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Mutation screening and assessment of the effect of genetic
variations on expression and RNA editing of serotonin
receptor 2C in the human brain
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Takeo Yoshikawa, MD, Php? and Tadafumi Kato, MD, PhD!*
*Laboratory for Molecular Dynamics of Mental Disorders and *Laboratory for Molecular Psychiatry, RIKEN Brain Science

Institute, Saitama, Japan

Aim: Serotonin receptor 2C (HTR2C) has been pos-
tulated as being involved in the etiology or patho-
physiology of mental disorders such as bipolar
disorder, major depression and schizophrenia. We
previously revealed the altered mRNA expression and
RNA editing of HTR2C in the postmortem brains of
patients with mental disorders. Here we examined
the relationship between genetic variations and
expression level or RNA editing level of HTR2C in the
human brain. ‘

Methods: We performed mutation screening of the

HTR2C gene by sequencing all exons, exon-intron

boundaries, and promoter region in the same cohort

used for expression and RNA editing studies (1 = 58).
Using the detected genetic variations, we examined
the relationship between genetic variations and
expression or RNA editing level.

Results and conclusion: We did not find novel muta-
tions or single nucleotide polymorphisms that were
specific to patients. Genotype and haplotype-based
analyses revealed that genetic variations of HTR2C
did not account for observed altered expression or
RNA editing level of HTR2C in the brain.

Key words: bipolar disorder, depression, HTR2C,
postmortem brain, schizophrenia.

SEROTONIN IS A monoamine neurotransmitter
that plays important roles in regulation of mood,
appetite, sexual behavior and anxiety. Serotonin
receptor 2C (HTR2C) encodes a G protein-coupled
receptor that activates phospholipase C. Knock-out
mice for this gene showed various phenotypic and
behavioral alterations including seizure, enhanced
exploration of a novel environment, and dysregula-
tion of anxiety-related behaviors,'-* implicating the
involvement of this gene in the pathophysiology of
mental disorders. Several studies also reported the
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significant associations between genetic variations of
HTR2C and major depression {MD), bipolar disorder
(BD),** increased risk for lifetime hospitalization in
schizophrenia (SZ),° and psychotic symptoms of
Alzheimer’ s disease.”® Among the known 14 seroto-
nin receptors, HTR2C has a unique feature in that its
pre-mRNA undergoes adenosine-to-inosine (A-to-I)
RNA editing by adenosine deaminases.” In A-to-I RNA
editing, the translation machinery recognizes inosine
as guanosine, resulting in changes in amino acid
sequences. In cases of HTR2C, there are five editable
positions (termed sites A to E) in exon 5 (Fig. 1),
which theoretically result in a generation of up to 24
different HTR2C, in terms of amino acid sequences.>°

In the studies using postmortem brains, decreased
expression of HTR2C was reported in patients with
SZ,'*? and altered RNA editing in patients with SZ,*
MD,™ and BD? as well as an animal model of depres-

- sion.'® Consistent with these results, we have also
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28.

}__ - Figure 1. Genomic structure of the
serotonin receptor 2C (HTR2C) gene.
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revealed decreased expression of HTR2C in brains of
patients with SZ and BD,"” and altered RNA editing
status in major depression and suicide victims.'® To
examine the possible cause of the altered status of
expression and RNA editing, we here performed
mutation screening of the HTR2C gene in the same
cohort used in previous studies. We then examined
the effect of genetic variations on expression and
RNA editing level of HTR2C in the brain.

METHODS

Postmortem samples

Postmortem liver samples corresponding to prefron-
tal cortex samples, using previous expression'’ and
RNA editing'® studies, were donated by the Stanley
Medical Research Institute (SMRI). This sample set,
called Consortium Collection, consisted of patients
with BD, MD and SZ, as well as control subjects. Each
diagnostic group consisted of 15 subjects. Diagnosis
had been made according to the DSM-IV criteria.
Detailed information about subjects are found else-
where.’® Of the 60 liver samples, we successfully
extracted genomic DNA from 58 samples (15 BD, 15
MD, 14 SZ, and 14 controls) by standard phenol-
chloroform extraction method.

Polymerase chain reaction and
DNA sequencing

To screen the mutations in the HTR2C genomic
region, we sequenced all exons, exon-intron bound-
aries, and the promoter region (Fig. 1). The poly-
merase chain reaction (PCR)-amplified regions,
primer pairs and PCR conditions are available upon
request. PCR products were sequenced with a BigDye
Terminator v3.1 Cycle Sequencing Kit and a 3730xl
DNA analyzer (Applied Biosystems, Foster City, CA). -

© 2009 The Authors

Exons are denoted by boxes, with
untranslated regions in white and
translated regions in black. SNP
detected in this study are indicated by
arrows. SNP are denoted as major
allele/minor allele. RNA editing sites
are indicated by a black bar.

The number of dinucleotide repeats at a microsatel-
lite (rs3834996) was determined by 3130xl Genetic
Analyzer (Applied Biosystems) using primers FAM-
labeled 5-TGCT GTITGTTGAAATGAAATG-3" and
5-GTTTCITGAGAGGGAAGGCTTTCTCAA-3’.

Data analysis

In the genotype- and haplotype-based analyses, one-
way ANOVA was conducted using the genotype or
haplotype as the factor variable, and expression level
or RNA editing efficiency as the dependent variable
using PSS 11.0] software (SPSS Japan). In cases where
the number of informative genotypes or haplotypes
was too small (=2), we omitted that group from
the ANOVA. We employed the Student’s t-test for
two-group comparison. P < 0.05 was considered to
be significant. Previously determined HTR2C expres-
sion level!” and RNA editing efficiency’® in postmor-
tem prefrontal cortex (Brodmann's Area 10) were
used for data analysis. Of the five edited sites,
editing efficiency of two sites (sites A and D) were
available?® Power analysis was performed using
G*power software.”!

RESULTS

The genomic structure of the HTR2C gene (Xq24) is
shown in Fig. 1. We sequenced all six exons, exon-
intron boundaries and the promoter region (about
500 bp upstream region from exon 1) in a total of 58
subjects (15 BD, 15 MD, 14 §Z, and 14 controls). We
detected seven SNP and a dinucleotide (GT) repeat
polymorphism in these subjects (Fig. 1). All poly-
morphisms are known genetic variations and could
be found in the SNP database. Among them, the
1s3813929 (-795C/T) was reported to alter transcrip-
tional activities by in vitro reporter assays, and the
rs6318 (Cys23Ser) was shown to alter receptor activ-
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