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Abstract

OBJECTIVES: Since there are clear indications that schizophrenia is a systemic
disorder, we sought for a common molecular basis for schizophrenia abnormali-
ties in brain and body. Our hypothesis was that an impaired insulin/ insulin-like
growth factor signalling in cells might underlie both structural and functional
brain changes and peripheral abnormalities in schizophrenia. No associations
between polymorphisms in the genes for insulin-like growth factor 1 or its
receptor and schizophrenia have been reported. However, the insulin receptor
substrates 1-4 linking both the insulin and insulin-like growth factor 1 receptors
with intracellular pathways have not been extensively studied in schizophrenia.
In this study, we therefore chose to study the insulin receptor substrate-4 (IRS-4)
gene as a candidate gene in schizophrenia.

METHODS: The IRS-4 gene of 93 patients and 59 control subjects was screened for
DNA sequence variations, followed by case-control analyses of 10 detected single
nucleotide polymorphisms.

RESULTS: No significant genotype, allele or haplotype associations were found
with the schizophrenia illness. However, one female patient with paranoid schizo-
phrenia had an IRS-4 gene mutation at position 107863596, resulting in a change
in amino acid coding from histidine to tyrosine at position 879.

CONCLUSIONS: Although this study supports the view that the IRS-4 gene is not
of major importance for the aetiology of the vast majority of schizophrenia cases,
our finding of this single patient with schizophrenia and a mutation in the IRS-4
gene may point to that the insulin/ insulin-like growth factor signalling system in
cells is still of interest in the future search for schizophrenia genes.
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INTRODUCTION

The literature on the schizophrenia illness provides
strong evidence for a role of genetic factor(s) in its aeti-
ology (Craddock et al. 2005). A variety of genes, each
with small or moderate effect, have been suggested to
be involved in the aetiology of the disorder (Gottes-
man & Shields 1967), and in recent years there have
been reports on such genes as those encoding alC sub-
unit of the L-type voltage-dependent calcium channel
(CACNAI1C), catechol-O-methyltransferase (COMT),
disrupted in schizophrenia 1 (DISC1), dysbindin
(DTNBP1), G72, golli myelin-basic-protein (MBP),
neuregulin 1 (NRG1), neurexin 1 (NRXN1), serotonin
receptor 2A (HTR2A), zinc finger 804A (ZNF804A)
and others (Egan et al. 2001; Chumakov et al. 2002;
Straub et al. 2002; Stefansson et al. 2002; Craddock et al.
2005; O’Donovan et al. 2008; Baruch et al. 2009; Green
et al. 2009; Melkersson et al. 2009; Rujescu et al. 2009;
Stefansson et al. 2009; Nyegaard et al. 2010). However,
the main genetic factor(s) associated with schizophre-
nia still remain(s) to be found (Crow 2007).

Since there are clear indications that schizophrenia is
a systemic disorder and not only a brain disease (Flyckt
2001; Wiesel 2007), we sought for a common molecular
basis for schizophrenia abnormalities in brain and body.
Interestingly, we found that impaired cellular signalling
via the insulin receptor (IR) and possibly also via the
insulin-like growth factor 1 receptor (IGF-1R) hypo-
thetically might underlie known abnormalities associ-
ated with schizophrenia in both the central nervous
system (CNS) (i.e. structural and functional changes)
(Wozniak et al. 1993; Vita et al. 2000) and in peripheral
organ systems (i.e. growth dysregulation, impaired glu-
cose tolerance, lowered resting energy expenditure and
neuromuscular dysfunction) (Meltzer 1976; Ryan et al.
2003; Nilsson et al. 2006; Perrin et al. 2007).

The IR and IGF-1R are both present in the CNS and
peripheral organs in humans (Sara et al. 1982; Rui &
White 2004; McCowen & Smith 2005). No significant
associations between polymorphisms within the IGF-1
or IGF-1R genes and schizophrenia have been found
(Gunnell et al. 2007; Bonvicini et al. 2010). However,
the insulin receptor substrates (IRSs) 1-4 linking both
the IR and IGF-1R with intracellular pathways have — as
yet — not been extensively genetically studied in schizo-
phrenia. This would be worthwhile doing, especially to
study the IRS-4 gene (Lavan et al. 1997; Fantin et al.
1998). The IRS-3 protein has so far been identified only
in rodents (Bjornholm et al. 2002), leaving in the first
place IRS-1, -2 and -4 of potential interest. Further-
more, animal studies have demonstrated that in con-
trast to mice lacking IRS-1 or IRS-2, the mice lacking
IRS-4 exhibit mild defects in growth, reproduction, and
glucose homeostasis (Fantin et al. 2000; Kahn & Saltiel
2005), which would seem to suggest possible simi-
larities with abnormalities in brain and body found in
schizophrenia (Meltzer 1976; Wozniak et al. 1993; Vita

et al. 2000; Ryan et al. 2003; Nilsson et al. 2006; Perrin et
al. 2007). Therefore, we chose to study the IRS-4 gene as
a functional candidate gene in schizophrenia. We first
screened the whole IRS-4 gene sequence of patients and
control subjects for DNA sequence variations and then
carried out a case-control study.

PATIENTS & METHODS

The study was approved by the Ethics Committee of
Karolinska Institutet, Stockholm, Sweden. Consecutive
out-patients from psychiatric polyclinics in the region
of Stockholm, Sweden and with the diagnosis of schizo-
phrenia according to DSM-IV criteria (American Psy-
chiatric Association 1994) were asked to participate in
the study. In total 93 patients, 46 males and 47 females,
gave their written informed consent to participate. The
patients were structurally interviewed about mental
and physical health in themselves and their relatives,
and the patient group is described elsewhere in detail
(Melkersson 2009). In brief, all patients were unrelated
Caucasian individuals. They were in full or partial
remission regarding psychotic symptoms, and were all
receiving long-term therapy with antipsychotics. Their
mean (s.d.) age was 44 (9) years, and their duration of
schizophrenia illness ranged from 0.5 to 42 years [mean
(s.d.) = 18 (9) years]. Control subjects were 59 unre-
lated Caucasian individuals (17 males and 42 females)
who lived in the Stockholm County or in the nearby
Uppsala County and gave written informed consent to
participate in the study. The control subjects were also
structurally interviewed about their own mental and
physical health and also about that of their relatives.
They were all healthy individuals with no family his-
tory of psychotic disorder and diabetes mellitus (DM)
(type 1, type 2 or other types). Their mean (s.d.) age was
45 (11) years.

Venous blood was taken in EDTA-containing tubes
from all patients and control subjects and stored at
-20°C until preparation of DNA. Genomic DNA was
extracted from peripheral blood leukocytes by using
a Genomic DNA Purification Kit (Gentra Systems,
Inc., Minneapolis, MN, USA). The extracted DNA was
frozen at -20 °C until sequenced.

Genomic DNA was amplified by polymerase chain
reaction (PCR), carried out in a Gene Amp*® PCR System
2700 (Applied Biosystems, Foster City, CA, USA), fol-
lowed by cleaning of the PCR products with Shrimp
Alkaline Phosphatase and Exonuclease I (Fermentas
International Inc., Burlington, Canada). Thereafter,
the PCR fragments were sequenced in both directions,
using BigDye® Terminator v3.1. sequencing kit (Applied
Biosystems, Foster City, CA, USA), and analyzed by
means of capillary electrophoresis in an ABI Prism 3730
Sequencer (Applied Biosystems, Foster City, CA, USA).
Post-sequencing editing and alignment of sequences
were made with the program Sequencher 4.5
(Gene Codes Corporation, Ann Arbor, Mich., USA).

Copyright © 2011 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



The IRS-4 gene and schizophrenia

Tab. 1. Data regarding the 22 single nucleotide polymorphisms (SNPs) studied in the insulin receptor substrate-4 gene and immediate

downstream

zl::rpr\bering SNP idab (S’\'IICPBFSSZTQ(’;;.S) Polymorphism< 2:‘;;:;22” Non-synonymous/ synonymous coding

1. rs17847228 107862359 [downstream] T/C St e

2. rs41304472 107862390 [downstream] AT

3. rs28473027 107862462 [exon 1] G/T 1257 Synonymous coding (arginine)

4, rs28546943 107862543 [exon 1] C/A 1230 Non-synonymous coding (aspartic acid = tyrosine)

5. SNP1 107862568 [exon 1] /T 1221 Synonymous coding (arginine)

6. rs17847227 107862759 [exon 1] (a) 1158 Non-synonymous coding (alanine = threonine)

7. SNP2 107862933 [exon 1] T 1100 Non-synonymous coding (valine = isoleucine)

8. rs34053928 107863100 [exon 1] /G 1044 Non-synonymous coding (arginine = proline)
rs28712105 107863379 [exon 1] G/A 951 Non-synonymous coding (proline = leucine)

10. rs1801165 107863583 [exon 1] T/G 883 Non-synonymous coding (lysine = threonine)

11. rs1801164 107863596 [exon 1] G/C 879 Non-synonymous coding (histidine = aspartic acid)

12. SNP3 107863596 [exon 1] G/A 879 Non-synonymous coding (histidine = tyrosine)

13. rs1801163 107864481 [exon 1] C/A 584 Non-synonymous coding (glycine = cysteine)

14. rs34287560 107864707 [exon 1] AT 508 Non-synonymous coding (asparagine = lysine)

15. rs17847225 107864746 [exon 1] T/A 495 Synonymous coding (serine)

16. SNP4 107864916 [exon 1] T/A 439 Non-synonymous coding (serine = cysteine)

17. SNP5/rs80131334 107864998 [exon 1] T/A 411 Synonymous coding (arginine)

18. rs41307415 107864999 [exon 1] T 41 Non-synonymous coding (arginine = glutamine)

19. SNP6/ 1573253702 107866093 [exon 1] G/A 46 Synonymous coding (threonine)

20. rs1801162 107866131 [exon 1] G/A 34 Non-synonymous coding (leucine = phenylalanine)

21. rs2073114 107866168 [exon 1] /T 21 Synonymous coding (alanine)

22. rs2073115 107866171 [exon 1] (a) 20 Synonymous coding (alanine)

ars numbers and positions from the Ensembl and NCBI SNP databases (21,22)
bSNP1-6 refer to six novel SNPs not described in the Ensembl and NCBI SNP databases (21,22)

cAllele 1/ allele 2

Pairwise linkage disequilibrium (LD) and haplo-
types were calculated using the PHASE program ver-
sion 2.1. (Stephens et al. 2001; Stephens & Scheet 2005).
Statistical differences in genotype, allele and haplotype
frequencies between patients and control subjects were
examined by cross tables and Fisher’s exact test. The
same statistical method was used to investigate the
association between clinical parameters such as family
history of schizophrenia and subtype of schizophrenia
on one hand and the groups of genotypes or haplotypes
on the other. In comparison between different groups
of genotypes or haplotypes regarding age at onset of
schizophrenia, one-way analysis of variance (ANOVA)
was used. To control for gender, logistic regression
analysis or two-way ANOVA were employed. A p-value
of less than 0.05 was considered statistically significant.
The statistical analyses were performed using the sta-
tistical programs SAS version 9.1. (SAS Institute Inc.,
Cary, NC, USA) and Statistica for Windows (Statsoft
Inc., Tulsa, Okla., USA).

RESULTS

Firstly, the DNA sequence of the IRS-4 gene along with
8 base pairs upstream and 9 base pairs downstream (i.e.
from position 107.866.303 to 107.862.359) in patients
(n=93) and control subjects (n=59) was compared to the
reference sequence (21,22). The IRS-4 gene is located
on chromosome Xq22.3, from position 107.866.295 to
107.862.368, and consists of one exon (21,22). Besides
16 known SNPs described in the National Centre for
Biotechnology Information (NCBI) and Ensembl SNP
databases (21,22), six novel SNPs (1-6) were revealed
(Table 1). Of these six SNPs, three are non-synonymous
(Table 1; SNP2, SNP3 and SNP4). One female patient
had what is referred to as a mutation: the G/A geno-
type instead of G/G, G/C or C/C at the same position
as the previously known SNP with rs number 1801164,
resulting in a change in amino acid coding from histi-
dine to tyrosine at position 879 (Table 1; SNP3). During
the study, two of the six novel SNPs (Table 1; SNP5 and
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Tab. 2A. Genotype and allele frequencies regarding the polymorphic-distributed single nucleotide polymorphisms (SNPs) in the insulin
receptor substrate-4 (IRS-4) gene in all schizophrenia patients (P) compared with control subjects (C).

Genotype frequencies (%)

P (n=93) vs C (n=59)

Allele frequenciesd (%)

Male

Female

SNP2  Polymorphismb
A 12 242 () 1-2) 242)¢ pvalue P (n=46) vs C (n=17) P (n=47) vs C (n=42)
1 p-value 1 1  p-value
5. T 100.00 0.00 0.00 9831 1.69 0.00 0.39 100.00 100.00 1.00 100.00 98.81 0.47
7. aT 98.92 1.08 0.00 100.00 0.00 0.00 1.00 100.00 100.00 1.00 9894 100.00 1.00
11. G/Ce 8043 1413 543 7288 1864 847 056 89.13 8235 067 84.04 8214 0.84
16. T/A 98.92 0.00 1.08 100.00 0.00 0.00 1.00 97.83 100.00 1.00 100.00 100.00 1.00
17. T/A 9355 323 323 9322 339 3.39 1.00 9348 9412 1.00 96.81 9524 0.71
18. T 9355 3.23 323 9322 339 3.39 1.00 9348 9412 1.00 96.81 9524 0.71
19. G/A 9355 323 323 9322 339 339 1.00 9348 9412 1.00 9681 9524 0.71
20. G/A 9247 430 323 9322 339 3.39 1.00 9348 9412 1.00 9574 9524 1.00
21. aT 80.65 1398 538 7288 18.64 847 056 89.13 8235 067 86.17 8214 054
22. T 88.17  9.68 215 7966 1525 5.08 035 9565 8824 029 9043 86.90 0.49

aSame SNP numbering as in Table 1

bAllele 1/ allele 2

Since the IRS-4 gene is located on the X-chromosome, male patients and male controls carry only one allele (allele 1 or allele 2)
dOnly highest allele frequency is shown
€One female patient had a mutation: the genotype G/A and is not included in the calculations regarding this SNP

Tab. 2B. Genotype frequencies regarding the polymorphic-distributed single nucleotide polymorphisms (SNPs) in the insulin receptor
substrate-4 (IRS-4) gene in schizophrenia patients without diabetes mellitus (DM) and family history of DM (P) compared with control

subjects (C).

Genotype frequencies (%)

SNPa Polymorphismb P (n=43) vs C (n=59)
1-(1)¢ 1-2 2-(2)c 1-(1)¢ 1-(2) 2-(2)¢ p-value

5. /T 100.00 0.00 0.00 98.31 1.69 0.00 1.00
7. T 100.00 0.00 0.00 100.00 0.00 0.00 1.00
11. G/Cd 80.95 9.52 9.52 72.88 18.64 8.47 0.44
16. T/A 100.00 0.00 0.00 100.00 0.00 0.00 1.00
17. T/A 93.02 2.33 4.65 93.22 3.39 3.39 1.00
18. /T 93.02 2.33 4.65 93.22 3.39 3.39 1.00
19. G/A 93.02 2.33 4.65 93.22 3.39 3.39 1.00
20. G/A 93.02 2.33 4.65 93.22 3.39 3.39 1.00
21. T 81.40 9.30 9.30 72.88 18.64 8.47 0.44
22. /T 88.37 6.98 4.65 79.66 15.25 5.08 0.41

aSame SNP numbering as in Table 1

bAllele 1/ allele 2

Since the IRS-4 gene is located on the X-chromosome, male patients and male controls carry only one allele (allele 1 or allele 2)
dOne female patient had a mutation: the genotype G/A and is not included in the calculations regarding this SNP

SNP6) were reported in the databases, thus support-
ing our findings. The other four novel SNPs (Table 1;
SNP1, SNP2, SNP3 and SNP4) are registered by us in
the dbSNP.

Secondly, groups of patients and control subjects
were evaluated regarding the 22 (i.e. the 6 novel and

16 known) SNPs. Eleven of the 22 SNPs were polymor-
phic-distributed (Table 1; 5, 7, 11, 12, 16-22), and 11
were monomorphic-distributed (Table 1; 1-4, 6, 8-10,
13-15). Complete LD was found between rs1801164
and rs2073114, SNP5 and rs41307415, SNP5 and SNP6,
and rs41307415 and SNP6, but not between the other
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pairwise-combinations of the polymorphic-distributed
SNPs (Figure 1). Genotype and allele frequencies in
patients and control subjects, together with results of
single association analyses, are presented in Tables 2A
and 2B. No significant genotype or allele associations

Tab. 3. Estimated haplotypes based on the polymorphic-
distributed single nucleotide polymorphisms in the insulin receptor
substrate-4 (IRS-4) gene, together with their frequencies in the
overall study population (n=151)2

Haplotypesb:c Frequency (%)
H1. CCGTTCGGCC 84.4

H2. CCCTTCGGTT 9.2

HX. All rared <5.0

a0One female patient had a mutation: the G/A genotype at position
107863596 and the haplotypes H1/ CCATTCGGCC and is not
included in this calculation

bAlleles are numbered 5,7, 11, 16-22 as in Table 1

<Since the IRS-4 gene is located on the X-chromosome, male patients
and male controls carry only one or none haplotype set (H or -)
dAll haplotypes with estimated frequencies <5.0% in the overall
study population (n=151)

The IRS-4 gene and schizophrenia

were found with the schizophrenia illness, either when
comparing all schizophrenia patients with control sub-
jects (Table 2A), or when comparing a subgroup of 43
schizophrenia patients without DM and heredity for
DM (i.e. type 1, type 2 and other types of DM) with
control subjects (Table 2B). Neither did the haplotype
analyses reveal any significant associations with the
schizophrenia illness (Tables 3, 4A and 4B).

Thirdly, associations between the clinical parameters
family history of schizophrenia (presence/ absence),
subtype of schizophrenia (paranoid/ nonparanoid) or
age at onset of schizophrenia of the 93 patients and
their IRS-4 genotypes or haplotypes were investigated.
Significant differences in genotype distributions were
found for rs1801164 and rs2073114 between patients
with and without a family history of schizophrenia
(Table 5; p=0.02). It was found that the G/G genotype
of rs1801164 or the linked C/C genotype of rs2073114
were more common in patients with a family history of
schizophrenia. However, no other significant associa-
tions between the clinical parameters and genotypes or
haplotypes were found (data not shown).

Tab. 4A. Frequencies of estimated haplotypes based on the polymorphic-distributed single nucleotide polymorphisms in the insulin
receptor substrate-4 (IRS-4) gene in all schizophrenia patients (P) compared with control subjects (C).

Haplotypesa.b

Haplotype frequencies (%)
P (n=92) vs C (n=59)

-/(-)¢ -/H H/(H)¢ -I(-)¢ -/H H/(H)¢ p-value
H1. CCGTTCGGCC 7.53 13.98 78.49 8.47 20.34 71.19 0.52
H2. CCCTTCGGTT 88.17 9.68 2.15 79.66 15.25 5.08 0.35
HX. All rared 89.25 6.45 4.30 91.53 5.08 3.39 1.00

a0ne female patient had a mutation: the G/A genotype at position 107863596 and the haplotypes H1/ CCATTCGGCC

and is not included in this calculation
bAlleles are numbered 5,7, 11, 16-22 as in Table 1

¢Since the IRS-4 gene is located on the X-chromosome, male patients and male controls carry only one or none haplotype set (H or -)
dAll haplotypes with estimated frequencies <5% in both patients and control subjects

Tab. 4B. Frequencies of estimated haplotypes based on the polymorphic-distributed single nucleotide polymorphisms in the insulin
receptor substrate-4 (IRS-4) gene in schizophrenia patients without diabetes mellitus (DM) and family history of DM (P) compared with

control subjects (C)

Haplotypes?.b

Haplotype frequencies (%)
P (n=43) vs C (n=59)

-/(-)¢ -/H H/(H)< -/(-)¢ -/H H/(H)¢ p-value
H1. CCGTTCGGCC 9.30 11.63 79.07 8.47 20.34 71.19 0.52
H2. CCCTTCGGTT 88.37 6.98 4.65 79.66 15.25 5.08 0.41
HX. All rared 90.70 4.65 4.65 91.53 5.08 3.39 1.00

a0One female patient had a mutation: the G/A genotype at position 107863596 and the haplotypes H1/ CCATTCGGCC

and is not included in this calculation
bAlleles are numbered 5,7, 11, 16-21 as in Table 1

<Since the IRS-4 gene is located on the X-chromosome, male patients and male controls carry only one or none haplotype set (H or -)
dAll haplotypes with estimated frequencies <5% in both patients and control subjects
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Tab. 5. The genotype distributions of the single nucleotide polymorphisms (SNPs) rs1801164 and rs2073114 in the insulin receptor
substrate-4 gene in association with family history of schizophrenia in 93 patients studied

SNP rs1801164b rs2073114
Polymorphism? G/G GIC c/c c/c o T
Family history of schizophrenia

Percentage of patientsc (%)

Presence (n=36) 94.29 5.71 0.00# 94.44 5.56 0.00#
Absence (n=55) 70.91 20.00 9.09 70.91 20.00 9.09

aAllele 1/ allele 2

bOne female patient had the genotype G/A and is not included in the calculations regarding this SNP
“Two patients were adoptees and lacked knowledge about their relatives
#Significantly different compared to the patients without a family history of schizophrenia, p=0.02 (not controlled as well as controlled for

gender)
SNP1 SNP1
SNP2 0.000 | SNP2
rs1801164 0.001| 0.019 |rs1801164
SNP4 0.000| 0.000 | 0.001 SNP4
SNP5/rs80131334 |0.000| 0.000 | 0.293 0.000 | SNP5/rs80131334
rs41307415 0.000| 0.000 | 0.293 0.000 1.000 rs41307415
SNP6/rs73253702 |0.000| 0.000 | 0.293 0.000 1.000 1.000 SNP6/ rs73253702
rs1801162 0.000| 0.000 | 0.314 | 0.000 0.934 0.934 0.934 rs1801162
rs2073114 0.001| 0.019 | 1.000 0.001 0.294 0.294 0.294 0.314 |rs2073114
rs2073115 0.000| 0.030 | 0.617 0.001 0.005 0.005 0.005 0.005 0.617 | rs2073115

Fig. 1. Pairwise linkage disequilibrium (LD) data indicated as r2 values for the polymorphic-distributed single nucleotide polymorphisms
(SNPs) in the insulin receptor substrate-4 gene. SNP3, i.e. the mutation at the same position as the SNP with rs number 1801164, is not

included in these LD data

DISCUSSION

In this study, based on DNA sequencing of the whole
IRS-4 gene followed by case-control analyses of 10
detected SNPs, no significant associations between
IRS-4 gene variants and the schizophrenia illness were
found. Negative results were observed in both com-
parisons of genotype, allele and haplotype frequencies
between patients and control subjects. Although the
number of 93 patients and 59 control subjects included
in this study does not allow definite conclusions to be
drawn regarding gene variants with small effect, our
results clearly point to no major involvement of the
IRS-4 gene in the aetiology of schizophrenia.

It might be argued that our patient and control sub-
ject groups differed as regards occurrence of DM and
a family history of DM, and that therefore our results
might have been confounded. However, this can be
ruled out because our results did not change when we
subgrouped our patients and compared the 43 patients
without DM and a family history of DM with the 59
control subjects who all were healthy individuals with
no family history of psychotic disorder and DM. Fur-

thermore, data from an association study of 324 patients
with type 2 DM and 267 control subjects with normal
glucose tolerance indicate that polymorphisms in the
IRS-4 gene not are associated with type 2 DM (Almind
et al. 1998), which also is consistent with the finding
that mice lacking IRS-4 only show a slightly impaired
response in the oral glucose tolerance test and no dia-
betic phenotype (Fantin et al. 2000). Neither have any
associations between type 1 DM or other types of DM
and IRS-4 polymorphisms been reported.

The female patient who had a mutation in the IRS-4
gene had a diagnosis of paranoid schizophrenia accord-
ing to DSM-IV criteria (American Psychiatric Associa-
tion 1994). Since this mutation is expected to change the
amino acid coding from histidine to tyrosine (21), and
the IRS-4 protein may be involved in neuronal growth
and function in several areas of the brain (Numan &
Russell 1999; Ye et al. 2002; Goren et al. 2004; Kahn
& Saltiel 2005; Chiba et al. 2009), it might be possible
that it is this IRS-4 gene mutation that underlies this
patient’s schizophrenia. If so, this is the first described
patient with schizophrenia and a mutation in the IRS-4
gene on the X-chromosome. In comparison, 16 other
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genes from the X-chromosome have been associated
with cases of non-syndromic mental retardation (Ross
et al. 2005). However, we are not aware of any non-
syndromic X-chromosome-linked schizophrenia cases
before having been reported (Ross et al. 2005). On the
other hand, schizophrenia or schizophrenia-spectrum
disorders earlier have been described in X-chromo-
some-linked syndromes such as adrenoleukodystro-
phy, Coffin-Lowry syndrome, fragile X syndrome and
Lujan-Fryns syndrome (Reiss et al. 1988; De Hert et al.
1996; Szpak et al. 1996; Hanauer et al. 2002).

Since patients with familial schizophrenia are a more
homogeneous patient group from an aetiological view
than are patients with sporadic, non-familial schizo-
phrenia (Melkersson 2009), the familial form of schizo-
phrenia may also be expected to be associated with a
higher genetic loading than the non-familial form
(Faraone et al. 2000). Therefore, our finding of a higher
frequency of the G/G genotype of the non-synonymous
coding polymorphism rs1801164, which in addition is
located at the same gene position as the female patient’s
G/A mutation found in this study, further might point
to a connection between IRS-4 (or another associ-
ated variation in another gene) and susceptibility to
schizophrenia.

We conclude that although the present investigation
supports the view that the IRS-4 gene is not of major
importance for the aetiology of the vast majority of
schizophrenia cases, it is possible that our finding of
this single patient with schizophrenia and an IRS-4
gene mutation tells us that the insulin/ IGF signalling
system in cells is still an interesting focus in the future
search for schizophrenia genes.
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