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ABSTRACT

TUBB2B codes for one of the isotypes of B-tubulin and dominant negative variants in this gene result in
distinctive malformations of cortical development (MCD), including dysgyria, dysmorphic basal ganglia
and cerebellar anomalies. We present a novel family with a heterozygous missense variant in TUBB2B and
an unusually mild phenotype. First, at 21 3/7 weeks of gestation ultrasonography revealed a fetus with a
relatively small head, enlarged lateral ventricles, borderline hypoplastic cerebellum and a thin corpus
callosum. The couple opted for pregnancy termination. Exome sequencing on fetal material afterwards
identified a heterozygous maternally inherited variant in TUBB2B (NM_178012.4 (TUBB2B):c.530A > T,
p.(Asp177Val)), not present in GnomAD and predicted as damaging. The healthy mother had only a
language delay in childhood. This inherited TUBB2B variant prompted re-evaluation of the older son of
the couple, who presented with a mild delay in motor skills and speech. His MRI revealed mildly
enlarged lateral ventricles, a thin corpus callosum, mild cortical dysgyria, and dysmorphic vermis and
basal ganglia, a pattern typical of tubulinopathies. This son finally showed the same TUBB2B variant,
supporting pathogenicity of the TUBB2B variant. These observations illustrate the wide phenotypic
heterogeneity of tubulinopathies, including reduced penetrance and mild expressivity, that require
careful evaluation in pre- and postnatal counseling.
© 2021 The Authors. Published by Elsevier Ltd on behalf of European Paediatric Neurology Society. This is
an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

TUBB4A, TUBB (all f-tubulin types) and TUBG1 (y-tubulin) [2,3]. The
overlapping but broad spectrum of MCDs caused by variants in

Cortical development of the human brain is a complex process,
characterized by three main phases: neurogenesis, neuronal
migration and cortical organization. Correct functioning of micro-
tubules is indispensable for cortical development, since microtu-
bules are key players in the mitotic spindle, organelle transport and
cellular/neuron migration [1]. The cylindrical-growth of microtu-
bules is determined by polymerization of a- and B-tubulin heter-
odimers, which are encoded by several tubulin homologues. So far,
variants in seven tubulin genes have been associated with an
overlapping range of malformations of cortical development
(MCD), regarding TUBA1A (o-tubulin), TUBB2A, TUBB2B, TUBB3,
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these seven tubulin genes are referred to as “tubulinopathies”.
TUBB2B (OMIM:612850) is one of the B-tubulin isotypes, which
is highly expressed in adult human brain [4]. During cortical
development in mice Tubb2b is expressed in neural progenitors and
post-mitotic migrating neurons, while in postnatal mouse brain
Tubb2b expression is limited to macroglia [5]. To date over 40
pathogenic variants in TUBB2B have been reported, of which the
majority are heterozygous de novo missense variants (reviewed in
Suppl Table 1). Pathogenic variants in TUBB2B were first identified
to result in asymmetric predominantly anterior polymicrogyria [6].
Revision of the cortical malformation in multiple cases lead to the
reclassification of the malformation as tubulin-related dysgyria [7].
Later, extension of the spectrum reported variable pachygyria, lis-
sencephaly, dysmorphic basal ganglia, cerebellar vermis dysplasia,
dysgenesis or agenesis of corpus callosum and brainstem
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Table 1
Overview imaging and clinical phenotypes of three affected individuals in family.
Individual Mother Son Fetus
Current age 30y 5y N.A.
Sex F M M
Variant c530A>T c.530A>T c530A>T
p.(Asp177Val) p.(Asp177Val) p.(Asp177Val)
Age at time of MRI N.A. 3y 7mo 215/7 GW
Gyral pattern (location) N.A. Dysgyria (parieto-occipital) Ventral and dorsal horns borderline normal
Basal ganglia N.A. Dysgenetic anterior limbs of capsula interna N.A.
Cerebellum N.A. Vermis hypo- and dysplasia Vermis hypoplasia
Corpus callosum N.A. Hypoplastic Hypoplastic
Brain stem N.A. Normal Normal
OFC last examination —0.7 SD 0.71 SD (—1.65 SD at birth) -1.2SD
Motor development Normal Delayed N.A.
Speech development Delayed in childhood Delayed N.A.
Epilepsy No No N.A.

N.A., not available; SD, standard deviation; y, year; mo, month; GW, gestational week

hypoplasia [3,6,8—26]. Affected individuals can present with a
variable combination of epilepsy, mild to severe intellectual
disability, behavioral issues and delayed/abnormal motor skills,
including eye movements in congenital fibrosis of extraocular
muscles, myoclonus-dystonia and Uner Tan syndrome (Suppl
Table 1) [3,6,8—26]. We report three family members carrying a
novel TUBB2B variant, with a phenotype at the very mild end of the
spectrum.

2. Material and methods

Informed consent for all diagnostic tests was acquired. DNA was
extracted from amniocytes and blood. Sanger-, exome sequencing
and variant analysis was performed according to Ref. [27]. The
analysis focused on a panel of 1178 genes involved in intellectual
disability (NGS ID panel). For Sanger sequencing, first a PCR was
performed with forward primer 5'-3’: CTTTGTITGGGGCAACATCT
and reverse primer 5'-3': ACAGGCAACAGTGAAGAGCA, followed by
a nested PCR with forward primer 5-3’: ATTTTAACGTTTGGC-
CATTTTG and reverse primer 5'-3': CATGTTCACCGCCAGCTT con-
taining a M13 tail for sequencing. Pathogenicity of the variant was
evaluated using Alamut Visual software (v2.15) and included
screening for presence in a control population with the GnomAD
online tool (gnomAD; https://gnomad.broadinstitute.org) and
missense prediction tools: Align GVGD, Polyphen2, MutationTaster
and SIFT [28—32]. Reference sequence according to NM_178012.4
for TUBB2B.

3. Results

Advanced ultrasound at 21 3/7 gestational week (GW) of a 29
year old healthy pregnant woman (G2P1) revealed a fetus with a
small head circumference (head circumference = 173,6 mm; p0.7,
abdominal circumference = 163,6 mm; p38.4, femur
length = 34,1 mm; p18.8) (Fig. 1A) [33]. Additional 2D and 3D
neurosonogram revealed enlarged ventral horns of the lateral
ventricles, posterior horns of the lateral ventricles within normal
range (9,4 mm), a cavum vergae, small cerebellum (transcerebellar
diameter = 20,6 mm; p7.6), with small dimensions of the vermis
and a thin corpus callosum (height = 1,7 mm; <p5) (Fig. 1B) [34,35].
Also, gyrification pattern was suspected to be lagging. Neuro-
sonography was repeated at 22 6/7 GW and confirmed previous
findings.

A fetal MRI performed at 21 5/7 GW revealed similar abnor-
malities, however less pronounced (Fig. 1A,B,C,D). The dorsal and
ventral horns were borderline normal with a diameter of 9 and
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6 mm, respectively (Fig. 1C and Suppl. Fig. 1A and B). Furthermore,
the ventral horns had a plump morphology (Fig. 1C and
Suppl. Fig. 1A and B). The height of the cerebellar vermis was 6 mm,
which is small for the gestational age (Fig. 1D and Suppl. Fig. 1C and
D). These abnormalities with uncertainty about prognosis made the
couple decide to terminate the pregnancy.

Postmortem examination of the fetus revealed a small neuro-
cranium and brain (no percentile known), with a relatively thin
cortex resulting in ventriculomegaly, a thin corpus callosum and no
overt cerebellar anomalies. Trio whole exome sequencing identified
a novel heterozygous missense variant in exon 4 of the
NM_178012.4 (TUBB2B):c.530A > T, p.(Asp177Val) gene, inherited
from the mother. This variant was not present in the GnomAD
database, and predicted to be damaging in silico [28—32].

The mother's parents were tested and did not carry the TUBB2B
variant. The mother had a speech delay in childhood, however is
currently asymptomatic and has a head circumference within
normal range (—0.7 SD), hence no brain MRI was performed
(Table 1).

The older son of the couple had been referred to the pediatric
neurologist at the age of 2.5 years because of a global develop-
mental delay. The pediatric neurologist reported mild atrophy of
the left calf muscles and hyporeflexia of the left Achilles tendon,
resulting in disturbed gait and balance. Speech development was
delayed and head circumference was within normal range (0,71 SD)
(Table 1). The child was born by cesarean section with low Apgars
(1/2-7-8 at 1, 5 and 10 min). The abnormalities found on brain MRI
performed at 3 year and 7 months were initially interpreted as non-
specific and possibly related to perinatal asphyxia. After the second
pregnancy, DNA analysis of the boy showed the same heterozygous
variant in TUBB2B. Revision of his brain MRI at the age of 4 year and
6 months revealed enlarged lateral ventricles with loss of peri-
ventricular white matter, a thin corpus callosum, bilateral dysge-
netic anterior limbs of the capsula interna and a distortion of the
striatum (R > L) and mild dysgyria of the cerebral cortex (Fig. 1E and
F). Furthermore, hypoplasia and dysplasia of the cerebellar vermis
with asymmetric foliation was seen on the brain MRI (Fig. 1F,G,H).

In the suspicion of a mosaic variant in the mother, the raw
exome sequence data was reanalyzed and showed a mutant allele
frequency of 40%, which cannot prove the presence of mosaicism.

4. Discussion
We identified a novel probably pathogenic heterozygous

missense variant in TUBB2B (c.530A > T, p.(Asp177Val)) with a
different presentation in three individuals within one family.
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Fig. 1. Ultrasound and MRI fetus and brother. Advanced neurosonography at 21 3/
7 GW and MRI at 21 5/7 GW of second child in utero (A—D). Postnatal MRI performed at
age of 3 year and 7 months of first son (E—H). (A) Biparietal diameter (BPD) and head
circumference (HC) are small for gestational age. (B) Body of corpus callosum is thin
(1,7 mm; white arrow). (C) Axial T2-weighted image at the level of the lateral ven-
tricles, ventral horns (6 mm) and dorsal horns (9 mm) size are borderline normal with
a plump morphology. (D) Sagittal T2-weighted image in the midline, height of the
cerebellar vermis is small for the gestational age (height: 6 mm; black arrow). (E) Axial
T2-weighted image at the level of the lateral ventricles shows mild dysgyria, ex vacuo
dilatation of lateral ventricles, bilateral dysgenetic anterior limbs of the capsula interna
(white arrows) and reduced volume of the periventricular white matter. (F) Sagittal T1-
weighted image in the midline reveals hypoplasia of cerebellar vermis (white arrow)
and thin corpus callosum (black arrow). (GH) Axial T2- and coronal T1-weighted
image show dysplasia of cerebellar vermis with asymmetric foliation (white arrows).
(For interpretation of the references to color in this figure legend, the reader is referred
to the Web version of this article.)
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After incorporation of an a- and B-tubulin heterodimer into the
microtubule, hydrolysis of the GTP to GDP in the B-tubulin de-
stabilizes the microtubule lattice. Tubulin mutations affecting the
GTP binding pocket seem to be often associated with a severe
phenotype [3]. The Asp177 directly interacts by forming hydrogen
bonds with the GTP/GDP, where the Val177 is no longer able to form
these hydrogen bonds, due to its hydrophobic side chain (Fig. 2).
The pathogenicity of the p.(Asp177Val) can be explained by
decreased GTP/GDP binding and/or aberrant hydrolysis of the GTP.
Two other studies reported a mild phenotype associated with a
TUBBZ2B variant (p.Leu117Pro and p.Arg241His) not located in one of
the GTP/GDP-binding amino acid residues [9,16,36]. Variants in
TUBB2B have been identified throughout the gene, indicating that
several variants can alter different aspects of tubulin and micro-
tubule function [36]. However, the p.(Asp177Val) variant is the first
to affect one of the eight amino acid residues (Gln11, Cys12, Ser138,
Gly142, Thr143, Asp177, Asn204 and Asn226) that are known to
form hydrogen bonds with the GTP/GDP and noteworthy leads to a
milder phenotype (36; https://www.rcsb.org/, protein ID: 1]JFF).

While it is difficult to predict the disease severity of the fetus,
the clinical phenotype of the p.(Asp177Val) variant in the living
individuals is typical for the variability observed for tubulino-
pathies at the mild end of the spectrum. The mother had only a
speech delay during childhood and is currently asymptomatic. The
5 year old son has a moderate motor and language delay and the
brain MRI revealed subtle but distinctive abnormalities, typical of a
mild tubulinopathy.

Familiarity and interindividual variation of phenotypes within
one family have been reported before [8,19]. One family has been
described where the mother is more mildly affected than her
daughters [8]. This suggests the influence of modifying factors on
the phenotypic expression, although some cases are explained by
the occurrence of somatic mosaicism in an apparently unaffected
parent (Suppl Table 1) [15,19]. The MRI phenotype of the termi-
nated pregnancy is also compatible with subtle tubulinopathy
[3,14,20,25]. Literature review shows for TUBB2B, among tubuli-
nopathies, very few familial cases and fetal diagnoses
[3,8,14,15,19,23,25]. Besides cases with fetal akinesia and micro-
lissencephaly, the most common fetal abnormalities, such as
agenesis of corpus callosum and vermis hypoplasia, are rather non-
specific and do not correlate to the severity of postnatal phenotype,
making prenatal counseling difficult [3,14,25].

A possible explanation of the non-penetrant phenotype in the
mother would be that she is a somatic mosaic, but she did not
consent to further investigation. Literature review shows that in-
heritance from a asymptomatic parent occurs only in the presence
of mosaicism [15,19]. However, there is a possibility that the mother
is truly non-penetrant. For CRADD, a homozygous null variant has
been described in a healthy father with hypogyration on MR,
where prenatal ultrasound revealed brain abnormalities in two
fetuses, which led to termination of both pregnancies [37]. This
literature example and our observation elucidate the importance of
segregation analysis for a novel identified variant to predict the
severity of prenatal brain abnormalities.

In conclusion, literature review and this report indicate that
tubulinopathies caused by TUBB2B variants can present with a
broad phenotypic spectrum, including very mild phenotype, even
within one family. Such mild cases are more likely to remain un-
diagnosed and can complicate prenatal counseling of structural
brain abnormalities.
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Fig. 2. 3D-modelling TUBB2B. (A,B) Dark-green: a-tubulin, Orange: B-tubulin. (A) The acidic side chain of the Asp177 residue in B-tubulin forms hydrogen bonds with the GTP/GDP.
(B) The Val177 variant present in our family is no longer able to form hydrogen bonds with the GTP/GDP, due to its hydrophobic side chain. 3D-modelling was performed with
PyMOL V2.3.3 software using protein ID 1JFF from the RCSB protein data bank: https://www.rcsb.org/ (For interpretation of the references to color in this figure legend, the reader is

referred to the Web version of this article.)
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