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Abstract:

In triple A (Allgrove) syndrome, motor neuron disease is a co-morbid condition. We herein report a 38-
year-old Japanese man with triple A (Allgrove) syndrome and novel tandem mutations: a novel c.881delT de-
letion mutation and ¢.835C>T localized to the AAAS gene. A nerve conduction study revealed marked ax-
onal damage in several motor nerves. Tandem mutations in the AAAS gene may be involved in co-morbid

motor neuron disease and aberrant electrophysiological findings.
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Introduction

First identified by Allgrove et al. in 1978 (1), triple A
(Allgrove) syndrome is a rare autosomal recessive disorder
characterized by the triad of achalasia, alacrimia, and adre-
nal insufficiency caused by mutations in the AAAS gene on
chromosome 12q13, which encodes the nuclear pore com-
plex protein ALADIN. Triple A syndrome may present with
variable neurological findings, such as muscle weakness, hy-
perreflexia, ataxia, dysarthria, parkinsonism, sensory impair-
ment, and mental retardation (2, 3). Several cases of comor-
bid triple A (Allgrove) syndrome and motor neuron disease
have already been reported (4-6).

We herein report a patient with triple A (Allgrove) syn-
drome and co-morbid motor neuron disease who had novel
tandem mutations of the AAAS gene.

Case Report

A 38-year-old Japanese man was referred to us due to
progressive muscle weakness of his extremities. None of his
family members presented the same symptoms. He had ad-
renal insufficiency and received glucocorticoid replacement
therapy from five years old. He noticed muscle atrophy of
his extremities and trunk at 14 years old and difficulty in

swallowing at 15 years old. The patient’s dysarthria was no-
ticed by his family when he was 28 years old. Muscle
weakness in the patient’s distal left upper limb appeared
when he was 30 years old. He had repeatedly suffered from
aspiration pneumonia at 34 years old. Muscle atrophy, mus-
cle weakness, dysarthria, and dysphagia had progressively
worsened thereafter. The patient was diagnosed with esopha-
geal achalasia at 38 years old, and surgical treatment was
recommended to the patient. He visited our department for a
preoperative neurological evaluation of his physical condi-
tion.

A neurological workup revealed dysarthria, dysphagia,
tongue atrophy and fasciculations, muscle atrophy of all
limbs and the body trunk, weakness and fasciculations in the
distal muscles of both upper limbs, hyperreflexia in the ex-
tremities, and positive Wartenberg reflexes in both hands
(Fig. 1). Blood tests showed adrenal hypofunction [plasma
level of cortisol in the early morning, 5.42 pg/dL; maximum
plasma level of cortisol in adrenocorticotropic hormone
(ACTH) stimulation test, 9.8 pg/dL; plasma level of ACTH
in the early morning, 131 pg/mL] and no other notable ab-
normalities. Computed tomography revealed systemic vol-
ume loss of skeletal muscle without fatty degeneration.
Brain and whole-spinal-cord magnetic resonance imaging
showed no abnormal signals or structural changes. Nerve
conduction study (NCS) revealed markedly decreased ampli-
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Figure 1. Physical findings. Tongue atrophy (A). Muscle atrophy in the four limbs and body trunk
(B-F).
Table. Nerve Conduction Study in the Right Limbs.
. . Latency Ampl.itude Velocity Normative F-wave
Nerve stimulated, Right (ms) (motor 1p mV, (m/s) Data Occurrence
sensory in uV) (m/s) (%)
Motor

Medinan ~ Wrist 3.03 13.06 0
Elbow 8.43 12.99 454 52.7-62.7
Axilla 13.59 11.42 46.5 57.3-69.7

Ulnar Wrist 2.80 1.88
Below elbow 8.75 1.53 37.0 53.5-63.9 0
Above elbow 11.95 1.24 37.5 55.4-66.6
Axilla 16.35 1.01 34.1 60.1-72.9

Tibial Ankle 3.80 1.06 0
Popliteal 14.35 0.64 36.5 44.9-52.1

Sensory

Medinan ~ Wrist 2.64 25.90 56.8 50.4-62.0
Elbow 6.52 8.70 63.1 57.7-66.1
Axilla 10.22 5.50 64.9

Ulnar Wrist 2.26 27.20 53.1 49.4-60.2
Below elbow 5.90 9.60 60.4 59.3-70.1
Above elbow 7.92 7.30 59.4 60.3-73.1
Axilla 10.36 5.70 61.5

Sural Foot 3.08 14.6 455 39.3-62.9

tudes of compound muscle action potentials, slightly de- Fig. 2).

creased motor conduction velocities, and polyphasic wave-
form patterns in the ulnar and tibial nerves. The distal la-
tency and motor conduction velocities were normal in any
nerves. The population of F-waves was decreased in all
nerves. The sensory conduction study revealed no abnor-
malities. These findings indicated axonal damage (Table,

Needle electromyography (nEMG) revealed motor unit
potentials with long durations, polyphasic patterns, and high
amplitudes, but no positive sharp waves, fibrillations, or fas-
ciculation potentials, in the first dorsal, bicep, or the vastus
lateralis of the quadricep muscles. These findings indicated
chronic denervation changes. An ophthalmological examina-
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Figure 2. Nerve conduction findings in the right limbs showed a slightly decreased motor nerve
conduction velocity (A-C), decreased compound muscle action potentials (B, C), and polyphasic pat-
terns (B, C). Decreased population of F-waves (D-F). Normal sensory conductions (G-I). A, D, and G
show the median nerve. B, E, and H show the ulnar nerve. C and F show the tibial nerve. I shows the

sural nerve.

tion detected alacrima. We performed a DNA sequencing
analysis that revealed novel tandem mutations (c.881delT
and ¢.835C>T) in the AAAS gene. The final diagnosis was
triple A (Allgrove) syndrome with co-morbid motor neuron
disease.

Discussion

While triple A (Allgrove) syndrome has been reported in
western and north African populations, it is extremely rare
in Japan (7). Our patient had already been diagnosed with
adrenal insufficiency and achalasia before visiting our insti-
tution, and alacrima became evident upon a systemic exami-
nation; the characteristic triad of triple A (Allgrove) syn-
drome was thus confirmed. Progressive muscle atrophy and
weakness similar to that induced by amyotrophic lateral
sclerosis (ALS) has already been recognized as a clinical
phenotype of co-morbid neurological abnormalities in triple
A (Allgrove) syndrome, also called 4A syndrome (8, 9).
NCS revealed normal sensory conduction and axonal dam-
age in motor nerves. Amplitude-dependent slowing of nerve
conduction has also been reported in patients with
ALS (10), so it is difficult to distinguish triple A (Allgrove)

syndrome from ALS using NCS alone. However, these com-
pound muscle action potentials in the median nerve were
preserved, while those in the ulnar nerve were markedly de-
creased. These electrophysiological findings were contrary to
the split hand observed in ALS patients as predominant atro-
phy of abductor pollcis brevis and first dosal interossei com-
pared with abductor digiti minimi (11). Using nEMG,
chronic denervation changes were observed in several mus-
cles of our patient. These findings, along with the clinical
and neurological findings, supported a diagnosis of co-
morbid motor neuron disease.

Patients with triple A (Allgrove) syndrome and non-
truncating mutations are reportedly more likely to show neu-
rological dysfunction and to be late onset than their counter-
parts with truncating mutations (12). Our patient had a c.881
delT deletion mutation and a c.835C>T mutation in the
AAAS gene. This report is the first to describe a c.881delT
mutation in a patient with triple A (Allgrove) syn-
drome (13-15). Located in the active locus of the AAAS
gene, the ¢.881delT mutation may influence the pathogenic-
ity of triple A (Allgrove) syndrome. However, the clinical
presentation and course of our patient-including the clinical
features and electrophysiological results indicative of a co-
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morbid motor neuron disease-were typical of triple A (All-
grove) syndrome. We therefore could not confirm whether
or not the c.881delT mutation had a definite pathogenic in-
fluence on our patient’s clinical course.

The neurobiological mechanisms underlying the patho-
genesis of triple A (Allgrove)
known (3). Mutations in ALADIN selectively impair the nu-
clear import of proteins, resulting in hypersensitivity to oxi-
dative stress (16). Nuclear transport of the DNA repair pro-
teins aprataxin and DNA ligase is selectively reduced, which
increases the vulnerability of DNA to oxidative stress dam-

syndrome remain un-

age, potentially leading to various pathological conditions.
Co-morbid motor neuron disease reportedly progresses
slowly with other complications (17). In the present case,
adrenal insufficiency had been observed when the patient
was 5 years old, and the patient became symptomatic at 15
years old, just after muscle atrophy had been noticed 9 years
following the diagnosis of adrenal insufficiency. The patient
recognized his own muscle weakness at 30 years old. The
slow progressive clinical course may be a feature of co-
morbid motor neuron disease in cases of triple A (Allgrove)
syndrome, which should be differentiated from ALS. Clari-
fying the pathogenic relationship between the AAAS muta-
tion and motor neurons may provide some beneficial evi-
dence for the treatment of ALS as well.

The present case featured several novel tandem mutations
in the AAAS gene. Some reports have documented the
¢.835C>T mutation in patients with Fabry disease or epi-
sodic ataxia type 2 (18, 19). However, the other gene muta-
tion observed in this case, c¢.881delT, has never been re-
ported in association with any disease. Either of the two
AAAS variants (c.881delT and c.835C> T) may have been
involved in our patient’s disease.

The authors state that they have no Conflict of Interest (COI).
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