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Background

Cellular homeostasis not only requires orchestrated 
physiological and molecular activities but also a 
flawless structural framework in order to enable 
myriad of cellular processes. Spectrin is one such 
structural protein that reinforces the cytoskeleton and 
clusters Na+/K+ channels at the axon initial segment 
(AIS) and at the nodes of Ranvier via interaction with 
ankyrin-G, in the neurons (1,2). The spectrin proteins 
in vertebrates are heterotetramers with two α- and 
two β-subunits. There are two members (I and II) in 
α-spectrin subgroup and five members (I–V) in the 
β-spectrin subgroup (3,4).

SPTBN4 (spectrin beta chain, nonerythrocytic 4) is 
one of the βIV-spectrin that is enriched in myelinated 
neurons of the central nervous system (5). Pathogenic 
mutations in SPTBN4 result in autosomal recessive 
neurodevelopmental disorder with hypotonia, neuropathy, 
and deafness (NEDHND, OMIM #617519) (6–8), which 

is a rare neurodevelopmental disorder with syndromic 
presentation. Here, we report the clinical and genetic 
characterization of a consanguineous kindred showing 
classical neurological features and associated muscular 
and hearing impairment consistent with NEDHND. The 
exome analysis revealed a novel missense mutation 
(c.5501G>A; p.Arg1834Gln), the gene SPTBN4. The 
Sanger sequencing showed perfect segregation of 
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identified variant among the family members that was in 
accordance with autosomal recessive transmission. 

Our report further strengthens the findings that the 
NEDHND is genetically heterogeneous disorder with 
some degree of variation in the clinical presentation. 
Moreover, this identification of novel mutation in 
SPTBN4 also suggest yet to be explored role played by 
variants of unknown significance in mediating a disease 
phenotype. 

Materials and Methods

Ethical approval

For the current study, a consanguineous family was 
enrolled for identifying the genetic changes responsible 
for syndromic neurological finding in a single patient. In 
accordance with the Helsinki Declaration guidelines, a 
written informed consent in native language (Arabic) of 
the family was obtained from the parents for collecting 
blood samples, radiography, and other necessary lab 
tests along with the dissemination of the results obtained 
in a research journal. The research was started upon 
approval of institutional review board (IRB) from the 
King Abdullah International Medical Research Center 
(KAIMRC).

Genomic DNA extraction and quantification

The pedigree was drawn by taking thorough family 
history from the parents. The affected boy was born 
to a consanguineous marriage, and pedigree shows 
classical autosomal recessive inheritance pattern. The 
DNA was extracted and quantified from the peripheral 
blood samples from the available family members using 
standard protocols as reported in earlier studies (9). 

Whole Exome sequencing

In order to identify the underlying genetic cause of 
NEDHND in the enrolled family, an unbiased genetic 
approach called whole exome sequencing (WES) was 
performed in both parents and the proband as described 
earlier (10). Briefly, for WES, the extracted genomic 
DNA was enzymatically digested followed by library 
preparation by adding Illumina-compatible adapters and 
libraries through PCR. The prepared libraries were paired 
and then sequenced on an Illumina platform, producing 
30× coverage depth on an average. The aligned reads 
mapped to GRCh37/hg19 genome assembly, followed by 
variant calling and annotations by standard methods using 
an in-house bioinformatics pipeline. In order to identify 
the causal mutation in the proband, the threshold criteria 
were set where the variants with minor allele frequency 
(MAF) of less than 1 % in the gnomAD database, as well 
as disease-causing variants reported in HGMD®, ClinVar, 
or CentoMD®, were considered significant. While 
coding exons and flanking ± 30 intronic bases were 
the primary focus, the entire gene region was searched 
for candidate variants with a plausible association with 

the phenotype. The DRAGEN pipeline from Illumina 
was used to call the structural variants (SVs). Based on 
the inheritance mode in the pedigree, the homozygous 
and compound heterozygous variants were filtered. 
Furthermore, the clinical information were used to assess 
the pathogenicity and causality of the identified variants. 
They were classified into five groups: pathogenic, likely 
pathogenic, variant of uncertain significance (VUS), 
likely benign, and benign. All the variants related to 
the patient’s phenotype were investigated. Orthogonal 
methods confirmed the variants of low-quality and/or 
unclear zygosity. The identified variant was screened 
in gnomAD, 1,000 genomes, and in-house (2,000) 
genomes/exomes from the Saudi population.

Sanger sequencing

After WGS filtration, the shortlisted variants were 
verified for segregation using Sanger sequenced in all the 
available family members using primers designed from 
the exon flanking the mutation. 

Results

Clinical findings

The proband in the consanguineous family (Figure 1) 
enrolled for this study was a 9-year-old boy, who was 
born to a full-term pregnancy. The boy presented with 
muscular hypotonia during first 3 months and delayed 
neurodevelopmental milestones, including inability to 
crawl, delayed speech, and motor responses. The loss 
of hearing was also observed by the mother of proband 
based on his inability to respond to his name and to any 
loud sound, which would otherwise trigger an immediate 
response in kids with normal hearing. However, the 
audiometric test to assess the extent of deafness and CT 
scan of brain was not performed due to patient’s inability 
to comply for these diagnostic tests. The imaging 

Figure 1. Pedigree of the family with NEDHND (OMIM: 
617519). The proband in fourth generation is shown in dark.
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studies using ultrasound and CT-scan suggested bilateral 
peribranchial wall thickening, consistent with small 
airway disease. Another finding in the thoracic region 
was the presence of left retrocardiac air space opacity 
silhouetting left hemidiaphragm, which possibly suggest 
early pneumonic infiltration/atelectatic changes. There 
were no signs of pleural effusion in lungs. The imaging 
in thoracic region also suggested a generalized reduction 
in bone density that fits in with generalized osteoporosis 
(Figure 2). The imaging for abdominal region was 
unremarkable except the finding of grade 1 and grade 2 
hydronephrosis in right and left kidneys, respectively. 

WES and Sanger sequencing

To establish the genetic characterization of the affected 
individuals, WES sequencing was performed. The 
analysis of sequencing data was performed primarily 
based on the autosomal recessive inheritance shown in 
pedigree, and the homozygous variants were filtered 
through different criteria, including MAF using gnomAD, 
splice site (±30 bp), and the variants that correlate with 
the syndromic neurodevelopmental phenotype reported 
here. Filtering of variants based on the above criteria 
revealed few mutations in the homozygous state; among 
them, only one variant perfectly lines up with the three 
prong inclusion criteria (homozygous, MAF < 0.01, and 

the gene with the mutation show similar/overlapping 
phenotypes in previous reports).

This three prong filtering revealed a homozygous 
missense variant [c.5501G>A; p. (Arg1834Gln)] 
(rs766117476) in exon 26 of SPTBN4 (NM_020971.3; 
OMIM 617519). This minor allele frequency of this 
missense variant is 0.00002055 in the gnomAD/Exomes; 
however, the variant was not reported in a homozygous 
state in in-house (2,000) genomes/exomes from the 
Saudi population or in gnomAD. The variant is classified 
as a variant of unknown significance (UVS) by CLinVar, 
Franklin, and ACMG. 

The mutation segregation was confirmed through 
Sanger sequencing. The father and mother were 
carrying one mutant allele and one wild-type allele 
(show heterozygosity for this mutation), and the control 
sibling has two normal alleles (homozygous for the 
wild-type allele), while the proband has two mutant 
allele (homozygous for the mutation). Thus, the Sanger 
sequencing showed that the mutation segregation 
perfectly followed the autosomal recessive mode of 
inheritance. No copy number variations that correlated to 
the observed phenotype were found during the analysis.

Figure 2. X-rays showing pulmonary and skeletal findings.
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Discussion

The spectrins are ubiquitously expressed in the nervous 
system of humans and establish neuronal homeostasis by 
various means, including positioning and stabilization of 
the domains of ion channels, coordinating cellular signaling 
and furnishing mechanical strength, and facilitating 
organelle and vesicle transport (11). The spectrins are 
heterotetrameric in their organization, constituted by two 
α- and two β-subunits. They are further classified into 
α-spectrins (two members, I and II) and β-spectrins (five 
members, I-V). Disruption in the normal functioning 
of these multifaceted proteins manifests as a range of 
neurodevelopmental phenotypes, which are collectively 
termed as spectrinopathies (8). SPTBN4 (spectrin beta 
chain, nonerythrocytic 4) is the fourth member of β-spectrin 
subgroup. This nonerythrocytic member of the β-spectrin 
family of proteins scaffolds the cytoskeleton framework 
of the neurons (12). Pathogenic mutations in SPTBN4 
manifest as a rare genetic condition with syndromic 
features, including neurodevelopmental disorder with 
hypotonia, neuropathy, and deafness (NEDHND, OMIM 
#617519). This syndrome is transmitted in autosomal 
recessive fashion. 

Here, we report a novel missense mutation (c.5501G>A; 
p.Arg1834Gln) in the gene SPTBN4, in a consanguineous 
kindred with classical neurological features and 
associated muscular and hearing impairment. The 
architectural changes in the brain of proband were not 
available due to difficulties in performing brain MRI; 
however, the lack of neurodevelopmental milestones 
(inability to speak and motor delays) strongly suggests 
abnormal brain functioning. Likewise, the precise 
degree of hearing loss was not established, but the 
lack of reflex of proband to loud voices reflects severe 
defects in hearing. The radiography identified bilateral 
peribronchial wall thickening, which is consistent 
with small airway disease, while the presence of left 
retrocardiac air space opacity suggests early pneumonic 
infiltration/atelectatic changes. In addition to the above 
findings, osteoporosis was also documented, which is a 
rare phenotype in NEDHND. 

To date, 30 mutations are identified in SPTBN4 for 
single gene disorders causing neurodevelopmental 
phenotypes, including 13 missense, 5 nonsense, 3 splice 
site, 7 deletions, 1 duplication, and 1 regulatory mutations 
(Table 1). However, recent studies have showed that de 
novo mutations identified in SPTBN4 through integrated 
genome analysis are associated with autism, which is a 
common neurological condition (13,14). Interestingly, 
all of the missense variations identified in these two 
association studies are predicted as UVS by various 
online tools that predict pathology based on nucleotide 
change. This plausibly suggests that SPTBN4 plays a 
much broader role in neuronal homeostasis compared 
to original significance in neurodevelopment uncovered 
through NEDHND as a single gene disorder. 

Wang et al. (8) reported five families with unique 
mutations in SPTBN4, surprisingly the proband 

with UVS in showed strikingly similar phenotypes 
compared to patients with a missense or a frameshift 
mutations that resulted in protein truncation. Through 
the functional studies, the authors showed that in 
the localization experiment of human SPTBN4 in 
cultured rat hippocampal neurons, the truncated 
STPBN4 was absent at AISs, which is co-localized 
with ankyrinG (AnkG) in the case of full length wild-
type protein, surprisingly both UVSs (p.Arg504Gln 
and p.Arg2435Cys) were targeted to AIS, despite 
producing classical phenotype of NEDHND. Further 
investigation of this interesting observation through 
pull down assay revealed that AnKG interaction with 
full length SPTBN4 is necessary for localization to 
AIS. Moreover, the UVS p.Arg504Gln despite being 
able to bind AnKG and localized to AIS shows the 
phenotypes of NEDHND because the UVS is present 
in the spectrin repeat 2 domain, which underlie α and 
β subunit heterodimer interactions in mature SPTBN4 
protein. 

Interestingly, the UVS (c.5501G>A; p.Arg1834Gln) 
identified is located in the exon 26 of SPTNB4 gene, 
which contributes to part of the 15th SR domain (Figure 
3A) that is known to interact with AnKG. Thus, the 
UVS here is most plausibly translating into disease 
phenotype through disruption of AnkG interaction 
resulting in mislocalization of SPTBN4 with AIS. The 
mutated amino acid arginine shows perfect conservation 
across multiple species (Figure 3B). This is expected to 
primarily disrupt neuronal development and scaffolding 
that manifest as neuronal abnormalities in hearing, 
vision, and motor delays, while based on one of the 
previous reports (6) the disrupted organization of Na+/
K+ channels in myelinated neurons deregulate the 
initiation or propagation of the depolarization waves 
along the myofiber and its T-tubular system, which 
results in hypotonia phenotype. 

Among the various types of genetic mutations, the 
VUSs are proving much more difficult to predict 
their functional effect in generating a phenotype. 
One explanation to that is the very nature of the 
VUS, which substitute one amino acid with other, 
compared to other mutation classes (nonsense, splice 
site, structural variant, insertion, and deletion) that 
mostly produce a quantifiable change in protein 
expression and downstream targets. With the help of 
advances in sequencing platforms and technologies, 
an unprecedented amount of large-scale genomic data 
across different populations is available. It is the need of 
time to develop effective tools/assay to robustly access 
the role of UVS in disease biology not only for research 
purposes but also for diagnostic, genetic counseling, 
and noninvasive prenatal genetic testing avenues (15).
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List of Abbreviations
NEDHND   Neurodevelopmental disorder with 

hypotonia, neuropathy, and deafness
SPTBN4  Spectrin beta chain, nonerythrocytic 4
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