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Summary. We examined, for the first time, the possible association between
schizophrenia and the anaplastic lymphoma kinase (ALK) gene which plays an
important role in neurodeveloment. When two nonsynonymous polymorphisms
(Arg1491Lys and Glu1529Asp) were examined, there were significant differences in
genotype and allele distributions between patients and cohtrols. Individuals
homozygous for the minor allele (1491Lys-1529Asp) were more common in patients
than in controls (p=0.0064, odds ratio 2.4, 95% CI 1.3-4.6). These results suggest

that genetic variations of the ALK gene might confer susceptibility to schizophrenia.

Key words: schizophrenia, anaplastic lymphoma kinase (ALK), single nucleotide
polymorphism (SNP), association, susceptibility

Introduction

Growing evidence has suggested that alterations of neurotrophic factors may be
involved in the morphological, cytoarchitectural and neurobiochemical
abnormalities in the brain of schizophrenic patients (Thome et al, 1998; Durany and
Thome, 2004). _Anaplastic lymphoma kinase (ALK) was originally identified as an
oncogene activated in anaplastic large cell lymphomas with chromosomal
translocation t(2;5) (Morris et al, 1994; Shiota et al, 1994). Subsequent cloning of
the ALK gene revealed that it encodes a receptor-type protein tyrosine kinase RTK)
of the insulin receptor family (Iwahara et al, 1997; Morris et al, 1997).
Neurotrophic factors exert their effects, through binding to RTKs and play an
important role in neurodevelopment such as differentiation, proliferation, survival,
and synaptic formation. Indeed, ALK was found to be a receptor for
heparin-binding growth factors, midkine (Stoica et al, 2002) and pleiotrophin
(Stoica et al, 2001). Midkine and pleiotrophin show approximately 50% identity in
amino acid sequence and share the same genomic organization. These proteins
play an important role in early neurogenesis, neurite outgrowth, nerve cell
migration, and neuroprotection (reviewed by Kadomatsu and Muramatsu, 2004).
Of note, a recent study reported alterations in serum midkine levels in patients
with schizophrenia (Shimizu et al, 2003). ‘ ;

ALK is expressed almost exclusively in perinatal neural cells. In the central
nervous system, it is highly expressed in diencephalons, midbrain, and the ventral
half of the spinal cord. After birth, its expression decreases; however, it persists to
be expressed in some regions such as the thalamus, olfactory bulb, and midbrain
(Iwahara et al, 1997). These brain regions have been implicated in the

pathophysiology of schizophrenia (e.g., Moberg and Turetsky, 2003; Clinton and
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Meador-Woodruff, 2004). The ALK gene is, therefore, a good candidate gene for
association analysis with schizophrenia.  To our knowledge, however, there is no
study examining the possible association between the ALK gene and schizophrenia.
The ALK gene maps to chromosome 2p23 (Morris et al, 1994). We searched for
nonsynonymous single nucleotide polymorphisms (SNPs) in the ALK gene in silico
and found only 2 common SNPs which have been well validated: a nucleotide
substitution (G>A: NCBI SNP ID rs1881420) resulting in an amino acid change of
Arg1491Lys (amino acid numbering is according to NCBI protein data base
accession NP_004295) and G>C (rs1881421) resulting in Glulb529Asp. Since these
poly‘morphisms may alter functions of ALK protein, we performed an association

study between these polymorphisms and schizophrenia.

Materials and methods"

Subjects

Subjects were 300 patients with schizophrenia (154 males, mean age of 45.3 years
[SD 14.3]) and 308 healthy controls (140 males, 89.8 years [SD 11.5]). Al subjects
were biologically unrelated Japanese and recruited from the same geographical
Western part of Tokyo Metropolitan). - Consensus diagnosis by at least two
psychiatrists was made for each patient according to the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV) criteria (American Psychiatric
Association, 1994) on the basis of unstructured interviews and information from
medical records. The controls were healthy volunteers recruited from hospital
staffs and their associates.. They were interviewed and those individuals who had
current or past history of psychiatric treatment were not enrolled in the study.’

The study was performed in compliance with the Code of Ethics of the World
Medical Association (Declaration of Helsinki). After description of the study,
written informed consent was obtained from every subject. The study protocol was
approved by the ethics committees at the Showa University School of Medicine and

the National Center of Neurology and Psychiatry, Japan. -

Genotyping

Venous blood was drawn from the subjects and genomic DNA was extracted from
whole blood according to the standard procedures. The index SNPs (rs1881420
and rs1881421) were genotyped using the TaqMan &-exonuclease - allelic

discrimination assay, as described previously (Hashimoto et al 2004; Hashimoto et
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al 2005). Primers and probes for detection of the SNPs were as follows: 5™

TTCTCTCAGTCCAACCCTCCTT-3 (forward primer), 5-
CTGGTGGGCTTGTTTCTGGAT-3 (reverse primer),
5-VIC-TTGCACAAGGTCCAC-MGB-3 (probe 1), and

5-FAM-TGCACAGGGTCCAC-MGB-3’ (probe 2) for rs1881420;
5-AGAGAAACCCACCAAAAAGAATAATCCT-3’ (forward primer), 5
GTTAGGTGGGACAGTACAGCTT-3’ (reverse primer), 5-VIC-
CAGGTTACCCCTGTCGTGT-MGB-3 (probe 1, and 5-FAM-
CAGGTTACCCCTCTCGTGT-MGB-3’ (probe 2) for rs1881421. Thermal cycling for
polymerase chain reaction (PCR) were 1 cycle at 95°C for 10 minutes followed by 50
cycles of 92°C for 15 seconds and 60°C for 1 minute. Genotype data were read

blind to the case-control status.

Statistical analysis 7

The presence of Hardy-Weinberg equilibrium was examined by using the 02 test for
goodness of fit. Genotype and allele distributions were compared between patients
and controls by using the 02 test for independence. All p-values reported are

two-tailed.

Results

Nearly all the subjects except for three (99.5%) had the same genotype for the two
SNPs. of rs1881420 and rs1881421, i.e., genotypes of G/G, G/A, and A/A in the
former corresponded to those of G/G, G/C, and C/C in the latter. Thus, we show
results of statistical analyses for the SNP rs1881421 (Glu1529Asp) only. Genotype
distributions and allele frequencies in patients and controls are shown in Table 1.
The genotype distribution was not significantly deviated from Hardy-Weinberg
equilibrium for patients and controls (patients: 02=0.1, df=1, p=0.81; controls:
02=1.9, df=1, p=0.16). There was a significant difference in the overall genotype
distribution between patients and controls (02=9.3, df=2, p=0.0095). Individuals
homozygous for the minor allele (1529Asp) was significantly more common in
patients than in controls (02=17.4, df=1, p=0.0064, odds ratio 2.4, 95% CI 1.3-4.6).
When allele frequencies were compared, the 1529Asp allele was significantly more
frequent in patients than in controls (02=7.7, df=1, p=0.0055, odds ratio 1.4, 95% CI
1.1-1.8).
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Discussion

We examined, for the first time, the possible association between schizophrenia and
the anaplastic lymphoma kinase (ALK) gene which plays an important role in
neurodevelopment such as early neurogenesis, neurite o‘utgrowth, nerve cell
migration, and neuroprotection. 'We found that the minor allele (1529Asp) of the
Glu1529Asp polymorphism (rs1881421) and homozygosity for this allele were
significantly more common in patients with schizophrenia than in controls. ~Since
nearly all the subjects had the same genotype for the other SNP, Argl1491Lys
(rs1881420), the risk alleles constitute a haplotype 1491Lys-1529Asp. Thus, our
results suggest that the 1491Lys-1529Asp haplotype or its homozygosity may confer
susceptibility to schizophrenia. However, we do not know whether these
nonsynonyrrious polymorphisms do alter functions of the ALK protein to give
susceptibility to schizophrenia. ‘Accordingly, there remains a possibility that other
polymorphisms, which are in linkage disequilibrium to these polymorphisms, are

truly responsible for giving susceptibility.

The ALK gene encodes a 1620 amino acid protein containing a putative 26 amino
acid signal peptide, an extracellular domain of 1004 amino acid after signal peptide
cleavage, a transmembrane domain of 28 hydrophobic amino acids, a
juxtamembrane segment of 64 amino acids, a catalytic domain (protein tyrosine
kinase domain) of 254 amino acids, followed by the carboxyl-terminal tail of 244
amino acids (Morris et al, 1997). The Argl491Lys and Glul529Asp residues lie
close to a NPTY motif (residue 1504-1507) in the carboxyl-terminal tail (Morris et al,
1997).  Such motifs mediate the interaction of RTKs with signaling substrates such
as the insulin receptor substrate-1 and Src homology and collagen proteins through
the substrates’s phosphotyrosine binding (PTB) domain (van der Geer and Pawson,
1995). It is possible that amino acid changes of Arg1491Lys and Glul529Asp may
alter protein structure and affect functions (e.g., binding to these substrates).

ALK is a receptor-type protein kinase (RTK) that is expressed preferentially in
neurons of the central and peripheral nervous systems at late embryonic stages
(Iwahara et al; Morris et al, 1997)." Neurotrophic factors exert their effects through
binding to RTKs, and ALK is a receptor for heparin-binding growth factors, midkine
and pleiotrophin (Stoica et al, 2001; Stoica et'al, 2002). Thus it is likely that ALK

play an important role in neurodevelopment such as differentiation, proliferation,
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