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Abstract

Diabetic and psychiatric symptoms often appear in patients with Wolfram syndrome, and obligate carriers of WFSJ have
increased prevalence of type 2 diabetes and are more likely to require hospitalization for psychiatric illness including bipolar disor-
der. To identify the polymorphisms in Japanese, we examined a region of ~50kb covering the entire WFS/ gene, and evaluated the
patterns of linkage disequilibrium. We found a total of 42 variations including 8 novel coding single nucleotide polymorphisms
(A6T, A134A, N159N, T170T, E237K, R383C, V412L, and V503G), 14 novel non-coding polymorphisms, and 2 linkage disequilib-
rium blocks. We also performed association studies in patients with type 2 diabetes mellitus and patients with bipolar disorder. The
haplotype comprising R456 and H611 was most associated with type 2 diabetes (p=0.013) and the haplotype comprising g.
—15503C/T and g. 16226G/A was most associated with bipolar disorder (» =0.006), but neither reached significant difference after
multiple adjustment. These genetic variations and linkage disequilibrium patterns in WFSI in Japanese should be useful in further

investigation of genetic diversities of WFSI and various related disorders.

© 2004 Elsevier Inc. All rights reserved.
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Introduction

Wolfram syndrome, also known as DIDMOAD (dia-
betes insipidus, diabetes mellitus, optic atrophy, and
deafness [OMIM 222300]), was first described by Wol-
fram and Wagener {1]. While only juvenile onset diabetes
mellitus and progressive optic nerve atrophy are
required for the diagnosis, many patients also develop
diabetes insipidus, sensorineuronal hearing loss, ataxia,
peripheral neuropathy, urinary tract atonia, and psychi-
atric illnesses such as psychosis, severe depression, and
dementia [2].

* Corresponding author, Fax: +81-27-220-8889.
E-mail address: yhorikaw@showa.gunma-n.ac,jp (Y. Horikawa).

1096-7192/$ - see front matter © 2004 Elsevier Inc, All rights reserved.
doi:10.1016/.ymgme.2004.04.012

Wolfram syndrome has been shown to have links
with D48432-D4S431 at chromosome 4pl6 [3,4]. We
earlier reported two siblings with Wolfram syndrome
who demonstrated mood symptoms [5], and proceeded
with a multi-institutional coordinated effort to discover
the genetic etiology of the disease. Recently, mutations
in the gene WFESI/wolframin were identified in patients
with Wolfram syndrome [6,7]. The gene, which encodes a
novel protein containing the predicted transmembrane
domains, is expressed ubiquitously, with high expression
in pancreatic islets and specific neurons (hippocampus
CA1, amygdaloid areas, olfactory tubercles, and superfi-
cial layers of the allocortex). The subcellular localization
of this protein has been determined to be primarily in
the endoplasmic reticulum [8], but it’s function is not
established.
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The prevalence of this autosomal recessive syndrome
was estimated as ~1/770,000 in the United Kingdom [9].
While Wolfram syndrome is rare, obligate carriers have
increased prevalence of type 2 diabetes mellitus [9,10],
and heterozygous carriers are reported to be 26-fold
more likely to require hospitalization for psychiatric ill-
ness [11].

Bipolar disorder, also called manic-depression, is
characterized by mood swings between states of depres-
sion and elation, and genetic predisposition is thought to
be an important factor. A linkage study of a large Scot-
tish family provided a maximum LOD score of 4.8 in the
region' D45431-D4S403 [12]. Other groups have pre-
sented supportive linkage evidence with markers in this
region [13,14}. The psychiatric phenotypes observed in
carriers and patients with Wolfram syndrome and the
location of WFSI in the region linked to bipolar disor-
der have suggested a role of the gene in the development
of the disease.

Evidence of abnormal glucose metabolism in psychi-
atric patients has been accumulating since the early 20th
century [15]. Some studies report an increased preva-
lence of diabetes in hospitalized manic-depressives [16—
19]. Gavard et al. carried out an evaluation of 20 studies
of the diabetic personality, and found an increased prev-
alence of depression. A relationship between psychiatric
disorder and diabetes mellitus has been suggested by
mutations in WFSI that affect both diabetic and psychi-
atric phenotypes. Indeed, we estimated the LOD score
for susceptibility to type 2 diabetes in one of the Wol-
fram pedigrees (WS-1) [6] using additional family infor-
mation, and found suggestive linkage (M. Mikuni et al.
unpublished).

In this study, we examined all of the regions of
WFSI in Japanese to detect single nucleotide polymor-
phisms (SNPs)! as genetic markers, and evaluated the
pattern of linkage disequilibrium (LD) to provide
information on population diversity in this gene. We
also performed association studies in Japanese patients
with type 2 diabetes mellitus and patients with bipolar
disorder.

Materials and methods
Subjects

One hundred and ninety two patients with type 2 dia-
betes mellitus (male/female, 114/78; age, 62.0+11.2
“years, age at diagnosis, 49.8 +11.0 years; postprandial
glucose, 168.5+69.0mg/dl; hemoglobin (Hb) A,
6.7+1.1%; body mass index (BMI), 23.943.5kg/m?)

! Abbreviations used: bp, base pair; SNPs, single nucleotide poly-
morphisms; LD, linkage disequilibrium; PCR, polymerase chain reac-
tion; cSNPs, coding single nucleotide polymorphisms.

and 192 controls (male/female, 74/118; age, 67.6+£5258;
HbA, ¢, 49+0.3%; BMIL, 229+ 2.7kg/m?) were exam-
ined. Patients were diagnosed with type 2 diabetes by
medical records or by 75g oral glucose tolerance test
according to the criteria of the Japan Diabetes Society.
Control subjects were recruited on the following criteria:
60 or more years of age, no past history of diagnosis
of diabetes, HbA . less than 5.6%, and no diabetes in
family members or second degree relatives. Eighteen
patients with bipolar I disorders (male/female, 9/9; age,
46.7+124) and 29 patients with bipolar II disorders
(male/female, 16/13; age, 53.6 - 12.3) were recruited from
Gunma University Hospital and local hospitals in
Gunma prefecture, met DSM-IV diagnostic criteria

- (Diagnostic and Statistical Manual of Mental Disorders,

4th edition) [20], and were assessed by trained clinicians
on the basis of unstructured interviews supplemented by
case-note reviews. Ninety-six Japanese random controls
(male/female, 39/57; age, 68.8 4 5.6) were examined for
comparisons of genetic variations. The study was
approved by the Ethics Committee of Gunma Univer-
sity, and included the written informed consent of each
subject.

Detection of polymorphisms in WESI

Genomic DNA was extracted from samples of whole
blood using QIAamp DNA Blood Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instruction.
Twelve of the random control samples (24 alleles) were
used to detect single nucleotide polymorphisms (SNPs)
in WFS1. Primers for PCR experiments were designed
by Primer3 (http://www-genome.wi.mit.edu/cgi-bin/
primer/primer3_www.cgi) on the basis of the genomic
contig sequence (GenBank Accession No. NT_006051)
of the WES1I region. The mixture for the PCR was 20 pl
in 10ng template DNA, 0.5mM each dNTP, 2.5 pmol
each forward and reverse primer, 0.5U ExTag polymer-
ase (Takara, Kyoto, Japan), and 2 pl of 10x PCR buffer.
The reaction conditions were an initial denaturation
step of 95°C for 3min, subsequent 40 cycle reactions at
94 °C for 305, 52-62°C for 30s, and 72°C for 1 min, and
a final extension step of 72°C for 10min. A 3 pl aliquot
from each reaction was assayed on a 1% agarose gel to
confirm the product, and the remainder was purified
using MultiScreen Filtration System (MILLIPORE,
Billerica, MA, USA) with Sephadex G-75 (Amersham
Biosciences, Piscataway, NJ, USA). Each PCR product
was subjected to cycle sequencing with BigDye termina-
tor Cycle Sequencing FS (Applied Biosystems, Foster,
CA, USA) using each forward and reverse primer.
Reaction products were purified by ethanol precipita-
tion, and sequenced by ABI PRISM 377 sequencer.
Results were processed with Autoassembler, version 2.1
(Applied Biosystems, Foster, CA, USA) to compare
sequences. .
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