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Endogenous or functional psychoses, such as schizophre-
nia and mood disorders, are relatively common diseases
that show a chronic course. To date, there are no ideal
medical treatments, primarily because the etiology of these
illnesses remains largely unknown. Considering the im-
mense personal and social losses induced by mental dis-
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orders, it is imperative to identify the mechanisms of the
diseases, which could lead to the development of funda-
mental therapies and effective prevention.

Our current efforts focus on strategies that aim to
identify susceptibile genes for psychiatric disorders, using
an integrated molecular and behavioral genetic approach
that includes analyzing both human samples and animal
models. These approaches entail (1) linkage disequilibrium
scanning of functional psychoses, (2) genetic and func-
tional analyses of candidate genes, and (3) analyses of an-
imal models. We hope that these endeavors will lead to
a better understanding of neuropsychiatric diseases at the
molecular level and eventually contribute to improving the
welfare of patients suffering from these disorders.

1. Linkage disequilibrium (LD) scanning of func-
tional psychoses

We are continuing to collect human samples from fam-
ilies and unrelated individuals with schizophrenia and
mood disorders (particularly bipolar disorder) and con-
trols. For sample recruitment and genetic analyses, we
are working closely with a nation-wide collaborative net-
work for schizophrenia (JSSLG: Japanese Schizophrenia
Sib-Pair Linkage Group) and mood disorders (JGIMD:
Japanese Genetics Initiative for Mood Disorders). In 2003,
we completed an LD scan of schizophrenia pedigrees
using 444 genome-wide microsatellite markers. In 2004,
we launched the whole genome association scan of our
schizophrenic pedigrees, using 100,000 SNPs (single nu-
cleotide polymorphisms) provide by Affymetrix company
as a DNA microarray chip. We have also started a genome-
wide scan in bipolar-control samples, using the same
100,000 SNP chips. For the study of endophenotypes,
we are collecting the data of prepulse inhibition (PPI) in
schizophrenia.

2. Genetic and functional analyses of candidate
genes

A well established hypothesis for schizophrenia etiol-
ogy, is that of hypoglutamatergic neurotransmission via
NMDA receptors. Continuing from 2003 and into 2004,
we have studied the netrin G1 and G2 genes in collab-
oration with the Lab. for Behavioral Genetics, because
the netrin-G1 (Nitngl) and -G2 (Ntng2) genes, recently
cloned from the mouse, play a role in the formation and/or
maintenance of glutamatergic neural circuitry. Twenty-
one SNPs from NTNG1 and 10 SNPs from NTNG2 were
analyzed in 124 schizophrenic pedigrees. All genotypes
were determined using the TagMan assay. The expres-
sion levels of NTNG1 and NTNG2 were examined in the
frontal and temporal cortices from schizophrenic and con-
trol postmortem brains. The isoform-specific expression of
NTNG1 splice variants was assessed in these samples. Spe-
cific haplotypes encompassing alternatively spliced exons
of NTNG1 were associated with schizophrenia, and concor-
dantly, mRNA isoform expression was significantly differ-
ent between schizophrenic and control brains. An associa-
tion between NTNG2 and schizophrenia was also observed
with SNPs and haplotypes that clustered in the 5’ region of
the gene. The NTNG1 and NTNGZ2 genes may be relevant
to the pathophysiology of schizophrenia.

Dr. Hashimoto et al from Chiba University have re-
cently reported a reduction in serum levels of D-serine,
an endogenous co-agonist of the NMDA receptor, in
schizophrenia, supporting the hypofunction hypothesis of
NMDA neurotransmission in schizophrenia. Therefore, in
collaboration with them, we have examined the genetic
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roles of serine racemase (SRR), an enzyme catalyzing the
formation of D-serine from L-serine, and D-amino-acid ox-
idase (DAO) in the susceptibility to schizophrenia and
the regulation of serum D-serine levels. We determined
the complete cDNA and genomic structures of SRR, and
performed mutation screening. SNPs in SRR and DAO
were tested for their association with schizophrenia in both
case-control and family-based designs, and for correlation
with serum levels of D-serine. Genomic analyses revealed
that human brain SRR transcripts consist of 4 isoforms
with 1 major species, which were derived from alternative
use of different 5’ end exons. Genetic association analyses
showed no significant association between SRR/DAO and
schizophrenia. We replicated the decreased serum D-serine
levels in schizophrenia in the present sample set. However,
the D-serine levels did not correlate with SRR/DAO geno-
types. The SRR/DAO are not likely to be major genetic
determinants in the development of schizophrenia or con-
trol of serum D-serine levels.

Myo-inositol monophosphatase 2 (IMPA2) is thought
to be a target for lithium, a therapeutic drug for mood
swings, and it maps to 18p11.2 where linkage to both bipo-
lar disorder and schizophrenia has been reported. We are
continuing to determine the enzymatic function of IMPA2
and also making gene-manipulated animals.

3. Studies on animal models

Deficits in prepulse inhibition (PPI) have been reported
in schizophrenics and first degree relatives suggesting that
it may represent an endophenotype for schizophrenia. PPI
is one of the few behavioral measures that can be exam-
ined by the same paradigm in both rodents and humans.
Based on the assumption that genes controlling PPI should
overlap with those for schizophrenia susceptibility, we have
performed QTL analysis using mice. We first tested sev-
eral inbred strains for their intrinsic PPI, and found that
C57BL/6N (B6) mice showed the highest percentage of
PPI and the C3H/HeN (C3) strain displayed the lowest.
During 2003, we prepared 1,000 F2 mice from B6 and C3
progenitor strains, scored their PPI and genotyped them
using 80 genome-wide microsatellite markers. Interest-
ingly, we found that one QTL for PPI mapped to the
syntenic region for human chromosome 6p, a well docu-
mented linkage region for schizophrenia. In 2004, we per-
formed fine-mapping of each significant QTL, and selected
candidate genes from those regions. Then we analyzed the
genomic sequences and expressions in brains of these can-
didate genes. We have started collaborations with those
who own knock-out mice of these candidate genes.

We are also continuing to examine the pharmacobehav-
ioral profiles of netrin G1-deficeint mice developed by the
Lab. for Behavioral Genetics.
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