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Tubulin plays an essential role in cortical development, and TUBAIA encodes a
major neuronal a-tubulin. Neonatal mutations in TUBAIA are associated with
severe brain malformations, and approximately 70% of patients with reported
cases of TUBAIA mutations exhibit lissencephaly. We report the case of a
1-year-old boy with the TUBAIA nascent mutation c.1204C >T, p.Arg402Cys,
resulting in lissencephaly, developmental delay, and seizures, with a brain MRI
showing normal cortical formation in the bilateral frontal lobes, smooth
temporo-parieto-occipital gyri and shallow sulcus. This case has not been
described in any previous report; thus, the present case provides new insights
into the broad disease phenotype and diagnosis associated with TUBAIA
mutations. In addition, we have summarized the gene mutation sites,
neuroradiological findings, and clinical details of cases previously described in
the literature and discussed the differences that exist between individual cases
of TUBAIA mutations through a longitudinal comparative analysis of similar
cases. The complexity of the disease is revealed, and the importance of
confirming the genetic diagnosis from the beginning of the disease is
emphasized, which can effectively shorten the diagnostic delay and help
clinicians provide genetic and therapeutic counseling.
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1 Introduction

Tubulinopathy is a general term for rare diseases caused by tubulin gene mutations,
which are usually characterized by complex brain malformations and severe neurological
manifestations (1-3). TUBAIA is the most commonly mutated gene in patients affected
by tubulinopathies (1) and is located on chromosome 12q13.12. The gene product can be
divided into three functional, structural domains: the amino-terminal domain containing
the nucleotide-binding region, the middle domain containing the paclitaxel-binding site,
and the carboxyl-terminal domain that may constitute the binding surface of the motor
protein (4, 5). The reported patient TUBAIA mutation site (p.Argd02Cys) is in the
C-terminal domain (residues 382-451), which may constitute the binding surface of
microtubule-associated proteins and molecular motors such as kinesin and dynein.
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Microtubules are cytoskeletal fibers dynamically assembled
from heterodimers of evolutionarily conserved o- and B-tubulin
subunits. Microtubules are present in all eukaryotic cells and play
important roles in brain development, including mitosis, neuronal
proliferation, migration, and differentiation, such as synapse
formation, connection, and axonal transport (2). Tubulin is a
structural subunit protein that forms microtubules, and its highly
dynamic cytoskeletal structure participates in a variety of cellular
functions (6-8) and plays a key role in cortical development and
stratification (9). Since it was first described in 2007 (1), at least
eight gene variants have been reported clinically, including
o-tubulin (TUBA1A, TUBAS), B-tubulin (TUBB2A, TUBB2B,
TUBB3, TUBB4A, TUBB), and y-tubulin (TUBGI) (10, 11),
Among them, TUBAIA encodes a major neuronal a-tubulin that
is highly expressed in the developing nervous system, and its
de novo mutation disrupts brain development processes and is
(12). These
include lissencephaly, cerebellar hypoplasia, corpus callosum

associated with severe brain malformations
hypoplasia, and brainstem abnormalities (13, 14). This gene is
often associated with dyskinesia, epilepsy, cognitive deficits, and
other abnormalities (15, 16). To date, 77 missense variants have
been reported, with most cases exhibiting de novo autosomal
dominant inheritance (17).

Neuronal migration follows a three-step process (1): cell
extension to a leading process (18); (2) nuclear migration to the
leading process (“nucleokinesis”); and (3) retraction of the
trailing process (19). Thus, nucleokinesis or nuclear migration is
a key process for cell migration. Neuronal migration disorder is
an inherited disorder of the central nervous system in which
neurons originating from the cortical ventricles and
subventricular zones move to their final location along radially
oriented glial fibers perpendicular to the brain surface (20).
Neuronal migration disorders are the result of many
chromosomal deletions and gene mutations and can clinically
manifest as severe neurodevelopmental disorders and epilepsy in
childhood. Dynein is

intracellular

factors for
autoinhibited
conformational state (called “phi” particles) that reduces its

dependent on several

transport. Dynein adopts an
microtubule on-rate and restricts its ability to interact with
dynein and adaptors (21). After adopting the “open” (no
inhibition) state, dynein easily assembles into a motility-
competent dynein-dynactin-adaptor (DDA) complex (22). The
factors that promote DDA assembly enhance dynein activity,
whereas those that prevent it have the opposite effect. Therefore,
the factors that affect microtubule function via dynein may be
the key effectors inhibiting the “open” conformation, thereby
inhibiting DDA assembly and motility. In summary, dynein is a
critical effector of nuclear migration and is closely associated
with neuronal migration. Both processes are critical during brain
development and other physiological events.

Here, we report a case of TUBAIA de novo mutation ¢.1204C
>T, p.Arg402Cys, resulting in lissencephaly, developmental delay,
and seizures, with a brain MRI showing normal cortical
formation in the bilateral frontal lobes, smooth temporo-parieto-
occipital gyri, and shallow sulci. To our knowledge, this case has
not been described in any previous report.
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2 Case presentation
2.1 Case introduction

The patient was a 1-year-old infant. At the age of 5 months, he was
admitted to a hospital because he could not raise his head and had no
obvious cause of intermittent convulsions. The convulsions
manifested as nodding (infantile) spasms, string attacks, and
frequency. Sometimes, his limbs trembled, he was easily frightened,
his upper limbs were held in a ball, and he shed tears. This symptom
occurred 15-20 times a day. At the age of 7 months, there was
initially no nodding spasm. Occasionally, there were stiff movements
of both upper limbs, 90° between the hands and the body, scissor-
like movements, which were instantly relieved, sometimes in a
cluster, 3-5 times at once, lasting for 20 s and then relieved. After
relief, his body was arched, which was obvious after waking up.
Some antiepileptic drugs (including clobazam) were contraindicated,
he was currently taking sodium valproate and vigabatrin, and had
recent dry stools, oliguria, and anorexia, accompanied by sleep cycle
disorders. The child was born by full-term cesarean section with a
birth weight of 4.1 kg. His parents were healthy, and there were no
obvious abnormalities in his family history. His mother said that she
was healthy during pregnancy and had typical prepregnancy
examination results. Perinatal asphyxia did not occur during the
perinatal period, his Apgar score was unknown, and there were no
neonatal problems. The child was exclusively breastfed, and his
sucking ability was as expected, but his growth and development
were slower than expected for his age.

2.2 Physical examination

Physical examination found a vacant expression, poor mental
response, slightly concave occiput, poor vision, no recognition, closed
anterior fontanel, equal size and roundness of the pupils bilaterally,
sensitive light reflex, and soft neck. We found unstable muscle
tension of the limbs, heavy dorsiflexion of the head, backward tilt of
the neck, instability of the head over 90° in the prone position, and
instability of the elbow support, and that the patient was negative for
Kirschner’s, Bourdon’s, and Barthelson’s signs.

2.3 Imaging

At the age of 5 months, brain MRI and diffusion-weighted
imaging (Figure 1) showed normal cortex formation in the
bilateral frontal lobes, wide temporal, parietal and occipital gyri,
and shallow sulci. The imaging was interpreted as showing
abnormal changes in the bilateral temporo-parietal occipital gyri
and sulci, and pachygyria and agyria were considered.

2.4 Video-electroencephalogram

At the age of 5 months, the results of 6-h video
electroencephalography (EEG)

revealed severe abnormalities
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FIGURE 1

T1-weighted sagittal (A-D), T2-weighted sagittal (E-H), T1-weighted axial (I, J), T2-weighted axial (K, L) magnetic resonance imaging: showing
abnormal changes bilaterally in the temporo—parietal occipital gyri and sulci, pachygyria and lissencephaly.

(Supplementary Figure S1): background activity was abnormal, and
most of the waking periods were highly arrhythmic. Against a
background of diffuse 2-7 Hz irregular slow waves, there were a
large number of multifocal sharp waves, spike waves, slow waves,
spike slow waves, sharp slow waves, multispike waves, multispike
slow waves and fast wave rhythms, and the posterior head was
obviously asymmetric and asynchronous. During the paroxysmal
periods, two clinical episodes were monitored, manifesting as
nodding spasms and holding his upper limbs in a ball in the
vertical and horizontal positions. When lying flat, his upper
limbs were abducted, and his lower limbs were lifted, in a cluster
of 15-25 times. Simultaneously, the EEG showed extensive high-
amplitude 1.5-2.5 Hz sharp slow wave bursts one or two times,
followed by 14-20 Hz low-amplitude fast wave rhythm fast wave
bursts for 2-3s and low-amplitude electromyographic bursts.
The background rhythm was then restored, supporting a
diagnosis of infantile spasms (nodding) at the age of 7 months.
The results of 6-h video EEG at the age of 11 months
(Supplementary Figure S2) showed that the background was slow
and that there were many focal discharges in each sleep stage,
which were asynchronous high-amplitude sharp waves and sharp
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slow waves in the left and right parietal areas, the left and right
central areas, and the right frontal area. During sleep, continuous
slow waves of approximately 2 Hz were observed in the right or
anterior cephalic leads, which were located in the right central
area. Blinking, opisthotonos, right-hand elevation, and elevation
of both hands were observed during the attack, which supported
a diagnosis of epileptic encephalopathy.

2.5 Laboratory examinations

No results were outside the reference ranges for routine
laboratory tests.

2.6 Genetic screening

When the patient was 5 months old, 2 ml of peripheral venous
blood was drawn from the patient and his parents, and genomic
DNA was extracted from the blood using the standard method of
whole exome sequencing. The test results (Figure 2) showed that
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FIGURE 2

A missense mutation in the TUBAIA gene was detected in the patient. C. 1204C >T (C to T at nucleotide 1,204 of the coding region) is a heterozygous
nucleotide variation resulting in p.Arg402Cys (Ary to Cys at amino acid 402). No such mutation (arrow) was found in the TUBAIA gene of his parents.

the patient had a missense mutation in TUBAIA, ¢.1204C >T
(nucleotide 1,204 in the coding region changed from C to T),
which is a heterozygous nucleotide variation. This variation
resulted in p.Arg402Cys (amino acid 402 changed from Arg to
Cys). No such mutation was found in the TUBAIA gene of his
parents. The patient was diagnosed with a de novo TUBAIA
mutation and lissencephaly.

3 Discussion

Lissencephaly is a rare inherited neurological disorder caused
by abnormal neuronal migration, resulting in the absence or loss
of sulci and gyri, accompanied by abnormal histological structure
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of the cerebral cortex (23). Affected children present with
microcephaly, global developmental delay, early onset of
epileptic infantile spasms in infancy, and intellectual disability
(24). Approximately 70% of patients with reported cases of
TUBAIA mutations exhibit lissencephaly (13); here, we report a
unique case confirming that the TUBAIA de novo mutation
causes lissencephaly.

The most striking feature of this case is the TUBAIA de novo
mutation ¢.1204C >T, p.Arg402Cys, which causes lissencephaly,
developmental delay, and seizures. Because the human cerebral
cortex accounts for approximately 82% of the total mass of the
brain (25), the refined cortical architecture is accomplished by a
complex and of neurons and

composite  organization

nonneuronal cells from different lineages. Tubulin is involved in
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FIGURE 3

(A) The normal protein tertiary structure of the TUBAIA gene. (B) The protein tertiary structure of the TUBAIA mutant gene.

all three stages of cortical development: neuronal progenitor
proliferation, neuronal migration, and neuronal differentiation.
TUBAIA is transiently expressed during neuronal development
(26) and is selectively encoded and predominantly expressed in
o-1 tubulin in postmitotic neurons, and mutations in this gene
cause changes in spatial structure, leading to alterations in
protein translation and modification, as predicted by the three-
dimensional view (Figure 3). TUBAIA missense mutations affect
TUBAIA protein homeostasis, reduce the abundance of
TUBAI1A in cells, promote tubulin aggregation, prevent TUBAIA
affect

formation, interfere with microtubule function, and lead to

from entering microtubules, tubulin  heterodimer
strong defects in neuronal migration. The function and activity
of a-tubulin are reduced, eventually leading to neuropathy (27).
Substitutions that affect the conserved R402 residue represent
30% of TUBA1A mutations identified in patients, suggesting that
this site is essential for the role of TUBAIA

development. R402 mutant tubulins assemble into microtubules

in brain

that support regular kinesin motor activity but fail to support the
activity of dynein motors. Studies have shown that the missense
mutations selectively impair dynein motor activity and severely
and strongly disrupt cortical neuronal migration. Notably, the
level of dynein impairment scales with the expression level of
the mutant, suggesting a “poisoning” mechanism (5, 28).
Cytoplasmic dynein is a motor protein whose movement on the
microtubule (MT) track is achieved by an ATP hydrolysis-
dependent or MT-binding-driving pathway mediating two-way
communication of the coiled-coil stalk between the microtubule-
binding domain and the ATPase domain. It is involved in many
cellular processes (29, 30). These findings suggest that R402
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mutants cause lissencephaly by poisoning dynein activity when
its function is crucial for neurodevelopment. This suggestion
strongly supports a causal role in the pathology of brain
malformation. However, the mechanism by which TUBAIA
causes pathological changes has not been reported clearly, and
further
neurodevelopmental phenotypes of this gene are warranted for

studies on the structure, function, and related
its clarification.

By summarizing the gene mutation sites, neuroradiological
findings, and clinical details of all cases previously described in
the literature (Supplementary Table S1), in 2007, Keays et al. first
reported the identification of TUBA3 mutations (the human
homolog of TUBAIA) in two patients who presented with type I
gyrus gyrus
malformations, and hippocampal abnormalities (1). Poirier et al.

anencephalic malformations, megalencephalic
reported a case of dysplasia of brain spectrum genes with the
same mutation site in TUBAIA, c.1204C >T, p.Arg402Cys.
Compared with the present case, their patient only showed
normal cortex formation in bilateral frontal lobes, wide temporal,
parietal and occipital gyri; and shallow sulci. The patient not
only had cortical dysplasia, the mutation was also associated with
an abnormal corpus callosum, hypoplasia of the inferior vermis
of the cerebellum, and hypoplasia of the brainstem, characterized
by severe classical lissencephaly and dilated ventricles (31). These
extend the MRI findings of the

complement the clinical manifestations, and provide clues for

features reported case,
further comparative study of the mutation site. These phenotypic
differences emphasize that the best approach to determine the
disease is to verify it through further genetic testing, and genetic
methods are the key to making the final diagnosis.
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Indeed, previous reports have shown that the TUBA1A mutant
phenotype is associated with a broad spectrum of cortical and
subcortical brain malformations. Major cortical abnormalities
include “classical” lissencephaly, lissencephaly with agenesis or
dysgenesis of the corpus callosum, lissencephaly with cerebellar
hypoplasia, polymicrogyria, and mild-to-moderate dysgyria (32).
The basal ganglia, thalamus, corpus callosum, and dysplasia of
the cerebellar vermis and cerebellar cortex may also be involved.
Brainstem malformations often present as asymmetric
hypoplasia, and these findings can be clues for the diagnosis of
TUBAIA mutations. The brain MRI findings in the case
presented in this report revealed abnormal changes in the
bilateral temporo-parieto—occipital gyri, sulci, and lissencephaly,
with  the TUBAIA mutation-associated

phenotype. Oegema et al. used targeted sequencing to identify

consistent major
two cases of TUBAIA mutations that were de novo or inherited
Affected patients
developmental delays and seizures, which are highly consistent

from chimeric parents. showed severe
with the clinical manifestations of the reported case, except for
the MRI findings of diffuse irregular convolution and fissure of
the cortex, dysplasia of the cerebellar vermis, asymmetry of the
pons, dysplasia of the medulla oblongata (1 case), partial
hypoplasia of the corpus callosum, enlargement of the ventricles,
and cranial nerve dysplasia (33). These differences emphasize the
importance of neuropathological examination in patients with
lissencephaly, which can provide clues for understanding the
underlying TUBAIA mutation lesions to elucidate various
pathogenesis and pathophysiological mechanisms.

Widely reported clinical manifestations of lissencephaly caused
by TUBAIA mutations

developmental delay, and seizures, which were also present in the

include  cognitive impairment,
present case. Similarly, Sohal et al. reported the case of a 14-
month-old girl with TUBAIA mutant lissencephaly whose brain
MIR at the age of 4 months showed incomplete lissencephaly
mainly affecting the parieto—occipital cortex and had cerebellar
and brainstem hypoplasia, except for epileptic infantile spasms,
lack of oropharyngeal coordination, and wheezing (24). Hikita
et al. reported that an 8-year-old girl with a de novo mutation in
TUBAIA presented with lissencephaly, microcephaly, and early-
onset seizures. Hirschsprung disease and the syndrome associated
with
identified (34). These conditions have not been previously

inappropriate antidiuretic hormone have also been
described in TUBAIA mutation-associated diseases, providing
new insights into the phenotype of these widespread diseases. In
addition, microcephaly, intellectual disability, varying degrees of
facial deformities, quadriplegia, and other related lesions, which
were not present in the reported cases, may also support the
diagnosis of lissencephaly due to suspected TUBAIA mutations.
It is important to note that in the present case, there were
pronounced seizures in early childhood, manifested as infantile
spasms and spastic encephalopathy. According to the literature,
TUBAIA tubulinopathy is a relevant cause of congenital brain
malformations as well as early-onset and intractable epilepsy
with semiologic diversity (15). Epilepsy is common in patients
with TUBAIA lissencephaly who develop complex epilepsy in
late childhood, including atypical absence seizures, myoclonic
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and atonic seizures, partial complex seizures, and tonic-clonic
(35), although this further
verification. Epilepsy was reported in 28% (44/155) of patients

seizures requires follow-up
with TUBA1A mutations described in the literature, with seizures
ranging from birth to 3 years old. The most common seizure
types were focal (39% TUBAIA) and spastic (26% TUBAIA)
(36). Severe symptomatic epilepsy syndrome is observed in
70%-80% of patients with brain malformations (37), and seizures
are controlled in 33% of patients carrying TUBAIA gene mutations.
The most frequently used drugs were sodium valproate and
phenobarbital. However, in the most severe cases, the prognosis is
still poor, and further studies are still needed to elucidate the
mechanism of disease development caused by gene mutations, find
effective therapeutic targets, effectively shorten the delay in
diagnosis and treatment, and improve the prognosis of the disease.

4 Conclusion

The brain MRI findings and clinical phenotype in the present
TUBAIA mutation-
associated phenotype, and based on previous findings that the

patient are consistent with the major

mutation in TUBAIA determines the brain disease phenotype, the
patient was diagnosed with lissencephaly caused by a mutation in
TUBAIA. Here, we describe a new case with a striking feature of
TUBAIA de novo mutation ¢.1204C >T, p.Arg402Cys, resulting in
lissencephaly, developmental delay, and seizures, and a brain MRI
showing normal cortical formation in the bilateral frontal lobes,
smooth temporo-parieto-occipital gyri, and shallow sulci. The
summary and description of similar cases emphasize the
importance of confirming a genetic diagnosis from the beginning
of the disease. Accumulating cases of TUBAIA mutation related to
the disease and clarifying the mutation-specific spectrum of its
neurodevelopmental and clinical phenotypes are warranted.
Information on disease-associated TUBAIA mutations should be
evaluated through detailed case studies to establish appropriate
genetic counseling. To our knowledge, there are no reports on the
pathogenesis and effective treatment of lissencephaly caused by
TUBAIA mutation, so future research is warranted to determine

the pathogenesis and effective treatment of TUBAIA mutation.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by Affiliated
Hospital of Jining Medical University. The studies were conducted
local
requirements. Written informed consent for participation in this

in accordance with the legislation and institutional

study was provided by the participants’ legal guardians/next of

frontiersin.org


https://doi.org/10.3389/fped.2024.1367305
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Ren et al.

kin. Written informed consent was obtained from the minor(s)’ legal
guardian/next of kin for the publication of any potentially
identifiable images or data included in this article.

Author contributions

SR: Writing - original draft. YK: Writing - review & editing.
RL: Writing — review & editing. QL: Writing — review & editing.
XS: Writing - review & editing. QX-K: Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

This study was supported by the Key Research and Development
Plan of Jining City (grant Nos. 2023YXNS061, 2023YXNS028, and
2023YXNSI11), the Shandong Provincial Natural Science
(ZR2023QH076) and Lin He’s
Workstation of New Medicine and Clinical Translation at Jining
Medical University (grant No. JYHL2021FMS18).

Foundation Academician

Acknowledgments

We would like to thank children’s parents for their consent to
the publication. We thank Robin James Storer, PhD, from Liwen

References

1. Keays DA, Tian G, Poirier K, Huang GJ, Siebold C, Cleak J, et al. Mutations in
alpha-tubulin cause abnormal neuronal migration in mice and lissencephaly in
humans. Cell. (2007) 128(1):45-57. doi: 10.1016/j.cell.2006.12.017

2. Jaglin XH, Chelly J. Tubulin-related cortical dysgeneses: microtubule dysfunction
underlying neuronal migration defects. Trends Genet. (2009) 25(12):555-66. doi: 10.
1016/j.tig.2009.10.003

3. Tischfield MA, Cederquist GY, Gupta ML Jr., Engle EC. Phenotypic spectrum of
the tubulin-related disorders and functional implications of disease-causing
mutations. Curr Opin Genet Dev. (2011) 21(3):286-94. doi: 10.1016/j.gde.2011.01.003

4. Nogales E, Wolf SG, Downing KH. Structure of the alpha beta tubulin dimer by
electron crystallography. Nature. (1998) 391(6663):199-203. doi: 10.1038/34465

5. Aiken J, Moore JK, Bates EA. TUBAIA Mutations identified in lissencephaly
patients dominantly disrupt neuronal migration and impair dynein activity. Hum
Mol Genet. (2019) 28(8):1227-43. doi: 10.1093/hmg/ddy416

6. Ayala R, Shu T, Tsai LH. Trekking across the brain: the journey of neuronal
migration. Cell. (2007) 128(1):29-43. doi: 10.1016/j.cell.2006.12.021

7. Bouchet BP, Akhmanova A. Microtubules in 3D cell motility. J Cell Sci. (2017)
130(1):39-50. doi: 10.1242/jcs.189431

8. Garcin C, Straube A. Microtubules in cell migration. Essays Biochem. (2019) 63
(5):509-20. doi: 10.1042/EBC20190016

9. Romaniello R, Arrigoni F, Fry AE, Bassi MT, Rees MI, Borgatti R, et al. Tubulin
genes and malformations of cortical development. Eur J Med Genet. (2018) 61
(12):744-54. doi: 10.1016/j.ejmg.2018.07.012

10. Schréter J, Déring JH, Garbade SF, Hoffmann GF, Kélker S, Ries M, et al. Cross-
sectional quantitative analysis of the natural history of TUBAIA and TUBB2B
tubulinopathies. Genet Med. (2021) 23(3):516-23. doi: 10.1038/s41436-020-01001-z

11. Hung KL, Lu JF, Su DJ, Hsu SJ, Wang LC. Tubulinopathy presenting as
developmental and epileptic encephalopathy. Children (Basel). (2022) 9(8):1105.
doi: 10.3390/children9081105

12. Aiken J, Buscaglia G, Aiken AS, Moore JK, Bates EA. Tubulin mutations in brain
development disorders: why haploinsufficiency does not explain TUBAIA

Frontiers in Pediatrics

10.3389/fped.2024.1367305

Bianji (Edanz) (www.iwenbianji.cn) for editing the English text
of a draft of this manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.2024.
1367305/full#supplementary-material

tubulinopathies. Cytoskeleton (Hoboken). (2020) 77(3-4):40-54. doi: 10.1002/cm.
21567

13. Hebebrand M, Hiiffmeier U, Trollmann R, Hehr U, Uebe S, Ekici AB, et al. The
mutational and phenotypic spectrum of TUBA1A-associated tubulinopathy. Orphanet
J Rare Dis. (2019) 14(1):38. doi: 10.1186/s13023-019-1020-x

14. Yokoi S, Ishihara N, Miya F, Tsutsumi M, Yanagihara I, Fujita N, et al. TUBAIA
Mutation can cause a hydranencephaly-like severe form of cortical dysgenesis. Sci Rep.
(2015) 5:15165. doi: 10.1038/srep15165

15. Schroter J, Popp B, Brennenstuhl H, Déring JH, Donze SH, Bijlsma EK, et al.
Complementing the phenotypical spectrum of TUBAIA tubulinopathy and its role
in early-onset epilepsies. Eur ] Hum Genet. (2022) 30(3):298-306. doi: 10.1038/
541431-021-01027-0

16. Xie L, Huang J, Dai L, Luo ], Zhang J, Peng Q, et al. Loss-of-function plays a
major role in early neurogenesis of tubulin o-1 A (TUBAIA) mutation-related brain
malformations. Mol Neurobiol. (2021) 58(4):1291-302. doi: 10.1007/s12035-020-
02193-w

17. Tantry MSA, Santhakumar K. Insights on the role of o- and B-tubulin isotypes
in early brain development. Mol Neurobiol. (2023) 60(7):3803-23. doi: 10.1007/
512035-023-03302-1

18. Tsai JW, Bremner KH, Vallee RB. Dual subcellular roles for LISI and dynein in
radial neuronal migration in live brain tissue. Nat Neurosci. (2007) 10(8):970-9.
doi: 10.1038/nn1934

19. Lambert de Rouvroit C, Goffinet AM. Neuronal migration. Mech Dev. (2001)
105(1-2):47-56. doi: 10.1016/50925-4773(01)00396-3

20. Nadarajah B, Parnavelas JG. Modes of neuronal migration in the developing
cerebral cortex. Nat Rev Neurosci. (2002) 3(6):423-32. doi: 10.1038/nrn845

21. Zhang K, Foster HE, Rondelet A, Lacey SE, Bahi-Buisson N, Bird AW, et al.
Cryo-EM reveals how human cytoplasmic dynein is auto-inhibited and activated.
Cell. (2017) 169(7):1303-14.e18. doi: 10.1016/j.cell.2017.05.025

22. Markus SM, Marzo MG, McKenney R]. New insights into the mechanism of
dynein motor regulation by lissencephaly-1. Elife. (2020) 9:¢59737. doi: 10.7554/
eLife.59737

frontiersin.org


http://www.liwenbianji.cn
https://www.frontiersin.org/articles/10.3389/fped.2024.1367305/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2024.1367305/full#supplementary-material
https://doi.org/10.1016/j.cell.2006.12.017
https://doi.org/10.1016/j.tig.2009.10.003
https://doi.org/10.1016/j.tig.2009.10.003
https://doi.org/10.1016/j.gde.2011.01.003
https://doi.org/10.1038/34465
https://doi.org/10.1093/hmg/ddy416
https://doi.org/10.1016/j.cell.2006.12.021
https://doi.org/10.1242/jcs.189431
https://doi.org/10.1042/EBC20190016
https://doi.org/10.1016/j.ejmg.2018.07.012
https://doi.org/10.1038/s41436-020-01001-z
https://doi.org/10.3390/children9081105
https://doi.org/10.1002/cm.21567
https://doi.org/10.1002/cm.21567
https://doi.org/10.1186/s13023-019-1020-x
https://doi.org/10.1038/srep15165
https://doi.org/10.1038/s41431-021-01027-0
https://doi.org/10.1038/s41431-021-01027-0
https://doi.org/10.1007/s12035-020-02193-w
https://doi.org/10.1007/s12035-020-02193-w
https://doi.org/10.1007/s12035-023-03302-1
https://doi.org/10.1007/s12035-023-03302-1
https://doi.org/10.1038/nn1934
https://doi.org/10.1016/S0925-4773(01)00396-3
https://doi.org/10.1038/nrn845
https://doi.org/10.1016/j.cell.2017.05.025
https://doi.org/10.7554/eLife.59737
https://doi.org/10.7554/eLife.59737
https://doi.org/10.3389/fped.2024.1367305
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Ren et al.

23. Uctepe E, Vona B, Esen FN, Sonmez FM, Smol T, Tiumer S, et al. Bi-allelic
truncating variants in CASP2 underlie a neurodevelopmental disorder with
lissencephaly. Eur ] Hum Genet. (2024) 32(1):52-60. doi: 10.1038/s41431-023-
01461-2

24. Sohal AP, Montgomery T, Mitra D, Ramesh V. TUBAIA mutation-associated
lissencephaly: case report and review of the literature. Pediatr Neurol. (2012) 46
(2):127-31. doi: 10.1016/j.pediatrneurol.2011.11.017

25. Azevedo FA, Carvalho LR, Grinberg LT, Farfel JM, Ferretti RE, Leite RE, et al.
Equal numbers of neuronal and nonneuronal cells make the human brain an
isometrically scaled-up primate brain. J Comp Neurol. (2009) 513(5):532-41.
doi: 10.1002/cne.21974

26. Coksaygan T, Magnus T, Cai J, Mughal M, Lepore A, Xue H, et al. Neurogenesis
in talpha-1 tubulin transgenic mice during development and after injury. Exp Neurol.
(2006) 197(2):475-85. doi: 10.1016/j.expneurol.2005.10.030

27. Zocchi R, Bellacchio E, Piccione M, Scardigli R, D’Oria V, Petrini S, et al. Novel
loss of function mutation in TUBAIA gene compromises tubulin stability and
proteostasis causing spastic paraplegia and ataxia. Front Cell Neurosci. (2023)
17:1162363. doi: 10.3389/fncel.2023.1162363

28. McKenney RJ, Huynh W, Vale RD, Sirajuddin M. Tyrosination of o-tubulin
controls the initiation of processive dynein-dynactin motility. Embo J. (2016) 35
(11):1175-85. doi: 10.15252/embj.201593071

29. Nishida N, Komori Y, Takarada O, Watanabe A, Tamura S, Kubo S, et al.
Structural basis for two-way communication between dynein and microtubules. Nat
Commun. (2020) 11(1):1038. doi: 10.1038/541467-020-14842-8

30. Cianfrocco MA, DeSantis ME, Leschziner AE, Reck-Peterson SL. Mechanism
and regulation of cytoplasmic dynein. Annu Rev Cell Dev Biol. (2015) 31:83-108.
doi: 10.1146/annurev-cellbio-100814-125438

31. Poirier K, Keays DA, Francis F, Saillour Y, Bahi N, Manouvrier S, et al. Large
spectrum of lissencephaly and pachygyria phenotypes resulting from de novo
missense mutations in tubulin alpha 1A (TUBAIA). Hum Mutat. (2007) 28
(11):1055-64. doi: 10.1002/humu.20572

32. Pavone P, Striano P, Cacciaguerra G, Marino SD, Parano E, Pappalardo XG,
et al. Case report: structural brain abnormalities in TUBAIA-tubulinopathies: a
narrative review. Front Pediatr. (2023) 11:1210272. doi: 10.3389/fped.2023.1210272

33. Oegema R, Cushion TD, Phelps IG, Chung SK, Dempsey JC, Collins S, et al.
Recognizable cerebellar dysplasia associated with mutations in multiple tubulin
genes. Hum Mol Genet. (2015) 24(18):5313-25. doi: 10.1093/hmg/ddv250

34. Hikita N, Hattori H, Kato M, Sakuma S, Morotomi Y, Ishida H, et al. A case of
TUBAIA mutation presenting with lissencephaly and Hirschsprung disease. Brain
Dev. (2014) 36(2):159-62. doi: 10.1016/j.braindev.2013.02.006

Frontiers in Pediatrics

08

10.3389/fped.2024.1367305

35. Dobyns WB, Truwit CL. Lissencephaly and other malformations of cortical
development: 1995 update. Neuropediatrics. (1995) 26(3):132-47. doi: 10.1055/s-
2007-979744

36. Romaniello R, Zucca C, Arrigoni F, Bonanni P, Panzeri E, Bassi MT, et al.
Epilepsy in tubulinopathy: personal series and literature review. Cells. (2019) 8
(7):669. doi: 10.3390/cells8070669

37. Xu X, Shangguan Y, Lu S, Wang W, Du C, Xiao F, et al. Tubulin B-III modulates
seizure activity in epilepsy. J Pathol. (2017) 242(3):297-308. doi: 10.1002/path.4903

38. Fallet-Bianco C, Loeuillet L, Poirier K, Loget P, Chapon F, Pasquier L, et al.
Neuropathological phenotype of a distinct form of lissencephaly associated with
mutations in TUBAIA. Brain. (2008) 131(Pt 9):2304-20. doi: 10.1093/brain/awn155

39. Bahi-Buisson N, Poirier K, Boddaert N, Saillour Y, Castelnau L, Philip N, et al.
Refinement of cortical dysgeneses spectrum associated with TUBA1A mutations.
] Med Genet. (2008) 45(10):647-53. doi: 10.1136/jmg.2008.058073

40. Morris-Rosendahl DJ, Najm J, Lachmeijer AM, Sztriha L, Martins M, Kuechler
A, et al. Refining the phenotype of alpha-1la tubulin (TUBAIA) mutation in patients
with classical lissencephaly. Clin Genet. (2008) 74(5):425-33. doi: 10.1111/j.1399-0004.
2008.01093.x

41. Jansen AC, Oostra A, Desprechins B, De Vlaeminck Y, Verhelst H, Régal L, et al.
TUBAIA mutations: from isolated lissencephaly to familial polymicrogyria. Neurology.
(2011) 76(11):988-92. doi: 10.1212/WNL.0b013e31821043f5

42. Okumura A, Hayashi M, Tsurui H, Yamakawa Y, Abe S, Kudo T, et al.
Lissencephaly with marked ventricular dilation, agenesis of corpus callosum, and
cerebellar hypoplasia caused by TUBAIA mutation. Brain Dev. (2013) 35(3):274-9.
doi: 10.1016/j.braindev.2012.05.006

43. Shimojima K, Narita A, Maegaki Y, Saito A, Furukawa T, Yamamoto T. Whole-
exome sequencing identifies a de novo TUBAIA mutation in a patient with sporadic
malformations of cortical development: a case report. BMC Res Notes. (2014) 7:465.
doi: 10.1186/1756-0500-7-465

44. Bosemani T, Orman G, Boltshauser E, Tekes A, Huisman TA, Poretti A.
Congenital abnormalities of the posterior fossa. Radiographics. (2015) 35(1):200-20.
doi: 10.1148/rg.351140038

45. Mencarelli A, Prontera P, Stangoni G, Mencaroni E, Principi N, Esposito S.
Epileptogenic brain malformations and mutations in tubulin genes: a case report
and review of the literature. Int ] Mol Sci. (2017) 18(11):2273. doi: 10.3390/
ijms18112273

46. Romaniello R, Arrigoni F, Panzeri E, Poretti A, Micalizzi A, Citterio A,
et al. Tubulin-related cerebellar dysplasia: definition of a distinct pattern of
cerebellar malformation. Eur Radiol. (2017) 27(12):5080-92. doi: 10.1007/
s00330-017-4945-2

frontiersin.org


https://doi.org/10.1038/s41431-023-01461-2
https://doi.org/10.1038/s41431-023-01461-2
https://doi.org/10.1016/j.pediatrneurol.2011.11.017
https://doi.org/10.1002/cne.21974
https://doi.org/10.1016/j.expneurol.2005.10.030
https://doi.org/10.3389/fncel.2023.1162363
https://doi.org/10.15252/embj.201593071
https://doi.org/10.1038/s41467-020-14842-8
https://doi.org/10.1146/annurev-cellbio-100814-125438
https://doi.org/10.1002/humu.20572
https://doi.org/10.3389/fped.2023.1210272
https://doi.org/10.1093/hmg/ddv250
https://doi.org/10.1016/j.braindev.2013.02.006
https://doi.org/10.1055/s-2007-979744
https://doi.org/10.1055/s-2007-979744
https://doi.org/10.3390/cells8070669
https://doi.org/10.1002/path.4903
https://doi.org/10.1093/brain/awn155
https://doi.org/10.1136/jmg.2008.058073
https://doi.org/10.1111/j.1399-0004.2008.01093.x
https://doi.org/10.1111/j.1399-0004.2008.01093.x
https://doi.org/10.1212/WNL.0b013e31821043f5
https://doi.org/10.1016/j.braindev.2012.05.006
https://doi.org/10.1186/1756-0500-7-465
https://doi.org/10.1148/rg.351140038
https://doi.org/10.3390/ijms18112273
https://doi.org/10.3390/ijms18112273
https://doi.org/10.1007/s00330-017-4945-2
https://doi.org/10.1007/s00330-017-4945-2
https://doi.org/10.3389/fped.2024.1367305
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Lissencephaly caused by a de novo mutation in tubulin TUBA1A: a case report and literature review
	Introduction
	Case presentation
	Case introduction
	Physical examination
	Imaging
	Video-electroencephalogram
	Laboratory examinations
	Genetic screening

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


