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Abstract

Objective: Allgrove syndrome (Triple-A syndrome) is a rare autosomal recessive
disorder characterized by alacrima, achalasia, and adrenal insufficiency, often
accompanied by neurological and autonomic findings. Its clinical heterogeneity
and rarity frequently delay diagnosis. The aim of our study is to emphasize
the importance of a thorough physical examination and family history, as well
as to raise awareness about the syndrome.

Materials and Methods: We describe six patients from four unrelated families
diagnosed with Allgrove syndrome in eastern Turkiye. Detailed clinical evalu-
ations and genetic analyses were conducted. Aladin WD Repeat Nucleoporin
(AAAS) gene variants were identified using next-generation sequencing and
Sanger sequencing.

Results: All patients presented with alacrima and achalasia; adrenal insuffi-
ciency was absent in one patient. Neurological manifestations were noted in
four patients. Homozygous AAAS variant ¢1066_1067delCT (p.Leu356Valfs*8) was
identified in five cases; one patient carried the c1432CT (p.Args78*) variant.
Consanguinity was present in three families. Despite the rarity of this syndrome,
two patients were diagnosed by a family physician unfamiliar with the condition,
based on careful anamnesis.

Conclusion: This study adds to the growing literature on Allgrove syndrome
by highlighting the high frequency of the c1066_1067delCT variant, suggesting
a founder effect in eastern Tirkiye. The phenotypic variability observed—even
among siblings—supports previous findings of limited genotype-phenotype
correlation. Our report highlights the critical diagnostic role of primary care
physicians in rare disease detection. Our findings emphasize raising awareness
of Allgrove syndrome and integrating regional variant data into diagnostic algo-
rithms. Early recognition by non-specialists can significantly reduce diagnostic
delays in multisystemic genetic disorders.
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Amag: Allgrove sendromu (3-A sendromu), alakrima, akalazya ve adrenal yetme-
zlik ile karakterize, nadir gorllen otozomal resesif bir hastaliktir ve genellikle
norolojik ve otonomik bulgularla birlikte seyreder. Klinik heterojenligi ve nadir
gorilmesi taninin gecikmesine neden olabilir. Calismamizin amaci, detayli bir
fizik muayene ve aile oykusunin onemini vurgulamak ve sendrom hakkinda
farkindalik yaratmaktir.

Gere¢ ve Yontemler: Turkiye'nin dogusundan tani alan, akraba olmayan dért
aileden alti Allgrove sendromu hastasi tanimlandi. Tim hastalara ayrintili klinik
degerlendirme ve genetik analiz yapildi. Aladin WD Repeat Nucleoporin (AAAS)
genindeki varyantlar yeni nesil dizileme ve Sanger dizileme yontemleri ile tespit
edildi.

Bulgular: Tim hastalarda alakrima ve akalazya mevcuttu; adrenal yetmezlik
yalnizca bir hastada gorulmedi. Dort hastada norolojik bulgular vardi. Bes olguda
homozigot ¢1066_1067delCT (p.Leu356Valfs*8) varyanti, bir hastada ise ¢1432CT
(p.Arg478*) varyanti saptandi. Uc ailede akraba evliligi vardi. Nadir goriilmesine
ragmen, iki hasta bu hastaligl tanimayan bir aile hekimi tarafindan dikkatli
anamnez yoluyla tani aldi.

Sonug: Bu calisma, Allgrove sendromuna iliskin literatiire katki saglamakta
ve Dogu Turkiye'de c1066_1067delCT varyantinin ylksek sikligini vurgulayarak
kurucu etki (founder effect) olasiligina isaret etmektedir. Kardesler arasinda
bile gozlemlenen fenotipik degiskenlik, daha once bildirilen sinirli genotip-
fenotip korelasyonunu desteklemektedir. Ozellikle bu calismada, birinci basamak
hekimlerinin nadir hastaliklarin tanisindaki kritik roli agik¢a ortaya konmus-
tur. Bulgularimiz, Allgrove sendromu farkindaliginin artirilmasinin ve bolgesel
varyant verilerinin tani algoritmalarina entegre edilmesinin énemini vurgula-
maktadir. Uzman olmayan hekimler tarafindan bile erken tani konulmasi,
multisistemik genetik hastaliklarda tani gecikmesini onemli ol¢lide azaltabilir.

Anahtar Kelimeler Allgrove sendromu -« 3-A - Alakrimi - Akalazya - Adrenal

yetmezlik - AAAS
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INTRODUCTION

Allgrove syndrome, also known as Triple-A syndrome, is an
autosomal recessive multisystem disorder in which the three main
manifestations are alacrima, achalasia, and adrenal insufficiency,
which may also be accompanied by neurological and dermatological
manifestations (1). Approximately 70% of individuals present with
the complete triad of symptoms, while roughly one-third also show
autonomic nervous system dysfunction (2, 3). For this reason, some
researchers have designated this condition as the 4A syndrome by
also including autonomic abnormalities. In these patients, there is
a risk of dry eyes due to lack of tears and associated corneal
ulceration, feeding difficulties due to achalasia, recurrent vomiting,
weight loss, hypoglycemic episodes due to adrenal insufficiency,
and associated seizures. These patients should also be monitored
for neuro-ophthalmological pathologies (4-8). In the anamnesis,
consanguineous marriage, symptoms of autonomic dysfunction,
delay in developmental stages, intellectual disabilities, seizures, and
positive family history facilitate the diagnosis. Microcephaly, a thin
and elongated face with prominent philtrum, hypernasal speech,
ataxia, and skin thickening may give clues on physical examination

(9).

The disease develops due to biallelic pathogenic variants in the AAAS
gene located on chromosome 12q13. The AAAS gene has 16 exons
and the protein product is ALADIN, which consists of 546 amino
acids. The ALADIN protein is involved in the nuclear pore complex
(NPC), a structure that regulates molecular transport between the
cell nucleus and cytoplasm (10, 11).

MATERIALS AND METHODS

This study was approved by the Clinical Ethics Committee
of Van Education and Research Hospital (Date: 10.09.2025, No:
GOKAEK/2025-07-12). For the inclusion criteria and patient selection
process in the study, patients were required to meet the following
criteria: clinical findings consistent with Allgrove syndrome and
the absence of prior molecular diagnosis. Specifically, only those
individuals who had not previously received a molecular diagnosis
confirming Allgrove syndrome were included. This was done to
ensure that the study focused on newly diagnosed cases with
clinical manifestations indicative of the disorder. Clinical data were
retrospectively collected from medical records, and the findings
were documented using a structured clinical form. Informed written
consent was obtained from all patients or their guardians before
genetic testing. Genomic DNA was extracted from peripheral blood
leukocytes using QlAamp DNA Mini Kit (Qiagen, Hilden, Germany)
following the manufacturer's instructions. Targeted sequencing of
the AAAS gene (NM_015665.5) was conducted using next-generation
sequencing (NGS) with a minimum mean coverage depth of 50X
for three families, while Sanger sequencing was conducted for one
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family. Library preparation was conducted using a clinical exome
capture panel that included all coding exons and exon-intron
boundaries of the AAAS gene. Bioinformatic analysis, including
sequence alignment (GRCh37/hg19), variant calling, and annotation,
was performed using in-house pipelines. All identified variants were
evaluated according to the American College of Medical Genetics and
Genomics (ACMG) guidelines.

RESULTS
Family 1-Case 1

A 20-year-old woman visited the family medicine specialist with
complaints of numbness in her hands, and thickening skin on
her palms. Hypernasal speech and mild intellectual disability
were noted. In the medical history, there was absence of tears
and esophagogastric myotomy at the age of 13 after two failed
balloon dilatation experiences. It was learned that one of the
patient's siblings also had an absence of tears. The parents were
consanguineous (first cousins) (Figure 1a). She had a learning
disability at school, and recently she had weakness and fatigue
that prevented her from doing housework. In addition, the blood
pressure was always low. Darkening in the areolar region and
markedly thickening of the hair strands were remarkable on physical
examination.

The blood pressure was 80/60 mmHg, glucose was 73 mg/dl (74-105),
and sodium and potassium values were in the normal range. The
8.00 AM cortisol value was <0.05 pg/dL (3.09-16.66). Diagnosis of
primary adrenal insufficiency was confirmed with the ACTH value (the
patient’s value: 570 pg/mL; normal range: 10-185) and aldosterone
was 67 pg/mL (for adults in rest: 49.3-175). Treatment was started
on 5 mg of prednisolone by consulting an endocrinologist. After
the patient was referred to a neurologist. Brain MRI revealed no
pathology. EMG revealed entrapment in both the median nerves and
the left ulnar nerve.

The homozygous ¢1066_1067delCT (p.Leu356Valfs*8) frameshift
variant was detected in the AAAS (NM_015665.5) gene (Figure 2a). This
variant had been previously reported as pathogenic in Clinvar.

Family 1-Case 2

The sibling of case 1 Figure 1a who had the absence of tears was a
12-year-old male. Thereupon, he was called to the family medicine
clinic. He like his sister, had difficulty swallowing solid foods.
He also had seizures. Physical examination showed no obvious
findings. Glucose, sodium, potassium, cortisol, and other values
were in normal range. Genetic analysis was consistent with Allgrove
syndrome (homozygous ¢1066_1067delCT; p.Leu356Valfs*8 frameshift
variant in the AAAS gene).
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Figure 1. Pedigrees of the families. a) Pedigree of Family 1 (Case 1and 2), b) Pedigree of Family 2 (Case 3), note that there is no consanguinity in Family 2, c) Pedigree of Family 3

(Case 4 and 5), d) Pedigree of Damily 4 (Case 6).

Family 2-Case 3

Four months after case 1, another 20-year-old female patient
presented to the family medicine specialist. She suffered from
weakness, dizziness, and darkening of the eyes. She had hypernasal
speech like case 1. She had difficulty swallowing for years and had
undergone gastric valve surgery at the age of nine. However, she still
had dysphagia with liquid and solid foods. Mild intellectual disability
was noticed. There was no consanguinity between the parents and
the family history was unremarkable (Figure 1b). Blood pressure was
90/60 mmHg, and glucose, sodium, and potassium were in normal
range. The 8.00 AM cortisol level was 0.9 pg/dL (5-25 pg/dL) and
ACTH was 2000 ng/L (10-60 pg/dL). After these results, 5 mg oral
prednisolone treatment was started.

After DNA isolation from the patient's peripheral blood, sequencing
for the AAAS gene was performed using NGS. The homozygous
€1066_1067delCT (p.Leu356Valfs*8) pathogenic frameshift known
variant, which was also detected in first patient, was detected in the
AAAS gene of the patient (Figure 2b). Since both families came from
the same city, a detailed inquiry was made to determine whether
there was any familial relationship between them; however, no
relationship was noted.
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Family 3-Case 4

A 16-year-old male patient was referred to medical genetics
department due to adrenal insufficiency and alacrima. His parents
were the first cousins and his sister had adrenal insufficiency and
alacrima (Figure 1c). He had no developmental delay. The patient also
had ventricular septal defect (VSD). His blood glucose, sodium, and
potassium values were normal. The 8:00 AM cortisol value was 0.5
pg/dL (3.09-16.66) and the ACTH value was 407 pg/mL (10-185).

The AAAS gene analysis revealed a homozygous ¢1066_1067delCT
(p.Leu356Valfs*8) frameshift variant (Figure 2c).

Family 3-Case 5

The 20-year-old female patient was the elder sister of Case 4 (Figure
1c). She had an uneventful prenatal and natal history. There was no
delay in the developmental milestones. There was no case with a
similar clinical presentation in the family except for her brother. She
had alacrima diagnosed at the age of 3, glucocorticoid deficiency
(diagnosed at age 5), and achalasia (diagnosed at age 5). The
same frameshift variant (c1066_1067delCT: p.Leu356Valfs*8) was also
detected in this case.
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following values were detected: ACTH: 303 ng/L (7.2-63.30), cortisol:
139 pg/dL, glucose: 74 mg/dL (74-106), sodium and potassium values
were in the normal range. The patient also had alacrima, achalasia,
and hyperkeratosis on the palms and soles. The homozygous
€1432C>T (p.Args78*) nonsense variant was detected in the AAAS gene
(Figure 2d).

Family 4-Case 6

An 18-year-old male patient had adrenal insufficiency and short
stature. There was consanguinity between the parents (Figure 1d).
The developmental milestones were achieved on time. He underwent
surgery for cleft lip/palate at the age of two. At the age of five,
glucocorticoid deficiency was diagnosed, and hydrocortisone was
started; the patient was still using the medication. At the age of 18,
his height was 160 cm (<3rd percentile). In the latest evaluation, the

The clinical findings and genetic results of the patients were
summarized in Table 1.

AAAS - Aladin WD repeat nuchcperin gromAD R e oD 508D POPERPTIA S —
NM_015665.6(AAAS):c.1066_1067del
4 0 [RIN N tuinne :
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O— N e se o g : ano e 8 = ® o &
. : Conflict
Jo—
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e s
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|"I w _:u | & I_ A
a} b] c] A | A A-‘-J d)

Figure 2. Visual representations of the AAAS gene variants identified in the patients. a, b) The Integrative Genomics Viewer (IGV) images of the homozygous ¢1066_1067delCT
(p.Leu356Valfs*8) known frameshift pathogenic variant in the AAAS gene (NM_015665.5) detected in Family 1and 2. ¢) Sanger sequencing image of the homozygous c1066_1067delCT
(p.Leu356Valfs*8) known frameshift pathogenic variant in the AAAS gene (NM_015665.5) detected in Family 3. d) IGV image of the homozygous ¢1432C>T (p.Arg478*) nonsense

variant in the AAAS gene (NM_015665.5) detected in Family 4.

Table 1. The clinical findings and genetic results of the patients

Family 1/ Case 1 Family 1/ Case 2 Family 2 / Case 3 Family 3 / Case 4 Family 3 / Case 5 Family 4 / Case 6
Consanguinity + + - o " N
Gender Female Male Female Male Female Male
12 years, 4 16 years, 6
Age 20 years, 5 months 20 years, 7 months 20 years, 4 months 18 years, 9 months
months months
Short stature = - N/A N/A - +
Microcephaly = = N/A N/A = +
Alacrima Age at diagnosis: Age at diagnosis: Age at diagnosis: Age at diagnosis: Age at diagnosis: Age at diagnosis:
Birth Early infant Birth Early infant 3 years Birth
Achalasia Age at diagnosis: Age at diagnosis: Age at diagnosis: Age at diagnosis: Age at diagnosis: Age at diagnosis:
9 years 10 years 9 years 9 years 5 years 12 years
. . Age at diagnosis: Age at diagnosis: Age at diagnosis: Age at diagnosis: Age at diagnosis:
Adrenal insufficiency € s = S s g $ € s € €
20 years 20 years 8 years 5years 5years
. . . . ) . Orthostatic
Autonomic dysfunction Orthostatic hypotension = Orthostatic hypotension N/A . =
hypotension
Numbness in hands
. . Median and ulnar Seizure . .
Neurological findings o Mild mental retardation N/A N/A -
Nerve entrapment (no medication)
Mild mental retardation
Hyperpigmentation — Hyperkeratosis on
.. . Hypernasal speech Hyperpigmentation : ) Hyperpigmentation  the soles of hands
Other clinic findings yp . g N/A AL Ascending aortic .
Thick hair strands Hypernasal speech dilatation Hypernasal speech and feet
Thick palm skin Cleft lip/palate
€1066_1067delCT €1066_1067delCT €1066_1067delCT €1066_1067delCT €1066_1067delCT c14326T
. Leu356Valfs*8 Leu356Valfs*8 .Leu356Valfs*8 .Leu356Valfs*8 Leu356Valfs*8 Argh78*
Result of AAAS gene analysis (p ) (p ) (P ) (P ) (p ) (p.Argi787)
homozygous homozygous homozygous homozygous homozygous homozygous
Clinvar: P Clinvar: P Clinvar: P Clinvar: P Clinvar: P Clinvar: P

N/A: Not available, VSD: Ventricular septal defect, P: Pathogenic
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DISCUSSION

Allgrove syndrome was first described as Triple-A syndrome with
the main triad of alacrima, achalasia, and ACTH-resistance adrenal
insufficiency (1, 12). Subsequently, the terms 4A or 5A syndrome were
used by some researchers because most patients had any autonomic
or neurological symptoms with the three main symptoms (9, 13). For
this reason, we prefer the more general name Allgrove syndrome in
this presentation.

The classic triad is seen in two-thirds of the patients, while
neurological or autonomic dysfunction was seen in one or two-
thirds (14-16). In our study, while all patients had achalasia and
alacrima, one patient had no adrenal insufficiency and neurological
or autonomic findings were seen in four patients.

In almost all patients in the literature, the earliest finding was
alacrima (14-16). However, there is a case reported alacrima as a
late symptom at an advanced age (17). In our patients, the absence
of tears was recognized at birth or in early infancy; only one was
recognized at the age of three years. Alacrima is an obvious symptom,
but the patients do not mind this as an illness too much and may
not mention it as a complaint during general hospital visits after
the diagnosis has been accepted. Notably, Allgrove syndrome is
one of the few conditions associated with alacrima (18). Therefore,
the presence of alacrima should always be questioned in case of
suspicion.

Achalasia is a rare disease, particularly in the pediatric population
(19). According to a study, the average incidence of achalasia was
reported as 0.18 per 100,000 children per year (20, 21). In our study, all
patients were diagnosed with achalasia, with a mean age at diagnosis
of nine years. In cases of childhood achalasia, Allgrove syndrome
should be considered as a potential diagnosis.

Adrenal insufficiency, another one of the main findings of Allgrove
syndrome, is resistant to ACTH and often manifests itself only with
glucocorticoid insufficiency, as in our cases (22, 23). However, it
may rarely be accompanied by mineralocorticoid deficiency (2, 12,
24). Some patients may stay asymptomatic until adolescence like
in our two patients, or may follow-up with Addison's disease until
additional features lead to the correct diagnosis (2, 17). Occasionally,
some patients do not have adrenal insufficiency like one of our
patients (14, 16).

Allgrove syndrome is referred to as 4A syndrome instead of Triple-A
syndrome because of the neurological and autonomic disturbances
(9, 13, 25-28). In some publications, the syndrome is referred to
as 5A syndrome when it includes amyotrophy (28, 29-32). Despite
there are predictable results of the other three components of this
syndrome, neurological manifestations may vary widely (7-9, 25-32).
In consequence, getting the diagnosis may be difficult and take a
long time in patients with predominant neurological findings if other
symptoms are not obvious (7, 28, 29, 30). Some neurological findings
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in our patients included orthostatic hypotension, median and ulnar
nerve entrapment (case 1), muscle weakness (cases 1 and 3), mild
intellectual disability (cases 1 and 3), and seizures (case 2).

Several ectodermal findings were noted in our cases, including
hyperpigmentation, hyperkeratosis, and coarse hair texture.
Hyperpigmentation is most likely secondary to elevated ACTH levels
due to primary adrenal insufficiency, as ACTH shares a conserved
sequence with melanocyte-stimulating hormone (MSH), leading to
melanocortin receptor activation in melanocytes (33, 34). However,
recent studies have shown that ALADIN, the nuclear pore complex
protein encoded by AAAS, is expressed not only in the adrenal
gland and nervous system but also in ectoderm-derived tissues
such as epidermis and hair follicles (10). Dysfunction of this protein
may impair the nuclear-cytoplasmic transport and cellular stress
response in these tissues, offering a mechanistic basis for the
dermatologic manifestations of the syndrome (35).

In the literature, 71 different variants (81.6% truncating) have been
reported, while in the Turkish population, nine different variants
(91.6% truncating) have been reported. The two variants identified
in our study were both truncating (100%). The variants identified in
our patients have previously been reported in Turkish cohorts. The
most common variants in the Turkish population were c1066_1067del
(p.Leu3s6Valfs*8) at 40%, ¢.688C>T (p.Arg230*) at 13.3%, and ¢1432C>T
(p.Args78*) at 111%, respectively (16, 23, 36). The frequencies of these
variants in this study were 83.3%, 0%, and 16.6%, respectively. The
€1432C>T (p.Args78*) variant is thought to have a founder effect in
patients from southern Turkiye. However, in our study that included
patients from eastern Tiirkiye, the c1066_1067delCT (p.Leu356Valfs*8)
variant was found more frequently (36). This indicates that the
different variants cluster in different regions of Tirkiye. Moreover,
the identification of this variant in a case from a family without any
consanguinity suggests that the carrier frequency of this variant is
common in the eastern part of Tlirkiye. The geographic concentration
of unrelated patients with Allgrove syndrome with the same variant
points to a founder effect rather than a mutational hotspot.
Founder effect has been identified for Allgrove syndrome in different
countries. One such example is the c1331+1 G>A variant found in
North African (Libyan, Algerian, Moroccan, and Tunisian) patients (37).
In our study, no clear genotype-phenotype correlation was found,
which is consistent with the literature (37). Even among siblings with
the same genotype, phenotypic variability was observed, implying
the influence of modifier genes or environmental factors.

The incidence of Allgrove syndrome is not known; however, according
to some reports the frequency is around one in a million (38). This
rate may increase as more physicians recognize the disease and
diagnose many undiagnosed patients. For instance, the fact that
six patients in our study were diagnosed in a short period and a
limited area suggests that the eastern region of Tirkiye may have
a higher potential for this disease. Importantly, two of our cases
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were initially suspected and referred by a family physician unfamiliar
with Allgrove syndrome. The diagnosis was reached through careful
anamnesis and literature review. This highlights the critical role of
clinical vigilance and a syndromic approach by non-specialists in
rare genetic disorders. The recognition of achalasia or alacrima in
pediatric or young adult patients should prompt the consideration
of Allgrove syndrome, especially in consanguineous populations or
regions with known pathogenic variant clustering.

The primary limitation of this study is the small sample size, with
only six cases of Allgrove syndrome identified from four families. This
limited cohort may reduce the generalizability of our findings and
necessitates caution when interpreting the results. A larger, more
diverse sample would be beneficial to confirm and expand upon the
clinical characteristics observed in this rare condition. Despite these
limitations, our study provides valuable insights into the clinical
manifestations of Allgrove syndrome and underscores the need for
further research to better understand this disorder.

(it
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CONCLUSION

In conclusion, Allgrove syndrome remains an underdiagnosed
disorder with wide phenotypic variability, even among individuals
with the same pathogenic variant. Our findings demonstrate that
the eastern region of Turkiye may have a higher-than-expected
frequency of AAAS variants, particularly the ¢1066_1067delCT
variant. This highlights the importance of considering population-
specific variant distributions in diagnostic workflows. Moreover, the
diagnosis of two cases by a family physician unfamiliar with the
syndrome underscores the indispensable value of a comprehensive
clinical approach and a high index of suspicion, particularly in
patients with multisystemic complaints. Increasing awareness and
facilitating access to genetic testing in high-risk regions will likely
improve the early diagnosis and management of affected individuals.
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