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Abstract

An association between serotonergic dysfunction in the brain and suicidal

behavior has previously been suggested. The high affinity of some antipsychotic and

antidepressant drugs to serotonin 6 (5-HTsg) receptors, and the predominant localization

of 5-HTjg receptors in some limbic regions, suggest that 5-HTg receptors play a role in

the pathogenesis of suicide. The objective of the present study was to examine the

association between suicide victims and two polymorphisms of the 5-HTg receptor

gene: a biallelic polymorphism (267C/T) in exon 1 and a trinucleotide repeat

polymorphism ((GCC),s) in the 5’-upstream region of the gene. We genotyped the

two polymorphisms in 163 suicide victims and 166 controls, and compared the

distribution of genotype and allele frequencies between the two groups. Haplotype

frequencies of these two polymorphisms were estimated from genotypic data by the

maximum-likelihood method. In both polymorphisms, there were no significant

differences in genotype or allele frequencies between the suicide victims and the

controls. Moreover, there were no significant differences in the haplotype

distributions of these polymorphisms between the two groups. These findings suggest

that it is unlikely that the 5-HTg receptor gene is involved in the susceptibility to suicide.

Key words: suicide victims, serotonin 6 receptor gene, association study,

polymorphism, haplotype analysis.



INTRODUCTION

Several lines of evidence suggest that serotonergic dysfunction is involved
in the susceptibility to suicide. A low level of 5-hydroxyindoleacetic acid, the
principal metabolite of serotonin, in cerebrospinal fluid and a blunted prolactin response
to fenfluramine, which indicates serotonergic hypofunction in the brain, have been
found in subjects with suicidal behavior.*? These findings seem to be independent of
psychiatric diagnoses and to correlate with the lethality of suicide attempts. Thus,
suicide is explained by factors other than the presence of a specific psychiatric
disorder.®

Family, twin, and adoption studies have shown that genetic factors partly
explain the risks for suicide.® Genetic variations in the serotonergic system are
thought to affect serotonin turnover,” the density of serotonin transporters (5-HTT),® and
the levels of tryptophan hydroxylase (TPH),” which is the rate-limiting enzyme in
serotonin biosynthesis. Therefore, a functional alteration of serotonergic
neurotransmission due to gene polymorphisms might lead to serotonergic dysfunction,
which could contribute to suicidal behavior. Over the last years, a growing number of
molecular genetic studies carried out investigating an association between suicidal
behavior and a genetic variant in serotonergic candidate genes, particularly TPH, 5-HTT,
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monoamine oxidase A, serotonin 2A, 1A and 1B receptor genes.”**  Studies on the



association of serotonergic candidate gene polymorphism with suicidal behavior have
so far not been conclusive.™
Serotonin 6 (5-HTsg) receptors, which are predominantly expressed in the

limbic and cortical regions of the human brain,™>™*’

may have a role in the biological
susceptibility to suicidal behavior. The evidence for this, although indirect, is that two
antipsychotic drugs (clozapine and olanzapine) that strongly interact with 5-HTg
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receptors™*’ or affect their expression'® were also found to reduce the rates of

attempted and/or completed suicides in patients with schizophrenia.**#

If 5-HT¢ receptors have a role in the biological susceptibility to suicidal
behavior, it may be due to polymorphisms in the 5-HTg receptor gene. The gene has
been mapped to chromosome 1p35-p36 and the receptor is positively linked to adenyl
cyclase.®® The open reading frame of the receptor cDNA is 1,320 base pairs (bp) long,
encoding a protein of 440 amino acids. Two polymorphisms have been detected in the
human 5-HTg receptors. Asilent Rsa I restriction fragment length polymorphism has
been detected at bp 267 C/T in exon 1,% and a trinucleotide repeat polymorphism,
(GCC)s3, has been detected at nucleotide positions between —1093 and —1085 bp
upstream from the translation start site.”*  Five other variants of the 5-HTg receptor

gene have been described in a German population, but they were not examined in this

study because one of the five variants was in complete linkage disequilibrium with



267C/T polymorphism, the other four variants had very low allele frequencies, and none
involved changes in the amino acid sequence.”

To explore the hypothesis that the 5-HT¢ receptor gene is involved in the
susceptibility to suicide, we examined whether 267C/T and (GCC)3 polymorphisms

are associated with suicide victims.

METHODS

The study population consisted of 163 suicide victims (113 males and 50
females; mean age*=SD, 47.6*17.9 years) who completed suicide and on whom
autopsies were conducted in the Department of Legal Medicine, Kobe University
School of Medicine. In most cases, accurate information about the clinical
backgrounds of the suicide completers could not be obtained under our ethical code for
genetic studies. The controls consisted of 166 unrelated volunteers (114 males and 52
females; mean age *=SD, 45.7*16.4 years) who were recruited from the general
population of the Kobe city area in Japan. All were healthy and of Japanese descent
and none manifested psychiatric problems in brief interviews by psychiatrists. This
study was approved by the Ethics Committee of Kobe University Graduate School of
Medicine. All control subjects and the families of all suicides in this study gave

informed consent.



Peripheral blood was obtained from suicide victims and controls, and
leukocyte DNA was extracted for genotype determination. The genotypes of the 5-
HT¢ receptor gene 267C/T polymorphisms were determined by the method of Kohen et
al.”® Target sequences were amplified by the polymerase chain reaction (PCR) using
primers 5’-AAC TTC TTC CTG GTG TCG CTC TTC-3’ and 5’-ATG AGC AGG TAG
CGG TCC AGG C-3’. The PCR products were digested with Rsa I at 37°C for 4 to
12 hr and then electrophoresed on 3% agarose gels. The PCR product was visualized
by ethidium bromide staining and UV transillumination. The 267C allele showed
DNA fragments of 371 bp and 126 bp, whereas the 267T allele PCR product remained
uncut with a PCR fragment size of 497 bp. The (GCC),3 polymorphism was
genotyped as described by Ohmori et al.**  Target sequences were amplified by PCR
using primers 5’-CCC GTT GTG AGT GGG CAG CAC C-3’and 5’-CCT CCC AAC
CCA CAC GTG GCT GC-3’ (a mismatched nucleotide is underlined). PCR products
were digested with Fsp I at 37°C for 4 hr and then electrophoresed on 4% agarose
gels. The (GCC); allele showed PCR fragments of 84 bp and 23 bp, whereas the
(GCC); allele PCR product remained uncut with a PCR fragment size of 110 bp.

The genotype distribution and Hardy-Weinberg equilibrium were tested by
chi-square test for goodness of fit. Comparisons of the genotype frequencies and allele

frequencies between the two groups were performed using a chi-square test and a two-



tailed Fisher’s exact test, respectively. Haplotype frequencies were estimated from
genotypic data by the maximum-likelihood method using the LDSUPPORT program.®

The P level of significance retained was 0.05.

RESULTS

The samples of 163 suicide victims and 166 controls were genotyped for
267C/T and (GCC)y3 polymorphisms of the 5-HTg receptor gene.  The distributions of
genotype and allele frequencies of both polymorphisms in suicide victims and controls
are shown in Table 1. The genotype distributions of the two polymorphisms in both
groups were in Hardy-Weinberg equilibrium.  In the 267C/T polymorphism, no
significant difference was found in the genotype distribution ( x > = 0.130, d.f. =2, P =
0.937) or allele frequencies ( x 2= 0.100, d.f. = 1, P = 0.751) between the suicide
victims and the controls.  Similarly, no significant difference was found in the
genotype distribution ( x 2 = 1.089, d.f. = 2, P = 0.580) or allele frequencies ( x 2 =
0.305, d.f. =1, P = 0.581) of the (GCC),3 polymorphism between the two groups.
There was also no difference in genotype distribution or allele frequency of the two
polymorphisms after stratification by gender (data not shown).

Maximum likelihood analysis of haplotype distributions (Table 2)

demonstrated the presence of tight linkage disequilibrium between the two



polymorphisms in both groups (P <0.0001). No significant difference was found in

the haplotype distributions between the two groups ( x 2= 0.738, d.f. = 3, P = 0.864).

DISCUSSION

In this study, no association was found between the 267C/T polymorphism
and suicide victims. Recently, we learned of a similar study by Turecki et al.,”" in
which no association was found between the 267C/T polymorphism and suicide
completion in a Caucasian population. Our result is consistent with the results of

Turecki et al.?’

To our knowledge, our study is the first association study of the
trinucleotide repeat polymorphism, (GCC)z3, in the 5’-upstream region of the 5-HTg
receptor gene in suicide completers.  Although it is possible that the (GCC),3
polymorphism affects transcriptional regulation, the physiological function of this
polymorphism remains unclear. In this study, no association was found between the
(GCC),3 polymorphism and suicide victims. In the 267C/T and (GCC)3
polymorphisms, the genotype and allele distributions in this study were almost
consistent with those previously reported by Shinkai et al.?® and Ohmori et al.?*
respectively. Moreover, the two polymorphisms were in tight linkage disequilibrium

and the haplotype distribution of the 5-HTs receptor gene in suicide victims was not

different from that of the controls. The present findings in a Japanese population could
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not support our hypothesis that the 5-HTg receptor gene is involved in the susceptibility
to suicide.

Positive associations were found between the 267T allele and
schizophrenia,® and between the 267C allele and bipolar affective disorder,?® but other
studies®®* did not find an association between the 5-HTs receptor gene and either
schizophrenia or affective disorder. Thus, the results are still far inconclusive about
the association of 5-HTg receptor gene with specific psychiatric disorders.

This study has some limitations. First, psychiatric diagnoses were not
available in this study under our ethical code for genetic studies. We cannot exclude
the possibility that psychiatric diagnoses of suicide completers would have affected our
results. Second, the sample size of the subjects enrolled may be insufficient. The
sample has a power of 1.00 to detect a medium effect size (w = 0.30) and of 0.73 to
detect a small effect size (w = 0.10) at the P<0.05 level for allele comparison. This
means that the present study may fail to detect small effects of these polymorphisms on
suicide due to atype II error. Third, haplotype map approaches were not applied.*

In the present study, our results do not provide any evidence that the 5-HTg
receptor gene is involved in the susceptibility to suicide. To clarify the serotonergic
dysfunction in suicide by molecular genetic approaches, further studies should plan for

larger samples, multi-SNP haplotype analysis and association studies of other



serotonergic candidate genes, such as 5-HT, and 5-HT> receptor genes.
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Table 1. Genotype and Allele Frequencies of the 267C/T and (GCC),/3 Polymorphisms of the 5HT¢ Receptor Gene in

Suicide Victims and Controls

Genotype Allele
n (%) n (%)
267CIT (n) ciC CIT TIT C T
Control (166) 65 (39.2) 83 (50.0) 18 (10.8) 213(64.2) 119 (35.8)
Suicide (163) 67 (41.1) 79 (48.5) 17 (10.4) 213(65.3) 113 (34.7)
(GCC)zs (n) (GCC)4/(GCC), (GCC)4/(GCC), (GCC)./(GCC), (GCC)s (GCC);,
Control (166) 85 (51.2) 67 (40.4) 14 (8.4) 237(71.4) 95(28.6)
Suicide (163) 85 (52.2) 69 (42.3) 9(5.5) 239 (73.3) 87 (26.7)




Table 2. Estimated Haplotype Frequencies of the 267C/T and (GCC)y3

Polymorphisms of the 5HT¢ Receptor Gene in Suicide Victims and Controls

Haplotype

C-(GCC); T-(GCC), T-(GCC); C-(GCC),

Control 0.618 0.263 0.096 0.024

Suicide 0.643 0.257 0.090 0.010
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