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Tubulinopathy commonly refers to complex congenital and non-progressive brain malforma- YuHyunLee

. . . . . . https://
tions caused by mutations in the tubulin genes. Among tubulin-encoding genes, TUBB3 has orcid.org/0000-0002-7635-6762
rarely been reported as a cause of complex cortical malformations. Herein, we report a case of Noh Hyuck Park
tubulinopathy in a 21-month-old boy who presented with delayed development. He could not https://

. ) . - orcid.org/0000-0003-4716-3491
walk on his own and was not able to speak more than five words. Physical examination revealed g/

right esotropia and hypotonia of the lower extremities. MRl showed dysmorphic brainstem and
dysmorphic and hypertrophic basal ganglia. The right thalamus was relatively smaller than the
left one. The cerebellum showed disorganization of the cerebellar folia. DNA sequencing re-
vealed a missense mutation of the TUBB3 gene.
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INTRODUCTION

Microtubules, composed of tubulin are essential for neuronal migration and axon guid-
ance in developing brain. Tubulinopathy is mutations in tubulin genes commonly cause
complex congenital and non-progressive brain malformations. Among tubulin-encod-
ing genes, TUBB3 gene has rarely been reported as cause of complex cortical malforma-
tion. Here, we report a case of 21-month-old boy with TUBB3 gene mutation presented
with delayed development.
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CASE REPORT

A 21-month-old boy was admitted to our rehabilitation medicine department with complaints
of delayed development. He could stand with holding by himself but not walk by himself and
he wasn't able to speak more than five words. On physical exam, he had right esotropia, poor
dynamic stability of proximal muscles during gait and muscle power weakness of lower ex-
tremities. He was the second child of healthy parents, and his older sister was healthy. He was
born at 37 gestational weeks with a birth weight of 2670 g (5th percentile) and his perinatal his-
tory was uneventful. Bayley scales of infant development reveled 11 months old in cognitive

Fig. 1. Brain imaging of a 21-month-old boy with delayed development reveals complex cortical malformations.

A. The hypertrophic left basal ganglia shows fusion between the putamen and the caudate nucleus with an indiscernible anterior limb of both
the internal capsules (arrows). The left thalamus is relatively larger than the right thalamus (dashed arrow). The lateral ventricles are asym-
metric (arrowheads).

B. The hypertrophic right basal ganglia shows fusion between the putamen and the caudate nucleus with an indiscernible anterior limb of
both the internal capsules (arrows). An iso- to slightly high signal intensity lesion at the right peritrigonal white matter indicates a thickened
external sagittal striatum or heterotopia (dashed arrows).

C. Dysmorphic brainstem with atrophy of the right midbrain (arrow) and disorganization of the cerebellar folia (dashed arrows) are seen.

D. The right pons shows atrophic changes (arrow).

E. The right middle cerebellar peduncle shows atrophic changes (arrow).
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Table 1. Results of Targeted Gene Sequencing for Malformations of Cortical Development

ACMG Classification ~ Gene Accession Nucleotide AminoAcid Zygosity Inheritance
Likely pathogenic TUBB3 NM_001197181.1 c.646G>A  p.Glu21l6Lys Hetero AD
ACMG = American College of Medical Genetics and Genomics, AD = autosomal dominant

scale and 9 months old in motor scale.

MRI showed dysmorphic and hypertrophic basal ganglia with fusion between the putamen
and caudate nucleus with indiscernible anterior limb of both internal capsules (Fig. 1A, B).
Asymmetry of both lateral ventricles (Fig. 1A) and both thalamus were seen (Fig. 1A). An iso to
slightly high signal intensity lesion at the right peritrigonal white matter indicated thickened
external sagittal striatum or heterotopia (Fig. 1B). A disorganization of cerebellar folia was seen
(Fig. 1C). The brain stem was dysmorphic with atrophy of right sided brainstem (Fig. 1C, D)
and right middle cerebellar peduncle (Fig. 1E). These findings suggested complex cortical mal-
formation caused by tubulinopathy.

The malformation of cortical development targeted sequencing revealed a missense muta-
tion of TUBB3 gene, ¢.646G>A (p.Glu216Lys) (Table 1).

DISCUSSION

Tubulins compose microtubule, a filamentous structure, which is critical to the processes of
mitosis, axon navigation, and neuron migration, all key factors in brain development (1). Thus
mutations in tubulin genes can alter the normal function and structure of microtubules, lead-
ing to complex congenital and non-progressive disorders of brain development characterized
by severe brain malformations (2). Disorders caused by mutations in the tubulin gene family
were recognized as tubulinopathy.

Among tubulin encoding genes, diseases caused by mutations in TUBB3 are rare, and only
15 TUBB3 mutations have been identified (3). TUBB3 encodes beta tubulin isotype 3, a neuron-
specific component of microtubules. Heterozygous missense mutations in TUBB3 have been
reported to be associated with decreased microtubule stability (4).

Clinical symptoms result from hypoplasia of the oculomotor nerve are esotropia, nystag-
mus and paralytic eye movement disorder, such as congenital fibrosis of extraocular muscle,
CFEOMS (5). Patients show gross motor delays associated with axial hypotonia, sensorimotor
polyneuropathy and intellectual disability (4).

In radiologic finding, tubulinopathy results in multiple malformations including microceph-
aly, lissencephaly, cerebellar hypoplasia, band heterotopia and other types of cortical dysgen-
esis due to impaired neuronal migration. Impaired axonal pathfinding lead anomalies of white
matter pathways and anomalies of cranial nerves. Other findings are hypoplasia or absence of
the corpus callosum, a small asymmetric brain stem, fused striatum due to absence of vari-
ous parts of the internal capsule (most commonly the anterior limb). These are some charac-
teristic features to be recognized on routine MR imaging (1).

In our case, the patient had symptoms indicated tubulinopathy, such as right esotropia, hy-
potonia of lower extremities, intellectual disability and delayed development. MRI showed dys-
morphic basal ganglia with fusion of the caudate and putamen and hypoplastic and dysmor-
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phic brain stem. Additionally in our case, the cerebellum showed disorganization of cerebellar
folia. In our knowledge this finding was not yet reported.

Based on our review, the MRI findings play essential role in diagnosis of tubulinopathy. Thus,
in a patient with combination of delayed development, dysgyria, dysmorphic basal ganglia and
brain stem, the tubulinopathy should be considered.
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