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Variants in the immunoglobulin mu-binding protein 2 (/GHMBP?2) gene are
associated with two phenotypes: The first phenotype is spinal muscular atrophy
with respiratory distress type 1 (SMARDI), an alpha motor neuron disorder
characterized by diaphragmatic paralysis and early death, often within the first
year of life. The second phenotype is Charcot-Marie-Tooth disease type 2S
(CMT2S), a slowly progressive axonal neuropathy marked by sensory loss and
typically lacking respiratory involvement. This study aimed to identify the
genetic cause of CMT2S in an Iranian family and to review previously reported
variants and clinical features of CMT2S in the literature. Exome sequencing
was performed on the affected proband. The candidate variant was
subsequently validated in additional family members using Sanger sequencing.
The pathogenicity and novelty of the variant were assessed using in silico
prediction tools and available databases. We identified a novel homozygous
variant, ¢.509T>C (p. Leul 70Pro), in the IGHMBP2 gene. 60 patients (59
patients + 1 case) were analyzed with CMT2S in our literature review. The
main symptoms observed among these patients included muscle weakness and
atrophy, absent reflexes, foot deformities, and gait disturbances. Atypical
symptoms, including respiratory problems, gastrointestinal disturbances, and
bladder dysfunction, were reported in a minority of cases. Among patients with
an available age of onset, the mean age was 3.40 (SD+ 3.83 years), with an
interquartile range of 4.33 years. Across the analyzed patients, 98 total variants
were included in the final mutational spectrum. Among these variants,
c.1235+3A>G (p.Ala355Leufs*10) was the most frequently reported variant,
occurring in seven patients. We report the second known case of CMT2S in a
patient of Iranian descent, associated with a novel biallelic variant in the
IGHMBP?2 gene. Our findings, along with previous findings from the literature,
expand the mutational spectrum of /IGHMBP2 in CMT?2S, contributing to a
better understanding of its clinical and genetic heterogeneity.
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Introduction

transcription, translation, and RNA decay (De

The IGHMBP2 gene (OMIM: 600502), located
on chromosome 11q13.3, has 15 exons and
encodes a 993-amino-acid protein. The
IGHMBP2 protein-also known as SMUBP2,
cardiac transcription factor 1, and glial factor 1 -
is a member of the UPF1-like group within the
helicase superfamily 1. It functions as an ATP-
dependent helicase that unwinds DNA and RNA
duplexes and plays key roles in mRNA

Planell-Saguer et al., 2009; Kanaan et al., 2018;
Park et al., 2024).

This protein consists of three main domains: a
helicase domain, an R3H domain, and an ANI-
type zinc finger motif. The helicase domain
contains two RecA-like subdomains (1A and 2A),
and two accessory subdomains (1B and 1C)
within RecA-1A, which all contribute to the
binding of single-stranded RNA. Helicase
processivity is regulated by the subdomains 1B

O This work is licensed under the Creative Commons Attribution 4.0 International License



Karbasi and Garshasbi, J Genet Resour, 2026; 12(1): 94-106

and 1C (Kanaan et al., 2018). The C-terminal
domains, including the R3H domain and zinc
finger motif, recognize the phosphorylated 5" end
of single-stranded DNA, enhancing the ATPase
activity of the helicase core and facilitating RNA
and ribosomal binding (Lim et al., 2012; Prusty et
al., 2024).

Until now, variants in /GHMBP2 have been
linked to CMT2S and SMARDI. SMARDI,
caused by alpha motor neuron degeneration, is
characterized by respiratory distress at an early
stage, which leads to mechanical ventilation
between six weeks and six months of age and
muscular atrophy of distal limbs in the first years
of life. In contrast, CMT2S presents a milder,
chronic phenotype marked by motor and sensory
impairment in the distal limbs, often without
respiratory involvement (Cottenie et al., 2014).
About 71% of the variants were attributed to
SMARDI, and only 29% to CMT2S. The
pathomechanism of how IGHMBP2 variants
cause these disorders is not fully understood
(Rzepnikowska et al., 2024; Rzepnikowska and
Kochanski, 2021; Tian et al., 2023).

In this study, we present a novel IGHMBP2
variant identified in a patient diagnosed with
CMT?2S. This case represents the second reported
patient of Iranian descent. We performed
bioinformatics analysis, protein modeling, a co-
segregation study, and an evaluation of
evolutionary conservation to assess the potential
impact of the variant. Additionally, we provide a
comprehensive review of the existing literature on
this condition.

Materials and Methods
DNA extraction and whole-exome sequencing

The extraction of genomic DNA from patients’
blood samples was accomplished using the
salting-out method. The quality and quantity of
the extracted DNA were evaluated using a
Nanodrop spectrophotometer and gel
electrophoresis.  Exome  enrichment  was
performed using the Twist Human Core Exome
Kit, and the prepared library was sequenced on
the Illumina NovaSeq 6000 platform (Illumina,
Inc., San Diego, CA, USA).

Bioinformatic analysis

FastQC was used to assess the quality of the
FASTQ files. We also used Trimmomatic to
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eliminate low-quality reads and adapter
sequences (Bolger et al., 2014). Following quality
control, the clean reads were aligned to the
reference genome GRCh38/hg38 using the
Burrows-Wheeler Aligner. Variant calling was
conducted using the Haplotype Caller module of
the Genome Analysis Toolkit (GATK), and the
resulting variants were annotated with Annovar
(Wang et al., 2010). During variant prioritization,
disease-causing variants reported in ClinVar
(Landrum et al., 2018) were given priority.
Variants with a minor allele frequency <1% in the
gnomAD and Iranome Databases, as well as
intronic, intergenic, untranslated region, and
synonymous variants with no effects on splice
sites, were excluded. The pathogenicity of the
remaining variants was predicted using SIFT (Ng
and Henikoff, 2003), Polyphen-2 (Adzhubei et
al., 2013), CADD (Rentzsch et al., 2019), Alpha
Missense, REVEL (loannidis et al., 2016),
DANN (Quang et al., 2015), and Mutation Taster.
The candidate variant was classified according to
the American College of Medical Genetics and
Genomics (ACMG) guideline (Richards et al.,
2015).

Sanger sequencing and co-segregation study

Primer sequences were used as follows: F: 5°-
GCCTTTGATGAGTCCCACGA and R: 5’-
CCCTCCGAGACACTCCTACA (PCR product:
542 bp) for the IGHMBP2 gene. PCR was
conducted with an initial denaturation step at
95°C for 10s, followed by 40 cycles of
denaturation at 95°C for 30sec., annealing at
60°C for 1 min, and extension at 72°C for 30 sec.
To confirm the identified variant, after
amplification, we performed Sanger sequencing
on the patient and her family members using an
ABI PRISM 3100 sequencer (Applied
Biosystems, Foster City, CA, USA).
Chromatograms were assessed using the Codon
Code Aligner software.

Protein modeling and conservation analysis

To predict the effect of missense variants on the
protein stability of /GHMBP2, we employed
several prediction servers, including INPS-MD
(Fariselli et al., 2015), DDGemb (Savojardo et
al., 2024), mCSM (Pires et al., 2020), DUET
(Pires et al., 2014), DDGun (Montanucci et al.,
2022), SDM (Worth et al., 2011), DynaMut2
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(Rodrigues et al, 2021), and I-Mutant2.
Evolutionary conservation of /GHMBP2 amino
acids was assessed using the ConSurf (Ashkenazy
et al., 2016) and Clustal Omega online servers
(Sievers and Higgins, 2014). Protein sequences
from animal species-zebrafish (Danio rerio),
chicken (Gallus gallus), mouse (Mus musculus),
dog (Canis lupus familiaris), guinea pig (Cavia
porcellus), and chimpanzee (Pan troglodytes), as
well as the human species (Homo sapiens) -were
acquired from the UniProt Database and uploaded
to the Clustal Omega server (Sievers and Higgins,
2014). Protein conservation was analyzed using
the ConSurf web server (Ashkenazy et al., 2016),
which estimates conservation based on
phylogenetic relationships among homologous
sequences. A three-dimensional structural model
of the protein was generated using the AlphaFold
server  (https://alphafold.ebi.ac.uk/).  Finally,
structural effects of the wild-type and mutant
proteins were compared using the Missense3D
Database (Ittisoponpisan et al, 2019) and
visualized with ChimeraX.

Literature review and search method

Scientific databases, including PubMed and
Scopus, were searched in English until August
2025. The search terms were combined with
(CMT2S or Charcot Marie Tooth) and
(IGHMBP?2). The complete search strategy is
provided in (Supplement 4). A total of 102 studies
were screened, and 16 studies were selected. All
studies were then imported into EndNote
software. Studies were chosen for our literature
review based on the following inclusion criteria:
they contained both specified keywords:
IGHMBP?2 and CMT2S. The exclusion criteria
were (a) articles in languages other than English
and (b) the title and abstract of any non-relevant
studies. Following exclusion based on the
mentioned criteria, a full-text version of all
remaining articles was obtained and assessed.
Finally, we analyzed the mutational spectrum,
demographic data, and clinical features using
Microsoft Excel. The flow chart of literature
review screening is shown in Supplement 1.

Results
Clinical findings

In Figure 1, Patient V-1 (14 years old) was the
first child of a first-degree consanguineous
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marriage. She had delayed gross motor
development and began walking at the age of two.
She had previously undergone surgery for
suspected clubfoot. At the age of seven, weakness
of the distal hand muscles became evident, and
her fine motor skills were impaired; for example,
she had difficulty turning on a water tap. At the
age of nine, she was referred to a pediatric
neurologist because of progressive muscle
weakness and atrophy involving both the upper
and lower limbs, scoliosis, distal sensory and
motor impairment, and areflexia.
Electrophysiological testing was subsequently
performed. Nerve conduction studies showed
absent responses in motor nerves (tibial, deep
peroneal nerve, median, and ulnar) and sensory
nerves (sural, ulnar, median, and radial).
Electromyography showed neurogenic findings.
Brain and cervical spine MRI results were both
normal. At the age of fourteen, she was re-
evaluated and found to be severely impaired and
wheelchair-bound.  Spirometry  assessment
indicated normal respiratory function. Neither her
parents nor siblings exhibited any symptoms
related to the condition. Patient V-4 (Fig. 1), a
four-year-old girl, presented with neuropathy and
global developmental delay but no respiratory
problems. Her parents showed no symptoms
related to an IGHMBP2-related disorder.

Genetic testing findings

Whole-exome sequencing and bioinformatic
analysis identified a novel homozygous missense
variant, NM_002180: ¢.509T>C (p.Leul70Pro),
in the IGHMBP?2 gene. The average coverage of
exome sequencing was 107x (Supplement 3).
Specifically, for the IGHMBP?2 gene, the mean
depth of coverage was 114.71x, and the mean
mapping quality (MAPQ) was 60. Sanger
sequencing confirmed a heterozygous variant in
both parents and a homozygous variant in the
proband (Fig. 2A). This variant was also
identified and confirmed in patient V-4 in
homozygous form and in her parents, IV-19 and
IV-20, in heterozygous form (Fig. 1).

In silico analysis of a variant

The identified variant was novel and had not been
previously reported in the literature or in genetic
databases such as ClinVar. Computational tools
predicted a damaging impact on the protein. The



Karbasi and Garshasbi, J Genet Resour, 2026; 12(1): 94-106

variant was absent from population databases,
including gnomAD and Iranome. All prediction
tools indicated a deleterious effect on protein
function (Table 1). Protein stability prediction
servers suggested that the variant destabilizes the

protein structure (Table 2). Multiple sequence
alignments were performed using the Clustal
Omega server across various species, revealing
that the leucine at position 170 was conserved
(Error! Reference source not found.2B1).
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Fig. 2. Confirmation of detected variant: A) The chromatograms for the detected variant in the [IGHMBP2 gene in

the family. Patient individual (V-1) is homozygote, while
Evolutionary conservation of Leucinel70 as analyzed by

other members of the family are heterozygote; B1)
the Clustal Omega web server; B2) Evolutionary

conservation of Leucinel70 as analyzed by the Consurf web server.

The Consurf evolutionary conservation score for
leucine 170 was 7 (with a normalized score of -
0.696), indicating that this buried amino acid is
conserved and likely structurally significant
(Error! Reference source not found.2B2).
Subsequently, the IGHMBP2 protein was
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modeled using AlphaFold, with an average
pLDDT score of 77.38 (high confidence). The
pLDDT score for residue 170 was greater than 90
(very high confidence). Furthermore, the
Missense3D database predicted that the leucine-
to-proline substitution altered the secondary
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structure of the protein from an 'H' (four-turn 2017). 60 patients from 46 families were reported
helix) to a 'T' (hydrogen-bonded turn), as shown with CMT2S. Together with the present case, 61
in Fig. 3. patients and 102 variants were initially identified
After the screening review, 16 studies were (Supplement 2). However, Case 59 was excluded
included (Ahmed et al., 2024; Cassini et al., 2019; from both the clinical and the mutational
Chandrasekharan et al., 2022; Cottenie et al., spectrum analysis because only one heterozygous
2014; Ipek et al., 2025; Kulshrestha et al., 2018; variant, ¢.734A>G p. (Asn245Ser), was reported.
Lei et al, 2022; Liu et al., 2017; Liu et al., 2024, Therefore, the final analyzed cohort included 60
Pedurupillay et al., 2016; Schottmann et al., 2015; patients and 101 total variants, consisting of 59
Tkemaladze et al., 2025; Tomaselli ef al., 2018; previously reported patients and the present case
Tran et al., 2024; Yavas et al., 2025; Yuan et al., (Supplement 7).
Table 1. Pathogenicity prediction and population frequency of novel variant in /IGHMBP2 gene
Web servers SIFT Polyphen 2 CADD Alpha Mi Revel DANN
D D 25.1 likely pathogenic D D
Web servers Mutation Taster gnomAd V4.0.0 Iranome ACMG classification ACMG (evidence criteria) -
D N/A N/A likely pathogenic PM2, PP3_Moderate; -

PP1_Supporting;
PP2_Supporting

D: deleterious; N/A: not applicable

Table 2. Protein stability prediction

INPS-MD DDGemb mCSM DUET DDGun SDM DynaMut2 I-mutant2
Destabilizing Destabilizing Destabilizing Destabilizing Destabilizing Destabilizing Destabilizing Destabilizing
Demographic data clinical analysis and variant counting, these

patients (cases 6, 38, and 30) were retained in the
clinical analysis because at least one disease-
causing variant was reported for each patient. In
the original studies, the additional variants were
considered suspicious or potentially relevant at
the time of publication; however, based on current
knowledge and updated variant classification,
variants that were not considered disease-causing
were removed from the mutational spectrum
Mutational spectrum analysis analysis.

Among the 60 cases, 38 (63%) were compound
heterozygous. The remaining 22 patients (36%)
were homozygous. For variant type distribution,
each heterozygous variant in compound
heterozygous patients was counted separately,
while homozygous variants were counted once
per patient.

Among the 98 total variant occurrences, the most
common variant type was nonsynonymous
missense (49 variants, 50%), and followed by
splicing (15 variants, 15.3%), frameshift (15
variants, 15.3%), nonsense (14 variants, 14.5%),
large homozygous deletion (2 variants, 2%), start
loss (1 variant, 1%), in-frame (1 variant, 1%), and
intronic variants (1 variant, 1%) (Table 3).

Among 60 patients with CMT2S (59 previously
reported cases + 1 including case), 29 (48%) were
male, and 31 (52%) were female (Supplement 7).
The mean age of onset, available for 53 patients,
was 3.40 years (SD+ 3.83 years), with a median
onset at two years. The interquartile range was
4.33 years, and the age of onset ranged from 40
days to 20 years (Supplement 7).

Before the analysis of the mutational spectrum,
we reassessed 101 variants. In cases 6 and 38
(Supplement 7), two homozygous variants were
reported for each individual. Variants ¢.861C>G
and c.1363A>C were excluded due to their
classification as benign and variant of uncertain
significance (VUS), respectively. In case 30, three
heterozygous variants were reported; the benign
variant ¢.344C>T was excluded. As a result, only
these three variants were excluded from variant
counting, while the patients’ clinical features
remained included in the clinical analysis,
resulting in a total of 98 variants. In contrast to
case 59, which was excluded from both the

98
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Variant distribution across /IGHMBP2 exons and c.138T>A (p. Cys46*) in six patients, and both

introns is illustrated in Fig. 4, with exon 13 c.1591C>A (p. Pro531Thr) and
showing the highest frequency (17 variants). The c.2911 2912delAG (p. Arg971Glufs*4) in five
most common variant was c.1235+3A>G (p. patients.

Ala355Leufs*10) in seven patients, followed by

Table 3. Summary of clinical findings of CMT2S patients from our literature review

Gender Muscle Muscle Absent or Respiratory Gait Foot Scoliosis
wasting weakness reduced Support (n/N) disturbance deformity* (n/N)
m/N) (m/N) reflexes (n/N) (n/N) (n/N)
Male (n=29) UL: 16/22 UL: 25/28 24/25 3/29 16/25 20/26 5/26
LL:21/22 LL: 29/29
Female (n =31) UL: 22/24 UL: 30/31 30/31 1/31 19/27 19/28 7/28
LL: 24/24 LL:31/31

n=represents the number of patients exhibiting the clinical feature; N=represents the number of patients for whom information on that feature was available.
Patients with missing or unreported data were excluded from the denominator; &= foot deformities and problems, including pes cavus, pes planus, foot
valgus, club foot, pes equinus; UL= upper limb; LL= lower limb. Case 59 was excluded from the male group because only a heterozygous IGHMBP2
variant was reported.

Number of Variants in each Exons and Introns

B
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Fig. 4. Variant distribution across the exons and introns of the IGHMBP?2 gene in CMT2S cases. Large deletions are
not shown.

Clinical features 2018). Diaphragmatic weakness was documented
Clinical data from 60 patients (59 previously in three affected males (Kulshrestha et al., 2018;

reported casest 1 our case) are summarized in Pedurupillay et al., 2016; Schottmann et L,

Table 3 (Ahmed et al,, 2024; Cassini et al, 2019; ~ 2013)- Autonomic dysfunction involving the
Chandrasekharan e al, 2022; Cottenie ef al, gastromtestlnal or urinary systems was reported

2014; Ipek et al,, 2025; Kulshrestha et al,, 2018; 10 three cases, two males and one female
Lei ef al,, 2022; Liu ef al., 2017; Liu et al., 2024; ~ bedurupillay ef al, 2016; Schottmann et al,

Pedurupillay et al., 2016; Schottmann et al., 2015; 2015). Creatine kinase levels were available for

Tkemaladze et al., 2025; Tomaselli et al., 2018; five patients; two had normal levels, while three
. . demonstrated elevated levels (Ipek et al., 2025;

Tran et al., 2024; Yavas et al., 2025; Yuan et al., Tkemaladze ef al., 2025: Yavas et al,, 2025)

2017). Among these patients, four (three males ¢ zeetat, ; avaset a.., )

and one female) required ventilatory support due Discussion

to late-onset respiratory involvement .

(Kulshrestha et al, 2018; Pedurupillay ef al, In this study, we present a case of a 14-year-old

2016; Schottmann et al., 2015; Tomaselli et al., girl from an lIranian consanguineous family

100
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diagnosed with CMT2S. A novel homozygous
missense variant, ¢.509T>C p. (Leul70Pro), in
the IGHMBP?2 gene was identified as the likely
molecular cause of the disease. This variant was
also confirmed in other family members in the
heterozygous state by co-segregation analysis.
Since this variant has not been previously
reported in the literature and genetic databases, its
pathogenicity and impact on protein stability were
evaluated using bioinformatics tools and protein
stability prediction servers.

The clinical presentation of the proband was
compatible with previously reported cases of
CMT2S. Her first manifestation was delayed
gross motor development, with independent
walking achieved at two years of age. This age is
close to the median age of onset identified in our
literature review, which reported a median of 2
years and a mean age of onset of 3.4 years.
Furthermore, similar delays in motor milestones
have been reported in other studies (Cottenie et
al., 2014; Schottmann et al., 2015; Tran et al.,
2024; Yavas et al., 2025). Other clinical features
of our patient included muscle weakness and
atrophy in all limbs, scoliosis, absent reflexes,
EMG showing neurogenic changes, and absent
motor and sensory nerves, which were compatible
with CMT?2S.

A clinically important feature in our patient was
the absence of respiratory failure. Spirometry at
the age of 14 years showed normal respiratory
function, and the patient's V-4 also had no
respiratory problems. This finding supports a
diagnosis of CMT2S rather than SMARDI, in
which early respiratory distress is a key feature.
Although respiratory failure is uncommon in
individuals with CMT2S, late-onset respiratory
involvement has been reported in four cases
(Kulshrestha et al, 2018; Pedurupillay et al.,
2016; Schottmann et al., 2015; Tomaselli et al.,
2018). One female patient required ventilation at
age nine. Additionally, three male patients, aged
5,9, and 15 years, developed diaphragmatic
weakness requiring respiratory support. Other
autonomic symptoms, including gastrointestinal
and bladder dysfunction, excessive sweating,
tachycardia, and constipation, have been
documented in three cases (Schottmann et al.,
2015; Tomaselli et al., 2018). Scoliosis has also
been documented in 12 patients: 5 males (Tran et
al., 2024; Liu et al., 2024; Kulshrestha et al.,
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2018; Schottmann et al., 2015; Cottenie et al.,
2014) and 7 females (Liu et al., 2024; Lei et al.,
2022; Tomaselli et al., 2018; Schottmann et al.,
2015; Cottenie et al., 2014).

In our mutational spectrum analysis, most of the
patients had compound heterozygous variants.
Missense variants were the most frequent variant
type, accounting for 49 of 98 variants, followed
by splicing, frameshift, and nonsense variants.
Exon 13 also contained the highest number of
variants related to CMT2S, followed by exons 2
and 8. The predominance of missense variants in
CMT2S is relevant to the present case, which is
also caused by a homozygous missense change. A
clear  genotype-phenotype  correlation  for
IGHMBP? has not been established (Liu et al.,
2024). A previous systematic review suggested a
possible association between /GHMBP2 variant
type, variant location, and clinical phenotype. The
authors proposed that a combination of a
nonsense variant in the 5’ region with either a
truncating or homozygous variant in the last exon
may result in CMT2S because of residual protein
function, whereas non-truncating variants within
the two RecA-like domains were more frequently
associated with SMARDI1 (Tian et al., 2023).
However, this relationship was not presented as
an absolute genotype-phenotype rule. In the
present study, we identified a homozygous
missense variant in the ReclA subdomain
associated with CMT2S rather than SMARDI.
This finding may broaden the phenotypic
spectrum associated with variants in the RecA-
like domains and further supports the complexity
of  genotype-phenotype  correlations  in
IGHMBP2-related disorders.

The identified homozygous variant, ¢.509T>C (p.
Leul70Pro), is located in the helicase domain and
affects a conserved residue at the end of an a-
helix, introducing a buried proline. Protein
stability analyses predict that this substitution
disrupts the IGHMBP2 structure, potentially
reducing its stability and function. Specifically,
the substitution of leucine with proline is
predicted to disrupts both the hydrogen bonding
and the o-helix (Fig. 3). According to ACMG
guidelines, this variant is classified as likely
pathogenic and meets the PM2, PP3 Moderate,
PP1_supporting, and PP2 supporting criteria, a
justification for each criterion was discussed in
Supplement 5 & 6 and Fig. 3. Further functional
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studies are needed to investigate the effect of p.
Leul70Pro.

As of August 2025, 1,478 variants in the
IGHMBP?2 gene were listed in ClinVar. Among
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Fig. 5. Distribution of IGHMBP?2 variants in the ClinVar Database, classified by variant type and pathogenicity.

These findings indicate that the clinical impact of
many [GHMBP2 variants remains uncertain.
Notably, there are 479 missense variants that are
classified as VUS, and the correlations of many
missense variants to phenotype are not well
understood. As a result, missense variants with
VUS classification require further functional,
clinical, and in silico investigations. The present
case contributes clinical and segregation evidence
that may aid the interpretation of /GHMBP2
missense variants, particularly those associated
with CMT2S.

Several limitations should be acknowledged.
First, although the identified /GHMBP?2 variant is
predicted by in silico analyses to affect protein
stability and structure, the mechanism by which
this variant causes CMT2S rather than SMARD1
remains unknown. Additional functional studies
and structural analyses are required to clarify the
underlying disease mechanism. Second, our
literature review was limited because we did not
expand our search in other databases, including
Embase and ScienceDirect, which may have
introduced potential bias into our findings.
Therefore, a comprehensive systematic review in
the future could improve our current knowledge
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of  genotype-phenotype  correlations  in
IGHMBP2-related disorders.

In conclusion, we identified a novel homozygous
missense variant, ¢.509T>C (p.Leul70Pro), in a
patient diagnosed with CMT2S. The observed
clinical features, segregation pattern, absence
from population databases, and in silico findings,
including evolutionary conservation and protein
structure analysis, indicate that the identified
IGHMBP?2 variant is likely responsible for the

disease.
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