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a pathogenic mutation of WFST gene
in a Moroccan family with Wolfram syndrome:
a case report
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Abstract

Background Wolfram syndrome is a rare autosomal recessive neurodegenerative disorder that affects 1/200,000

to 1/1,000,000 children. It is characterized by juvenile onset diabetes, optic nerve atrophy and other systemic manifes-
tations. Symptoms of the disease arise mostly in early childhood with a high mortality rate due to severe neurological
complications. Two causative genes have been identifed in this syndrome; the classical form is caused by autosomal
recessive mutations of the WFST gene, and a smaller portion of patients has mutations in the CIDS2 gene, which are
responsible for autosomal recessive Wolfram syndrome 2.

Case presentation We report the case of a 28-year-old Moroccan boy born from consanguineous parents referred
to the department of medical genetics at the National Institute of Health in Rabat. The diagnosis of Wolfram syn-
drome was made based on insulin-dependent diabetes, optic nerve atrophy, sensorineural deafness, urological
abnormalities and psychiatric illness. To establish the diagnosis at a molecular level, we performed next-generation
sequencing in the index patient, which revealed compound heterozygous WFST mutations: c.1113G>A (p.Trp371Ter)
and ¢.1223_1224insGGAACCACCTGGAGCCCTATGCCCATTT (p.Phe408fs). This second variant has never been
described in patients with Wolfram syndrome.

Conclusion The identification of the genetic substrate in our patient confirmed the clinical diagnosis of Wolfram
syndrome and allowed us to provide him an appropriate management and genetic counseling to his family.
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Background
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compound heterozygous loss-of function mutations in
WFS1 gene on 4pl6 are responsible for the majority of
cases of WS [5]. Mutations in CIDS2 gene on 4q24 have
been described as an additional cause of WS in a few
cases of Jordanian families [2, 6].

The prognosis of the WS is not favorable. Several
patients have died in the third decade due to neurological
complications or urinary dysfunctions, others because of
the severe episodes of major depression that are accom-
panied by suicidal behaviors [4, 5, 7, 8]. A prompt diag-
nosis is important to provide proper early managements,
to prevent or delay complications by routine ophthalmo-
logic and urological screening tests [7].

Here we report the clinical and molecular analysis
of a consanguineous Moroccan family with three WS
affected children. Upon NGS, two non-sens variants
were detected as compound heterozygous state in the
WES1 gene. One of the two mutations we found is novel.
Our results confirm the clinical diagnosis of WS in this
reported family and contribute to expand the mutational
spectrum of this rare disease. Our study shows also, that
next-generation sequencing (NGS) is a powerful and a
cost-effective tool for the diagnosis of genetic disorder.

Case presentation

Patient

A 28-year-old Moroccan boy was referred by his urolo-
gist to our department of medical genetics at the National
Institute of Health in Rabat for genetic diagnosis of Wolf-
ram syndrome (Individual IIL5; Fig. 1a). He was the last
child of five siblings. The parents were first cousins and
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both are healthy. The patient was diagnosed at 7 years
of life as having insulin-dependent diabetes mellitus and
bilateral sensorineural deafness. Systematic eye examina-
tion showed optic atrophy.

During follow-up, growth hormone deficiency and
recurrent urinary infections developed when he was 13
years old, a careful assessment for urinary tract showed
bilateral hydronephrosis.

At the age of the genetic consultation, the patient pre-
sented neurological alterations with ataxia and cogni-
tive impairment. The patient has also been diagnosed
with severe anxiety and depression. His twin brother
had a similar picture and died by suicide at the age of sev-
enteen years (Individual II1.4; Fig. 1a).

The patient’s 21-year-old sister; diagnosed type 1 diabe-
tes mellitus and optic atrophy at the age of 10 years, died
at the age of 21 years by a severe episode of hypoglycemia
(Individual IIL.2; Fig. 1a).

NGS and data analysis

The informed consent of patient was obtained prior to
undergoing blood sample and carrying out molecular
analysis. Genomic DNA was extracted from periph-
eral blood using commercial Invitrogen Thermo
Fisher Scientific Kit (Pure LinkTM Genomic DNA
Mini Kit-USA). DNA concentration and quality
were determined. A customized panel was designed
online using On Demand in Ion AmpliSeq Designer
6.1.3 (https://www.ampliseq.com/browse.action). We
included in this panel 18 genes involved in differ-
ent diseases from our consultation, among them the
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Fig. 1 Pedigree of the Moroccan family with analysis of WFST mutation. a Pedigree of the studied family. The filled symbol represents the affected
patient and open symbols represent unaffected individuals. b Electropherogram showing the heterozygous mutation ¢.1113G>A (p.Trp371Ter)
in the proband. ¢ Electropherogram showing the heterozygous mutation ¢.1223_1224insGGAACCACCTGGAGCCCTATGCCCATTT (p.Phe408fs)

in the proband. Black arrows indicate heterozygous mutation position detected in the proband
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WFS1 (NM_006005.3) gene responsible of Wolfram
syndrome. The final customized panel was composed
of average 532 amplicons divided into two primer
pools and in silico covered 100% of regions of interest
(ROI). This strategy is better adapted to our diversified
requests of molecular tests, it remains a good strat-
egy in public health system that facilitate the recruit-
ment of candidates for the NGS by panel with a good
cost-to-benefit ratio and reduced turnaround time and
cost for multiple diagnostic tests. Libraries were pre-
pared using Ion AmpliSeq Library Kit v2.0 (Thermo
Fisher Scientific), according to the manufacturer’s
instructions. One of 16 barcodes of the Ion Xpress
Barcode Adaptersl-16 Kit (Thermo Fisher Scientific)
was added to each sample. Libraries were quantified
with Qubit dsDNA HS Assay Kit on Qubit 2.0 Fluo-
rometer (Molecular Probes). Equimolar amounts of
each library were used to prepare template for clonal
amplification and emulsion PCR was carried out on
OneTouch2 Systems (Thermo Fisher Scientific) with
Ion PGM HI-Q" view OT2 Kit (Thermo Fisher Scien-
tific). Templates were enriched using Ion OneTouch ES
(Thermo Fisher Scientific) and prepared for 316v2 chip
loading (Thermo Fisher Scientific). Finally, sequencing
runs were performed on Ion Torrent Personal Genome
Machine (PGM, Life Technologies) using Ion PGM
HI-Q Sequencing, according to the manufacturer’s
instructions.

Generated raw sequence data in FASTQ format were
aligned to the hgl9 human reference genome using
the Torrent Mapping Alignment Program aligner
implemented in v5.10.0 of the Torrent Suite software
(Thermo Fisher Scientific). For SNV calling, we used
plug-in Torrent Variant Caller v5.2.0.34 (Thermo Fisher
Scientific) to generate a variant call format file. For Tor-
rent Variant Caller analysis, default setting of germline
low-stringency parameters (minimal variant frequency
of 0.1, minimum variant quality of 10, minimum cover-
age of 5X, maximum strand bias of 0.98, and minimum
variant score of 10) was used and candidate variants
were obtained only when variant frequency at a given
position of > 20% and variant coverage of > 20X.

Reported variants were confirmed in the Human
Gene Mutation Database (HGMD, http://www.hgmd.
cf.ac.uk/ac/index.php), Clinvar and previous publica-
tions. Amino acid predictions were performed using
the SIFT algorithm, mutation Taster and PolyPhen2
software tools.

Upon NGS, we detected a compound heterozy-
gous mutation «¢.1113G>A (p.Trp371Ter) and
€.1223_1224insGGAACCACCTGGAGCCCTATGCCC
ATTT (p.Phe408fs) in exon 8 of the WFSI gene. Find-
ings from NGS were confirmed by Sanger sequencing.
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Sanger sequencing

To confirm the mutation detected by NGS and to perform
segregation analysis, Sanger sequencing was performed.
Standard polymerase chain reaction (PCR) was carried
on index case’s and parents’ DNA by using the forward
5'- AGG GTG GTC AGA GGG AGG -3 and reverse
5- GTA GGG CTC TGC ATG GGT G -3’ primer pair
in the exon 8 of WFS1 gene. PCR products were purified
using ExoSAP and analyzed by standard Sanger dide-
oxy nucleotide sequencing using 3130 Genetic Analyzer
(Thermo Fisher Scientific). Sanger sequencing confirmed
the heterozygous mutation ¢.1113G > A (Fig. 1b) and the
heterozygous mutation ¢.1223_1224insGGAACCACC
TGGAGCCCTATGCCCATTT in the affected children
(Fig. 1c).

Discussion

Wolfram Syndrome (WS) is a rare genetic disorder ini-
tially described by Wolfram and Wagener in 1938 [9]. The
exact prevalence of WS is not known, the birth incidence
ranges from 1/68,000 and 1/770,000, depending on the
population type and consanguineous populations [2, 10].

The current clinical manifestations of WS are men-
tioned in the acronym DIDMOAD which summarize
the initials of the main clinical findings as follows: dia-
betes insipidus (DI), diabetes mellitus (DM), optic atro-
phy (OA) and deafness [2, 3]. In addition, there are other
several systemic manifestations such as urinary abnor-
malities (hydroureter and hydronephrosis among oth-
ers), neurological signs (ataxia, cognitive impairment),
endocrine disorders (deficient growth hormone and cor-
ticotropin secretion, hypogonadism in man and delayed
menarche in female), and psychiatric symptoms (ranging
from mood swings, panic attacks and sleep abnormalities
to severe depression) [7]. In fact, the association between
DM and OA is the most common clinical finding of WS
and the diagnosis should be suspected in the absence of
either complete clinical findings [11].

WS is mainly caused by mutations in WFSI gene that
are responsible for the classical form of Wolfram syn-
drome 1 (WS1) [5]. Mutations in CIDS2 gene, which are
responsible for Wolfram syndrome 2 (WS2) have been
described as an additional cause in a few numbers of Jor-
danian families [2, 6]. WS1 and WS2 tend to have some
different signs, diabetes insipidus and psychiatric disor-
ders are absents in WS2, and gastrointestinal disorders
(severe gastrointestinal ulcers) and hematological distur-
bances (bleeding and defective platelet aggregation) are
only presents in WS2 [2, 6].

WFS1 gene responsible for the most cases of Wolf-
ram syndrome, was identified in 1998, maps to chromo-
some 4pl6 and contains 8 exons (33.4 kb of genomic
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DNA) [12]. It encodes wolframin, a protein expressed
in the endoplasmic reticulum and it has a role in regula-
tion of intracellular calcium levels [3]. To date, approxi-
mately 427 distinct mutations have been characterized
in patients with WS1 according to The Human Gene
Mutation Database (HGMD) at the Institute of Medi-
cal Genetics in Cardiff (HGMD, http://www.hgmd.cf.ac.
uk/ac/gene.php?gene=WES1). Mutations are distributed
throughout the gene with a hot spot in exon 8, by far the
largest exon of WFSI gene containing 2.6 kb of DNA
[13].

WS is inherited in an autosomal recessive fashion [1].
However, autosomal dominant mutations have been
described to cause WS-like in families with less severe
symptoms than those observed in Wolfram syndrome,
with isolated adult-onset diabetes, isolated hearing loss,
optic atrophy and hearing impairment, isolated con-
genital nuclear cataracts and no other manifestations of
Wolfram disease [1, 14].

The genotype—phenotype correlation in WS patients
has been intensively investigated; however, an univocal
and clear consensus has not been yet reached. In fact,
some researchers suggest that mutations creating a pre-
mature stop codon lead to the production of truncated
proteins and consequently no functioning wolframin
at the endoplasmic reticulum, and are correlated with
a relatively severe clinical course with an early onset of
diabete and optic atrophy. Moreover, mutations with
residual protein expression in roughly associated with
a milder disease course and consequently later onset of
signs [3].

In this paper, we identified and characterized a previ-
ously unreported Moroccan patient with the clinical
diagnosis of WS. The clinical features were consistent
with those previously reported including diabetes melli-
tus, optic nerve atrophy, sensorineural deafness, urologi-
cal abnormalities and psychiatric illness.

As a department of medical genetics providing genetic
services and testing for various diseases in a country with
lower income, molecular diagnosis of genetic diseases
represents a real challenge. The recent introduction of
NGS technology for the diagnosis in our lab bring us to
consider customized multigenes panel approach of genes
involved in the most common genetic diseases from our
consultation and has allowed us to confirm the diagnosis
of various genetic diseases. This strategy is better adapted
to our diversified requests of molecular tests, it remains
a good strategy in public health system that facilitate the
recruitment of candidates for the NGS by panel with a
good cost-to-benefit ratio and reduced the turnaround
time and cost for multiple diagnostic tests.

Upon NGS, we detected compound hete-
rozygous  mutations  ¢.1113G>A  (p.Trp371Ter)
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andc.1223_1224insGGAACCACCTGGAGCCCTATG
CCCATTT (p.Phe408fs) in exon 8 of the WFSI gene.

One of the genetic variants c.1113G>A (p.Trp371Ter)
found in our patient has been identified previously in a
homozygous state in several patients diagnosed with
WS in the literature [4, 15]. While the second vari-
ant  ¢.1223 1224insGGAACCACCTGGAGCCCTATG
CCCATTT (p.Phe408fs) in WESI gene was novel, unre-
ported in population databases (ExAC, dbSNP, and 1,000
genomes), which was also predicted to be pathogenic by
using Mutation Taster software. This second variant has
not been previously described as a causative mutation
in patients of WS to the best of our knowledge. The two
mutations identified in our patient at heterozygous state
are nonsense mutations leading to a truncated and non
functional wolframin protein. Some studies have found
that patients carrying compound mutation showed a
variable phenotype. Patients carrying two mutations
with the complete loss of function have been shown
to have young onset of DM and OA than patients carry-
ing two missense mutations with partial loss of function
mutations [12, 16]. The clinical picture presented by our
patient is broadly similar to that in other studies and
fully exhibit the specific characteristics defined for WS
patients carrying complete loss of function mutations.

Molecular diagnosis strategies by NGS have allowed
confirming the diagnosis of WS, to provide an appro-
priate course of management to the patient, to identify
and counsel heterozygous carriers predisposed to DM,
sensorineural deafness and psychiatric illness. Further-
more, genetic diagnosis has allowed to offer adequate and
timely genetic counseling, to discuss the available repro-
ductive options, including prenatal diagnosis and preim-
plantation genetic diagnosis.

Conclusion

We report here the clinical and molecular description
of a Moroccan patient with WS. Upon NGS, two non-
sens variants were detected as compound heterozygous
state in the WFSI gene. One of the two mutations we
found is novel; the results of our study will expand fur-
ther the mutation spectrum of WFSI gene associated
with WS.
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