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Abstract

Triple-A Syndrome (TAS) is a rare autosomal recessive disorder characterized by three cardinal
symptoms: alacrimia, achalasia and adrenal insufficiency due to ACTH insensitivity. Various
progressive neurological abnormalities and skin changes have been described in association with the
syndrome. The disease is caused by mutation in the 444S gene on chromosome 12ql13. Mutations
in AAAS were identified in more than 90% of individuals and families with TAS. The protein encoded
by AAAS was termed ALADIN and is part of the WD repeat family of proteins, that have been found to
be involved in many different functions such as protein-protein interaction, RNA processing,
cytoskeleton assembly, control of cell division, signal transduction and apoptosis.
Immunohistochemical analysis showed that mutated or truncated ALADIN localizes to the cytoplasm
rather than to the nuclear pore complex. The exact function of ALADIN and the mechanisms that lead
to the ACTH-resistant adrenal phenotype remains largely unknown. Nonetheless, recent studies
provided some insights on the role of ALADIN as a member of the Nuclear Pore Complex not only
implicated in the import of proteins involved in DNA repair and oxidative stress homeostasis but also
in the strengthening of the mitotic spindle assembly. Early identification of the syndrome is
challenging, given the rarity of the condition and high phenotypic heterogeneity even among members
of the same family. In this review, we aim to summarize the current knowledge of clinical and
molecular profile of patients with TAS and recommendations for the diagnosis, management, and

follow-up of patients.
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Introduction

Triple-A Syndrome (TAS) is a rare autosomic recessive disorder characterized by a highly
heterogeneous phenotype, which is also known as Allgrove syndrome. Indeed, TAS was first
discovered by Allgrove in 1978 ! who reported two pairs of siblings presenting the triad of symptoms
of esophageal Achalasia, Adrenal insufficiency and Alacrimia. The disease was previously thought as
belonging to the Familiar Glucorticoid Deficiency syndromes due to presence of adrenocorticotrophic
insensitivity, although in the absence of any mutation of the ACTH receptor (also named MC2R). As a
result of the combination of these three common manifestations the term Triple-A syndrome was then
coined. TAS is a rare disease with a still unknown precise prevalence, mainly affecting inbred
population, and with a variable phenotype of presentation. Due to its particular rarity, most of the
current literature is represented by case reports. In the present review we aimed at extensively revising
the known literature concerning the clinical and genetic clues of TAS. We thus provide the readers with
an overview of the syndromic clinical features heterogeneity and we catalogue all known mutations, to
report studies about the pathological mechanisms of 4A44S gene mutations and ALADIN protein

functions.

Methods
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We performed literature search on PubMed for studies published up to November 2019 with the
keywords “Triple-A Syndrome”, “Allgrove Syndrome”, “3A Syndrome”, “4A Syndrome”, “AAAS
gene” and “ALADIN protein”. Meanwhile, we checked the references of each included paper to
identify additional relevant publications.
Inclusion Criteria for listing of mutations:

1. Case reports, due to the rarity of the disease.

2. Original articles and single center experiences with mutations reported.
Exclusion Criteria for Studies:

1. Absence of genotype analysis.

Clinical presentation

TAS is rather well known for its high heterogeneity in symptoms, and even subjects of the same family,
harboring identical variants in the A4A4S gene, can show a different degree of clinical manifestations,
thus indicating a lack of genotype-phenotype correlation. The complete triad of Achalasia, Alacrimia
and Adrenal Insufficiency (Allgrove triad) may not appear together at diagnosis and so the disease is
sometimes named 2A syndrome. Moreover, the disease has also been called 4A or 5A syndrome
depending if neurologic manifestations and amyotrophy are included. Due to its severity, the
manifestation leading to the diagnosis is usually adrenal insufficiency which lead to hypoglycemic
convulsions, growth delay and skin hyperpigmentation. Nonetheless, the earliest sign of this syndrome
is actually alacrimia, which is almost invariably already existent at the moment of disease presentation
23 In fact, the clinical diagnosis of TAS is usually made through the combination of 2 manifestations
out of the classic Allgrove triad, although some authors claim that even incomplete presentations,

especially the recognition of alacrimia alone, are highly suspicious for this syndrome 3. Once the
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clinical manifestations have been carefully evaluated, genetic testing is important for final diagnosis.
Moreover, symptoms, especially neurological disorders, may also evolve over time leading to the idea
that this is a progressive disease.

Alacrimia

Among the three components of the common triad it has been reported that Alacrimia is the most
prevalent first symptom attested in around 90-100% of the reported cases 6. Alacrimia is sometimes
reported to be present from birth or noted within the first year of life 1%!!, However, usually patients do
not refer to the clinician for this specific symptom which is often reported only after direct questioning.
The pathogenesis of alacrimia is probably related to a dysfunction of the autonomic nervous system in
the lacrimal glands %!>!3 and it is confirmed using the Schirmer’s test. This is performed using a filter
paper strip that has to be positioned under both the lower eyelids of the patient while these are gently
closed. The test takes 5 minutes, and after this time has lapsed, the moisture on these strips is
evaluated: if it involves less than 10 mm the Schirmer’s test is positive, indicating a condition of
reduced or absent tears. Since alacrimia as a first sign of TAS is so recurrent many authors suggest to
always start diagnostic workup for TAS whenever it is present 21415 while its absence almost rules out
the condition 8. In particular, the study of the adrenal function is mandatory, because even the
asymptomatic alterations could precede acute adrenal failure, and thus cortisol secretion should be
assessed at once and every two years in this subset of patients 2. In order to treat this symptom, the
patient is administered with artificial tears and lubricants to relief the dryness sensation, using viscous
preparations for the more severe forms. If the discomfort is progressive, it could be necessary to use
continuous-release ocular inserts or punctual occlusion. The treatment is important as untreated
alacrimia may lead to keratopathy, keratoconjunctivitis sicca, corneal melt and ulceration 2. Thus, an

annual ophthalmologic evaluation is recommended 2. Other findings related to this condition can be
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lacrimal gland atrophy, pupillary abnormalities (sluggish or tonic pupils), optic atrophy in adjunction to
hypersensitivity to dilute miotics 018,

Achalasia

Esophageal achalasia of the cardia is found in almost 75-85% of TAS diagnoses '°-?! although a recent
paper from Patt and coworkers reported a higher prevalence of 93% 2. Moreover, follow up studies of
TAS patients suggest that the vast majority of affected subjects will develop achalasia, perhaps earlier
in those presenting severe hormonal defects 3.

Achalasia is described by two findings: loss of esophageal peristalsis and incomplete relaxation of the
lower esophageal sphincter 22. The age of onset of this feature usually ranges from 3 months to 16
years 1920 As suggested for alacrimia, also in children presenting with achalasia is indicated to
investigate adrenal functionality as well as other signs and symptoms of the syndrome 2 . The clinical
presentation of achalasia in these patients is vomiting, weight loss, difficulty to swallow and chronic
coughing 2324, which could precede the diagnosis of TAS of many years 152327,

The method of diagnosing achalasia is manometry, but also timed barium meal esophagogram is quite
sensitive for early diagnosis. Manometry is also used to evaluate the severity of the disease and the
choices regarding the treatment 228,

There is no consensus on first-line treatment of this condition since non-surgical therapy using
pneumatic dilation is short-lasting, although inexpensive and effective, whereas
esophagocardiomyotomy is more invasive but with long-term benefits 423

Adrenal Insufficiency

Adrenal insufficiency is another of the most common symptoms which usually develops within 10
years from birth 22 and only rarely remain undiagnosed until 50 years ?°. As it may lead to sever

hypoglycemia and can manifests acutely as hypoglycemic crises and hypotension, it is the leading
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cause of death in unrecognized TAS patients 3°. Usually, it is accompanied to skin hyperpigmentation,
and its diagnosis is made according to the severity of the disorder. Overt adrenal insufficiency is
diagnosed by clinical manifestation, low and high basal level of serum cortisol and plasma ACTH,
respectively, and a peak serum cortisol level <18 pg/dL following intravenous (i.v.) injection of 250 pg/
m? Synacthen (ACTH test). On the other hand, subclinical adrenal insufficiency is defined as an
asymptomatic disease with normal basal serum cortisol levels and sufficient cortisol response to ACTH
test (peak cortisol <18 pg/dL, and <7 pg/absolute increase in cortisol levels), but with high basal
plasma ACTH level. In patients with conflicting results, insulin-induced hypoglycemia test (ITT)
should be considered 312,

Moreover, it is noteworthy that the evaluation of adrenal functionality in TAS patients should not be
limited to the glucocorticoid deficiency. In fact, in studies evaluating the function of the zona
reticularis, an impairment, demonstrated by low DHEA-S levels, was found independently from the
degree of glucocorticoid deficiency, suggesting a precocious failure of this zone 23. On the other hand,
aldosterone deficiency is much rarer, with only few studies reporting alterations of electrolytes
requiring mineral-corticoid supplementation 3334, These different susceptibilities in the adrenal cortex,
with a center-to-periphery gradient of damage, are not yet fully explained even if two hypothesis have
been made: (i) a reduced production of reactive oxygen species during different hormones production,
with less consequent oxidative stress 33, or (ii) the influence of cortical cell renewal that is known to be
centripetal 3. So, if electrolytes disorders should be always assessed and confirmed with aldosterone
and renin dosages in order to rule out the rare occurrence of mineralcorticoid deficiency, the evaluation
of DHEA-S could represent, along with ACTH, a useful early assessment to detect precocious/initial

adrenal failure.
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The replacement therapy is always indicated in patients having a diagnosis of overt glucocorticoid
deficiency, although some authors, evaluating the follow up of TAS patients, suggested a mere
education to manage a treatment of stressful conditions in subclinical/compensated forms 3. It is
important a strict follow up with a first evaluation at 3 months after diagnosis and then 2 time every
year. The treatment of election in these patients is hydrocortisone, at the dosage of 10-15 mg/m? every
day, in three administrations. The treatment of mineral-corticoid deficiency using fludrocortisone 0.1
mg/day, should be given only with a sure hormonal diagnosis 3.

Adrenal functionality is recommended to be tested lifelong, as previously indicated, also in the
presence of an initial normal result especially in the presence of alacrimia or achalasia.

Neurological disorders

TAS is characterized by an inconstant but progressive neurological impairment involving the central,
peripheral, and autonomic nervous systems, which is the main prognostic factor of these patients
(especially exacerbation of neuropathy and cognitive disorders) 3.

The age at onset is variable and is usually late (even if it has been reported that can be the first manifest
signs), ranging from 2 to 25 years 3-7-3°. The most common neurological manifestations are autonomic
dysfunctions involving pupillary muscles ' and hyperreflexia (with a prevalence up to 65% of affected
patients 2) which underlie an upper motor neuron neuropathy 4°. Other neurological signs and
symptoms are postural hypotension, hearth rate instability, sweating, impotence, ataxia, dysarthria,
distal motor and sensory neuropathy, other disorders of movements and intellectual disability ©10-25-37,
Unfortunately, these aspects of the syndrome are hardly treatable and do not respond to glucocorticoid
treatment even if physical therapy could help to cope with these alterations 4. In alternative a new
possible approach might be represented by the use of N-acetylcysteine (NAC) as recently reported 4!

Authors showed that NAC is capable of reducing levels of thiobarbituric acid reactive substances
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(TBARS), an indicator of increased oxidative stress, in patients with TAS. They thus suggested that the
long-term effect of antioxidant treatment should be evaluated to determine the real benefit in terms of
precluding degeneration in TAS patients.

Finally, mental retardation is the most common cognitive deficit and, although assumed to probably
depend from recurrent hypoglycemia, it is reported also in patients without manifest adrenal
insufficiency. Therefore, it might be considered a manifestation of the disease itself. Moreover,

similarly to other neurological manifestations of the disease, it seems to be progressive .

Oral disorders and other clinical manifestations

Among the other manifestations of the syndrome, hyposalivation which lead to xerostomia, is an
important feature, as it could contribute premature tooth loss, oral infections and to dysphagia 4. It is
confirmed using sialometry 2[2] and artificial saliva seems to be useful 4[4].

Palmoplantar hyperkeratosis is another manifestation found in almost half of the patients and could
represent a suggesting diagnostic evidence in patients with TAS 2[2].

A peculiar habitus with short stature, long narrow face, thin upper lip and no eyelashes may also be

present, as well as osteoporosis, dyslipidemia and long QT syndrome have been described as well 4244

Molecular Genetics

TAS is caused by mutations in the 44A4S gene in most of the studied cases and it is inherited in an
autosomal recessive pattern. The gene was first localized to 12q13 %46 and was then further
characterized by studies of linkage disequilibrium leading to the identification of its 16 exons and
product 447, The A4AAS gene codifies for ALADIN, a 546 aa protein weighting 60 kDa. While the

mRNA was found to be ubiquitously expressed in all tissues, the protein ALADIN was found to be
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strongly expressed only in the pancreas, adrenal and pituitary gland 3. A splicing isoform of A4A4S,
called AAAS-v2, was also reported and detected in brain, liver, kidney, pancreas, thymus, testis and
ovary. This isoform excludes the exon 6 in respect to AAAS-v1, the main isoform, and encodes for a
513 aa protein with three WD repeats one less than AAAS-v14.

ALADIN is a nucleoporin that localizes at the nuclear pore complex (NPC) on the cytoplasmatic side
and is anchored by the nucleoporin NDC1°%°!, A study by Rabut and colleagues (2004) classified
ALADIN as a “barely exchangeable” scaffold protein of the NPC with a very low dissociation rate and
a high residence rate. ALADIN is part of the WD repeat family of proteins, having four WD repeats,
that have been found to be involved in many different functions such as protein-protein interaction,
RNA processing, cytoskeleton assembly, control of cell division, signal transduction and apoptosis 2.
Immunohistochemical analysis showed that mutated or truncated ALADIN localizes to the cytoplasm
rather than to the NPC. Indeed, Cronshaw and coworkers found that the essential residue necessary for
nuclear pore localizations is located between amino acids 478 and 499 33. The group also noted that the
¢.43C>T AAAS mutation in exon 1 produced a protein that was still capable of causing the syndrome
despite correctly localizing to the nuclear pore complex. The reason behind the pathogenicity of this
apparently anomalous variant was later discovered by Krumbholz et al. which found that the c.43C>T
mutation lead to an altered splicing event resulting in the decay of the incorrect mRNA or in a short
ALADIN protein improperly localizing to the cytoplasm 4.

While the exact function of the ALADIN protein remains mostly unclear, attempts have been made to
clarify the pathogenetic mechanism of the different mutations reported, seemingly causing impaired
nuclear import of DNA repair proteins and the intensification of oxidative stress status in the cell.
Hirano and colleagues studying the mutant ALADIN 1482S, found that mutated cells had impaired

Aprataxin (APTX) and DNA ligase I nuclear import. ALADIN 14828 fibroblasts were also shown to be
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more susceptible to oxidative stress which, together with impaired import of DNA repair proteins,
caused increased cell death and may explain the progressive nature of the disease. 3.

The oxidative stress characteristic of the disease was further defined by the finding of Storr et al. that
ALADIN is important for the nuclear uptake of Ferritin Heavy Chain 1 (FTHI1), a protein that has a
protective role against oxidative stress >°. Indeed, Kind and coworkers found an increase of 2.7-fold of
reactive oxygen species levels in AAAS mutated fibroblast versus healthy ones with an increase in
SOD enzymes of 1.2-fold and a slight decrease in Catalase expression by 0.7-fold 6. Further studies
confirmed an increase of oxidative stress in H295R human adrenocortical tumor cells and SH-SY5Y
human neuroblastoma cells after 444S knockdown 2°. Moreover, A4AAS knockdown in the human
adrenocortical cell line NCI-H295R1 induces a decreasing biosynthesis of precursor metabolites
required for glucocorticoid and androgen production and a significantly impaired nuclear import of
DNA ligase 1, aprataxin and ferritin heavy chain 1 3.

ALADIN also interacts with PGRMC?2, a protein belonging to the membrane-associated progesterone
receptor (MAPR) group, capable, among other roles, to regulate the activity of CYP P450 cytochromes.
This interaction, discovered with co-immunoprecipitation experiments by Juhlen and coworkers, could
explain the adrenal atrophy encountered in TAS, as altered PGRMC2 localization may impact
microsomal CYP P450 which are involved in steroidogenesis activity in adrenal cells *7.

Of interest, it has also been found that ALADIN depletion impair the correct functioning of NuMa in
the mitotic spindle formation process by altering the localization of Aurora A, a serine/threonine kinase
involved in the regulation of NuMa localization by phosphorylation. This alteration was found to be
less damaging than NuMa depletion, consistent with the relatively milder phenotype of TAS. Indeed,
depletion of ALADIN causes a reduction but not elimination of the spindle focusing function of NuMa

and Aurora A. As depletion of ALADIN is not enough to block cell division, the authors hypothesize
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that ALADIN’s role in the regulation of Aurora A simply strengthen the spindle assembly in normal
cells proposing that this role may be more significant in different types of tissue *%. A further insight on
the role of ALADIN concerning cell division has been produced by Juhlen and colleagues, discovering
that depletion of ALADIN in human adrenocortical cells and skin fibroblasts result in an accumulation
of PGRMCI in the cytosol. The mislocalization of this protein impedes its activity at the level of the
mitotic spindle, thus impairing cell division by loss of stability of K-fibers. The group also found that
PGRMCI is regulated by Aurora A and PGRMC?2 that are seemingly impaired in their function by
alterations of ALADIN .

Of note, in the first study to assay the effect of an 444S mutation in the central nervous system, Bitetto
and coworkers found that the c.464G>A mutation caused a reduction in the AAAS-v1 expression but
an overexpression of AAAS-v2 in the patient’s fibroblast. Consistently, ALADIN presence was
reduced in the patient’s brain, cerebellum and spinal cord but remained normal in fibroblast where the
expression of AAAS-v2 was upregulated .

To date, 74 mutations in the 4A4A4S gene causing TAS were reported in the literature; most of them are
nonsense and frameshift, accounting for 56.8% of all mutation types, likely producing a truncated and
non-fully functioning protein. Missense mutations account for 28.4% and splice-site mutations account
for 14.8% (See Figure 1) 3:9:41.61-69.10.70-79,11.80-89,12,90-99,16,100-109.26.110-119.20,120-126.38.39.

Mutations were found throughout the AAAS gene, suggesting no hotspots. However, Patt and
coworkers

found that some of the most recurring mutations exhibit a clustering in certain geographical areas, such
as ¢.1432C>T and ¢.787T>C for Europe, ¢.771delG for China, c.43C>A and ¢.762delC for India and

the very commonly reported splice-site mutation ¢.1331+1G>A for Africa and USAS.
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Three deletions have also been reported as pathogenetic mechanisms causing TAS. The first is an Alu-
mediated rearrangement causing a 3.2 kb deletion implicating the 5’-flanking region, exon 1, intron 1
and exon 2 of the 44A4S gene, the second is the g.16166 17813delinTGAGGCCTGCTG homozygous
indel mutation encompassing introns 7 to 10 of the 44A4S gene, the third is the recently reported g.
53306793 53321761del homozygous deletion of the exon 7 of C120rf10 and all exons of the 444S
gene 9197127 Furthermore, a few heterozygous 44A4S gene microdeletions implicating also the HOX
gene clusters and neighboring genes have been reported causing psychomotor retardation and skeletal
abnormalities but not causing TAS symptoms, despite being possible conductors for the syndrome if

another disease-causing mutation were to occur 28-130,

Next Generation Sequencing techniques applied to Triple-A Syndrome

The majority of TAS cases were reported to be due to mutations of the 444S gene, however a minority
of cases (below 10%) presented with no clear underlying genetic cause.

Recently, a Whole Exome Sequencing (WES) experiment has been performed by Kohler and
colleagues on 13 patients affected by alacrimia, achalasia and intellectual disability but, interestingly,
not by adrenal insufficiency, with no mutations in the A4A4S gene. The group found mutations in the
GMPPA gene, that produces a 420 aa protein called GMPPA (GDP-mannose pyrophosphorylase A).
The function of this enzyme is not currently understood but the closest homolog GMPPB mutations are
involved in glycosylation defects. The phenotype of these patients did not fully overlap with the TAS
and so were diagnosed with AAMR (Alacrimia, Achalasia and Mental Retardation)!3!. A novel splice-
site variant mutation in the gene GMPPA was also discovered in a WES experiment by Gold and
coworkers in two affected sisters from a consanguineous Lebanese family with TAS-like symptoms,

but no alteration in the A4AS gene'3?.
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Another WES experiment performed by Kohler et al. discovered a novel splice-site mutation in
TRAPPCII in two families with symptomatology overlapping that of TAS and not carrying mutation in
AAAS and GMPPA genes. TRAPPCI1 is a transport protein and was known to be involved in
myopathy!33.

It should be then stressed that patients suffering from achalasia and alacrimia with suspected TAS but
carrying no mutations in the 44A4S gene should be prime candidates from WES to hopefully understand

more extensively the molecular genetics signature of the Triple-A and TAS-like Syndromes.

Triple-A Syndrome in-vitro and in-vivo models

As previously showed, most of the studies featuring models were based on in vitro studies of
adrenocortical cells and fibroblast cells and helped clarify some aspects of the TAS 23:23:33.55.56_ A mouse
model Aaas - has also been designed to hopefully recapitulate the disease in a more advanced model.
Unfortunately, Huebner and coworkers demonstrated that the phenotype of Aaas - mice did not
recapitulate the human TAS and are characterized by mild abnormal behavior and few neurological
deficits. Female Aaas ”- mice were also found to be sterile!34.

Juhlen and colleagues attempted to study the role of oxidative stress regulation in Aaas KO and Aaas
KO and heterozygous for superoxide dismutase 2 (4daas KO/Sod2 Het mouse) that should have an
increased susceptibility to oxidative stress, to generate a phenotype similar to that of the TAS.
Interestingly, while this model failed to recapitulate any of the symptoms typical of the TAS, it showed
that Aaas KO/ Sod2 Het mice were able to compensate for the additional oxidative stress by
upregulating Nnt which in turns sustains high glutathione (GSH) levels. This compensatory mechanism
partly explains why mice ALADIN-deficient lack the TAS syndrome phenotype and resemble WT

mice!3.



Pogliaghi et al, 2019

Conclusive remarks

Given the rarity of the condition and the potentially detrimental adrenal insufficiency that is associated
with TAS syndrome, with this review we aim to stress the importance of an early investigation of
children presenting with alacrima, achalasia, or other cardinal symptoms of the syndrome.

In fact, TAS is a heterogeneous disease that can have a more complex presentation than the classic triad
of ACTH-resistant adrenal insufficiency, alacrimia and achalasia. Esophageal achalasia and adrenal
insufficiency are the usual presenting manifestations. Nevertheless, alacrimia is the earliest and most
consistent feature (although often overlooked by parents and clinicians) and many other clinical
manifestations have been associated to the disease; thus, a more complex and comprehensive approach
to this syndrome could facilitate an early diagnosis of the disease. Better awareness of the disease,
followed by vigilant observation for the development of adrenal insufficiency, is warranted to improve
survival rates.

Different therapeutic options could be adopted for the efficient treatment of the cardinal signs of this
syndrome and the efficacy of antioxidant treatment for the management of the progressive neurological
degeneration showed in TAS patients is a promising therapeutic option that needs to be confirmed by
further studies.

When TAS is suspected, molecular genetic testing offers definite confirmation of diagnosis, early
management as well genetic counseling and reproductive options for the family.

Mutations in patients with TAS are distributed through all 16 exons of the gene. No hot-spots are
identified in the gene and a comprehensive testing necessitates sequencing of the entire gene and
especially intron-exon junction >*!8,To date, no clear-cut genotype-phenotype correlation could be
deduced from the current literature, confirming the variable interfamilial and intrafamilial clinical
presentation of TAS. The reason behind this high clinical heterogeneity is not known but it would be
worth to investigate the potential involvement of other genes or mechanism in modulating the different
aspects of the pathology. Moreover, some patients with TAS were reported with no mutations
in AAAS gene, resulting elective candidates for WES analysis, that should be performed in order to
identify new candidate genes and thus improving early diagnosis in all TAS and TAS-like

patients!3%133,



Pogliaghi et al, 2019

References:

(1)

(2)

€)

(4)

()

(6)

(7

Allgrove, J.; Clayden, G. S.; Grant, D. B.; Macaulay, J. C. Familiar Glucocorticoid Deficiency
with Achalasia of the Cardia and Deficient Tear Production. Lancet 1978, 311 (8077), 1284—
1286. https://doi.org/10.1016/S0140-6736(78)91268-0.

Polat, R.; Ustyol, A.; Tuncez, E.; Guran, T. A Broad Range of Symptoms in Allgrove Syndrome:
Single Center Experience in Southeast Anatolia. J. Endocrinol. Invest. 2019. https://doi.org/
10.1007/s40618-019-01099-2.

Roucher-Boulez, F.; Brac de la Perriere, A.; Jacquez, A.; Chau, D.; Guignat, L.; Vial, C.; Morel,
Y.; Nicolino, M.; Raverot, G.; Pugeat, M. Triple-A Syndrome: A Wide Spectrum of Adrenal
Dysfunction. Eur. J. Endocrinol. 2018, 178 (3), 199-207. https://doi.org/10.1530/EJE-17-0642.
Flokas, M. E.; Tomani, M.; Agdere, L.; Brown, B. Triple A Syndrome (Allgrove Syndrome):
Improving Outcomes with a Multidisciplinary Approach. Pediatr. Heal. Med. Ther. 2019, 10,
99-106. https://doi.org/10.2147/PHMT.S173081.

Kurnaz, E.; Duminuco, P.; Aycan, Z.; Savas-Erdeve, S.; Muratoglu Sahin, N.; Keskin, M.;
Bayramoglu, E.; Bonomi, M.; Cetinkaya, S. Clinical and Genetic Characterisation of a Series of
Patients with Triple A Syndrome. Eur. J. Pediatr. 2018, 177 (3), 363—-369. https://doi.org/
10.1007/s00431-017-3068-8.

Huebner, A.; Elias, L. L. K.; Clark, A. J. L. ACTH Resistance Syndromes. In Journal of
Pediatric Endocrinology and Metabolism; 1999; Vol. 12, pp 277-293. https://doi.org/
10.1007/978-1-4612-1802-9 15.

Kallabi, F.; Belghuith, N.; Aloulou, H.; Kammoun, T.; Ghorbel, S.; Hajji, M.; Gallas, S.; Chemli,

J.; Chabchoub, 1.; Azzouz, H.; et al. Clinical and Genetic Characterization of 26 Tunisian



(8)

)

(10)

(11)

(12)

(13)

Pogliaghi et al, 2019

Patients with Allgrove Syndrome. Arch. Med. Res. 2016, 47 (2), 105—-110. https://doi.org/
10.1016/j.arcmed.2016.04.004.

Patt, H.; Koehler, K.; Lodha, S.; Jadhav, S.; Yerawar, C.; Huebner, A.; Thakkar, K.; Arya, S.;
Nair, S.; Goroshi, M.; et al. Phenotype-Genotype Spectrum of AAA Syndrome from Western
India and Systematic Review of Literature. Endocr. Connect. 2017, 6 (8), 901-913. https://
doi.org/10.1530/EC-17-0255.

Kallabi, F.; Ben Rebeh, 1.; Felhi, R.; Sellami, D.; Masmoudi, S.; Keskes, L.; Kamoun, H.
Molecular Analysis of Libyan Families with Allgrove Syndrome: Geographic Expansion of the
Ancestral Mutation ¢.1331+1G>A in North Africa. Horm. Res. Paediatr. 2016, 85 (1), 18-21.
https://doi.org/10.1159/000441653.

Brooks, B. P.; Kleta, R.; Stuart, C.; Tuchman, M.; Jeong, A.; Stergiopoulos, S. G.; Bei, T.;
Bjornson, B.; Russell, L.; Chanonine, J. P.; et al. Genotypic Heterogeneity and Clinical
Phenotype in Triple A Syndrome: A Review of the NIH Experience 2000-2005. Clin. Genet.
2005, 68 (3), 215-221. https://doi.org/10.1111/j.1399-0004.2005.00482.x.

Prpic, I.; Huebner, A.; Persic, M.; Handschug, K.; Pavletic, M. Triple A Syndrome: Genotype-
Phenotype Assessment. Clin. Genet. 2003, 63 (5), 415-417. https://doi.org/10.1034/].
1399-0004.2003.00070.x.

Aragona, P.; Rania, L.; Roszkowska, A. M.; Puzzolo, D.; Micali, A.; Pisani, A.; Salzano, G.;
Messina, M. F. 4A Syndrome: Ocular Surface Investigation in an Italian Young Patient. BMC
Ophthalmol. 2014, 14 (1). https://doi.org/10.1186/1471-2415-14-155.

Babu, K.; Murthy, K. R.; Babu, N.; Ramesh, S. Triple A Syndrome with Ophthalmic
Manifestations in Two Siblings. Indian J. Ophthalmol. 2007, 55 (4), 304-306. https://doi.org/

10.4103/0301-4738.33048.



(14)

(15)

(16)

(17)

(18)

(19)

(20)

21)

Pogliaghi et al, 2019

Tibussek, D.; Ghosh, S.; Huebner, A.; Schaper, J.; Mayatepek, E.; Koehler, K. “Crying without
Tears” as an Early Diagnostic Sign-Post of Triple A (Allgrove) Syndrome: Two Case Reports.
BMC Pediatr. 2018, 18 (1). https://doi.org/10.1186/s12887-017-0973-y.

Brown, B.; Agdere, L.; Muntean, C.; David, K. Alacrima as a Harbinger of Adrenal Insufficiency
in a Child with Allgrove (AAA) Syndrome. Am. J. Case Rep. 2016, 17, 703—706. https://doi.org/
10.12659/ajcr.899546.

Brooks, B. P.; Kleta, R.; Caruso, R. C.; Stuart, C.; Ludlow, J.; Stratakis, C. A. Triple-A
Syndrome with Prominent Ophthalmic Features and a Novel Mutation in the AAAS Gene: A
Case Report. BMC Ophthalmol. 2004, 4, 1-7. https://doi.org/10.1186/1471-2415-4-7.

Mullaney, P. B.; Weatherhead, R.; Millar, L.; Ayyash, 1. I.; Ayberk, H.; Cai, F.; Risco, J. M.
Keratoconjunctivitis Sicca Associated with Achalasia of the Cardia, Adrenocortical
Insufficiency, and Lacrimal Gland Degeneration: Keratoconjunctivitis Sicca Secondary to
Lacrimal Gland Degeneration May Parallel Degenerative Changes in Esophageal and Adre.
Ophthalmology 1998, 105 (4), 643—650. https://doi.org/10.1016/s0161-6420(98)94018-0.
Tsilou, E.; Stratakis, C. A.; Rubin, B. I.; Hay, B. N.; Patronas, N.; Kaiser-Kupfer, M. 1.
Ophthalmic Manifestations of Allgrove Syndrome: Report of a Case. Clin. Dysmorphol. 2001,
10 (3), 231-233. https://doi.org/10.1097/00019605-200107000-00016.

Singh, A.; Shah, A. Esophageal Achalasia and Alacrima in Siblings. Indian Pediatr. 2006, 43 (2),
161-163.

Thomas, R. J.; Sen, S.; Zachariah, N.; Chacko, J.; Mammen, K. E. Achalasia Cardia in Infancy
and Childhood: An Indian Experience. J. R. Coll. Surg. Edinb. 1998, 43 (2), 103—104.

Walter, L.; Christa, E. Adrenal Cortex and Its Disorders. In Sperling Mark A (4th ed) Pediatric

Endocrinology; Elsevier Saunders: Philadelphia, 2014; pp 471-532.



(22)

(23)

(24)

(25)

(26)

(27)

(28)

Pogliaghi et al, 2019

Furuzawa-Carballeda, J.; Torres-Landa, S.; Valdovinos, M. A.; Coss-Adame, E.; Del Campo, L.
A. M.; Torres-Villalobos, G. New Insights into the Pathophysiology of Achalasia and
Implications for Future Treatment. World Journal of Gastroenterology. Baishideng Publishing
Group Co., Limited September 21, 2016, pp 7892—7907. https://doi.org/10.3748/
wjg.v22.135.7892.

Hirano, M.; Furiya, Y.; Asai, H.; Yasui, A.; Ueno, S. ALADINI482S Causes Selective Failure of
Nuclear Protein Import and Hypersensitivity to Oxidative Stress in Triple A Syndrome. Proc.
Natl. Acad. Sci. U. S. A. 2006, 103 (7), 2298-2303. https://doi.org/10.1073/pnas.0505598103.
Hallal, C.; Kieling, C. O.; Nunes, D. L.; Ferreira, C. T.; Peterson, G.; Barros, S. G. S.; Arruda, C.
A.; Fraga, J. C.; Goldani, H. A. S. Diagnosis, Misdiagnosis, and Associated Diseases of
Achalasia in Children and Adolescents: A Twelve-Year Single Center Experience. Pediatr. Surg.
Int. 2012, 28 (12), 1211-1217. https://doi.org/10.1007/s00383-012-3214-3.

Prasad, R.; Metherell, L. A.; Clark, A. J.; Storr, H. L. Deficiency of ALADIN Impairs Redox
Homeostasis in Human Adrenal Cells and Inhibits Steroidogenesis. Endocrinology 2013, 154
(9), 3209-3218. https://doi.org/10.1210/en.2013-1241.

Milenkovic, T.; Zdravkovic, D.; Savic, N.; Todorovic, S.; Mitrovic, K.; Koehler, K.; Huebner, A.
Triple A Syndrome: 32 Years Experience of a Single Centre (1977-2008). Eur. J. Pediatr. 2010,
169 (11), 1323-1328. https://doi.org/10.1007/s00431-010-1222-7.

Phillip, M.; Hershkovitz, E.; Schulman, H. Adrenal Insufficiency after Achalasia in the Triple-A
Syndrome. Clin. Pediatr. (Phila). 1996, 35 (2), 99-100. https://doi.org/
10.1177/000992289603500208.

Zhang, Y.; Xu, C. Di; Zaouche, A.; Cai, W. Diagnosis and Management of Esophageal Achalasia

in Children: Analysis of 13 Cases. World J. Pediatr. 2009, 5 (1), 56-59. https://doi.org/10.1007/



(29)

(30)

(1)

(32)

(33)

(34)

(35)

(36)

Pogliaghi et al, 2019

s12519-009-0010-9.

Kimber, J.; McLean, B. N.; Prevett, M.; Hammans, S. R. Allgrove or 4 “A” Syndrome: An
Autosomal Recessive Syndrome Causing Multisystem Neurological Disease. J. Neurol.
Neurosurg. Psychiatry 2003, 74 (5), 654—657. https://doi.org/10.1136/jnnp.74.5.654.

Thomas, J.; Subramanyam, S.; Vijayaraghavan, S.; Bhaskar, E. Late Onset Adrenal Insufficiency
and Achalasia in Allgrove Syndrome. BMJ Case Reports. BMJ Publishing Group February 26,
2015. https://doi.org/10.1136/bcr-2014-208900.

Salehi, M.; Houlden, H.; Sheikh, A.; Poretsky, L. The Diagnosis of Adrenal Insufficiency in a
Patient with Allgrove Syndrome and a Novel Mutation in the ALADIN Gene. Metabolism. 2005,
54 (2), 200-205. https://doi.org/10.1016/j.metabol.2004.08.013.

Kirkgoz, T.; Guran, T. Primary Adrenal Insufficiency in Children: Diagnosis and Management.
Best Pract. Res. Clin. Endocrinol. Metab. 2018, 32 (4), 397—-424. https://doi.org/10.1016/j.beem.
2018.05.010.

Clark, A. J.; Weber, A. Adrenocorticotropin Insensitivity Syndromes. Endocr. Rev. 1998, 19 (6),
828-843. https://doi.org/10.1210/edrv.19.6.0351.

Collares, C. V. A.; Antunes-Rodrigues, J.; Moreira, A. C.; Franca, S. N.; Pereira, L. A.; Soares,
M. M. S.; Elias, J.; Clark, A. J.; De Castro, M.; Elias, L. L. K. Heterogeneity in the Molecular
Basis of ACTH Resistance Syndrome. Eur. J. Endocrinol. 2008, 159 (1), 61-68. https://doi.org/
10.1530/EJE-08-0079.

Jiihlen, R.; Idkowiak, J.; Taylor, A. E.; Kind, B.; Arlt, W.; Huebner, A.; Koehler, K. Role of
ALADIN in Human Adrenocortical Cells for Oxidative Stress Response and Steroidogenesis.
PLoS One 2015, 10 (4). https://doi.org/10.1371/journal.pone.0124582.

Bornstein, S. R.; Allolio, B.; Arlt, W.; Barthel, A.; Don-Wauchope, A.; Hammer, G. D.; Husebye,



Pogliaghi et al, 2019

E. S.; Merke, D. P.; Murad, M. H.; Stratakis, C. A.; et al. Diagnosis and Treatment of Primary
Adrenal Insufficiency: An Endocrine Society Clinical Practice Guideline. J. Clin. Endocrinol.
Metab. 2016, 101 (2), 364-389. https://doi.org/10.1210/jc.2015-1710.

(37) Vallet, A.-E.; Verschueren, A.; Petiot, P.; Vandenberghe, N.; Nicolino, M.; Roman, S.; Pouget, J.;
Vial, C. Neurological Features in Adult Triple-A (Allgrove) Syndrome. J. Neurol. 2012, 259 (1),
39-46. https://doi.org/10.1007/s00415-011-6115-9.

(38) Dixit, A.; Chow, G.; Sarkar, A. Neurologic Presentation of Triple A Syndrome. Pediatr. Neurol.
2011, 45 (5), 347-349. https://doi.org/10.1016/j.pediatrneurol.2011.07.003.

(39) Houlden, H. Clinical and Genetic Characterization of Families with Triple A (Allgrove)
Syndrome. Brain 2002, 125 (12), 2681-2690. https://doi.org/10.1093/brain/aw{270.

(40) Grant, D. B.; Barnes, N. D.; Dumic, M.; Ginalska-Malinowska, M.; Milla, P. J.; Petrykowski, W.
V.; Rowlatt, R. J.; Steendijk, R.; Wales, J. H. K.; Werder, E. Neurological and Adrenal
Dysfunction in the Adrenal Insufficiency/Alacrima/ Achalasia (3A) Syndrome. Arch. Dis. Child.
1993, 68 (6), 779—782. https://doi.org/10.1136/adc.68.6.779.

(41) Fragoso, M. C. B. V.; Albuquerque, E. V. D. A.; Cardoso, A. L. D. A.; Da Rosa, P. W. L.; De
Paulo, R. B.; Schimizu, M. H. M.; Seguro, A. C.; Passarelli, M.; Koehler, K.; Huebner, A.; et al.
Triple A Syndrome: Preliminary Response to the Antioxidant N-Acetylcysteine Treatment in a
Child. Horm. Res. Paediatr. 2017, 88 (2), 167—171. https://doi.org/10.1159/000465520.

(42) Ozgen, A. G.; Ercan, E.; Oziitemiz, O.; Hamulu, F.; Bayraktar, F.; Yilmaz, C. The 4A Syndrome
Association with Osteoporosis. Endocr. J. 1999, 46 (1), 227-230. https://doi.org/10.1507/
endocrj.46.227.

(43) Khong, P. L.; Peh, W. C.; Low, L. C.; Leong, L. L. Variant of the Triple A Syndrome. Australas.

Radiol. 1994, 38 (3), 222-224. https://doi.org/10.1111/;.1440-1673.1994.tb00180.x.



(44)

(45)

(46)

(47)

(48)

(49)

(50)

Pogliaghi et al, 2019

Handschug, K., Silke Sperling, Sung-Joo Kim Yoon, Steffen Hennig, Adrian J.L. Clark, A. H.
Triple A Syndrome Is Caused by Mutations in AAAS, a New WD-Repeat Protein Gene. Hum.
Mol. Genet. 2001, 10 (3), 283-290. https://doi.org/10.1093/hmg/10.3.283.

Stratakis, C. A.; Lin, J. P.; Pras, E.; Rennert, O. M.; Bourdony, C. J.; Chan, W. Y. Segregation of
Allgrove (Triple-A) Syndrome in Puerto Rican Kindreds with Chromosome 12 (12q13)
Polymorphic Markers. Proc. Assoc. Am. Physicians 1997, 109 (5), 478-482.

A. Weber, T. F. Wienker, M. Jung, D. Easton, H. J. Dean, C. Heinrichs, A. Reis, A. J. L. C.
Linkage of the Gene for the Triple A Syndrome to Chromosome 12q13 near the Type II Keratin
Gene Cluster. Hum. Mol. Genet. 1996, 5 (12), 2061-2066. https://doi.org/10.1093/hmg/
5.12.2061.

Tullio-Pelet, A.; Salomon, R.; Hadj-Rabia, S.; Mugnier, C.; De Laet, M. H.; Chaouachi, B.;
Bakiri, F.; Brottier, P.; Cattolico, L.; Penet, C.; et al. Mutant WD-Repeat Protein in Triple-A
Syndrome. Nat. Genet. 2000, 26 (3), 332-335. https://doi.org/10.1038/81642.

Cho, A. R.; Yang, K. J.; Bae, Y.; Young, Y. B.; Kim, E.; Lee, H.; Jeong, K. K.; Park, W.; Rhim,
H.; Soo, Y. C.; et al. Tissue-Specific Expression and Subcellular Localization of ALADIN, the
Absence of Which Causes Human Triple A Syndrome. Exp. Mol. Med. 2009, 41 (6), 381-386.
https://doi.org/10.3858/emm.2009.41.6.043.

Li, X.; Ji, C.; Gu, J.; Xu, J.; Jin, Z.; Sun, L.; Zou, X.; Lin, Y.; Sun, R.; Wang, P.; et al. Molecular
Cloning and Characterization of AAAS-V2, a Novel Splice Variant of Human AAAS. Mol. Biol.
Rep. 2005, 32 (2), 127-131. https://doi.org/10.1007/s11033-004-6939-9.

Kind, B.; Koehler, K.; Lorenz, M.; Huebner, A. The Nuclear Pore Complex Protein ALADIN Is
Anchored via NDC1 but Not via POM121 and GP210 in the Nuclear Envelope. Biochem.

Biophys. Res. Commun. 2009, 390 (2), 205-210. https://doi.org/10.1016/j.bbrc.2009.09.080.



(51

(52)

(53)

(54)

(55)

(56)

(57)

Pogliaghi et al, 2019

Yamazumi, Y.; Kamiya, A.; Nishida, A.; Nishihara, A.; lemura, S. ichiro; Natsume, T.; Akiyama,
T. The Transmembrane Nucleoporin NDC1 Is Required for Targeting of ALADIN to Nuclear
Pore Complexes. Biochem. Biophys. Res. Commun. 2009, 389 (1), 100—104. https://doi.org/
10.1016/j.bbrc.2009.08.096.

Jain, B. P.; Pandey, S. WD40 Repeat Proteins: Signalling Scaffold with Diverse Functions.
Protein Journal. Springer New York LLC October 1, 2018, pp 391-406. https://doi.org/10.1007/
s10930-018-9785-7.

Cronshaw, J. M.; Matunis, M. J. The Nuclear Pore Complex Protein ALADIN Is Mislocalized in
Triple A Syndrome. Proc. Natl. Acad. Sci. U. S. A. 2003, 100 (10), 5823-5827. https://doi.org/
10.1073/pnas.1031047100.

Krumbholz, M.; Koehler, K.; Huebner, A. Cellular Localization of 17 Natural Mutant Variants of
ALADIN Protein in Triple A Syndrome - Shedding Light on an Unexpected Splice Mutation.
Biochem. Cell Biol. 2006, 84 (2), 243-249. https://doi.org/10.1139/005-198.

Storr, H. L.; Kind, B.; Parfitt, D. A.; Chapple, J. P.; Lorenz, M.; Koehler, K.; Huebner, A.; Clark,
A. J. L. Deficiency of Ferritin Heavy-Chain Nuclear Import in Triple A Syndrome Implies
Nuclear Oxidative Damage as the Primary Disease Mechanism. Mol. Endocrinol. 2009, 23 (12),
2086—2094. https://doi.org/10.1210/me.2009-0056.

Kind, B.; Koehler, K.; Krumbholz, M.; Landgraf, D.; Huebner, A. Intracellular ROS Level Is
Increased in Fibroblasts of Triple a Syndrome Patients. J. Mol. Med. 2010, §8 (12), 1233—-1242.
https://doi.org/10.1007/s00109-010-0661-y.

Juhlen, R.; Landgraf, D.; Huebner, A.; Koehler, K. Identification of a Novel Putative Interaction
Partner of the Nucleoporin ALADIN. Biol. Open 2016, 5 (11), 1697-1705. https://doi.org/

10.1242/b10.021162.



(58)

(59)

(60)

(61)

(62)

(63)

(64)

(65)

Pogliaghi et al, 2019

Carvalhal, S.; Ribeiro, S. A.; Arocena, M.; Kasciukovic, T.; Temme, A.; Koehler, K.; Huebner,
A.; Griffis, E. R. The Nucleoporin ALADIN Regulates Aurora A Localization to Ensure Robust
Mitotic Spindle Formation. Mol. Biol. Cell 2015, 26 (19), 3424-3438. https://doi.org/10.1091/
mbc.E15-02-0113.

Jiihlen, R.; Landgraf, D.; Huebner, A.; Koehler, K. Triple A Patient Cells Suffering from Mitotic
Defects Fail to Localize PGRMCI to Mitotic Kinetochore Fibers. Cell Div. 2018, 13 (1). https://
doi.org/10.1186/s13008-018-0041-5.

Bitetto, G.; Ronchi, D.; Bonato, S.; Pittaro, A.; Compagnoni, G. M.; Bordoni, A.; Salani, S.;
Frattini, E.; Lopez, G.; Cribiu, F. M.; et al. Loss of the Nucleoporin Aladin in Central Nervous
System and Fibroblasts of Allgrove Syndrome. Hum. Mol. Genet. 2019. https://doi.org/10.1093/
hmg/ddz236.

Bustanji, H.; Sahar, B.; Huebner, A.; Ajlouni, K.; Landgraf, D.; Hamamy, H.; Koehler, K. Triple
A Syndrome with a Novel Indel Mutation in the AAAS Gene and Delayed Puberty. J. Pediatr.
Endocrinol. Metab. 2015, 28 (7-8), 933-936. https://doi.org/10.1515/jpem-2014-0401.

Hansen, ML; Frederiksen, AL; Juhl, C. Novel Mutation in the AAAS Gene in a Severely
Affected Triple-A Syndrome Patient. Endocrinol Metab Synd 2015, 4 (3).

Sanghvi, J.; Asati, A. A.; Kumar, R.; Huebner, A. Novel Mutations in a Patient with Triple a
Syndrome. Indian Pediatr. 20185, 52 (9), 805-806. https://doi.org/10.1007/s13312-015-0722-y.
Li, W.; Gong, C.; Qi, Z.; Wu, D. L.; Cao, B. Identification of AAAS Gene Mutation in Allgrove
Syndrome: A Report of Three Cases. Exp. Ther. Med. 2015, 10 (4), 1277—-1282. https://doi.org/
10.3892/etm.2015.2677.

Zimmer, V.; Vanderwinden, J. M.; Zimmer, A.; Ostertag, D.; Strittmatter, M.; Koehler, K_;

Huebner, A.; Lammert, F. Organ-Specific Neurodegeneration in Triple A Syndrome-Related



(66)

(67)

(68)

(69)

(70)

(71)

Pogliaghi et al, 2019

Achalasia. Am. J. Med. 2015, 128 (9), e9—e12. https://doi.org/10.1016/j.amjmed.2015.04.025.
Ben Abdallah, L. C.; Lakhoua, Y.; Nagara, M.; Khiari, K.; Elouej, S.; Messaoud, O.; Bouyacoub,
Y.; Romdhane, L.; Turki, Z.; Abdelhak, S.; et al. A Tunisian Patient with Two Rare Syndromes:
Triple A Syndrome and Congenital Hypogonadotropic Hypogonadism. Horm. Res. Paediatr.
2014, 82 (5), 338-343. https://doi.org/10.1159/000365888.

Bizzarri, C.; Benevento, D.; Terzi, C.; Huebner, A.; Cappa, M. Triple A (Allgrove) Syndrome:
An Unusual Association with Syringomyelia. Ital. J. Pediatr. 2013, 39 (1). https://doi.org/
10.1186/1824-7288-39-39.

Yang, H.; Zhang, H.; Lu, L.; Wang, O.; Xing, X.; Zhang, M.; Lu, Z. Clinical and Genetic
Characterization of a Chinese Patient with Triple A Syndrome and Novel Compound
Heterozygous Mutations in the AAAS Gene. J. Pediatr. Endocrinol. Metab. 2013, 26 (3—4),
389-391. https://doi.org/10.1515/jpem-2012-0284.

Mazzone, L.; Postorino, V.; De Peppo, L.; Vassena, L.; Fatta, L.; Armando, M.; Scire, G.; Cappa,
M.; Vicari, S. Longitudinal Neuropsychological Profile in a Patient with Triple a Syndrome.
Case Rep. Pediatr. 2013, 2013, 604921. https://doi.org/10.1155/2013/604921.

Ikemoto, S.; Sakurai, K.; Kuwashima, N.; Saito, Y.; Miyata, I.; Katsumata, N.; Ida, H. A Case of
Allgrove Syndrome with a Novel IVS7 +1 G>A Mutation of The AAAS Gene. Clin. Pediatr.
Endocrinol. case reports Clin. Investig. Off. J. Japanese Soc. Pediatr. Endocrinol. 2012, 21 (1),
11-13. https://doi.org/10.1297/cpe.21.11.

Dumic, M.; Barisic, N.; Kusec, V.; Stingl, K.; Skegro, M.; Stanimirovic, A.; Koehler, K.;
Huebner, A. Long-Term Clinical Follow-up and Molecular Genetic Findings in Eight Patients
with Triple A Syndrome. Eur. J. Pediatr. 2012, 171 (10), 1453—1459. https://doi.org/10.1007/

s00431-012-1745-1.



Pogliaghi et al, 2019

(72) Ikeda, M.; Hirano, M.; Shinoda, K.; Katsumata, N.; Furutama, D.; Nakamura, K.; Ikeda, S. L.;
Tanaka, T.; Hanafusa, T.; Kitajima, H.; et al. Triple a Syndrome in Japan. Muscle and Nerve
2013, 48 (3), 381-386. https://doi.org/10.1002/mus.23770.

(73) Marin, S.; Casano-Sancho, P.; Villarreal-Pena, N.; Sebastiani, G.; Pinillos, S.; Pérez-Duenas, B.;
Hwa, V.; Rosenfeld, R. G.; Ibanez, L. Triple a Syndrome in a Patient with Genetic Growth
Hormone Insensitivity: Phenotypic Effects of Two Genetic Disorders. In Hormone Research in
Paediatrics; 2012; Vol. 77, pp 63—68. https://doi.org/10.1159/000335235.

(74) Papageorgiou, L.; Mimidis, K.; Katsani, K. R.; Fakis, G. The Genetic Basis of Triple A
(Allgrove) Syndrome in a Greek Family. Gene 2013, 512 (2), 505-509. https://doi.org/10.1016/
j.gene.2012.10.008.

(75) Yassaee, V. R.; Soltani, Z.; Ardakani, B. M. Mutation Spectra of the AAAS Gene in Iranian
Families with Allgrove Syndrome. Arch. Med. Res. 2011, 42 (2), 163—168. https://doi.org/
10.1016/j.arcmed.2011.02.006.

(76) Dumic¢, M.; Barisi¢, N.; Rojni¢-Putarek, N.; Kusec, V.; Stanimirovi¢, A.; Koehler, K.; Huebner,
A. Two Siblings with Triple A Syndrome and Novel Mutation Presenting as Hereditary
Polyneuropathy. Eur. J. Pediatr. 2011, 170 (3), 393-396. https://doi.org/10.1007/
s00431-010-1314-4.

(77) Wallace, I. R.; Hunter, S. J. AAA Syndrome-Adrenal Insufficiency, Alacrima and Achalasia.
OJM 2012, 105 (8), 803—804. https://doi.org/10.1093/qjmed/hcr145.

(78) Moschos, M. M.; Margetis, I.; Koehler, K.; Gatzioufas, Z.; Huebner, A. New Ophthalmic
Features in a Family with Triple A Syndrome. Int. Ophthalmol. 2011, 31 (3), 239-243. https://
doi.org/10.1007/s10792-011-9450-z.

(79) Kunte, H.; Niimann, A.; Ventz, M.; Siebert, E.; Harms, L. Wernicke’s Encephalopathy in a



(80)

(81)

(82)

(83)

(84)

(85)

Pogliaghi et al, 2019

Patient with Triple A (Allgrove) Syndrome. Journal of Neurology. October 2011, pp 1882—-1884.
https://doi.org/10.1007/s00415-011-6012-2.

Alhussaini, B.; Gottrand, F.; Goutet, J. M.; Scaillon, M.; Michaud, L.; Spyckerelle, C.; Viola, S.;
Lamblin, M. D. Clinical and Manometric Characteristics of Allgrove Syndrome. J. Pediatr.
Gastroenterol. Nutr. 2011, 53 (3), 271-274. https://doi.org/10.1097/MPG.0b013e31821456ba.
Nakamura, K.; Yoshida, K.; Yoshinaga, T.; Kodaira, M.; Shimojima, Y.; Takei, Y. I.; Morita, H.;
Kayanuma, K.; Ikeda, S. I. Adult or Late-Onset Triple A Syndrome: Case Report and Literature
Review. J. Neurol. Sci. 2010, 297 (1-2), 85-88. https://doi.org/10.1016/j.jns.2010.07.006.

Krull, I.; M.-Woelfle, M.; Bérlocher, K.; Koehler, K.; Huebner, A.; Brindle, M. Two Patients
with an Identical Novel Mutation in the AAAS Gene and Similar Phenotype of Triple A
(Allgrove) Syndrome. Exp. Clin. Endocrinol. Diabetes 2010, 118 (8), 530-536. https://doi.org/
10.1055/5-0030-1247516.

Palka, C.; Giuliani, R.; Brancati, F.; Mohn, A.; Di Muzio, A.; Calabrese, O.; Huebner, A.; De
Grandis, D.; Chiarelli, F.; Ferlini, A.; et al. Two Italian Patients with Novel AAAS Gene
Mutation Expand Allelic and Phenotypic Spectrum of Triple A (Allgrove) Syndrome. Clinical
Genetics. March 2010, pp 298-301. https://doi.org/10.1111/1.1399-0004.2009.01348 x.

Luigetti, M.; Pizzuti, A.; Bartoletti, S.; Houlden, H.; Pirro, C.; Bottillo, I.; Madia, F.; Conte, A.;
Tonali, P. A.; Sabatelli, M. Triple A Syndrome: A Novel Compound Heterozygous Mutation in
the AAAS Gene in an Italian Patient without Adrenal Insufficiency. J. Neurol. Sci. 2010, 290 (1—
2), 150—152. https://doi.org/10.1016/j.jns.2009.12.005.

Villanueva-Mendoza, C.; Martinez-Guzman, O.; Rivera-Parra, D.; Zenteno, J. C. Triple A or
Allgrove Syndrome. A Case Report with Ophthalmic Abnormalities and a Novel Mutation in the

AAAS Gene. Ophthalmic Genet. 2009, 30 (1), 45-49. https://doi.org/



(86)

(87)

(88)

(89)

(90)

1)

(92)

Pogliaghi et al, 2019

10.1080/13816810802502962.

Huynh, T.; McGown, L.; Nyunt, O.; Cowley, D.; Harris, M.; Cotterill, A. M.; Leong, G. M. A
Novel V185DfsX4 Mutation of the AAAS Gene in a 2-Year-Old Boy with Triple a Syndrome.
Clin. Pediatr. Endocrinol. 2009, 18 (2), 73-75. https://doi.org/10.1297/cpe.18.73.

Messina, M. F.; Autunno, M.; Koehler, K.; Russo, M.; Arrigo, T.; Crisafulli, G.; Huebner, A.; De
Luca, F. Upper and Lower Motor Neuron Involvement as Presenting Manifestation of Triple a
Syndrome. Journal of Endocrinological Investigation. Editrice Kurtis s.r.1. 2009, pp 482-483.
https://doi.org/10.1007/BF03346490.

Thiimmler, S.; Huebner, A.; Baechler-Sadoul, E. Triple a Syndrome: Two Novel Mutations in the
AAAS Gene. BMJ Case Rep. 2009. https://doi.org/10.1136/bcr.09.2008.0984.

Toromanovic, A.; Tahirovic, H.; Milenkovic, T.; Koehler, K.; Kind, B.; Zdravkovic, D.;
Hasanhodzic, M.; Huebner, A. Clinical and Molecular Genetic Findings in a 6-Year-Old Bosnian
Boy with Triple A Syndrome. Eur. J. Pediatr. 2009, 168 (3), 317-320. https://doi.org/10.1007/
s00431-008-0758-2.

Milenkovié, T.; Koehler, K.; Krumbholz, M.; Zivanovié, S.; Zdravkovié, D.; Huebner, A. Three
Siblings with Triple a Syndrome with a Novel Frameshift Mutation in the AAAS Gene and a
Review of 17 Independent Patients with the Frequent p.Ser263Pro Mutation. Eur. J. Pediatr.
2008, 767 (9), 1049—-1055. https://doi.org/10.1007/s00431-007-0640-7.

Koehler, K.; Brockmann, K.; Krumbholz, M.; Kind, B.; Bonnemann, C.; Gértner, J.; Huebner, A.
Axonal Neuropathy with Unusual Pattern of Amyotrophy and Alacrima Associated with a Novel
AAAS Mutation p.Leu430Phe. Eur. J. Hum. Genet. 2008, 16 (12), 1499—-1506. https://doi.org/
10.1038/ejhg.2008.132.

Strauss, M.; Koehler, K.; Krumbholz, M.; Huebner, A.; Zierz, S.; Deschauer, M. Triple A



(93)

(94)

(95)

(96)

97)

(98)

(99)

Pogliaghi et al, 2019

Syndrome Mimicking ALS. Amyotroph. Lateral Scler. 2008, 9 (5), 315-317. https://doi.org/
10.1080/17482960802259016.

Chang, A. J.; Kline, M. M.; Currie, Y.; Perez, M. O.; Hartiala, J.; Wijesuriya, H.; Buchanan, T.
A.; Watanabe, R. M.; Allayee, H. Allgrove Syndrome in a Mexican American Family Is Caused
by an Ancestral Mutation Derived from North Africa [1]. Clinical Genetics. April 2008, pp 385—
387. https://doi.org/10.1111/j.1399-0004.2008.00965 .x.

Buderus, S.; Utsch, B.; Huebner, A.; Lentze, M. J.; Roth, C. Dysphagia Due to Triple A
Syndrome: Successful Treatment of Achalasia by Balloon Dilatation. Exp. Clin. Endocrinol.
Diabetes 2007, 115 (8), 533-536. https://doi.org/10.1055/5-2007-973852.

Salmaggi, A.; Zirilli, L.; Pantaleoni, C.; De Joanna, G.; Del Sorbo, F.; Koehler, K.; Krumbholz,
M.; Huebner, A.; Rochira, V. Late-Onset Triple a Syndrome: A Risk of Overlooked or Delayed
Diagnosis and Management. Horm. Res. 2008, 70 (6), 364-372. https://doi.org/
10.1159/000161867.

Onat, A. M.; Pehlivan, Y.; Buyukhatipoglu, H.; Ziya, Y.; Okumus, S.; Arikan, C.; Oguzkan, S.
Unusual Presentation of Triple A Syndrome Mimicking Sjogren’s Syndrome. Clin. Rheumatol.
2007, 26 (10), 1749—-1751. https://doi.org/10.1007/s10067-006-0498-5.

Qin, K.; Du, X.; Rich, B. H. An Alu-Mediated Rearrangement Causing a 3.2 Kb Deletion and a
Novel Two Base Pair Deletion in AAAS Gene as the Cause of Triple A Syndrome. Mol. Genet.
Metab. 2007, 92 (4), 359-363. https://doi.org/10.1016/j.ymgme.2007.08.116.

Gilio, F.; Di Rezze, S.; Conte, A.; Frasca, V.; lacovelli, E.; Marini Bettolo, C.; Gabriele, M.;
Giacomelli, E.; Pizzuti, A.; Pirro, C.; et al. Case Report of Adult-Onset Allgrove Syndrome.
Neurol. Sci. 2007, 28 (6), 331-335. https://doi.org/10.1007/s10072-007-0848-3.

Mukhopadhya, A.; Danda, S.; Huebner, A.; Chacko, A. Mutations of the AAAS Gene in an



Pogliaghi et al, 2019

Indian Family with Allgrove’s Syndrome. World J. Gastroenterol. 2006, 12 (29), 4764—4766.
https://doi.org/10.3748/wjg.v12.129.4764.

(100) Ismail, E. A.; Tulliot-Pelet, A.; Mohsen, A. M.; Al-Saleh, Q. Allgrove Syndrome with Features
of Familial Dysautonomia: A Novel Mutation in the AAAS Gene. Acta Paediatr. Int. J. Paediatr.
2000, 95 (9), 1140-1143. https://doi.org/10.1080/08035250500538999.

(101) Dusek, T.; Korsic, M.; Koehler, K.; Perkovic, Z.; Huebner, A.; Korsic, M. A Novel AAAS Gene
Mutation (p.R194X) in a Patient with Triple a Syndrome. Horm. Res. 2006, 65 (4), 171-176.
https://doi.org/10.1159/000092003.

(102) Lam, Y.Y.; Lo, I. F. M.; Shek, C. C.; Tong, T. M. F.; Ng, D. K. K.; Tong, T. F.; Choi, M. S.; Lam,
S. T. S.; Ho, C. S. Triple-A Syndrome--the First Chinese Patient with Novel Mutations in the
AAAS Gene. J. Pediatr. Endocrinol. Metab. 2006, 19 (5), 765-770. https://doi.org/10.1515/
Jjpem.2006.19.5.765.

(103) Haghighi, A. B.; Houlden, H.; Lankarani, K. B.; Taghavi, A.; Masnadi, K.; Ashraf, A. R.; Safari,
A. A Novel DNA Sequence Variation in the First Genetically Confirmed Allgrove Syndrome in
Iran. J. Clin. Neuromuscul. Dis. 2006, 7 (3), 123—127. https://doi.org/10.1097/01.cnd.
0000208261.93426.ab.

(104) Salehi, M.; Houlden, H.; Sheikh, A.; Poretsky, L. The Diagnosis of Adrenal Insufficiency in a
Patient with Allgrove Syndrome and a Novel Mutation in the ALADIN Gene. Metabolism. 2005,
54 (2), 200-205. https://doi.org/10.1016/j.metabol.2004.08.013.

(105) Iwanczak, F.; Smigiel, R.; Blitek, A.; Huebner, A. The Triple “a” Syndrome Confirmed by
Molecular Analysis: A Case Report of 7-Year-Old Boy. J. Pediatr. Gastroenterol. Nutr. 2005, 40
(1), 87-89. https://doi.org/10.1097/00005176-200501000-00016.

(106) Roman, S.; Nicolino, M.; Mion, F.; Tullio-Pelet, A.; Péré-Vergé, D.; Souquet, J. C. Triple-A



(107)

(108)

(109)

(110)

(111)

(112)

(113)

Pogliaghi et al, 2019

Syndrome: A Rare Etiology of Adult Achalasia. Dig. Dis. Sci. 2005, 50 (3), 440—-442. https://
doi.org/10.1007/s10620-005-2454-7.

Kinjo, S.; Takemoto, M.; Miyako, K.; Kohno, H.; Tanaka, T.; Katsumata, N. Two Cases of
Allgrove Syndrome with Mutations in the AAAS Gene. Endocr. J. 2004, 51 (5), 473-477.
https://doi.org/10.1507/endocrj.51.473.

Yuksel, B.; Braun, R.; Topaloglu, A. K.; Mungan, N. O.; Ozer, G.; Huebner, A. Three Children
with Triple A Syndrome Due to a Mutation (R478X) in the AAAS Gene. Horm. Res. 2004, 61
(1), 3-6. https://doi.org/10.1159/000075190.

Roubergue, A.; Apartis, E.; Vidailhet, M.; Mignot, C.; Tullio-Pelet, A.; Lyonnet, S.; de
Villemeur, T. B. Myoclonus and Generalized Digestive Dysmotility in Triple A Syndrome with
AAAS Gene Mutation. Mov. Disord. 2004, 19 (3), 344-346. https://doi.org/10.1002/mds.10660.
Barat, P.; Goizet, C.; Tullio-Pelet, A.; Puel, O.; Labessan, C.; Barthelemy, A. Phenotypic
Heterogeneity in AAAS Gene Mutation. Acta Paediatr. Int. J. Paediatr. 2004, 93 (9), 1257—
1259. https://doi.org/10.1080/08035250410027706.

Reshmi-Skarja, S.; Huebner, A.; Handschug, K.; Finegold, D. N.; Clark, A. J. L.; Gollin, S. M.
Chromosomal Fragility in Patients with Triple A Syndrome. Am. J. Med. Genet. 2003, 1174 (1),
30-36. https://doi.org/10.1002/ajmg.a.10846.

Goizet, C.; Catargi, B.; Tison, F.; Tullio-Pelet, A.; Hadj-Rabia, S.; Pujol, F.; Lagueny, A.;
Lyonnet, S.; Lacombe, D. Progressive Bulbospinal Amyotrophy in Triple A Syndrome with
AAAS Gene Mutation. Neurology 2002, 58 (6), 962—-965. https://doi.org/10.1212/wnl.58.6.962.
Katsumata, N.; Hirose, H.; Kagami, M.; Tanaka, T. Analysis of the AAAS Gene in a Japanese
Patient with Triple A Syndrome. Endocr. J. 2002, 49 (1), 49-53. https://doi.org/10.1507/endocr;.

49.49.



(114)

(115)

(116)

(117)

(118)

(119)

(120)

Pogliaghi et al, 2019

Schmittmann-Ohters, K.; Huebner, A.; Richter-Unruh, A.; Hauffa, B. P. Clinical and Novel
Molecular Findings in a 6.8-Year-Old Turkish Boy with Triple A Syndrome. Horm. Res. 2001,
56 (1-2), 67-72. https://doi.org/10.1159/000048093.

Sandrini, F.; Farmakidis, C.; Kirschner, L. S.; Wu, S. M.; Tullio-Pelet, A.; Lyonnet, S.; Metzger,
D. L.; Bourdony, C. J.; Tiosano, D.; Chan, W. Y.; et al. Spectrum of Mutations of the AAAS
Gene in Allgrove Syndrome: Lack of Mutations in Six Kindreds with Isolated Resistance to
Corticotropin. J. Clin. Endocrinol. Metab. 2001, 86 (11), 5433-5437. https://doi.org/10.1210/
jeem.86.11.8037.

Kallabi, F.; Ben Rhouma, B.; Baklouti, S.; Ghorbel, R.; Felhi, R.; Keskes, L.; Kamoun, H.
Splicing Defects in the AAAS Gene Leading to Both Exon Skipping and Partial Intron Retention
in a Tunisian Patient with Allgrove Syndrome. Horm. Res. Paediatr. 2016, 86 (2), 90-93. https://
doi.org/10.1159/000446539.

Van Tellingen, V.; Finken, M. J. J.; Israéls, J.; Hendriks, Y. M. C.; Kamp, G. A.; Van Santen, H.
M. Poorly Controlled Congenital Hypothyroidism Due to an Underlying Allgrove Syndrome.
Horm. Res. Paediatr. 2017, 86 (6), 420—424. https://doi.org/10.1159/000446604.

Vezzoli, V; Duminuco, P; Casini, MR; Mazzitti, R;Congia, R; Rosatelli, MC; Pogliaghi, G;
Saccone, M; Cangiano, B; Meloni, A; Persani, L; Bonomi, M. Two Novel Truncating Variants of
the AAAS Gene Causative of the Triple A Syndrome. J. Endocrinol. Investig. 2019.

Berrani, H.; Meskini, T.; Zerkaoui, M.; Merhni, H.; Ettair, S.; Sefiani, A.; Mouane, N. Clinical
and Molecular Report of ¢.1331 + 1G > A Mutation of the AAAS Gene in a Moroccan Family
with Allgrove Syndrome: A Case Report. BMC Pediatr. 2018, 18 (1). https://doi.org/10.1186/
s12887-018-1161-4.

Bouliari, A.; Lu, X.; Persky, R. W.; Stratakis, C. A. Triple A Syndrome: Two Siblings with a



(121)

(122)

(123)

(124)

(125)

(126)

(127)

Pogliaghi et al, 2019

Novel Mutation in the AAAS Gene. Hormones 2019, 18 (1), 109—-112. https://doi.org/10.1007/
s42000-018-0089-2.

Foster, C.; Choudhary, A. Severe Malnutrition Causing Superior Mesenteric Artery Syndrome in
an Adolescent with Triple A Syndrome. J. Pediatr. Endocrinol. Metab. 2016, 29 (10), 1221—
1224. https://doi.org/10.1515/jpem-2015-0373.

Leveille, E.; Gonorazky, H. D.; Rioux, M. F.; Hazrati, L. N.; Ruskey, J. A.; Carnevale, A.;
Spiegelman, D.; Dionne-Laporte, A.; Rouleau, G. A.; Yoon, G.; et al. Triple A Syndrome
Presenting as Complicated Hereditary Spastic Paraplegia. Mol. Genet. Genomic Med. 2018, 6
(6), 1134—-1139. https://doi.org/10.1002/mgg3.492.

Nakamura, J.; Hikichi, T.; Inoue, H.; Watanabe, K.; Kikuchi, H.; Takagi, T.; Suzuki, R.;
Sugimoto, M.; Konno, N.; Waragai, Y.; et al. Per-Oral Endoscopic Myotomy for Esophageal
Achalasia in a Case of Allgrove Syndrome. Clin. J. Gastroenterol. 2018, 11 (4), 273-277. https://
doi.org/10.1007/s12328-018-0819-7.

De Freitas, M. R. G.; Orsini, M.; Aragjo, A. P. D. Q. C.; Abrado, L. J.; Barbosa, G. M.; Franga,
M. C.; Correia, L.; Bastos, V. H.; Trajano, E.; Da Sant’Anna, M. Allgrove Syndrome and Motor
Neuron Disease. Neurol. Int. 2018, 10 (2), 65—68. https://doi.org/10.4081/n1.2018.7436.
Reimann, J.; Kohlschmidt, N.; Tolksdorf, K.; Weis, J.; Kuchelmeister, K.; Roos, A. Muscle
Pathology as a Diagnostic Clue to Allgrove Syndrome. J. Neuropathol. Exp. Neurol. 2017, 76
(5), 337-341. https://doi.org/10.1093/jnen/nlx016.

Singh, K.; Puri, R. D.; Bhai, P.; Arya, A. D.; Chawla, G.; Saxena, R.; Verma, I. C. Clinical
Heterogeneity and Molecular Profile of Triple A Syndrome: A Study of Seven Cases. J. Pediatr.
Endocrinol. Metab. 2018, 31 (7), 799-807. https://doi.org/10.1515/jpem-2018-0023.

Koehler, K.; Hackmann, K.; Landgraf, D.; Schubert, T.; Shakiba, M.; Kariminejad, A.; Huebner,



(128)

(129)

(130)

(131)

(132)

(133)

Pogliaghi et al, 2019

A. Homozygous Deletion of the Entire AAAS Gene in a Triple A Syndrome Patient. Eur. J. Med.
Genet. 2019, 62 (7). https://doi.org/10.1016/j.ejmg.2019.05.004.

Hancarova, M.; Simandlova, M.; Drabova, J.; Petrak, B.; Koudova, M.; Havlovicova, M.;
Sedlacek, Z. Chromosome 12q13.13 Deletions Involving the HOXC Gene Cluster: Phenotype
and Candidate Genes. European Journal of Medical Genetics. March 2013, pp 171-173. https://
doi.org/10.1016/j.jmg.2012.12.003.

Hu, J.; Ou, Z.; Infante, E.; Kochmar, S. J.; Madan-Khetarpal, S.; Hoffner, L.; Parsazad, S.; Surti,
U. Chromosome 12q13.13q13.13 Microduplication and Microdeletion: A Case Report and
Literature Review. Molecular Cytogenetics. BioMed Central Ltd. June 19, 2017. https://doi.org/
10.1186/s13039-017-0326-4.

Jonsson, D. I.; Ludvigsson, P.; Aradhya, S.; Sigurdardottir, S.; Steinarsdottir, M.; Hauksdottir,
H.; Jonsson, J. J. A de Novo 1.13 Mb Microdeletion in 12q13.13 Associated with Congenital
Distal Arthrogryposis, Intellectual Disability and Mild Dysmorphism. Eur. J. Med. Genet. 2012,
55 (6-7), 437-440. https://doi.org/10.1016/j.ejmg.2012.03.001.

Koehler, K.; Malik, M.; Mahmood, S.; Gieelmann, S.; Beetz, C.; Hennings, J. C.; Huebner, A.
K.; Grahn, A.; Reunert, J.; Niirnberg, G.; et al. Mutations in GMPPA Cause a Glycosylation
Disorder Characterized by Intellectual Disability and Autonomic Dysfunction. Am. J. Hum.
Genet. 2013, 93 (4), 727-734. https://doi.org/10.1016/j.ajhg.2013.08.002.

Gold, W. A.; Sobreira, N.; Wiame, E.; Marbaix, A.; Van Schaftingen, E.; Franzka, P.; Riley, L.
G.; Worgan, L.; Hiibner, C. A.; Christodoulou, J.; et al. A Novel Mutation in GMPPA in Siblings
with Apparent Intellectual Disability, Epilepsy, Dysmorphism, and Autonomic Dysfunction. 4m.
J. Med. Genet. Part A 2017, 173 (8), 2246-2250. https://doi.org/10.1002/ajmg.a.38292.

Koehler, K.; Milev, M. P.; Prematilake, K.; Reschke, F.; Kutzner, S.; Jithlen, R.; Landgraf, D.;



(134)

(135)

Pogliaghi et al, 2019

Utine, E.; Hazan, F.; Diniz, G.; et al. A Novel TRAPPC11 Mutation in Two Turkish Families
Associated with Cerebral Atrophy, Global Retardation, Scoliosis, Achalasia and Alacrima. J.
Med. Genet. 2017, 54 (3), 176—185. https://doi.org/10.1136/jmedgenet-2016-104108.

Huebner, A.; Mann, P.; Rohde, E.; Kaindl, A. M.; Witt, M.; Verkade, P.; Jakubiczka, S.;
Menschikowski, M.; Stoltenburg-Didinger, G.; Koehler, K. Mice Lacking the Nuclear Pore
Complex Protein ALADIN Show Female Infertility but Fail to Develop a Phenotype Resembling
Human Triple A Syndrome. Mol. Cell. Biol. 2006, 26 (5), 1879—-1887. https://doi.org/10.1128/
MCB.26.5.1879-1887.2006.

Jihlen, R.; Peitzsch, M.; Girtner, S.; Landgraf, D.; Eisenhofer, G.; Huebner, A.; Koehler, K.
Compensation for Chronic Oxidative Stress in ALADIN Null Mice. Biol. Open 2018, 7 (1).

https://doi.org/10.1242/b10.030742.



