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APECED is a rare monogenic recessive disorder caused by mutations in the AIRE gene. In this manuscript, we
report a male Turkish patient with APECED syndrome who presented with chronic mucocutaneous candidiasis
associated with other autoimmune manifestations developed over the years. The presence of the homozygous

R257X mutation of the AIRE gene confirmed the diagnosis of APECED syndrome. We further performed lit-
erature review in 23 published Turkish APECED patients and noted that Finnish major mutation R257X is
common in Turks. In particular, we assessed retrospectively how often the Ferre/Lionakis criteria would have
resulted in earlier diagnosis in Finns, Sardinians and Turks in respect to the classic criteria. Since an earlier
diagnosis could have been possible in 18.8% of Turkish, in 23.8% of Sardinian and 38.55% of Finnish patients
we reviewed from literature, Ferre/Lionakis criteria could indeed allow in future earlier initiation of im-
munomodulatory treatments, if found effective in future studies.

1. Introduction

Genetically determined autoimmune/immunodysregulatory dis-
orders, more common in populations with a high rate of con-
sanguineous marriages [1,2], include the Autoimmune Polyendocrino-
pathy-Candidiasis—Ectodermal Dystrophy/Dysplasia (APECED) or
autoimmune polyendocrine syndrome type 1. This represents a rare
monogenic recessive disease caused by mutations in the autoimmune
regulator (AIRE) gene encoding for a thymus-enriched transcription
factor responsible for central immune tolerance [3]. The variability of
APECED symptoms can be partly explained by the fact that AIRE is
expressed not only in the thymus, but also in peripheral tissues, in
lymphocytes, and associated with dendritic cells differentiation and
their interaction with T cells [3]. A defect of CD4 + CD25 + regulatory
T cells, key mediators of peripheral tolerance, is involved in APECED
pathogenesis due to failure of their self-antigen-driven thymic devel-
opment, maturation, peripheral activation and expansion [4,5]. Pa-
tients' sera harbor autoantibodies (Abs) to a restricted profile of tissue-

specific antigens, in contrast to what could be theoretically expected
from the extent of the AIRE-deficiency associated defect of thymic
presentation [6]. Classic diagnostic criteria for APECED was the pre-
sence of two of the following disorders: chronic mucocutaneous can-
didiasis (CMC), hypoparathyroidism (HP) and Addison's disease (AD).
Anti-interferon w (IFN-w) Abs are circulating at high titers. However, in
2009 diagnostic criteria were revised based on genetic and im-
munological data independently of the clinical manifestations [7].
Furthermore, 78% of the APECED patients have non-endocrine mani-
festations before the first endocrinopathy [8].

In Finnish, Sardinian and Iranian Jew populations APECED develops
at the highest described prevalences between 1:9000-1:25,000 [9] with
homozygous AIRE mutations ¢.769C > T, c.415C > T and c.254A >
G having a founder effect respectively [8-11]. The syndrome is de-
tected at lower incidences and with greater genetic variability
[7,9,12-23] in many European countries. American APECED patients
showed a diverse clinical picture, with dramatic enrichment of organ-
specific non-endocrine manifestations starting early in life, compared to
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Table 1

Clinical presentation, other laboratory results of the APECED patient (altered parameters are in bold)...
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Age

Clinical manifestation/therapy

Autoantibodies (Abs) profile

Laboratory results

from early life

8-yo (admitted at Pediatric Inmunology
Department, Uludag University

9-yo

9.6-yo

10-yo

Oral moniliasis and onychomycosis
Chronic mucocutaneous candidiasis

Watery diarrhea

Abdominal distension (autoimmune
enteropathy)

Sjogren-like syndrome with dry eyes and
mouth

Vitiligo

Alopecia

Arthralgia on knee joints (the last treated with
non-steroid anti-inflammatory drugs)
Autoimmune hemolytic anemia

Positive Abs:

RO52

RF (11.401U/ml)

TPH (164.3 U/ml) AADC (95.3 IU)
IFN-w (251IU) direct Coombs test

Negative Abs:

ANA

210HAbs, 17a0H, P450scc, TGA
TPO, ICA, PCA, GBM Abs

Candida albicans growth from swab and
tissue cultures

Anemia, otherwise
normal CBC, ferritin and fibrinogen levels

Elevated:

ESR, transaminases,

Serum Amyloid A, CRP

Borderline low serum creatinine, uric
acid, albumin and glucose

Low IgA (other Ig classes normal)

Homozygosity for AIRE ¢.769C > T
(p.Arg257Ter)

ANA, anti-nuclear Abs; RO52, 52 kDa Ro/SS-A molecule; RF, rheumatoid factor; TPH, tryptophan hydroxylase; AADC, anti-aromatic L-amino-acid decarboxylase;
IFN-w, anti-interferon omega; 210HA, 210H hydroxylase; 17aOH, 17 alpha OH hydroxylase; P450scc: P450 side-chain cleavage enzyme; TG, thyroglobulin; TPO,
thyroperoxidase; ICA, islet cell Abs; PCA, parietal cell Abs; GBM, glomerular basal membrane; CBC, complete blood count; ESR, erythrocyte sedimentation rate; CRP,

C-reactive protein; Yo, years old.

* All 14 exons and intronic regions of the AIRE gene were sequenced according to already described protocols (Genetic Analyzer 3500 Applied Biosystems
HITACHI system, ThermoFisher Scientific, Rodano (MI), Italy).
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Fig. 1. Prevalence (%) of clinical manifestations in the Turkish cohort.
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Fig. 2. Mean age of appearance of main and secondary clinical manifestations in the present Turkish APECED series. On top of each bar is reported the number of
patients (among those whose age is known) corresponding to the underlying manifestation.

European cohorts [9]. In this regard, even in highest European pre-
valence cohort, the Finns, APECED patients show an increasing and
higher recurrence of non-endocrine inflammatory manifestations, in
particular autoimmune gastrointestinal dysfunction [24]. Interestingly,
autosomal dominant AIRE mutations in the first plant homeodomain
(PHD1) zinc finger are associated with organ-specific autoimmune
conditions [25].

Epidemiological investigations thus raise questions about the va-
lidity and usability of the classic diagnostic criteria. In rare diseases, an
early diagnosis generally improves prognosis and quality of life. Unlike
in other autoimmune primary immunodeficiencies, APECED patients
generally only receive endocrine replacement therapy [26] and no
immunomodulation [27].

In this study, we report a new APECED male patient within the
Turkish population and retrospectively evaluate Turkish APECED pa-
tients in comparison to data obtained in three particular cohorts de-
rived from north (Finnish) [28] and south of Europe (Sardinian) [10],
and from both North and South America [9]. Further objective was to
verify whether the novel Ferre/Lionakis diagnostic criteria [9], which
take into consideration the appearance of non-endocrine manifesta-
tions, could improve the diagnostic efficacy in different APECED series.
Specifically, clinical diagnosis is based on development of any two-
disease components within the combined classic and adjunct triad of
urticarial eruption, intestinal dysfunction and enamel hypoplasia [9].

2. Case presentation

The patient was born (birthweight 3830 g) by caesarean section to a
26-year old mother with three previous gestations including two full-
term deliveries and one aborted fetus. Parents came from Turkey and
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were unrelated. The family had no history for autoimmune diseases.
Mother's one-week-old sister and four-month-old brother had died for
unknown reasons. Patient's paternal cousin had presented with heart
and kidney anomalies and a history of frequent pneumonias.

At the age of 8years, the patient was admitted to the Pediatric
Immunology Department of the Uludag University Medical Faculty
because of recurrent mucosal and cutaneous candidiasis since infancy.
At the age of 10 years, he developed vitiligo, alopecia, and arthralgia of
knee joints. Arthralgia was responsive to non-steroid anti-inflammatory
treatment. Concurrently, the patient had had recurrent episodes of
watery diarrhea and abdominal distension for one year and dry eyes
and mouth for six months. Ophthalmological examination was normal.

Homozygous R257X AIRE gene mutation was detected in patient's
DNA (Table 1). Abs screening revealed anti-IFN-w specificities. Direct
positivity for anti-tryptophan hydroxylase (TPH) and anti-aromatic L-
amino-acid decarboxylase (AADC) Abs confirmed the diagnosis of
APECED and autoimmune enteropathy. Furthermore, anti-52 kDa Ro/
SS-A (RO52) antibodies associated with high rheumatoid factor titers
supported the diagnosis of Sjogren-like syndrome. Direct Coombs test
was positive associated with low hemoglobin values and high re-
ticulocyte count indicating autoimmune hemolytic anemia (Table 1).

3. Discussion

In this manuscript we present the clinical, immunological and ge-
netic features of a new case of APECED and review in the literature
from 2000 to date a Turkish APECED series of patients, mostly diag-
nosed on clinical findings [29-45]. Results of the analysis were com-
pared with those retrieved on Finnish, Sardinian and North/South
American cohorts [9,10,28] based on classic versus novel Ferre/
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Table 2
Clinical and genetic features of 23 Turkish APECED patients including the present case report.
Turkish Patients Sex Age at referral  Age of first AIRE mutation Major clinical manifestations Other clinical manifestations References
(years, symptom (years, related to APECED
months) months)
1 Female* 17 5 EXON 1: homozygous Hypoparathyroidism Addison's ~Autoimmune thyroiditis Ovarian [29]
p.R15H (c.44G > A) disease insufficiency
CMC (esophageal candidiasis) =~ Autoimmune hepatitis
Hepatopulmonary
hypoxemia
(central cyanosis,
digital clubbing,
portal hypertension)
2 Male * 25 9 EXON 1: homozygous Hypoparathyroidism [29]
p-R15H (c.44G > A) CMC
3 EXON 6: homozygous Hypoparathyroidism Alopecia [30]
p-R257X CMC Autoimmune thyroiditis
(c.769C > T) Pernicious anemia
Type 1 diabetes mellitus
4 EXON 6: heterozygous Hypoparathyroidism Nail dystrophy [30]
p-R257X Addison's disease Alopecia
(c.769C > T) CMC Autoimmune hepatitis
EXON 11: heterozygous Vitiligo
p.C457fs Autoimmune thyroiditis
(c.1370-1371 insG) Pernicious anemia
Keratitis
5 Male** 20 1 EXON 14: homozygous  Addison's disease Alopecia universalis [31]
p.P539L CMC Ectodermal dystrophy
Hypoparathyroidism Pernicious anemia
INTRON 9: (urolithiasis, nephrocalcinosis)  Vitiligo
11,107G > A Pneumonia
Hypergonadotropic hypogonadism
Preclinical autoimmune thyroiditis
6 Female** 17 3 EXON 14: homozygous  hypoparathyroidism Alopecia areata [31]
p.P539L Addison's disease Ectodermal dystrophy
Oral CMC Autoimmune thyroiditis
INTRON 9: Diabetes mellitus
11,107G > A Hypopituitarism (retarded growth
and pubertal development)
Non suppurative otitis
7 Female 9 8 EXON 2: homozygous Oral CMC Ectodermal dysplasia [32]
p.Tyr90-Arg92del Hypoparathyroidism Ectodermal dystrophy of nails
(C.267-275del); Pernicious anemia
C261G > T Alopecia
homozygous Atrophc gastritis
silent variation; Retinal pigmentary changes
c.264G > A (pigment epithelial atrophy,
homozygous decreased visual acuity)
silent variation
EXON 6: homozygous
c.681C > T (rs
1,055,311)
polymorphism
8 Male 8.11 3 EXON 6: homozygous CMC Ectodermal dystrophy Present
p-R257X Vitiligo study
(c.769C > T) Alopecia
Arthralgia
Autoimmune enteropathy
Hemolytic anemia
Undifferentiated connective tissue
disease
Preclinical Sjogren syndrome
9 Female 33 32 not tested CMC Ectodermal dystrophy [33]
(clinical diagnosis) (candida esophagitis) Primary hypogonadism
Antral gastritis
Addison's disease
10 Female 20 9 not tested Hypoparathyroidism Ectodermal dystrophy [34]
(clinical diagnosis) Addison's disease Suspected pericarditis
Oral CMC Upper respiratory infections
11 Female 18 18 not tested Hypoparathyroidism Ectodermal dystrophy [35]
(clinical diagnosis) Addison's disease Hyperpigmentation
Oral CMC
12 Female 31 8 EXON 6: homozygous Hypoparathyroidism Vitiligo [36]
p-R257X (c.769C > T) CMC Dental enamel hypoplasia Nail
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Turkish Patients Sex Age at referral  Age of first AIRE mutation Major clinical manifestations Other clinical manifestations References
(years, symptom (years, related to APECED
months) months)
13 Female 29 3 negative Hypoparathyroidism Ectodermal dysplasia [36]
CMC (nail dystrophy)
Alopecia
14 not available (Autoimmune?) Adrenalitis Vitiligo [37]
Hypothyroidism
15 Male 14 12 EXON 8: homozygous Hypoparathyroidism Psoriasis vulgaris [38]
c.964del13 Addison's disease
16 Male 41 41 not tested CMC Hypogonadotropic hypogonadism [39]
(clinical diagnosis) Addison's disease (HH)
Alopecia
Vitiligo
Chronic urticaria
Chronic active hepatitis
Malabsorption
17 Male 12 12 not tested Hypoparathyroidism Amelogenesis imperfecta [40]
(clinical diagnosis) Oral CMC Tooth eruption delay
Dental caries
18 Introns 1-4: Hypoparathyroidism Alopecia [41]
Azerbaijan homozygous Addison's disease Malabsorption
IVS1-1VS4 CMC
19 Female 15 15 not tested Hypoparathyroidism Epilepsy [42]
(clinical diagnosis) Oral CMC
20 Female 17 17 not tested Addison's disease Ectodermal dystrophy in fingernails  [43]
(clinical diagnosis) Oral CMC
Hypoparathyroidism
21 Female” 8 5 EXON 2:homozygous Hypoparathyroidism [44]
p-W78R (c.232T > C)  Addison's disease
22 Female” 4.6 4.6 EXON 2: homozygous Hypoparathyroidism [44]
p-W78R (c.232T > Q)
23 Male 6 3 not tested Hypoparathyroidism [45]
(clinical diagnosis) Addison's disease
CMC
wwn siblings.
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Fig. 3. Prevalence (%) of the diagnostic dyad and triad and the most common disease components of APECED in Turkish patients in comparison with the Sardinian
series published by Meloni et al. (2012) [10], the Finnish series by Perheentupa et al. (2006) [28] and the American series by Ferre et al. (2016) [9].

Lionakis diagnostic criteria [10]. Our Turkish patient presented with
merely one classic clinical manifestation (CMC), and only later devel-
oped other autoimmune manifestations over the years. The presence of
the homozygous R257X mutation of the AIRE gene confirmed the
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diagnosis of APECED syndrome based on the classic revised criteria [7].
Interestingly, circulating TPH, AADC and IFN-w Abs were detected at
high titers. In this respect, the presence of cytokine Abs strongly cor-
relates with CMC according to APECED epidemiological investigations
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[6]. Presence of TPH and AADC Abs confirmed the diagnosis of auto-
immune enteropathy in the patient. Autoantibodies against TPH and
AADC target two different enzymes important for monoamine synthesis
and present in enteric and central nervous system serotoninergic cells
[6].

This patient is part of a series of 23 Turkish APECED patients (fe-
male/male ratio: 1.71; median age at referral 17 years; range 4.6-41)
with early disease onset (median 8 years, age-range 1-41, based on the
appearance of the first component of the triad) and severe phenotype
(on average, 5.17 manifestations/patient) (Figs. 1,2). Six out of 23
patients were born from 4 consanguineous marriages out of the total 18
marriages [31,32,39,44]. The presence of another case with APECED in
the same family was reported in 3 families with a frequency of 16.6%
[29,31,44].

The penetrance of APECED is 100%, i.e. when two variant AIRE
alleles are inherited, the patient will inevitably develop the disorder.
Patient's stopgain ¢.769C > T (p.Arg257Ter) leads to a truncated 256
protein lacking both PHD domains, impairing its multimerization and
transactivation activity [46]. The R257X mutation was previously
identified as the Finnish major mutation, reported in 89% of Finn-
APECED chromosomes [8,47].

This was the prevalent mutation within genotyped Turkish APECED
patients since found in 30.7% (4/13) of patients in comparison to the
other genotypes, each represented in 2/13 patients. This finding con-
firms the cross-ethnicity nature of the mutation already reported in
various populations [21,48]. Of note, in the American series [9], 28.6%
of patients were homozygous for the AIRE mutation ¢.967_979del 13
(p.L3235fsX51), only 2.9% were homozygous for the prevalent Finnish
genotype ¢.769C > T while 11.4% were homozygous for wild-type
AIRE.

The analysis of the overall clinical features (Table 2) indicates the
absence of a clear phenotype/genotype correlation in Turkish APECED
patients [8-10,28]. Regarding the clinical phenotypes, the classic triad
was present in 39.1% of total patients, 87% manifested 2/3 major
manifestations. Considering patients diagnosed before the age of
30years, of 17 Turkish APECED patients 82.4% had CMC (9/11 fe-
males, 5/6 males), while CMC was seen in 95.5% of Sardinian [10],
98% of Finnish [28] and 86% of American patients [9] (Fig. 3). Of these
17 Turkish APECED patients, 94.1% had HP (11/11 females, 5/6
males), while it was reported in 73.3% of Sardinians [10], 85% of
Finnish [28] and 91% of American patients [9] (Fig. 3). Of these series,
52.9% had AD (6/11 females and 3/6 males), while present in 68.2% of
Sardinian [10], 78% of Finnish [28] and 80% of American patients [9]
(Fig. 3).

Interestingly, several non-endocrine manifestations were reported
in the present series.

(Fig. 1) although at lower frequencies than in American APECED
cohort, where these were present in 40-80% of patients in early life.
Among non-endocrine autoimmune features, urticarial eruption, hepa-
titis, gastritis, intestinal dysfunction, pneumonitis, Sjogren syndrome
were represented in the Turkish patients. Indeed non-endocrine sec-
ondary diseases appeared later than the triad symptoms as opposite to
American APECED patients (Fig. 2); nevertheless, the low number of
affected patients in respect to the secondary manifestations may infer
the analysis in the present series. Interestingly, in the overall Turkish
series, HP had the earlier mean age of appearance in life than CMC,
frequently reported as first symptom [49].

Of note, we verified that the diagnostic dyad within expanded cri-
teria allowed an earlier diagnosis in 3/16 Turkish patients (18.8%) and
in 5/21 Sardinian patients (23.8%) throughout a longitudinal evalua-
tion based on the appearance of clinical characteristics until the age of
30years (Fig. 3, Supplementary Fig. 1). Additionally, in the limited
longitudinal data related to the Finnish series published by Perheentupa
et al. [28] an earlier diagnosis could have been possible even in 5/13
Finnish APECED patients (38.55%). Data could also be retrieved by the
analysis of the Finnish series published by Merenmies and Tarkkanen
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et al. [50] where, based on the appearance of chronic bilateral keratitis,
9/17 patients (52.9%) could have had an earlier diagnosis of APECED.
Thus, it is important to remember the high incidence of some non-en-
docrine manifestations such as intestinal dysfunction and ectodermal
dystrophies [24,50,51]. Clearly, as stated above, our analysis on the
Turkish series is limited by its retrospective nature since data are de-
rived from the available scientific literature on APECED. Further, in-
terpretation of results derived from the comparative applicability of the
classic versus Ferre/Lionakis criteria for an earlier APECED diagnosis
would certainly benefit from future examination of extended cohorts.

4. Conclusions

Genetic testing and counseling of APECED patients' parents and
relatives will aid in expedited diagnosis. However, APECED patients
appear nowadays to be among the most unsatisfied patient groups, with
limited success gained by the strategy of early diagnosis leading to
hormone replacement therapy alone [26,52]. Future investigations will
clarify whether the novel Ferre/Lionakis criteria [9] will indeed allow
for expedited diagnosis, and whether early-onset immunomodulatory
treatments could have the potential to avoid severe disease complica-
tions and improve patient satisfaction and/or prognosis.
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