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Previously unreported abnormalities in Wolfram Syndrome Type 2
Dotychczas niezgtaszane nieprawidtowosci w zespole Wolframa typu 2

"Halis Kaan Akturk MD, ?Seda Yasa MSc

'Assistant Professor of Medicine and Pediatrics, Barbara Davis Center for Childhood Diabetes, University
of Colorado, Aurora, CO, USA *Ph.D. candidate. Department of Molecular Biology. Centre INRS-Institut
Armand-Frappier, Laval, Quebec, Canada

Abstract

Wolfram syndrome (WFS) is a rare autosomal recessive disease with non-autoimmune childhood onset insulin dependent diabetes
and optic atrophy. WFS type 2 (WFS2) differs from WFS type 1 (WFS1) with upper intestinal ulcers, bleeding tendency and the lack
ofdiabetes insipidus. Li-fespan is short due to related comorbidities. Only a few familieshave been reported with this syndrome with
the CISD2 mutation. Here we report two siblings with a clinical diagnosis of WFS2, previously misdiagnosed with type 1 diabetes
mellitus and diabetic retinopathy-related blindness. We report possible additional clinical and laboratory findings that have not been
pre-viously reported, such as asymptomatic hypoparathyroidism, osteomalacia, growth hormone (GH) deficiency and hepatomegaly.
Even though not a requirement for the diagnosis of WFS2 currently, our case series confirm hypogonadotropic hypogonadism to be
also a feature of this syndrome, as reported before.
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Streszczenie

Zesp6t Wolframa jest rzadka choroba dziedziczong autosomalnie recesywnie, wiazaca sie z wystepowaniem nieautoimmunizacyjnej
cukrzycy insulinozaleznej i atrofii nerwu wzrokowego. Typ 2 zespotu Wolframa (WFS2) rézni sie od typu 1 (WFS1) wystepowaniem
owrzodzen gérnej czesci przewodu pokarmowego, sktonnoscia do krwawien i niewystepowaniem moczéwki prostej. Czas przezycia
jest krotki ze wzgledu na wspoétwystepujace choroby. Dotychczas opisano tylko kilka rodzin z tym zespotem i mutacja CISD2.
W obecnej pracy opisujemy przypadek rodzenstwa z kliniczna diagnoza WFS2, wczeséniej zdiagnozowanego jako cukrzyca typu 1
z retinopatia powikfana utrata wzroku. Opisujemy mozliwe dodatkowe kliniczne i laboratoryjne parametry, ktére nie byty wczesniej
opisywane, takie jak: bezobjawowa niedoczynnos¢ przytarczyc, osteomalacja, niedobér hormonu wzrostu i hepatomegalia. Pomimo
braku wymogu do rozpoznania zespotu WSF2 prezentowane przypadki potwierdzaja réwniez hypogonadyzm hypogonadotropowy
jako ceche tego zespotu.

Stowa kluczowe

cukrzyca typu 1, zesp6t Wolframa, atrofia nerwu wzrokowego, niedobér hormonu wzrostu, niedoczynnos¢ przytarczyc,
hypogonadyzm, osteomalacja
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Introduction

Wolfram syndrome (WFS; MIM 222300) is a rare neurode-
generative disease with autosomal recessive inheritance and
incomplete penetrance, the diagnosis of which requires dia-
betes mellitus (DM) and optic atrophy (OA). Two types of WFS,
type 1 (WFS1; MIM 606201) and type 2 (WFS2; MIM 604928)
characterized by different disease genes have been identified.
The estimated prevalence of Wolfram syndrome type 1 is 1 in
500 000-770 000 people worldwide [1,2]. Only a few families
from Jordan and a single case from ltaly have been found to
have WFS2 [3-5].

Gene linkage and positional cloning analysis reveal that a
subset of Wolfram syndrome patients belonging to the WFS1
group (MIM 606201) carry a loss-of- function mutation in the
WFS1 gene, which encodes a transmembrane protein, wolfra-
min, localized in the endoplasmic reticulum (ER) [1,2]. WFS1
also referred to as DIDMOAD is characterized by diabetes
mellitus (DM), optic atrophy, diabetes insipidus (D), deafness,
neurologic symptoms, renal tract abnormalities, psychiatric
problems and primary hypogonadism.

In WFS2, diabetes insipidus and psychiatric disorders are
not described, whereas bleeding upper intestinal ulcers, not re-
ported in WFS1, are present [3]. The disease gene for WFS2 is
CISD2. It was identified in three consanguineous Jordanian fa-
milies carrying a point mutation in exon 2 [4]. Another mutation
was found as a homozygous intragenic deletion of C/SD2 in an
ltalian female [5]. CISD2 maps to chromosome 4g22-g24, clo-
se to a region implicated in human longevity [6]. CISD2 plays
an important role in intracellular Ca?* homeostasis, which is re-
quired for the differentiation and functioning of adipocytes as
well as the regulation of glucose homeostasis in mice [7].

Case presentations

We present 19-year-old male and 16-year-old female si-
blings of Turkish origin, sharing common findings, as descri-
bed below. There was parental consanguinity since their pa-
rents were first-degree cousins. They had a healthy 17-year old
sister. There was no other family history of DM or blindness.

Case-1

The 19-year-old male patient was seen in our clinic for high
blood sugar levels. He was 154 cm (5), 58 kg (128 Ibs) (BMI:
24.4 kg/m?) at presentation to our clinic. He was below the 3rd
percentile curve for height (Turkish boys’ growth chart used
[8]). Bone age was 15 and delayed. Vital signs were normal.
He was diagnosed with diabetes mellitus at the age 6 and he
had had visual difficulties since the age of 9. He was legal-
ly blind since the age of 14. He had four episodes of upper
gastrointestinal (Gl) bleeding, the first one was at the age of
9. Repeated endoscopies during bleeding episodes showed
several duodenal and peptic ulcers. He did not present with se-
condary sexual characteristics (Tanner stage 1) and testicular
exam showed pre-pubertal size testicles.
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Case-2

Case-2 is the sister of Case-1. She was 143 cm (4’ 6”),
44kg (97Ibs) (BMI: 21.5 kg/m?) at presentation to our clinic.
She was below the 3rd percentile curve for height (Turkish girls’
growth chart used) [8]. Bone age was 12 and delayed. Vital
signs were normal. A 16-year-old female who was diagnosed
with diabetes mellitus at the age 8 and she had had visual diffi-
culties since the age of 11. She was legally blind since the age
of 15. She had two episodes of upper Gl bleeding, the first one
was at the age of 10. Endoscopy during a bleeding episode
showed multiple duodenal ulcers. She did not have any men-
ses and did not develop secondary sexual characteristics at
the physical exam (Tanner stage 1).

Common findings of cases

They were clinically diagnosed with Type 1 DM without the
antibody confirmation in their childhood, in a rural part of the
country. Their parents had not had health insurance for many
years, living in a low socioeconomic neighborhood. The chil-
dren had not been seen by any endocrinologist before. Vision
loss was attributed to uncontrolled DM without a proper oph-
thalmologic exam. The Wolfram syndrome had not been dia-
gnosed until our evaluation. We stated that both siblings had
non-autoimmune insulin dependent DM, optic atrophy related
blindness, history of multiple upper Gl bleeding in childhood,
the absence of signs of puberty, short stature, mild hepatome-
galy, osteomalacia. The funduscopic exam showed advanced
bilateral optic atrophy but no signs of diabeticretinopathy de-
spite poorly controlled DM, with HbA1c chronically over 12% in
both siblings. The audiology exam was normal in both patients.

Laboratory findings

They both presented with hypogonadotropic hypogona-
dism and GH deficiency, based on low concentrations oflGF-
-1and low growth hormone secretion in arginine stimulation
tests but normal concentrations of cortisol, ACTH, and prolac-
tin. Neither of them manifested DI, neurologic or psychiatric
symptoms. In both siblings low concentrations of PTH were
found, however no clinical signs of hypocalcemia were noted.
Phosphorus concentrations were mildly elevated but calcium
concentrations highly varied on different occasions from mildly
low to normal.

Urine analysis revealed proteinuria of 640 mg protein/ 24h
urine in Case-1 and 550 mg protein/ 24h urine in Case-2, likely
related to a poorly controlled DM.

Both siblings had negative glutamic acid decarboxylase
antibodies (GAD65) and islet cell antibodies (ICA) at our evalu-
ation. Thyroid antibodies (TPO and TSI) were also negative and
thyroid function assays (TSH and freeT4) were normal.

Detailed lab results are reported in table |. Genetic analysis
was not done due to the cost and lack of availability in Turkey.

Imaging

Both patients presented with normal neck US and normal
size of the thyroid.The abdominal US showed only mild hepa-
tomegaly, otherwise it was normal in both cases. MRI of the
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Table I. Lab results of both siblings with Wolfram Syndrome Type 2. Lab normal ranges are age and gender adjusted
Tabela 1. Wyniki badari laboratoryjnych rodzenstwa z zespotem Wolframa 2. Zakresy referencyjne badari podane sg w odniesieniu

do wieku i pfci

Age 19 16
Gender M F
HbA1c (N<6.5%) 12.8 12.1
Day-1 PTH (15-65 pg/ml) 5.53 4.84
Day-3 PTH (15-65 pg/ml) 3.89 6.81
Day-7 PTH (15-65 pg/ml) 8.05 7.46
Day-1 P (2.3-4.7 mg/dl) 5.3 49
Day-3 P (2.3-4.7 mg/dl) 5.1 52
Day-7 P (2.3-4.7 mg/dl) 5.0 5.2
Day-1 Ca 8.0 8.6
Day-3 Ca 8.2 8.4
Day-7 Ca 8.7 8.2
Day-1 250H

Vitamin D (30-100 ng/ml) 3% %8
Day-1 1,250H Vitamin D (19.6-65 pg/ml) 50 44
Testosterone (250-800 ng/dl) 18 -
Estradiol (24-273 pg/ml) - 12
FSH (Male 1.27-19.2 mlU/ml) (Female 3.85-22.1 miU/ml) 1.0 1.9
LH (Male 1.24-8.62 mlU/ml) (Female 2.12-86.4 mIU/ml) 0.06 0.2
IGF-1 (91-442 ng/ml) 46 _
IGF-1 (153-611 ng/ml) - 68
GH (Arginine stimulated, N>5 ng/ml) 02 0.3

brain showed bilateral optic atrophy and normal pituitary gland
and brain structures in both cases. On X-rays Looser’s zones
were noted in the femur bilaterally in Case-1 and in the right
tibia and the femur in Case-2.

Discussion

WFS2 is rarer than WFS1 and consanguinity is a known
risk factor for this syndrome, considering autosomal recessive
inheritance. Even though we could not do the genetic analysis
for WFS2, the clinical picture is consistent with WFS2. Like all
previously reported cases, our patients had non-autoimmune
insulin dependent DM, optic atrophy and like most reported
cases they also experienced upper Gl bleeding. However, our

patients did not have any hearing loss, which may be due to
the relatively early stage of the syndrome. In a follow-up case
series of WFS2 families, after many years hearing loss is repor-
ted in patients who did not manifest it at the diagnosis [4,9].

We report additional findings to previously defined WFS2,
such as asymptomatic low concentrations of PTH with mildly
elevated phosphorus (P), mildly low to normal calcium (Ca),
high levels of bone-specific alkaline phosphatase (BS-ALP)
with radiologic evidence of osteomalacia, the growth hormone
(GH) deficiency with short stature and mild hepatomegaly.

Differential diagnosis includes Kearns-Sayre Syndrome,
Thiamine-responsive megaloblastic anemia, mutant WFS7 ge-
ne-induced deafness, autosomal dominant optic nerve atro-
phy, Friedreich ataxia, Bardet-Biedl syndrome, and Alstrom
syndrome.
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Hypoparathyroidism, DM and rarely optic atrophy can also
be seen in Kearns-Sayre Syndrome, inherited by a mitochon-
drial gene defect. However, the lack of ptosis, ophthalmople-
gia, neurologic and cardiac symptoms, retinal pigmentation at
funduscopic exam and autosomal recessive inheritance pat-
tern make this diagnosis unlikely [10]. Thiamine-responsive
megaloblastic anemia syndrome is a rare autosomal-recessive
condition characterized by a non-autoimmune DM, sensori-
neural hearing loss,megaloblastic anemia and rarely optic atro-
phy [11]. The lack of megaloblastic anemia, and the presence
of Gl bleeding make this diagnoses unlikely in our patients.Bar-
det-Biedl and Alstrom syndromes cause severe obesity, insulin
resistance and type 2 diabetes rather than non-autoimmune
insulin dependent diabetes seen in WFS.

WFS2 should be suspected in non-autoimmune type 1 dia-
betes mellitus, history of early siblings’ death, family history of
Wolfram syndrome or type 1 diabetes mellitus and optic atro-
phy with upper Gl bleeding, and history of parental consangu-
inity [12].

We agree the previously recommended diagnosis crite-
ria for WFS2 (Non-autoimmune insulin dependent DM, optic
atrophy and Gl bleeding/ulcers/bleeding tendency and no DI)
[3,4]. Our patients also had hypogonadotropic hypogonadism
with delayed puberty as reported in previous two cases in the
literature [4,5].

Our patients were treated with multiple daily injections of
insulin therapy for diabetes. Female patient was started on
combined estrogen and progesterone. Male patient started to
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Conclusion
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eding episodes. We report possible additional clinical and la-
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organs and systems. Multidisciplinary care by physicians and
healthcare professionals from a range of disciplines is recom-
mended [13].

Further case series and studies are required to confirm the-
se features.
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