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Monozygotic twins with infantile neuroaxonal
dystrophy: A case report and literature review
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Abstract. Infantile neuroaxonal dystrophy (INAD) is a rare
neurodegenerative disease with early onset. PLA2G6 gene
mutations have been identified in the majority individuals
with INAD. In future, molecular diagnosis of INAD will
replace the invasive biopsies used previously. In the present
report, monozygotic male twins with INAD were referred The
Children's Hospital (Zhejiang University School of Medicine,
Zhejiang, China) at fifteen months old for delayed develop-
ment. The older brother was found to have developmental
stagnation when he was 6 months old. The patient could not
stand securely without support, and had poor eye tracking and
listening ability. Magnetic resonance imaging (MRI) of the
patient's brain revealed cerebellar atrophy and electromyog-
raphy identified signs of peripheral neuropathy. The younger
brother displayed similar clinical features and findings. Two
different phospholipase A2 group VI (PLA2G6; 22q13.1) gene
mutations were detected in the twins by DNA sequencing. The
results of the present study indicate that neurogenetic disease
should be considered when child patients present with idio-
pathic developmental stagnation, particularly when similar
cases have appeared in the same family. In addition, INAD
should be considered as a possible diagnosis when the patient
has developmental delay of the central and peripheral nerves.
In the future, molecular genetic testing will be the primary
method of INAD diagnosis, enabling better prevention of this
genetic disease.
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Introduction

Infantile neuroaxonal dystrophy (INAD) is a rare autosomal
recessive neurodegenerative disorder, characterized by an
early symptomatic onset with rapid progression of psycho-
motor regression and hypotonia, evolving into spasticity. This
results in total neurological degeneration and mortality by the
age of 10. There is no effective treatment for INAD at present
and since it is a rare disorder, involving axons in the central
and peripheral nervous system, there is little literature on the
disease. Therefore, it is important to provide accurate genetic
counseling for families with INAD.

INAD sufferers exhibit spheroid bodies in the central
nervous system and pathological swelling of axons (1). In
addition, T2-weighted magnetic resonance imaging (MRI)
of patients with INAD typically reveals cerebellar atrophy,
however, MRI is not used as the primary method of INAD
diagnosis (2,3). Prior to molecular testing for phospholipase
A2 group VI (PLA2G6; 22q13.1) mutations, which have been
identified in the majority of INAD sufferers, an INAD diag-
nosis could be only be confirmed through electron microscopy
identification of axon dystrophy in a tissue biopsy of conjunc-
tiva, skin, muscle or sural nerves (4). Molecular diagnosis of
INAD eliminates the need for invasive biopsies, enables the
detection of carriers of INAD-associated mutations and allows
for prenatal diagnosis. The present study reports the case twins
with INAD caused by PLA2G6 mutations inherited from the
mother and father, which highlights the importance of genetic
testing in the diagnosis and prevention of INAD.

Case report

The current report presents monozygotic male twins with
INAD referred to The Children's Hospital (Zhejiang University
School of Medicine, Zhejiang, China) in December 2013 at
15 months old with delayed development. Written informed
consent for participation in the current study was obtained
from the guardians. The parents were a non-consanguineous
healthy Chinese couple, with no significant family history
and an older child (female, 8 years old) that was healthy. The
twins were born at term, following an uneventful pregnancy,
by cesarean section. The patients were asymptomatic at birth
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and achieved normal developmental milestones, including
looking up, standing up and sitting independently, until they
were 6 months old. Disease onset occurred when the patients
were between 7 and 15 months old, where they could not stand
securely without support, and exhibited poor eye tracking and
listening ability. Clinical examination revealed slow reactions,
a limb muscle strength of grade IV and a muscle tension level
of 1. Electromyography identified signs of peripheral neurop-
athy. Electroencephalogram showed slow background activity.
MRI imaging of the brain revealed cerebellar atrophy (Fig. 1).

Polymerase chain reaction (PCR) amplification was
performed to screen for PLA2G6 mutation. The Whole Blood
Genome DNA Isolation kit (cat. no. 2013-1400049; Beijing
ComWin Biotech Co., Ltd., Beijing, China) was used to obtain
DNA from the patients, according to the manufacturer's
instructions. PCR was performed using the PCR Amplification
Kit (cat. no. RO11) and Ex Taqg DNA polymerase (both Takara
Biotechnology Co., Ltd., Dalian, China). The PCR reaction
included 10X Ex Taq buffer (3 pl), 2.5 mM dNTPs (2.4 ul),
Primer F (10 #M; 0.6 pl), Primer R (10 uM; 0.6 ul), template
DNA (1 pl), Ex Taq (5 U/ul; 0.15 ul), and water (22.25 ul). The
thermal cycling conditions were as follows: 94°C for 3 min,
94°C for 30 sec, 55°C for 30s, 36 cycles of 55°C for 1 min,
and totally 36 cycles, and 72°C for 5 min. DNA sequencing
was performed using the ABI PRISM BigDye Terminator v3.1
Cycle Sequencing kit (cat. no. 4337455; Applied Biosystems;
Thermo Fisher Scientific, Inc., Waltham, MA, USA), according
to the manufacturer's instructions, and an Applied Biosystems
3100 Genetic Analyzer (Thermo Fisher Scientific, Inc.) to
detect the following mutations: Exon 2 Al (A/G), exon 2 G87
(G/A) and exon 13 C1771 (C/T). Interestingly, two different
PLA2G6 mutations were detected in the twins, exon 2 A1 A/G
and exon 13 C1771 C/T (Fig. 2A and B). The MetlVal of Al
A/G was from the father (Fig. 2C) and the Arg591Trp of C1771
C/T was from mother (Fig. 2D).

Discussion

INAD is a severe early onset neurodegenerative disease.
Clinical and neurophysiological findings alone may be
insufficient for early diagnosis of INAD. MRI examination
(T2-weighted) of patients with INAD typically reveals marked
cerebellar atrophy and a signal hyperintensity of the cerebellar
cortex. Nardocci et al (1) proposed clinical diagnostic criteria
for INAD. However, developments in molecular diagnosis
have showed that the majority of INAD cases are associated
with mutations in the PLA2G6 gene (4). PLA2G6, which
encodes the Ca**-independent phospholipase A2f3, iPLA2p,
has been identified as a causative gene of INAD (5). The
enzyme iPLA2f serves a key role in membrane composi-
tion, via hydrolysis of peroxidized fatty acid, and in signal
transduction. The determination that PLA2G6 mutations are
the cause of INAD has revolutionized the ability to diagnosis
this disorder (6). Khateeb et al (7) demonstrated the role of
phospholipase mutation in neurodegenerative disorders.
Malik er al (8) indicated that loss of iPLA2f function triggers
age-dependent impairment of protein degradation signaling
pathways and homeostasis of the axonal membranes, resulting
in age-related neurological impairment. Polster er al (9)
suggested that PLA2G6 serves a role in neuronal proliferation
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Figure 1. Sagittal T2-weighted MRI showed vermis and hemisphere atrophy
of the cerebellums of (A) the older twin and (B) the younger twin.
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Figure 2. DNA sequencing analysis of the PLA2G6 mutations in the (A) older
twin, (B) younger twin, (C) father of the twins and (D) mother of the twins.

in the developing brain, neurons, cortical plate and hind-
brain. PLA2G6 expression is widespread in neuronal tissues,
however, the expression pattern changes dynamically over
time, which suggests that INAD pathogenesis begins prena-
tally. Mutations in the gene encoding iPLA2f are found in
~85% of patients with INAD and Strokin et al (10) suggests
that altered Ca?* signaling is the key mechanism in the devel-
opment of INAD. In addition, Biancheri et al (11) reported that
a 2-year-old boy presenting with hypotonia and psychomotor
regression, whose MRI showed cerebellar atrophy with normal
cerebellar cortex signal intensity, had a homozygous 5' splice
site PLA2G6 mutation (12). This indicates that the absence of
cerebellar cortex signal hyperintensity does not rule out an
INAD diagnosis (13).
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Previous studies containing the phrase ‘INAD and PLA2G6’
were identified in PubMed (http://www.ncbi.nlm.nih.gov/
pubmed), resulting in 61 papers from 2006 to 2015. Since
2006, just 11 genetic studies of patients with INAD have
been published (2,6,12-17). In China, only 2 studies reported
PLA2G6-associated neurodegeneration. The first study
discussed 10 patients with INAD, who had been diagnosed
through neuropathology, that were analyzed for PLA2G6
mutations (17). The second was a follow-up study of 25
Chinese children with PLA2G6-associated neurodegeneration
that found 27 different mutations, of which 13 were novel (18).

In conclusion, the results of present study highlight that
in children who present with early, rapid cognitive and motor
regression, and axial hypotonia, INAD is an important differ-
ential diagnosis. In this regard, neurogenetic disease should
be considered in children with developmental stagnation of an
unknown cause, particularly when similar cases have appeared
within their family. Furthermore, INAD should be considered
when children have delayed central and peripheral nerve devel-
opment. In future, genetic testing will be the primary method
used for INAD diagnosis. In addition, this testing could be used
for carrier detection and prenatal diagnosis in affected families,
in order to facilitate a more precise assessment of the recurrence
risks, to guide prenatal care and to prevent genetic diseases.
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