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Abstract 

Background Tubulins are dimeric proteins expressed in all eukaryotic cells, serving as the fundamental build-
ing blocks of microtubule filaments. The TUBB4A gene encodes the protein β-tubulin. Mutations of TUBB4A have 
been associated with two neurodegenerative diseases with very different clinical characteristics: dystonia type 4 
(DYT4) and Hypomyelination with Atrophy of the Basal Ganglia and Cerebellum (H-ABC). Several cases of patients 
with H-ABC or unclassified leukoencephalopathy show spastic ataxia with or without leukodystrophy in association 
with mutations in exon 5 of TUBB4A gene.

Case presentation We report the case of a 65-year-old woman who has been complaining of progressive difficulty 
in walking since childhood. The neurological examination revealed, among all, a spastic gait, difficulties in standing 
on the toes and heels, brisk deep tendon reflexes at upper limbs, clonic patellar reflexes, brisk ankle reflexes, as well 
as bilateral Babinski and Hoffmann sign, brisk jaw jerk and severe lower limb spasticity. NGS studies for inherited 
cases of spastic paraplegia revealed a novel variant of unknown significance (VUS) (c.1249A > G, p.D417N), in TUBB4A. 
To the best of our knowledge, this variant has not been reported in the literature or any databases in association 
with these diseases.

Conclusion We report the case of a patient carrying a variant of uncertain significance (VUS) of the TUBB4A gene, 
showing a progressive, spastic paraparesis, supporting the extension of the phenotypic spectrum up to include spas-
tic paraplegia.

Introduction
Tubulins are dimeric proteins, which are expressed in 
all eukaryotic cells, serving as the fundamental building 
blocks of microtubule filaments [1]. Microtubules are 
notable components of structures like flagella, cilia, and 
the cytoskeleton, playing a crucial role in creating mitotic 
spindle fibers. In recent years, mutations in genes encod-
ing various alpha- and beta-tubulin isotypes (TUBA1A, 
TUBA4A, TUBB4A, TUBA, TUBB2B, TUBB3, TUBB5) 
have been reported in a wide range of developmental 
brain disorders, including epilepsy, intellectual disabil-
ity, and different variants of motor developmental delay, 
known as tubulinopathies [2–4].

The TUBB4A gene encodes the protein β-tubulin, 
which is predominantly found in the brain, specifically 
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in regions such as the basal ganglia, the cerebellum, 
and the white matter. It plays a crucial role in neural 
cell migration during the embryo development. Muta-
tions in TUBB4A have been so far associated with two 
neurodegenerative diseases [5]: Dystonia type 4 (DYT4, 
whispering dystonia), characterized by segmental/gener-
alized dystonic phenomena, and Hypomyelination with 
Atrophy of the Basal Ganglia and Cerebellum (H-ABC), 
an early-onset leukodystrophy manifesting with a com-
plex phenotype including progressive spastic paraparesis, 
ataxia, and extrapyramidal disorders.

In this study, we report the case of a patient carrying a 
novel variant of uncertain significance (VUS) in TUBB4A 
showing a progressive, spastic paraparesis, supporting 
the extension of the phenotypic spectrum up to include 
spastic paraplegia.

Case presentation
The patient is a 65-year-old woman who has been com-
plaining of progressive difficulty in walking since child-
hood (approximately 8–10  years). She reported leg 
stiffness leading to frequent falls. Additionally, she 
showed a head tremor, presenting as a yes-yes move-
ment (onset at 50 years), and a disabling depressive mood 
disorder for many years. The neurological examination 
revealed a spastic gait, difficulties in standing on the toes 
and heels, brisk deep tendon reflexes at upper limbs, 
clonic patellar reflexes, brisk ankle reflexes, as well as 
bilateral Babinski and Hoffmann sign and brisk jaw jerk, 
severe lower limb spasticity, normal muscle strength at 
four limbs, impaired perception of pain and vibration, 
yes-yes head tremor, upper limb postural and kinetic 
tremor. The patient refused a full neuropsychological 

assessment, but major cognitive impairment was not 
clinically evident.

Walking difficulties due to leg stiffness were reported 
in the father (deceased due to complications of Chronic 
Obstructive Pulmonary Disorder), two paternal uncles 
(deceased for unknown reasons), and the patient’s sister 
(deceased from colon cancer) who could not be exam-
ined directly. However, their clinical records were con-
sistent with spastic paraplegia. (shown in Fig. 1A).

Over time, several diagnostic assessments were per-
formed, including an MRI (Magnetic Resonance Imag-
ing) of the brain and cervical spinal cord, which showed 
mild hyperintensity of the white matter next to the ante-
rior horns of the lateral ventricles (presumably of vascu-
lopathy origin). Laboratory tests encompassing white and 
red cell counts, erythrocyte sedimentation rate, antiphos-
pholipid antibodies, serum protein electrophoresis, 
assessment of liver, renal, and thyroid function, vitamin 
B12, folic acid, glucose levels, and urine analysis resulted 
in normal. Additionally, genetic testing for mutations 
of the SPAST genes was performed, yielding negative 
results.

NGS (Next-Generation Sequencing) studies for inher-
ited cases of spastic paraplegia (see Appendix  1 for the 
gene list) revealed a novel variant of unknown sig-
nificance (VUS) (c.1249A > G, p.D417N), in TUBB4A 
(CADD score 25.80; CADD score is a tool for scoring the 
deleteriousness of single nucleotide variants). To the best 
of our knowledge, this variant has not been reported in 
the literature or any databases in association with these 
diseases, although two pathogenic variants have been 
identified in the same exon [6–8].

In silico studies suggested a 99% probability that 
p.D417N was pathogenic (with a sensitivity and 

Fig. 1 A Pedigree of the family. Squares indicate males and circles indicate females. The family tree shows the affected member (fully black 
circle), members with gait impairment who did not undergo genetic/clinical analysis (half black circles and squares), and asymptomatic members 
(blank). Circles and squares with the bar represent deceased subjects The circle with the arrow indicates the proband. Roman numerals indicate 
the different generations. B In silico evaluations of the variant identifified (on the right) compared with the normal protein (on the left). The position 
of the substitution D417N is indicated with an arrow
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specificity of 14% and 99%, respectively) based on Poly-
Phen-2, Provean, Mutation Taster, and UMD-Predictor 
Pro site prediction [9, 10].

Whole exome sequencing was conducted on the 
patient’s DNA using the NextSeq500 Illumina platform 
as reported elsewhere. The interpretation of variants fol-
lowed the guidelines of the American College of Medical 
Genetics (ACMG). Variants with a frequency exceed-
ing 1% in the gnomAD database, those with CADD 
scores < 20, classified as benign/probably benign accord-
ing to ACMG criteria, and those of uncertain significance 
in autosomal recessive genes are filtered out [11, 12].

Discussion
We report a patient presenting with childhood-onset 
slowly progressive spastic paraparesis associated with 
head and upper limb tremors from adulthood. Labora-
tory and neuroimaging studies did not reveal any sig-
nificant finding, whereas we identified a p.D417N in the 
C-terminal domain of the β-tubulin 4A protein (TUBB4A 
gene). Residues from 380 to 425 (exon 5) are highly con-
served both across different species (as highlighted by 
interspecies conservation analysis performed using Poly-
phen-2 software) and various tubulin proteins.

The C-terminal domain is involved in calcium bind-
ing, which is important for microtubule assembly. In our 
case, the p.D417N mutation involves the substitution of 
an acidic residue (aspartic acid) with its basic counter-
part (asparagine), suggesting that this substitution may 
contribute to the disassembly of microtubules by disrupt-
ing the cationic binding site normally present at this level 
under normal conditions (shown in Fig. 1B).

Over the years, mutations in the TUBB4A gene have 
been associated with whispering dysphonia (DYT4) and 
hypomyelination with atrophy of the basal ganglia and 
cerebellum (H-ABC) [13]. DYT4 dystonia is typically 
characterized by onset between 13 and 37  years of age, 
autosomal dominant inheritance, and dystonia mainly 
involving laryngeal (resulting in whispering dysphonia) 
and cervical muscles [14].

On the other hand, H-ABC typically shows an earlier 
age of onset (usually during puberty) is also characterized 
by autosomal dominant inheritance and includes a broad 
spectrum of symptoms, such as widespread leukodystro-
phy, hypomyelination, atrophy of the basal ganglia and 
cerebellum, spasticity, tremors, intellectual disability, and 
gait impairment and exhibits a progressive course [15].

Several cases of patients with H-ABC or unclassified 
leukoencephalopathy show spastic ataxia with or without 

Table 1 Clinical, genetic, and neuroradiological features of patients with TUBB4A gene mutations near D417N

NP not performed, NR not reported. Severity = + to +++; - absent/normal, + present

Blumkin et al.6 Sasaki et al.5 Hattori et al.4 Our patient

Number of described 
patients

1 2 1 1

Family history − − − + 

Age at onset (range) 1 year 3–10 years 3 years 8–10 years

Gait impairment + +  +  + (2/2) + +  +  + 

Spasticity − + (2/2) + +  +  + 

Nystagmus Lack of smooth pursuit − NR −

Dysarthria  + + (2/2) NR + 

Dysmetria NP NR NR + 

Ataxia − +  + (2/2) + + + 

Tendon reflexes + +  + (2/2) + +  +  + 

Extrapiramidal signs + (tremor) + (tremor, 2/2) − + (tremor)

Babinski sign NR + (2/2) NR + 

Psychiatric involvement + (Disruptive behaviour) NR NR + (Disruptive behaviour)

Cognitive abnormalities + + (2/2) +  +  + NP

Abnormal MRI findings + 
Hypomielination in parietal 
lobe and mild cerebellar 
atrophy

+ 
Hypomielination 
in supratentorial cerebral 
white matter (T2-weighted 
sequences) and mild cer-
ebellar atrophy (2/2)

+ 
Supratentorial hypomy-
elination and progressive 
atrophy of the basal ganglia 
and cerebellum

+ 
Mild pallor of the white 
matter in the anterior horns 
of the lateral ventricles

Progressive course + + (2/2) + + 

CADD score NR NR NR 25.80

Mutation E410K E410K M388N D417N
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leukodystrophy in association with mutations in exon 
5 of the TUBB4A gene (shown in Table  1). This finding 
strengthens the hypothesis that the VUS identified in 
our proband may be disease-related. MutScore analysis 
showed that variants affecting residues from 388 to 418 
have a 99% likelihood of being pathogenic [16]. As high-
lighted in Table 1, these variants share similar phenotypic 
presentations, with some minor differences. Although 
the 3D modeling showed a possible impact on protein 
function, a major limitation of our study is that segrega-
tion analysis in our kindred was not possible because the 
other potentially affected subjects had already died from 
other diseases.

Conclusion
In conclusion, we report a novel VUS of TUBB4A in 
a case of childhood-onset spastic paraparesis without 
apparent involvement of the white matter, supporting the 
expansion of the phenotypic spectrum of TUBB4A up to 
include spastic paraplegia.
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