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Case Report
Wolfram syndrome: case report of two siblings with genetic analysis
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Abstract

Wolfram syndrome (WS) is an autosomal recessive neurodegenerative disorder. Also known as DIDMOAD it can have
variable clinical presentation at different age. We report two siblings with WS presenting at 6 and 5 years of age respectively.
They presented with type I diabetes mellitus and optic atrophy. Both were compound heterozygotes for mutation on exon 8 of
WS gene. A high index of clinical suspicion along with genetic analysis plays a key to definite diagnosis.
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Introduction

sensorineural deafness, urinary tract problems and
neurological difficulties. Diabetes mellitus is the usually
first manifestation of the disease at the age of 6 years

Wolfram syndrome (WS), also known as DIDMOAD
(Diabetes insipidus, diabetes mellitus, optic atrophy,
deafness), is an autosomal recessive neurodegenerative

disorder. It was first described in 1938 by Wolfram and
Wagener. Although a rare disease, it is associated with
significant morbidity and mortality due to lack of effective
treatment to halt, delay or reverse the progression of
disease [1]. The major clinical presentation includes
Diabetes mellitus, optic atrophy, central diabetes insipidus,

followed by optic atrophy at around 11 years of age [2].

Additional morbidities include hypogonadism, infertility,
hypopituitarism  [3], cerebellar ataxia, peripheral
neuropathy, dementia, psychiatric illness, and urinary tract
problems [4-6].

Case Reports

We report cases of siblings with DIDMOAD syndrome with the genetic analysis of the mutations of the affected siblings and
both the parents.

Case-1: A 6-year-old male child was brought to the pediatric endocrine department as a case of type 1 diabetes mellitus
presenting as diabetic ketoacidosis. Pancreatic autoantibodies including anti-glutamic acid decarboxylase antibody, anti-insulin
antibody and anti-islet cell antibody, as well as thyroid and celiac antibodies were all negative. He had bilateral optic atrophy
with constriction and central scotoma of visual field. Bilateral distance vision was 6/18. Optical Coherence Tomography
showed significant retinal nerve fibre layer (RNFL) thinning in both eyes. He complained of bedwetting. Diabetes insipidus
was ruled out as serum osmolarity, urinary osmolarity, water deprivation test was normal. Genitourinary tract ultrasound was
done to exclude urinary tract anomalies and was found to be normal. He was a product of non-consanguineous marriage.
Genetic analysis by clinical sequencing of the WFS1 gene was performed. It showed that he was compound heterozygote for
¢.1228 1231delCTCT & ¢.2265 T>A present on exon 8. Child is currently on insulin therapy and on regular follow-up.

Case-2: The younger sibling, 5-year-old, male, was brought to the pediatric endocrine department with nonketotic
hyperglycemia. He was diagnosed with Type I Diabetes mellitus. He, too, like his elder sibling had optic atrophy but had not
developed diabetes insipidus. The investigations showed that anti glutamic acid decarboxylase antibody, anti-islet cell
antibody, antithyroid antibodies and celiac antibodies were negative. Serum osmolarity and urinary osmolarity were normal.
His genetic analysis for mutation in WFS1 gene showed him to be a compound heterozygote for ¢.1228 1231delCTCT &
¢.2265 T>A on exon 8. The child is on insulin therapy.
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Genetic analysis of parents revealed that mother was heterozygous for ¢.2265T>A while father was heterozygous for

c.1228 1231delCTCT.
Discussion

WS is a rare neurodegenerative disease. It is autosomal
recessive in inheritance. Type 1 Diabetes mellitus and
optic atrophy are the commonest and earliest presentations
of the disease in pediatric age group [7,8]. Only 14-58% of
all the patients have all the four components of
DIDMOAD. Both the cases had optic atrophy which is
present in first decade in WS. Suspicion of the diagnosis is
usually based on history and clinical manifestations. It
must be suspected on observation of optic nerve atrophy
after the diagnosis of diabetes mellitus under the age of 16.

There is enough evidence to suggest that WS is a spectrum
and the genotype phenotype correlation is very distinct as
many patients had phenotypic variability [9].

Non autoimmune type 1 diabetes mellitus is present in
98% of the cases at an average age of about 6 years
although it may not be the presenting feature in 20% [10].
One of our cases presented at 6 years and the other at 5
years with Type 1 Diabetes so the age of presentation in
our cases is consistent with the literature [2]. Diabetic
ketoacidosis is very rare in wolfram syndrome but it is the
presenting complaint in one of the case we report. One of
them (case 1) had diabetic ketoacidosis which is
uncommon in WS.

The other (case 2) presented with nonketotic
hyperglycemia. In patients of WS, daily insulin
requirement is low, glycemic control is better and chances
of developing ketoacidosis are less as compared to
autoimmune DM. This may be attributed to presence of
residual beta cell mass in pancreas [11].

Optic atrophy is present in 82% at an average age of
around 10-11 years. It is significant to screen all children
with type 1 DM for optic atrophy for early diagnosis of
Wolfram syndrome. Apart from optic atrophy other
uncommon ocular anomalies associated with WS are
cataract, glaucoma, pigmentary retinopathy, maculopathy,
nystagmus. Association of diabetes mellitus and optic
atrophy is the best criteria for diagnosis of Wolfram,
association of DM with cataract may also be seen [7].

Central Diabetes insipidus may be present in second
decade of life with average age 14 years [10]. None of our
cases had DI. Urinary tract anomalies may present at 12-
20 years of age in about 19% cases. Apart from these
gastrointestinal and psychiatric manifestations,
hypogonadism, pituitary insufficiency, cardiac anomalies,
infertility, cerebellar ataxia and peripheral neuropathy
which are uncommon in pediatric age group were not

present in our cases. Studies suggest that patients with
genotypes that are likely to lead to absent protein
production were more likely to have earlier onset diabetes,
and possibly earlier onset optic atrophy, than patients with
residual protein expression. [10] Genotype phenotype
correlations are less evident for other features.

Pathophysiology of WS: WFS1 gene maps to
chromosome 4p16.1. [12,13] The function of gene product
is to maintain homeostasis in the Endoplasmic Reticulum
(ER). Endocrine cells are very susceptible to ER stress due
to their rapid changes in secretory protein expression
levels which is found to have a role in -cell dysfunction
and apoptosis in diabetes mellitus type 1 and 2 and in
other monogenetic forms of diabetes [14,15]. In WS,
functional WFS1 protein deficiency alters IP3R-mediated
ER calcium release, leading to disruption of cytoplasmic
calcium homeostasis [16].

Also, calpain-2, a calcium-dependent proapoptotic cellular
protease, may be pivotal in ER stress-induced apoptosis
through increased cytoplasmic calcium levels. [17-19]
Overactivation of latter is also thought to contribute to
pancreatic B-cell dysfunction and apoptosis in Type 2
diabetes mellitus and WS [18,20].

Conclusion

To conclude, the above two cases emphasize the
phenotypic variability of wolfram syndrome. It can present
at any age and with many features. Both of the above
cases presented with only two features, DM and optic
atrophy. It is recommended to screen for diabetes insipidus
and do ophthalmologic examination in all patients of type
1 diabetes mellitus.

A high index of clinical suspicion is required in all cases
of type 1 diabetes and ocular findings. Genetic mutation
analysis is necessary for diagnosis and carrier detection.
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