndrome, which features
sensorineural hearing loss and retinitis pigmentosa (17) have all
reported enamel hypoplasia in clinical case reports.

Consistent with a previous report, but in an expanded
cohort, we found enamel hypoplasia in 70% of 104 patients
with APECED in our cohort. Moreover, with expansion
of the diagnostic criteria for APECED (with use of the
aforementioned adjunct triad), we find that CMC, APECED rash
and hypoparathyroidism appear most frequently in combination
with enamel hypoplasia early in life (Table 2). These findingsmay
be an early predictor of those who are more likely to develop
additional life-threatening manifestations of disease later in life
(Figure 2).
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FIGURE 1 | Refined diagnostic criteria (combined classic and adjunct triad) designed to enhance earlier diagnosis of APECED.

FIGURE 2 | Shown are Kaplan-Meier curves demonstrating prevalence by age of classic triad manifestations (A) and adjunct triad (B) appearing by age 7 years, the

average age of diagnosis by classic diagnostic criteria among the first 35 patients with APECED. These images are derived from Ferre et al. (10).

CASE DESCRIPTION

Here we present a 15-year-old Caucasian male of European

descent with confirmed biallelic AIRE gene mutations enrolled
in protocol NCT01386437 who presented to the NIH dental
clinic with concerns regarding the esthetics of his smile. His
medical history included the appearance of an intermittent rash
during his first year of life that resembled flat red macules that
could not be explained by the pediatrician at that time; reflecting
back to the presentation, this rash was one of the early primary
clinical indicators of APECED. During his third year of life, he
presented to his physician with the development of alopecia and
finger/toenail dystrophy. In these very early years, the patient

was otherwise clinically well. However, by his sixth year he began
suffering from abdominal pain which led to an emergent visit to
the emergency room. During this visit the patient presented with
significant abdominal discomfort, fatigue, increased thirst and
salt cravings and was found to have severely low sodium levels
at 115 mmol/L leading to diagnosis of adrenal insufficiency.

In addition, his dental history and exam revealed that he
had several tooth extractions due to breakdown of the clinical
crown; a note of enamel hypoplasia was made. Over the
next 3 years other clinical complications included gallstones,
vitamin D deficiency and iron deficiency. He underwent a
liver biopsy at age 10 for persistently elevated transaminases
and was diagnosed with autoimmune hepatitis, a condition
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TABLE 2 | Frequency of diseases appearing in combination with enamel

hypoplasia as the first two consecutive clinical manifestations in 35 patients with

APECED.

Clinical manifestation Number (%) of patients

CMC 1 (3)

APECED rash 1 (3)

Hypoparathyroidism 1 (3)

FIGURE 3 | Clinical intraoral photograph and panoramic radiograph of

15-year-old Caucasian male APECED patient demonstrating abnormal dental

development with enamel hypoplasia (photo, A), taurodontism (radiograph, B).

affecting∼40% of APECED patients (18). At this point, APECED
was suspected prompting AIRE sequencing, which identified
homozygous c.967_979del13 deletions. Importantly, he did not
have any history of CMC or hypoparathyroidism at that time,
which reiterates the heterogeneity of clinical manifestation
development and disease progression of APECED.

The dental findings in this case depict developmental
anomalies associated with APECED that can be detected
with routine dental examinations in early age (Figure 3).
Upon examination extra-orally, there was no palpable
lymphadenopathy. Intraorally, the patient presented with
adult dentition that exhibit dental manifestations of APECED
including irregular clinical crown size with pointy cusp tips
and narrow shape. The buccal tooth enamel was chalky
white and yellow with horizontal grooves and pitting of the
enamel surfaces. The cusp tips were white, and the remaining
enamel was thin and opalescent. There was a deep bite with
an overbite of 100%. There was spacing between the teeth
which may have been because of the narrower teeth, but also
the patient was missing all maxillary and mandibular first
permanent molars. In addition, radiographic findings reveal
taurodontism of all maxillary and mandibular second molars.
There was no clinical or radiographical evidence of caries or
oral candidiasis.

DISCUSSION

When treating patients with APECED, co-operation of a
multidisciplinary team is imperative. While APECED is
commonly diagnosed by gene sequencing, not all patients
with clinical APECED have biallelic AIRE mutations (5, 7, 10).
Some patients may have large AIRE deletions, or non-coding
gene variants, or non-AIRE gene variations (5, 10). Importantly,
genetic confirmation will typically follow the disclosure of clinical

findings which will suggest the diagnosis of APECED. Therefore,
early detection of oral manifestations can be fundamental for a
targeted differential diagnosis.

Enamel hypoplasia is an important early clinical sign
that can aid in diagnosis. It is a common finding in the
permanent dentition among those that have been diagnosed
with APECED, however, it was a less reported observation
in deciduous teeth until the recent reporting of enamel
hypoplasia, occurring in 17.3% of the cohort of patients at
NIH. In fact, based on this recent study it is the first or
second clinically reportable manifestation and overall 5th
most common occurring manifestation of APECED (10). In
addition, at least one scanning electron microscopy study
evaluating the prismatic structure of enamel in patients with
confirmedAIRE gene mutations has demonstrated compromised
enamel matrix structures in deciduous and permanent
teeth (19).

Children with APECEDmay present with patchy white-yellow
discoloration on their teeth, or enamel hypoplasia which may
cause the dentition to appear ridged and pitted or mis-shaped.
Although APECED and other primary immunodeficiencies
aforementioned are the focus of this paper, it does not go without
mention that enamel hypoplasia has also been associated with
prenatal abnormalities such as maternal vitamin D deficiency
(20), low birth weight (21), or environmental factors such
as trauma to the teeth during development (22) or systemic
infection (23). Enamel hypoplasia in combination with another
manifestation of the classic and adjunct triad should alert
clinicians of a possible APECED diagnosis.

Early detection of oral developmental anomalies and caries is
one of the primary reasons to have a child’s first oral examination
by 12 months of age. Defects of the enamel matrix predispose
teeth to an increased risk of dental caries and erosion from
acids in foods and beverages. Management of enamel hypoplasia
in the primary dentition should focus on early diagnosis and
preventive care. Routine topical fluoride application is one of the
most effective anti-caries strategies as it helps reduce dentinal
sensitivity, enamel remineralization, inhibits acid production
and bacterial metabolism. In addition, treatment with other re-
mineralizing agents such as casein phosphopeptide amorphous
calcium phosphate (CPP-ACP) or silver diamine fluoride (SDF)
can help re-mineralize the hypo-mineralized areas and early
carious lesions on the tooth surface (24, 25). The patient
we discuss in this case report did not present with active
carious lesions at the time of their dental visit at our clinic.
The patient was referred back to his primary care dentist for
future treatment, with our suggestion to consider the mentioned
anticaries strategies in the ongoing preventive care and treatment
of this patient’s dentition.

Patients with APECED will need preventive services with
a 3–4 month interval so the oral status can be reviewed
and evaluated. In cases of extensive enamel hypoplasia
multidisciplinary team management involving general
practitioners, specialist pediatric dentists and orthodontists
may be necessary. A thorough dietary analysis in collaboration
with the primary care physician and dietitian may assist with
educating patients on how to improve their nutritional intake,
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especially of calcium and fluoride which are imperative to
oral health.

Importantly, the diagnosis of enamel hypoplasia by oral
health professionals may identify patients early in the course
of the disease. In fact, two of the early clinical manifestations
of APECED (enamel hypoplasia and oral candidiasis) can be
identified by oral health professionals, suggesting a potential
primary role for oral healthcare providers in disease diagnosis.
CMC, commonly known as oral thrush, often occurs as an early
primary symptom of APECED and can vary in appearance and
severity. Thrush typically appears as a white coating on the
tongue, oral mucosa, palate, gingiva, throat, or commissures
of the mouth that can be wiped off with a gauze. Thrush
can also present as redness and soreness that can prohibit
eating spicy or acidic foods. Treatment for oral Candida
infections includes topical antifungal agents such as miconazole,
clotrimazole, amphotericin B or nystatin (5). APECED patients
are also susceptible to Candida infections of the esophagus,
vagina, and nails. Therefore, systemic treatments that may be
considered also include fluconazole, voriconazole, posaconazole,
the echninocandin antifungals or amphotericin B (5). Resistance
can occur to oral antifungal agents which can make long-term
management of CMC a challenge. Acute episodes should include
a fungal swab culture with susceptibility testing to determine the
pattern of in vitro susceptibility because different Candida strains
can be differentially susceptible to antifungal therapeutics, and
some strains may become resistant over time (5, 26). Treatment
with antifungals lasting 4+ weeks typically allows sufficient time
of therapeutic intervention and reduces the potential for relapse.
If left untreated Candida infections can lead to esophageal
strictures or esophageal carcinomas (26, 27). However, additional
novel treatments may be considered based on our recent findings
in the pathogenesis of APECED-relatedmucosal candidiasis (28).

Beyond early diagnosis and management of early APECED
signs, an oral healthcare provider may be also involved in the
prevention and treatment of oral manifestations that may present
throughout the disease process. The patient discussed in this case
report did not present with any of the common oral symptoms
at the time of exam. However, patients with APECED are at
increased risk for xerostomia, and incidence of caries, aphthous
ulcers, aphthous stomatitis, atrophic glossitis and importantly
an increased risk of oral cancer due to chronic inflammation in
association with CMC including oral and esophageal carcinomas
(29). Sjogrens’s-like syndrome may present early in life with
a rise in incidence over time. Dry mouth symptoms can
lead to discomfort and interfere with speech, eating and
may contribute to burning mouth syndrome and increased
caries risk.

Oral cancer screenings should be a routine part of every
dental examination as alcohol intake and smoking are additional
risk factors that may promote oral carcinogenesis (30).
Awareness of patient social behaviors and risk as well as
through documentation of oral candidiasis patterns and
pseudomembranous lesions presenting with erosion, or
ulceration noted during routine exams, can be helpful in the
diagnosis of cancers at an early stage. Oral health professionals
should instruct patients how to perform oral self-examinations

and implement excellent oral hygiene, while stressing the
importance of reporting any new or unusual oral symptoms
and frequent dental follow up appointments. Oral candidiasis
should be treated aggressively with antifungal therapies
as mentioned earlier. While there are few guidelines for
medications in managing oral ulceration, a primary objective is
pain management to reduce and control symptoms, therefore
adjunctive therapies include topical steroids and analgesics that
can provide short-term pain relief to sooth aphthous ulcers (1).
In cases where patients describe generalized oral sensitivity, use
of an extra soft toothbrush and other recommendations such as
elimination of spicy foods, carbonated beverages and toothpastes
that contain sodium laurel sulfate may be suggested.

With increased screening, the recognition of APECED is
growing especially in the US. Patients may seek dental care
without knowing of their condition. Oral health professionals
are well-positioned to note this disease’s oral signs and
symptoms. A thorough medical, family and dental history
will aid in proper diagnosis and treatment. Oral health
professionals who suspect APECED should speak with the
patient’s physician and or dietitian to determine an effective
treatment strategy. This multidisciplinary approach will support
the successful management of APECED as well as mitigate its
effects on health.
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