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Abstract

Recent studies have emphasized the association between tubulin gene mutations and developmental abnormalities of the cortex.
In this study, the authors identified a mutation in the tubulin-encoding class Ill B-tubulin (TUBB3) gene in a 4-year-old boy pre-
senting with brain abnormalities and unilateral hypohidrosis. The patient showed a left internal strabismus, moderate develop-
mental delay, and congenital hypohidrosis of the right side of the body. Magnetic resonance imaging disclosed gyral disorganization
mainly in the left perisylvian region, dysmorphic and hypertrophic basal ganglia with fusion between the putamen and caudate
nucleus without affecting the anterior limb of the internal capsule, and moderate hypoplasia of the right brain stem and cere-
bellum. Diffusion tensor imaging studies revealed disorganization of the pyramidal fibers. The amplitude of the sympathetic skin
response was low in the right arm, which led to a diagnosis of focal autonomic neuropathy. Sequencing the TUBB3 gene revealed a

de novo missense mutation, c.862G>A (p.E288K).
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Microtubules are essential for neuronal migration and axon
guidance and are primarily composed of tubulin. Mutations
in tubulin genes commonly cause cortical malformations
known as tubulinopathies." The class III B-tubulin (TUBB3)
gene encodes the class III B-tubulin protein, which is specifi-
cally expressed in neural tissues. More than 20 heterozygous
missense TUBB3 mutations have been associated with 2 dis-
tinct clinical tubulinopathies in the past®®; these are congenital
fibrosis of the extraocular muscles type 3>’ and cortical dys-
plasia, complex, with other brain malformations type 1*° and
both.* In this study, the authors identified a de novo hetero-
zygous missense mutation in the TUBB3 gene, which was asso-
ciated with cortical dysplasia, complex, with other brain
malformations type 1 and probably unilateral hypohidrosis.

Case Report

The patient was a 4-year-old boy and the only child of non-
consanguineous parents, with no family history of inherited or

neurological diseases. He exhibited dilated lateral ventricles at
30 weeks of gestation. He was born spontaneously at full term.
At birth, he weighed 3085 g (50th percentile), was 48 cm long
(25th percentile), and occipitofrontal circumference was
32.5 cm (25th percentile). The perinatal history was unevent-
ful. The patient had a left esotropia and moderate develop-
mental delay and was brought into the clinic at age 4 years.
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Figure |. Brain magnetic resonance imaging (MRI) disclosed mod-
erate hypoplasia of the right brain stem, cerebellar vermian dysplasia
(A\), dysgyria, enlarged lateral ventricle, hypertrophic basal ganglia with
fusion between the putamen and caudate nucleus without affecting the
anterior limb of the internal capsule (B). Midline sagittal MRI shows
corpus callosum dysgenesis, mild dilatation of the third and fourth
ventricles, and hypoplasia of the pons (C). Frontal view of corticosp-
inal tracts in the patient shows that the right corticospinal tracts
appear to be thinner and less widely distributed in the cerebral
hemispheres (D).

His spontaneous movement, sensation, and the deep tendon
reflex of the limbs were normal and symmetric. He had no
dysmorphic facial features including ptosis and pupil abnorm-
alities. However, reduced sweating was observed on the whole
right side of his body, including the face. His parents were
aware of this symptom from infancy. This symptom had not
deteriorated and caused the patient no disability. Blood and
urine screening produced normal results.

Magnetic resonance imaging of the brain disclosed cerebel-
lar vermian dysplasia, dysmorphic and hypertrophic basal
ganglia with fusion between the putamen and caudate nucleus,
not affecting the anterior limb of the internal capsule, moderate
hypoplasia of the right brain stem, and ventriculomegaly
(Figure 1A-C). Diffusion tensor imaging revealed disorganiza-
tion of the pyramidal fibers (Figure 1D). An electroencephalo-
gram showed a few epileptic discharges in the right occipital
regions, but no clinical seizures had been reported.

These clinical features are similar to those that have commonly
been described in patients with TUBB3 mutations, particularly
patients with cortical dysplasia, complex, with other brain malfor-
mations type 1. Therefore, the authors performed a mutation
screening of TUBB3 after approval from the institutional review
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Figure 2. Thermoregulatory sweat testing was performed by applying
a starch and iodine paste to the thigh, which turns purple in the

presence of sweat. This test revealed hypohidrosis on the right thigh
(A). Sympathetic skin response test demonstrated reduced amplitude
in the right side, which demonstrated right autonomic dysfunction (B).

board of Yamagata University, Faculty of Medicine, and obtaining
written informed consent from the parents. Sequencing was done
by polymerase chain reaction—direct sequencing according to the
standard methods using originally designed primers. The results
showed a missense mutation, ¢.862G>A (p.E288K), which was
not detected in both parents, indicating a de novo mutation.
Since he showed unilateral hypohidrosis, the authors sur-
veyed his autonomic nerve function. Orthostatic hypotension
was not detected in the patient; the heart rate was normal and
increased on standing. Thermoregulatory sweat testing was per-
formed by applying a starch and iodine paste to the thigh, which
turns purple in the presence of sweat. This test revealed a
decrease in sweating on the right thigh. The amplitude of the
sympathetic skin response was low on the right thigh, which led
to a diagnosis of right autonomic dysfunction associated with
reduced sweating (Figure 2A). Tests of heart rate and blood
pressure showed normal cardiovascular autonomic functioning
(Figure 2B). For cardiac autonomic tests, myocardial metaiodo-
benzylguanidine uptake was measured and found to be normal.

Discussion

p.E288K mutation has already been described by Oegema
et al.* The patient with the mutation demonstrated the same
clinical and imaging features as this patient: strabismus, asym-
metric pons, basal ganglia dysgenesis, and dysgyria.
Interestingly, this patient presented with hypohidrosis, which
has not been reported in patient with the same mutation in TUBB3
or other cases of tubulinopathies described to date.'** TUBB3
mutations are associated with peripheral axonal neuropathies via
axonal protein trafficking defects,® but he had no obvious evi-
dence of peripheral neuropathy. This patient had a reduced sym-
pathetic skin response without other autonomic dysfunction, such
as pupil impairment and unilateral hemiparesis or sensory defi-
cits. These findings suggest dysfunction of the sympathetic sudo-
motor neurons alone. Hypohidrosis is caused by disrupted
function of the cortex, brain stem, and spine. Because the sym-
pathetic sudomotor neurons descend ipsilaterally from the
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hypothalamus via the brain stem to the intermediolateral column
of the spinal cord, unilateral brain stem dysfunction could cause
ipsilateral hypohidrosis.” Indeed, this patient presented with right
brain stem dysplasia. The authors hypothesize that the TUBB3
mutation disturbed the guidance of projection fibers, resulting
in right brain dysplasia and dysfunction of right sudomotor neu-
rons. The hypohidrosis on the right side of the body may have
been a consequence of this ipsilateral dysfunction.

TUBB3 and TUBB2B mutations are usually associated with
asymmetric clinical findings, such as right brain stem hypopla-
sia.>!" TUBA1A4 mutations have also been described in cases
with perisylvian asymmetrical polymicrogyria. Therefore, uni-
lateral dysfunction may represent a phenotypic feature of tubu-
linopathies. Concordantly, this patient also showed
asymmetrical phenotypes. The presence of these phenotypes
in tubulin-related disorders could be related to a differential
expression of tubulin genes in different sides of the brain.'”
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