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Abstract This report deals with a female patient with schizophrenia who was found to have 
a mutation in the insulin receptor substrate-4 gene that is located on chromo-
some Xq22.3. Since this mutation is expected to change amino acid coding from 
histidine to tyrosine and cause an altered insulin receptor substrate-4 protein, and 
the insulin receptor substrate-4 protein may be involved in neuronal growth and 
function in the brain, it is possible that it is this insulin receptor substrate-4 gene 
mutation that underlies this patient’s schizophrenia development. 

INTRODUCTION
The literature on the schizophrenia illness provides 
strong evidence for a role of genetic factor(s) in 
its aetiology (Craddock et al. 2005). However, the 
main genetic factor(s) associated with the disorder 
still remain(s) to be found (Craddock et al. 2005; 
Crow 2007). There are also clear indications that 
schizophrenia is a systemic disorder and not only 
a brain disease (Flyckt 2001). Therefore, I and my 
colleagues sought for a common molecular basis 
for schizophrenia abnormalities in brain and body 
and found an interesting hypothesis, described 
more in detail in two recent studies (Melkers-
son & Persson 2011; Melkersson et al. 2011), that 
impaired insulin/ insulin-like growth factor (IGF) 
signalling in cells might underlie known abnor-
malities associated with schizophrenia in both 
the central nervous system (i.e. structural and 
functional changes) and in peripheral organs (i.e. 
growth dysregulation, impaired glucose tolerance, 
lowered resting energy expenditure and neuro-
muscular dysfunction). This report concerns a 

female patient with schizophrenia, who was found 
to have a mutation in the insulin receptor sub-
strate-4 (IRS-4) gene, which is coding for one link 
in the insulin/ IGF signalling pathways in cells.

CASE REPORT
This patient was one of 95 patients with schizo-
phrenia who gave written informed consent to 
participate in a genetic study that was approved 
by the Ethics Committee of Karolinska Institutet, 
Stockholm, Sweden (Melkersson 2009; Melkers-
son et al. 2011). She also gave her written informed 
consent to participate in this case report. She was 
structurally interviewed by a psychiatrist (K.M.) 
about mental and physical health in herself and 
her relatives. Besides this, complementary infor-
mation was obtained from her case record.

Case history
The patient, a 50-year old Caucasian woman, was 
diagnosed with schizophrenia for the first time at 
age 15. Even as a child, she was silent and retir-
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ing. Whereas her development of motor functions in 
the first years was only a little late and culminated in 
walking at age 1.5, her language development clearly 
was delayed and she began to talk first at 3 to 4 years 
of age. As a child, she was vaccinated against pertus-
sis, but nevertheless caught this infection. In school 
she attended normal class, was good at drawing and 
painting, but otherwise she achieved low marks in her 
reports. Intelligence testing at age 15 showed a normal 
intelligence quotient (IQ) of 86 (normal ≥ 80). Her test 
results varied however between the sub-tests; with best, 
over average results in the figure classification and block 
sub-tests concerning logical inductive ability and visuo-
spatial cognition, and worst, below average result in the 
synonym sub-test concerning verbal understanding. 
Having left school she has been working at a sheltered 
workshop, in the beginning full-time, then half-time in 
combination with half early retirement because of her 
psychotic illness. Then she lived alone in her own flat, 
but for the last 15 years she has been living with her 
mother.

The patient has paranoid type of schizophrenia 
according to DSM-IV criteria (American Psychiatric 
Association 1994), and has earlier been admitted sev-
eral times to psychiatric clinics because of acute psy-
chotic relapses including symptoms such as auditory 
hallucination, thought disorder and paranoid delu-
sions. However, her mental status has been relatively 
stable over the last five years and during this period she 
has needed only follow-up at a psychiatric polyclinic. 
During these five years she has been regularly taking 
the antipsychotic medication tablet perphenazine 
(Trilafon®) 8 mg daily.

Besides her schizophrenia illness, the patient has 
a mild form of rheumatoid arthritis since age 36, for 

which she intermittently uses the anti-inflammatory 
agent naproxen (Naproxen®) 250 mg daily. She also has 
elevated body mass index (28 kg/ m2 ). Otherwise, she 
is physically healthy. She is the oldest of four siblings, 
of whom one brother suffers from systemic lupus ery-
thematosus and two sisters are healthy. Her mother has 
rheumatoid arthritis too, and her paternal grandmother 
was treated in mental hospital because of paranoid 
schizophrenia. Moreover, both her paternal grand-
mother and paternal grandfather suffered from cancer 
of unknown type.

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

DNA sequencing of the whole IRS-4 gene was per-
formed as follows. Genomic DNA was amplified by 
polymerase chain reaction (PCR), carried out in a 
Gene Amp® PCR System 2700 (Applied Biosystems, 
Foster City, CA, USA), followed by cleaning of the PCR 
products with Shrimp Alkaline Phosphatase and Exo-
nuclease I (Fermentas International Inc., Burlington, 
Canada). Then, 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 electropho-
resis in an ABI Prism 3730 Sequencer (Applied Biosys-
tems, Foster City, CA, USA). Post-sequencing editing 
and alignment of sequences were made with the pro-
gram Sequencher™4.5 (Gene Codes Corporation, Ann 
Arbor, MI, USA).

A AA AT T TC C CG
A AAAT Y TTC CG GG

A AAAT Y TTC CG GG
A AAT T T TC C CG G G

GG

Fig. 1. Electropherograms of the 
analysis of the G/A mutation 
(rs1801164) located at position 
107 863 596 in the insulin receptor 
substrate-4 gene. Forward and 
reverse directions are shown. The 
marked Y-letters indicate the point 
of change. 



175Neuroendocrinology Letters Vol. 34 No. 3 2013 • Article available online: http://node.nel.edu

Schizophrenia and a mutation in the insulin receptor substrate-4 gene

Genetic findings
The DNA sequence of the patient’s 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) was 
compared to the reference sequence of the gene (9,10), 
and it was found that the patient had what is referred 
to as a mutation: the G/A genotype instead of G/G, 
G/C or C/C at the same gene position (i.e. 107 863 596) 
as the previously known G/C single nucleotide poly-
morphism (SNP) with accession number rs1801164 
(Figure 1), resulting in a change in amino acid coding 
from histidine to tyrosine at amino acid position 879. 
This novel G/A SNP was recently registered by myself 
and colleagues in dbSNP, where it became assigned to 
the same accession number as the earlier G/C SNP, i.e. 
rs1801164 (Melkersson et al. 2011). However, no other 
mutations or SNPs were detected in this patient’s IRS-4 
gene sequence. 

DISCUSSION
This report deals with a female patient with schizophre-
nia and a G/A mutation in the IRS-4 gene at position 
107  863 596 and with accession number rs1801164. 
Since this mutation is expected to change the amino 
acid coding from histidine to tyrosine at position 879 
and cause an altered IRS-4 protein (9,10), and the 
IRS-4 protein may be involved in neuronal growth 
and function in several areas of the brain (Chiba et 
al. 2009; Goren et al. 2004; Numan & Russell 1999; 
Ye et al. 2002), it is possible that it is this IRS-4 gene 
mutation that underlies this patient’s schizophrenia 
development.

Although this patient completely fulfills the 
DSM-IV criteria for paranoid schizophrenia (Ameri-
can Psychiatric Association 1994), she is in several 
aspects an atypical schizophrenia patient. Firstly, she 
belongs to the smaller group of schizophrenia patients 
who develop their illness early in life (i.e. at age 18 or 
earlier), in whom gene mutations have been reported 
to be more common than in schizophrenia patients 
in general (Walsh et al. 2008). Secondly, she has both 
schizophrenia and rheumatoid arthritis, which are 
two diseases seldom occurring in one and the same 
patient (Eaton et al. 1992; Vinogradov et al. 1991). 
Thirdly, since a genetic predisposition to schizophrenia 
is suggested to entail a protection against cancer, this 
patient also is atypical in that she was the only one of 
the 95 patients with schizophrenia previously studied 
who had a relative (namely her paternal grandmother) 
suffering from both schizophrenia and cancer (Melk-
ersson 2009). Thus, although this patient has a typi-
cal paranoid schizophrenia according to the DSM-IV 
criteria (American Psychiatric Association 1994), she 
discriminates from schizophrenia patients in general in 
that she developed her schizophrenia early in life and 
also has rheumatoid arthritis and a relative with both 
schizophrenia and cancer.

Interestingly, this patient’s IRS-4 gene mutation 
may be a so-called inherited mutation (Xu et al. 2008), 
derived from her paternal grandmother who also had 
a diagnosis of paranoid schizophrenia. In addition, her 
paternal grandmother suffered from cancer, indicat-
ing that she lacked the protection against cancer that 
is usually found in individuals with schizophrenia or 
a genetic predisposition to schizophrenia (Melkersson 
2009). However, a mutation in the IRS-4 gene would 
only be expected to protect against development of 
some forms of cancers (Karrman et al. 2008; Mertens et 
al. 2011; Tseng et al. 2002; Uchida et al. 2000).

The IRS-4 protein is also known to be highly 
expressed in the hypothalamus that plays a main role 
in the regulation of body weight, and in a recent study, 
lower body mass index in patients with schizophrenia 
was found to be associated with six SNPs in the IRS-4 
gene (Melkersson & Persson 2011). However, the 
patient in this case report, who had an elevated body 
mass index of 28 kg/m2, did not carry any of these six 
SNPs (Melkersson & Persson 2011). Furthermore, the 
IRS-4 protein shows expression in T-lymphocytes and 
thymus (Cai et al. 2003; Karrman et al. 2008), which 
would seem to explain why this patient as a child, car-
rying a mutation in the IRS-4 gene, failed to develop 
a satisfactory immune response and protection against 
pertussis infection by vaccination. This patient has 
in addition been investigated regarding SNPs in both 
the insulin receptor substrate-3 (IRS-3) gene and the 
serotonin receptor 2A (HTR2A) gene (Melkersson & 
Hulting 2009; Melkersson & Persson 2012). Just as 92 
other schizophrenia patients studied, she lacked the A 
allele of the IRS-3 SNP rs117078492 that has been sug-
gested to protect against schizophrenia development 
(Melkersson & Persson 2012). On the other hand, she 
carried the 452Tyr variant of the HTR2A His452Tyr 
SNP rs6314 that has been shown to be associated with 
decreased serotonin-induced calcium mobilization in 
cells, family history of schizophrenia, and paranoid 
subtype of schizophrenia in female patients (Melkers-
son 2010; Melkersson & Hulting 2009).

In conclusion, it seems that this patient belongs to 
the group of schizophrenia patients who have multiple, 
individually rare mutations impacting genes in path-
ways of the brain important for neurodevelopment 
and/ or neurotransmission, thereby contributing to 
schizophrenia (Walsh et al. 2008). It is also possible that 
the case of this single patient with schizophrenia and 
an IRS-4 gene mutation tells us that the insulin/ IGF 
signalling pathways in cells are of clear interest in the 
future search for schizophrenia genes.

ACKNOWLEDGEMENTS
This study was supported by grants from the Swedish 
Research Council and the Swedish Society of Medicine, 
and was presented in part as an abstract at the Col-
legicum Internationale Neuropsychopharmacologicum 



176 Copyright © 2013 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

Kristina Melkersson

Congress, Stockholm, Sweden, June 3–7, 2012 and the 
World Congress on Psychiatric Genetics, Hamburg, 
Germany, October 14–18, 2012.

REFERENCES

1  American Psychiatric Association (1994). Diagnostic and statisti-
cal manual of mental disorders, 4th ed. Washington DC, USA: 
American Psychiatric Press.

2  Cai D, Dhe-Paganon S, Melendez PA, Lee J, Shoelson SE (2003). 
Two new substrates in insulin signalling, IRS5/DOK4 and IRS6/
DOK5. J Biol Chem. 278: 25323–25330.

3  Chiba T, Inoue D, Mizuno A, Komatsu T, Fujita S, Kubota H, et al 
(2009). Identification and characterization of an insulin receptor 
substrate 4-interacting protein in rat brain: implications for lon-
gevity. Neurobiol Aging. 30: 474–482.

4  Craddock N, O’Donovan MC, Owen MJ (2005). The genetics 
of schizophrenia and bipolar disorder: dissecting psychosis 
[review]. J Med Genet. 42: 193–204.

5  Crow TJ (2007). How and why genetic linkage has not solved the 
problem of psychosis: review and hypothesis. Am J Psychiatry. 
164: 13–21.

6  Eaton WW, Hayward C, Ram R (1992). Schizophrenia and rheuma-
toid arthritis: a review [review]. Schizophr Res. 6: 181–192.

7  Flyckt LK (2001). Schizophrenia as a systemic disorder – studies 
of peripheral and central biological functions [dissertation]. 
Stockholm, Sweden: Karolinska Institutet. 

8  Goren HJ, Kulkarni RN, Kahn CR (2004). Glucose homeostasis 
and tissue transcript content of insulin signaling intermediates 
in four inbred strains of mice: C57BL/6, C57BLKS/6, DBA/2, and 
129X1. Endocrinology. 145: 3307–3323.

9  http://www.ensembl.org/ (release 46, August 2007).
10  http://www.ncbi.nlm.nih.gov/ (version 31.08.2007).
11  Karrman K, Kjeldsen E, Lassen C, Isaksson M, Davidsson J, Ander-

sson A, et al (2008). The t(X;7)(q22;q34) in paediatric T-cell acute 
lymphoblastic leukaemia results in overexpression of the insulin 
receptor substrate 4 gene through illegitimate recombination 
with the T-cell receptor beta locus. Br J Haematol. 144: 546–551.

12  Melkersson K (2009). Familial and sporadic schizophrenia: a 
comparison of somatic diseases and abuse in patients and their 
relatives. Acta Neuropsychiatr. 21: 4–10.

13  Melkersson K (2010). Clinical findings related to alterations of 
the intracellular calcium homeostasis in schizophrenia [review]. 
Prog Neuropsychopharmacol Biol Psychiatry. 34: 1365–1366.

14  Melkersson K, Hulting A-L (2009). Serotonin receptor 2A gene 
polymorphisms and schizophrenia: association with family his-
tory, diagnostic subtype and height in patients. Neuroendocri-
nol Lett. 30: 343–351.

15  Melkersson K, Persson B (2011). Association between body mass 
index and insulin receptor substrate-4 (IRS-4) gene polymor-
phisms in patients with schizophrenia. Neuroendocrinol Lett. 32: 
634–640.

16  Melkersson K, Persson B (2012). Evidence for a negative associa-
tion between schizophrenia and a polymorphism in the insulin 
receptor substrate-3 (IRS-3) gene. Neuroendocrinol Lett. 33: 
321–330.

17  Melkersson K, Persson B, Hongslo T (2011). The insulin receptor 
substrate-4 (IRS-4) gene and schizophrenia: no evidence for a 
main genetic factor, however one report of a single schizophre-
nia patient with a mutation. Neuroendocrinol Lett. 32: 51–58.

18  Mertens F, Möller E, Mandahl N, Picci P, Perez-Atayde AR, Samson 
I, et al (2011). The t(X;6) in subungual exostosis results in tran-
scriptional deregulation of the gene for insulin receptor sub-
strate 4. Int J Cancer. 128: 487–491.

19  Numan S, Russell DS (1999). Discrete expression of insulin recep-
tor substrate-4 mRNA in adult rat brain. Brain Res Mol Brain Res. 
72: 97–102.

20  Tseng Y-H, Ueki K, Kriauciunas KM, Kahn CR (2002). Differential 
roles of insulin receptor substrates in the anti-apoptotic func-
tion of insulin-like growth factor-1 and insulin. J Biol Chem. 277: 
31601–31611.

21  Uchida T, Myers MG, White MF (2000). IRS-4 mediates protein 
kinase B signaling during insulin stimulation without promoting 
antiapoptosis. Mol Cell Biol. 20: 126–138.

22  Walsh T, McClellan JM, McCarthy SE, Addington AM, Pierce SB, 
Cooper GM, et al (2008). Rare structural variants disrupt multiple 
genes in neurodevelopmental pathways in schizophrenia. Sci-
ence. 320: 539–543.

23  Vinogradov S, Gottesman II, Moises HW, Nicol S (1991). Negative 
association between schizophrenia and rheumatoid arthritis 
[review]. Schizophr Bull. 17: 669–678.

24  Xu B, Roos JL, Levy S, van Rensburg EJ, Gogos JA, Karayiorgou 
M (2008). Strong association of de novo copy number mutations 
with sporadic schizophrenia. Nat Genet. 40: 880–885.

25  Ye P, Li L, Lund PK, D’Ercole AJ (2002). Deficient expression of 
insulin receptor substrate-1 (IRS-1) fails to block insulin-like 
growth factor-I (IGF-I) stimulation of brain growth and myelina-
tion. Brain Res Dev Brain Res. 136: 111–121.


