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Abstract
Triple A syndrome (TAS) or Allgrove syndrome (OMIM #231550) is a rare autosomal recessive disorder characterised by
adrenocorticotropic hormone-resistant adrenal insufficiency, alacrima, achalasia, and neurological and dermatological abnormal-
ities. Mutations in the AAAS gene on chromosome 12q13 encoding the nuclear pore protein ALADIN have been reported in these
patients. Between 2006 and 2017, we evaluated six patients with a clinical diagnosis of TAS, based on the presence of at least two
symptoms, usually adrenal insufficiency and alacrima. In all cases, genetic analysis revealed homozygous mutations in the AAAS
gene. One novel mutation was detected: a homozygous 10-bp deletion (c.1264 1273del, p.Q422NfsX126) in exon 14 of the
AAAS gene that caused a frameshift that introduced an aberrant stop codon after 126 amino acids. This genetic variant is likely to
be pathogenic because it caused a significant change in protein structure. A precise genotype—phenotype correlation was
impossible to establish.

Conclusions: Based on our experience, we recommend that molecular analysis should be performed in the presence of
alacrima and at least one more symptom of TAS. Our cases share many clinical features of TAS and underline the variability
in this syndrome, as well as the need for thorough investigation following a multidisciplinary approach.

What is known:

* Triple A syndrome is characterised by achalasia, alacrima, adrenal insufficiency, neurological impairment, and dermatological abnormalities.
* A precise genotype—phenotype correlation has proved impossible to establish.

What is new:

* These cases add to a large number of similar case reports with limited novel information.
 The newly identified AAAS gene mutation was reported.
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Abbreviations

ACTH Adrenocorticotropic hormone
ALADIN Alacrima, Achalasia,
Adrenal Insufficiency,
Neurological Disorder
DTR Deep tendon reflexes
NPC Nuclear pore complex
PRA Plasma renin activity
WD Tryptophan—aspartic acid
TAS Triple A syndrome
Introduction

Triple A syndrome (TAS) or Allgrove syndrome is an autoso-
mal recessive disease (OMIM #231550) characterised by the
triad of achalasia, alacrima, and adrenocorticotropic hormone
(ACTH)-resistant adrenal insufficiency. The syndrome is as-
sociated with neurological and dermatological abnormalities
[5, 12, 17]. It was first described by Allgrove et al. in 1978 [1].
The AAAS gene, which is responsible for the disease, was
located on chromosome 12q13 in 1996 [20]. Although the
precise incidence remains unknown, 77 patients with primary
adrenal insufficiency registered in the national database of
Turkey were screened for genetic allelic variants; only one
case was found to harbour an allelic variant in the AAAS gene
[8]. According to these data, Allgrove syndrome accounts for
approximately 1% of all cases of primary adrenal
insufficiency.

The gene product is named alacrima—achalasia—adrenal in-
sufficiency neurological disorder (ALADIN) and is a 546-
amino-acid protein that is part of the nuclear pore complex
(NPC) controlling nucleocytoplasmic transport. It is located at
the central cytoplasmic site of the NPC. ALADIN has four
characteristic tryptophan-aspartic acid (WD) repeat domains
and belongs to the WD repeat protein family. It mediates the
assembly of the NPC, the largest multiprotein assembly in the
cell, which is functionally involved in processes such as cell
division, protein—protein interactions, transmembrane signal-
ling, transcription, and intracellular trafficking [11, 14, 21].
Several allelic variants of the AAAS gene, reported in patients
with triple A syndrome, have been demonstrated to result in
the mislocalisation of ALADIN in the cytoplasm and in im-
paired nuclear import [18]. The AAAS gene is expressed ubig-
uitously in human tissues [10], which can explain the systems
affected and the diversity of the symptoms observed in triple
A syndrome.

In this study, we present six patients with clinical diagnoses
of TAS who were treated in our hospital from 2006 to 2017.
All but one patient came to our attention following an adrenal
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crisis, which is the main clinical feature that allowed us to
come to a diagnosis. The diagnoses were subsequently con-
firmed in all of the studied probands by a specific genetic
analysis of the AAAS gene.

Materials and methods

Clinical data were retrospectively collected from the medical
records of the patients in the database for the period 2006 to
2017. Genomic DNA from the patients was extracted from
peripheral blood using a Tecan Freedom Evo automatic
DNA extractor (Tecan Group, Ménnedorf, Switzerland) and
stored at — 20 °C until use. Exons of the AAAS gene (GenBank
accession number NM_015665) were amplified by PCR with
intron-spanning primers (available upon request) and subse-
quently sequenced by automated nucleotide sequencing with
the Big Dye terminator Ready Reaction Kit ver. 3.1 (Applied
Biosystems, Carlsbad, CA, USA). All of the sequence reac-
tions were performed using an ABI Prism 3100® (Applied
Biosystems). Sequences with DNA variations were confirmed
by a separate DNA extraction, PCR amplification, and se-
quencing reaction.

Table 1 summarises the genetic and clinical features of all
cases.

Results
Case no. 1

This girl was the first child of consanguineous parents. She
was admitted to the emergency department at the age of 4 years
with a fever, vomiting, and seizures. The patient also had
weight loss, severe fatigue, and skin hyperpigmentation. She
was then referred to an endocrinologist for these findings. Her
medical history included a presentation 1 year earlier with
similar complaints and she was diagnosed with meningitis at
that time. On physical examination, she was 98 cm (— 1 SD)
tall, weighed 13 kg (- 1.68 SD), and had diffuse skin hyper-
pigmentation. Biochemical and hormonal evaluations re-
vealed a low glucose level (36 mg/dL; normal 60—110), nor-
mal electrolyte levels (Na 138 mEq/L, normal 135-145; K
4.24 mEq/L, normal 3.1-5.5), an elevated plasma ACTH level
(753 pg/mL, normal 0-46), low cortisol level (<0.20 ng/dL,
normal, 4.1-22), and normal aldosterone and plasma renin
activity (PRA) levels. Treatment with hydrocortisone 15 mg/
m?/day was started. Schirmer’s test confirmed reduced tear
production (2 mm after 1 and 5 min) and keratoconjunctivitis
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sicca was diagnosed, whereas funduscopy showed no abnor-
malities. The barium swallow results were normal.

Her signs and symptoms deteriorated over the course of
11 years. She developed progressive mental retardation, focal
epileptic disorder in the right parieto-occipital area on electro-
encephalography (EEG), a speech disorder with impaired ar-
ticulation (her speech was normal at the age of 4 years), optic
atrophy, impaired left cerebellar tests, weakness in the fine
motor abilities of the left extremities, increased sweating, or-
thostatic hypotension, gait without complete ankle
dorsiflexion on the left, brisk deep tendon reflexes (DTR) on
the left, difficulty lifting off without support, sensorimotor
peripheral polyneuropathy, and achalasia.

Genetic analysis A reported [19] homozygous nonsense mu-
tation in Exon 9 in the AAAS gene (c.934C>T, p.R312X,
nonsense mutation) was found, for which her mother was
heterozygous. No genetic information was obtained from her
father, who was not available for analysis.

Case no. 2

A 3-year-old boy was the third child of consanguineous par-
ents. He was admitted to our hospital complaining of
vomiting, diarrhoea, and seizures that had been present for
1.5 months, accompanied by progressive hyperpigmentation
of the skin. On physical examination, he was 101 c¢cm (1.1
SDS) tall and weighed 14 kg (—0.46 SDS), and there was
hyperpigmentation of the skin. The other physical parameters
were normal. Biochemical and hormonal evaluation revealed
a normal glucose level (110 mg/dL, normal 60-110), normal
electrolyte levels (Na 139 mEq/L, normal 135-145; K
4.4 mEq/L, normal 3.1-5.5), elevated plasma ACTH level
(> 1250 pg/mL, normal 0-46), low cortisol level (1.77 pg/
dL, normal 4.1-22), and normal aldosterone and PRA levels.
Treatment with hydrocortisone 15 mg/m?/day was introduced.
Schirmer’s test was not performed because the young patient
was not cooperative. Keratoconjunctivitis sicca was found,
whereas funduscopy showed no abnormalities. The barium
swallow results were normal, although the patient had diffi-
culty swallowing solid food. At the 8.5-year follow-up, he
also had nasal speech, increased DTR, and fissured fingers
and toes.

Genetic analysis The genetic analysis revealed a reported [11]
homozygous substitution (c.688C > T; p.R230X) in exon 7 of
the AAAS gene that was inherited from his two heterozygous
consanguineous parents.

Case no. 3

This boy was the second child of consanguineous par-
ents. He was referred at 3.8 years of age with
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hypoglycaemia and convulsions. The patient had been
admitted 2 months earlier with a fever and seizures
and was discharged with a diagnosis of meningitis.
On physical examination, he was 99 cm (—1.25 SDS)
tall and weighed 16 kg (—0.47 SDS), and there was
hyperpigmentation of the skin. The rest of the physical
examination was non-contributory. Biochemical and
hormonal tests at the time of a hypoglycaemic episode
(glucose 46 mg/dL, normal 60-100) showed normal
electrolyte levels (Na 135 mEq/L, normal 135-145;
K: 4.3 mEq/L, normal 3.1-5.5), elevated plasma
ACTH (> 1250 pg/mL, normal 0-46), low cortisol lev-
el (<0.2 pg/dL, normal 4.1-22), and normal aldoste-
rone and PRA levels. Treatment with hydrocortisone
15 mg/m?/day was started. Schirmer’s test was impos-
sible to perform because the patient was uncooperative.
Keratoconjunctivitis sicca was also diagnosed and no
abnormalities were found on funduscopy. The barium
swallow results were normal. He developed new symp-
toms, such as increased DTR, over the next 3.2 years.

Genetic analysis Genetic analysis revealed the presence of a
homozygous substitution (c.787 T > G; p.S263P) in exon 8 of
the AAAS gene. This genetic variant has been reported [5, 10,
17]. (The parents were not available for analysis.)

Case no. 4

This boy was the second child of consanguineous parents. At
the age of 3.7 years, he came to our attention with recurrent
vomiting after feeding, optic atrophy, absence of tears, and eye
crusting. On physical examination, he was 96.7 cm (— 1.75
SDS) tall and weighed 15.5 kg (—0.65 SDS); there was hy-
perpigmentation of the skin and nasal speech. There were no
other relevant findings on physical examination. Hormonal
and biochemical testing revealed a normal glucose level
(80 mg/dL, normal 60—110), normal electrolyte levels (Na
139 mEq/L, normal 135-145; K 4.7 mEq/L, normal 3.1-
5.5), elevated plasma ACTH (> 1250 pg/mL, normal 0-46),
low-normal cortisol level (4.64 pg/dL, normal 4.1-22), and
normal aldosterone and PRA levels. Treatment with hydrocor-
tisone 20 mg/m?/day was started. The patient would not co-
operate with Schirmer’s test. Keratoconjunctivitis sicca was
diagnosed, whereas funduscopy was normal.
Oesophagography demonstrated achalasia. No new clinical
manifestations had developed by the 1.5-year follow-up.

Genetic analysis The analysis revealed a homozygous de-
letion of 10 bp (c.1264 1273del, p.Q422NfsX126) in
exon 14 of the AAAS gene that caused a frameshift that
introduced an aberrant stop codon after 126 amino
acids. The allelic variant was inherited from his two
heterozygous unaffected parents.
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Case no. 5

A S-year-old boy was the fourth child of consanguineous par-
ents. He was referred to an endocrinologist because of the
results of thyroid function tests: TSH 6.427 pIU/mL (normal
0.6-6.3) and free T4 0.85 ng/dL (normal 0.9-2.1). He had a 2-
year history of weakness, fatigue, and lack of appetite. The
patient’s cousin was being followed at our clinic for Triple A
syndrome (Case 2). When the patient’s parents were asked
about the signs and symptoms of Triple A, they reported that
he had not produced tears since birth and they had used arti-
ficial tears for the past year; additionally, he had not started
speaking yet. On physical examination, he was 109.5 cm (—
0.2 SDS) tall and weighed 17 kg (—0.71 SDS), and gait dis-
turbance and mild hyperpigmentation of the lips and gingiva
were evident, but no other anomalies on physical examination.
Hormonal and biochemical investigation revealed a normal
glucose level (85 mg/dL, normal 60—110), normal electrolyte
levels (Na 139 mEq/L, normal 135-145; K 4.5 mEq/L, normal
3.1-5.5), elevated plasma ACTH (1032 pg/mL, normal 0—45),
low cortisol level (< 0.5 pg/dL, normal 4.1-22), and normal
aldosterone and PRA levels. Treatment with hydrocortisone
20 mg/m*/day was started. Schirmer’s test could not be per-
formed. Keratoconjunctivitis sicca was found, whereas fun-
duscopy showed no abnormalities. A barium swallow was
normal, although the patient had difficulty swallowing solid
food. In the following year, he developed fissured fingers and
toes.

Genetic analysis The analysis revealed a reported [11] homo-
zygous substitution (c.688C > T; p.R230X) in exon 7 of the
AAAS gene. Both parents were heterozygous for the same
allelic variant.

Case no. 6

A 7.5-year-old boy was referred to our hospital because of
cardiopulmonary arrest. He was the first child of consanguin-
eous parents. He had been revived after 5 min of cardiopul-
monary resuscitation. On physical examination, he was
124 cm tall (—0.04 SDS) and weighed 23 kg (—0.2 SDS);
there was hyperpigmentation of the skin and his Glasgow
coma score was 3 T. Hormonal and biochemical testing re-
vealed a low glucose level (37 mg/dL, normal 60—-110), nor-
mal electrolyte levels (Na 135 mEq/L, normal 135-145; K
3.3 mEq/L, normal 3.1-5.5), elevated plasma ACTH (>
1250 pg/mL, normal 0—46), normal cortisol level (12.1 pg/
dL, normal 4.1-22), and normal aldosterone and PRA levels.
Treatment with hydrocortisone 100 mg/m?/day was started.
After extubation, the dose of hydrocortisone was reduced to
15 mg/m?*/day. Schirmer’s test confirmed decreased tear pro-
duction (2/2 mm), and bilateral optic atrophy was found. A
barium swallow was normal. However, the patient had

difficulty swallowing solid food. Right frontotemporal epilep-
tic activity was detected on EEG after recurrent seizures and
antiepileptic treatment was initiated. Electromyography
(EMG) revealed distal symmetric sensorimotor peripheral
polyneuropathy. Magnetic resonance imaging of the brain re-
vealed a high-intensity cortical signal and the fluid-attenuated
inversion recovery images were consistent with cortical lam-
inar necrosis, with no signs of haemorrhage; this was probably
due to the cardiopulmonary resuscitation. At the 6-month fol-
low-up, there were no new manifestations, except for recur-
rent seizures.

Genetic analysis The analysis revealed a reported [2, 11] ho-
mozygous substitution (c.1066_1067del CT; p.L356V{sX8)
in exon 11 of the AAAS gene. Both parents were heterozygous
for the same allelic variant.

Discussion

This study presents the clinical and genetic characteristics of
six patients (five boys, one girl) who were diagnosed with
TAS in our department. TAS is a rare cause of primary adrenal
insufficiency. All patients were the children of consanguine-
ous unaffected parents and the final diagnosis was reached
before 5 years of age in all but one case.

Four cases were diagnosed after hypoglycaemic episodes
associated with an unmet relative increase in glucocorticoid
requirements due to infection; one case was diagnosed during
a workup for vomiting and eye crusting; and one case was
diagnosed during an investigation of elevated TSH levels that
were detected in an investigation of weakness. The signs of
adrenal insufficiency were mistakenly interpreted as an infec-
tion in cases 1 to 3 and 6, and these patients initially
underwent incongruous investigations and received inappro-
priate therapies. Indeed, a delayed diagnosis is likely, particu-
larly when the patients do not come to the attention of a pae-
diatric endocrinologist, who is usually more aware of the clin-
ical presentation of TAS.

At the time of diagnosis, all six of our cases had adrenal
insufficiency and alacrima, while four also had achalasia, and
three had neurological disorders. During follow-up, five pa-
tients developed difficulty swallowing or achalasia, as dem-
onstrated on oesophagography, and all cases had severe or
mild neurological disorders.

The adrenal insufficiency in TAS usually manifests during
the first decade of life. In our group, five cases had both clin-
ical and laboratory signs of adrenal insufficiency and needed
replacement therapy at the time of diagnosis. In accordance
with the literature [3, 5, 12], the adrenal insufficiency in our
cases manifested as episodic attacks of hypoglycaemia and
progressive hyperpigmentation. Although alacrima was often
the earliest sign of disease, all patients but one were diagnosed
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based on the symptoms of adrenal insufficiency, as in earlier
studies [1, 3, 5, 12, 17]. The mechanism of the adrenal insuf-
ficiency in patients with TAS is thought to be the result of
ALADIN protein dysfunction. Failure of ALADIN function
plays a role in redox homeostasis in human adrenal cells and
inhibits steroidogenesis [16]. In our patients, the normal elec-
trolyte levels indicated normal mineralocorticoid production
and aldosterone levels. Although most patients with TAS have
preserved mineralocorticoid production, it may be impaired in
some cases [7, 13].

Alacrima is an early symptom of TAS, and may ap-
pear during early infancy [1, 3, 5, 7, 12, 13, 16, 17].
Similarly, the initial manifestation of TAS in our cases
was decreased tear production. If the alacrima had been
considered earlier, perhaps the emergency adrenal crisis
could have been avoided in cases no. 1 to 3 and 6.
Alacrima has been overlooked in many of the reported
cases of TAS because alacrima does not always prompt
parents to seek professional help for their children, un-
less they have eye discomfort [1, 3, 5, 12, 17]. The
decreased tear production probably results from dys-
function of the parasympathetic nervous system. If tear
production is deficient, physicians should inquire about
the clinical features associated with TAS to avoid a
potentially fatal adrenal crisis.

Typically, achalasia in TAS presents with vomiting,
swallowing difficulties, weight loss, and a chronic
cough [3, 9]. These symptoms may occur for years be-
fore a diagnosis of achalasia is made [3, 5, 7, 9, 12, 13,
15, 16]. In cases no. 1, 2, and 4 to 6, these symptoms
were present at diagnosis. Achalasia was present in one
patient at the time of diagnosis (no. 4), whereas the
remaining patients had swallowing difficulties, except
for case no. 3. The symptoms are usually progressive
[5, 9, 12]. In our first patient, a barium swallow 9 years
after the diagnosis demonstrated achalasia.

Neurological dysfunction due to involvement of the
central, peripheral, or autonomic nervous systems is of-
ten associated with TAS. The triad of achalasia,
alacrima, and ACTH-resistant adrenal insufficiency are
usually evident by the end of first decade, and neuro-
logical symptoms such as hyperreflexia, dysarthria,
hypernasal speech, ataxia, sensory impairment, muscle
weakness, developmental delay, and mental retardation
can manifest after this [1, 3, 5-7, 12, 13, 16, 17].
Similar to the reported cases, our first case slowly de-
veloped ataxia, polyneuropathy, epilepsy, optic atrophy,
and progressive mental retardation. Cases 2 and 4 de-
veloped mild neurological impairment in the first de-
cade. Hyperreflexia (no. 1 to 3), nasal speech (no. 1,
2, 4, and 6), and muscle weakness/wasting (no. 1, 5,
and 6) were seen in our cases. In case no. 5, the speech
delay was thought to be due to delayed neurological
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development. Other neurological manifestations, such
as optic atrophy can develop over time [5, 12], as in
our cases 1, 4, and 6. Autonomic neuropathy is also
frequently associated with TAS [5, 12], and case 1 man-
ifested clinical features of autonomic dysfunction, such
as postural hypotension and increased sweating.
Nevertheless, these neurological findings can be
misdiagnosed when the diagnosis of TAS is not consid-
ered. In such cases, the clinician might also consider
adrenoleukodystrophy and Charcot-Marie—Tooth disease
[4, 5, 12]. Our cases demonstrate the usefulness of
screening for mutations in the AAAS gene when neuro-
logical impairment is associated with at least one other
typical feature of TAS.

Mutations in the AAAS gene include missense, non-
sense, frameshift, and splice-site mutations and can be
homozygous or compound heterozygous in pedigrees with
the disease. All of our cases had homozygous allelic var-
iants, according to the autosomal recessive inheritance of
TAS: four nonsense variants (67%) and two base-pair de-
letions (33%) in the AAAS gene (Table 1). The allelic
variants were inherited from consanguineous parents
who had no typical symptom or signs of TAS. We did
not find any genotype—phenotype correlations when we
compared our cases with reported mutations [2, 5, 10,
11, 17, 19]. A genetic analysis of the case 4 variant has
not been reported, although it is likely to be pathogenic
because of the major change in protein structure.

In conclusion, the wide spectrum of the clinical presenta-
tion of TAS reflects the pleiotropic function of the ALADIN
protein. No genotype—phenotype correlations have been re-
ported [5, 11, 12, 14, 17], or were noted in our patient series.
Although TAS is rare, it should be considered in every child
with alacrima. Based on our experience, we recommend ad-
renal function testing and molecular analysis in the presence
of'alacrima and at least one more symptom of TAS. Indeed, an
early diagnosis of TAS is crucial as it prevents unnecessary
investigations and inappropriate treatment.
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