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Abstract

Genetic variation in the serotonin 2A receptor (HTR2A) has been associated with both
schizophrenia and suicidal behavior. Our sample comprised 270 Irish high-density schizophrenia
families (n=1408 subjects, including 755 with psychotic illness). Diagnoses were generated using
a modified SCID. All patients who had at least one episode of psychosis were rated on the
Operation Criteria Checklist for Psychotic Iliness (OPCRIT). Lifetime history of suicidal ideation
was determined from medical records and psychiatric interviews and was scored in the OPCRIT.
Twelve SNPs were selected for study. Ten of these were tagSNPs derived from HapMap data,
along with His452Tyr and T102C. We tested for association with psychotic illness as a whole, as
well as stratified by the presence of suicidal ideation, using FBAT and PDTPHASE. Single-
marker as well as haplotype-based tests using a “sliding window” approach were performed. We
observed several 2, 3, and 4 marker haplotypes near the 3’ end of the gene that were over-
transmitted to psychotic subjects (.02<P<.04). His452Tyr was included in these haplotypes but
was not itself significant. We also observed modest over-transmission of a 2-marker haplotype
that included T102C (.04<P<.08), which was also not itself significant in single-marker analyses.
There was no significant association in the subgroup of the sample with suicidal ideation. Because
of multiple testing, these results do not provide support for HTR2A as a susceptibility gene for
psychotic illness, or for suicidal ideation within psychotic illness.
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Introduction

In the last few years, several susceptibility genes for schizophrenia have been identified by
positional cloning. Most of these occur in regions that had previously been implicated
through genetic linkage(Owen et al. 2004). Naturally, these studies have examined multiple
markers, as their goal was to detect association in genes about which there were few a priori
hypotheses. Candidate gene studies have been proceeding simultaneously. However,
possibly in part because they began at a time in which few genetic variants per gene were
known, they have tended to test relatively few polymorphisms per gene. However,
haplotype-based analyses, which are based on multiple markers, have been demonstrated to
have more power, using both real and simulated datasets(de Bakker et al. 2005;Zhang et al.
2002).

Abnormalities in central serotonin have been implicated in studies of multiple traits and
conditions, among which schizophrenia and suicidal behavior figure prominently. In
schizophrenia, this evidence has included the mechanism of action of atypical antipsychotic
drugs, which block 5HT receptors(Lieberman et al. 1998), as well as the mechanism of
action of lysergic acid diethylamide (LSD), which is an agonist at SHT receptors(Glennon et
al. 1984). Multiple lines of evidence have implicated the role of serotonin in suicidal
behavior. These include decreased levels of 5-HIAA in the CSF of suicide victims or
attempters(Asberg et al. 1976;Roy et al. 1989), altered expression of HTR2A receptors in
suicide and affective illness(Arango et al. 1990;Biver et al. 1997;Mann et al. 1986;Yatham
et al. 2000), and the mechanism of antidepressant medications, especially SSRIs, which
decrease the reuptake of serotonin, and the use of which has been associated with decreased
rates of suicide(Olfson et al. 2003;Gibbons et al. 2005).

Several reports of association between HTR2A polymorphisms and schizophrenia have been
published(Baritaki et al. 2004;Erdmann et al. 1996;Inayama et al. 1996;Williams et al.
1996). These have mostly examined one to three polymorphisms each, of which a T/C
polymorphism at position 102 (T102C) has been most frequently studied. However, due to
multiple subsequent negative studies, two recent meta-analyses demonstrated no overall
effect of this polymorphism on schizophrenia risk(Abdolmaleky et al. 2004;L.i et al. 2006).

In suicidal behavior, significant association with T102C has also been reported(Arias et al.
2001;Du et al. 2000). However, there have also been several negative studies(Li et al. 2006).
A recent meta-analysis demonstrated no overall effect(Li et al. 2006). However, in this
meta-analysis, using a pooling strategy in which suicide ideators were compared to non-
ideators or healthy controls, a small effect was uncovered (p=.016). Interestingly, the same
allele, T102, has had a lower frequency in cases than controls in studies of both
schizophrenia and suicidal behavior.

In this study, we tested 12 HTR2A SNPs for association with psychotic illness, as well as
suicidal ideation in individuals with psychotic illness, in both single-marker and haplotype-
based analyses. Due to previous reports of association with both conditions, we
hypothesized that there would be association with SI within individuals with psychosis. As
such, we hypothesized that HTR2A belongs to a class of genes we have termed Modifier-
Susceptibility genes. We have previously described these genes as genes that clearly cause
susceptibility to illness; however, they preferentially cause presentations of illness with
more or less specific features of illness, such as high levels of certain symptoms, poor
outcome, or early age of onset (Fanous and Kendler 2005). Therefore, in a given population,
these are genes not only cause illness, they also affect the distribution of clinical features in
ill subjects.
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Materials and Methods

Subjects and Assessment

Genotyping

The Irish Study of High Density Schizophrenia Families (ISHDSF) is a collaborative effort
between the Medical College of Virginia of Virginia Commonwealth University, Richmond,
the Queen’s University, Belfast, and the Health Research Board, Dublin. Fieldwork was
done between April 1987 and November 1992, and described previously (Kendler et al.
1996). Interviews were conducted by Irish Psychiatrists and social scientists with a
background in mental health or survey work after consent was obtained by using procedures
approved by the ethical review panels at the Health Research Board and the Queen’s
University. The original linkage sample consisted of 1425 individuals from 270 families that
were ascertained on the basis of having more than one member with DSM-111-R
schizophrenia or poor outcome schizoaffective disorder.

Diagnoses were generated using modified sections of the Structured Interview for DSM-I1I-
R (SCID) for selected Axis | disorders (Spitzer et al. 1987). All relevant diagnostic
information for each individual relative was reviewed, blind to pedigree assignment and
marker genotypes, independently by KSK and DM. Each diagnostician made up to three
best-estimate DSM-I11-R diagnoses. For each subject with psychotic illness (defined as
lifetime occurrence of any psychotic episode), the Operational Criteria Checklist for
Psychiatric llIness (OPCRIT)(McGuffin et al. 1991) was completed by KSK (n=755, of
which 722 were genotyped) based on review of hospital records and personal interviews.
This is an instrument designed for use in a best-estimate procedure that codes symptom and
course features as assessed over the entire course of illness. It was designed to allow the
experienced clinician to integrate the relative prominence of clinical features over the entire
course of illness.

In this study, we defined as affected, any subject with a history of a psychaotis. Of these, we
selected a group of subjects who experienced suicidal ideation. This was derived from the
“suicidal ideation” item of the OPCRIT. A subject was coded as “0” if there was no lifetime
history of suicidal ideation, “1” if there was suicidal ideation of at least one week duration,
or “2” if there was suicidal ideation of at least two weeks duration. Subjects were considered
positive for suicidal ideation if they were rated as “1” or “2” (n=127, or 16%). As would be
expected, these subjects had higher levels of the OPCRIT depression factor(Fanous et al.
2005) (t=-19.82, p<.0001).

Ten of the 12 SNPs selected for this study were obtained from Hapmap (www.hapmap.org).
These were tagSNPs derived from the Caucasian population, and identified as such by the
method of Gabriel et al.(Gabriel et al. 2002), using HaploView(Barrett et al. 2005). For
these SNPs, genotyping was done using the TagMan assay (Applied Biosystems, Inc., Foster
City, CA, USA)(Livak 1999) in Dr. Chen’s laboratory. Briefly, the PCR reactions were
conducted in 384-well plates. To ensure the quality of genotyping, negative control samples
were included in each plate. The PCRs were performed with 2 ng of genomic DNA, 0.25 pl
of TagMan assay mix and 2.5 pl of TagMan universal PCR master mix in a total reaction
volume of 5 pl. After activating the polymerase and denaturizing by heating at 95 °C for 10
minutes, 40 cycles of 92 °C for 15 seconds and 55 °C for 1 minute was performed. After the
reaction, the fluorescence intensities of reporter 1 and 2 (reporter 1:VVIC, exercitation = 520
+10 nm, emission = 550 + 10 nm; reporter 2: FAM, exercitation = 490 +10 nm, emission =
510 + 10 nm) were measured by the Analyst fluorescence plate reader (LJL Biosytems,
Sunnyvale, CA). Based on the ratio of fluorescence intensities, genotypes were scored by a
Euclidian clustering algorithm developed in our laboratory(Van Den Oord et al. 2003). Two
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additional SNPs had been previously genotyped in this sample based on methods described
in their respective references, including T102C(Warren, Jr. et al. 1993) and
His452Tyr(Ozaki et al. 1996).

Statistical Analysis

Results

Prior to analysis, SNP data were tested for Mendelian inconsistencies using the program
PEDCHECK(O’Connell and Weeks 1998). Erroneous genotypes were removed. We used
two family- based methods to test for association: the Family-Based Association Test,
operationalized in FBAT(Laird et al. 2000), and the Pedigree Disequilibrium Test (PDT)
(Martin et al. 2000), operationalized in PDTPHASE, part of the UNPHASED
package(Dudbridge 2003). Individual marker genotypes were tested for Hardy-Weinberg
equilibrium, and analyzed for linkage disequilibrium relationships, in Haploview(Barrett et
al. 2005). We used two programs as a means of confirming results, in an attempt to reduce
the probability of false positives.

We first tested for excessive transmission of alleles at each marker separately, and then for
excessive transmission of 2, 3, and 4-marker haplotypes. All haplotypes significantly
associated with psychosis were followed up and tested for association with narrowly defined
schizophrenia, operationalized as schizophrenia or poor-outcome schizoaffective disorder.
Haplotypes were reconstructed using the HBAT command in FBAT for FBAT analyses,
which utilizes the EM algorithm. In these analyses, we used the empirical variance estimator
option (-e). Haplotypes were constructed for PDT analyses in PDTPHASE, also using the
EM algorithm. For all PDT analyses, we used the “sum PDT” statistic, which assigns
weights to pedigrees on the basis of size, and is more powerful than the “average PDT” in
samples composed of pedigrees of varying sizes, such as ours(Martin et al. 2001).

All markers were in Hardy-Weinberg equilibrium. Only two individual SNPs showed a
significant association with psychosis at the .05 level. SNP rs659734 was significant in
FBAT only, while rs2070037 was significant in PDTPHASE and reached trend significance
in FBAT (p=.08). No individual SNPs were significant in the suicidal ideation group.

Using haplotype analysis, two 4-marker haplotypes comprising adjacent “sliding windows”
were significant with psychosis using PDTPHASE. These consisted of markers rs3125-
rs659734 as well as rs6314-rs1928042. In addition, a 2-marker haplotype in this region,
consisting of rs6314 and rs1745837 was significant using FBAT (P=.02). Follow up analysis
of this haplotype in narrowly defined schizophrenia was also significant (P=.04). Towards
the other (5) end of the gene, several haplotypes including rs2070037 attained a trend to
significance using both programs (P<.08), while a 3-marker haplotype beginning with this
marker was significant in FBAT (P=.04). All results for psychosis are presented in table 1.
With the exception of rs6314-rs174837, none of the haplotoypes that were significantly
associated with psychosis remained significantly associated with narrow schizophrenia.

A 3-marker haplotype beginning with rs582385 was associated with suicidal ideation (p=.
05) in FBAT, while several 2- and 4-marker haplotypes containing or near this SNP trended
to significance. However, none of these haplotypes were significant, even at a trend level, in
PDTPHASE. Results for suicidal ideation are presented in table 2.

Discussion

In this study, we tested a two-part hypothesis, i.e., that genetic variation in the HTR2A
receptor is associated with psychaotic illness, and that furthermore, this association is greater
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in a subset of patients that experience suicidal ideation. This was based on prior association
evidence implicating this gene in both phenotypes. We have previously termed genes that
predispose to more or less specific clinical forms of illness “susceptibility-modifier”
genes(Fanous and Kendler 2005). As examples of such genes, two previous studies(DeRosse
et al. 2006;Fanous et al. 2005), including one in our sample(Fanous et al. 2005), reported
association between dysbindin and schizophrenia with high levels of negative symptoms,
while another reported association between d-amino acid oxidase activator and bipolar
disorder with persecutory delusions(Schulze et al. 2005).

We observed only two SNPs achieving nominal P=.05 in the full sample of psychotic
subjects. However, both of these SNPs were significant using one of the two analytic
packages, but not the other. We therefore cannot infer a positive association between this
gene and psychotic illness in this sample. Furthermore, as none of the SNPs reached P=.05
in the sample of patients experiencing suicidal ideation, we find no evidence of association
between this gene and suicidality. These results do not support previous studies reporting
association between SNPs in this gene and schizophrenia (Baritaki et al. 2004;Erdmann et
al. 1996;Inayama et al. 1996;Williams et al. 1996). Although several multi-marker
haplotypes were significantly associated at the .05 a level, they are very modestly significant
and would not survive correction for multiple testing.

It is possible that the signals we observed in this study represent true genetic association,
which this study is underpowered to detect due to a very low effect size. If this is the case,
we would be able to make one additonal inference. His452Tyr nor T102C, the only two
SNPs included in this study that have been repeatedly studied, was significant in single
marker analyses. However, both of them were included in multiple-marker haplotypes that
were themselves nominally significant. This would suggest that previous studies utilizing
only individual markers may have suffered from a lack of power due to inability to
adequately tag haplotypes that contain etiologically relevant variants. In family-based
studies such as ours, single-marker analyses would be associated with fewer heterozygotic
parents than haplotype-based analyses, and therefore less transmission information in TDT-
like tests. Although His452Tyr has no known functional consequences, the latter does lead
to an amino acid change and may be associated with promoter activity(Parsons et al. 2004).
Nevertheless, the marginal evidence of association in previous studies, makes it unlikely that
either SNP is itself causative

Meta-analysis, if performed with studies that themselves are not fully informative, may lead
to false negative results. This may indeed be the case with previous studies of HTR2A. A
strategy with a greater likelihood of success would be to test large samples using a dense
SNP map that would allow for adequate tagging of all or most major haplotypes. An
association study of HTR2A in bipolar disorder demonstrated the superior power of
haplotype-based vs. single marker analyses, even in a modestly sized sample(Ranade et al.
2003). However, there are no association studies of schizophrenia or suicidal behavior that
we are aware of utilizing haplotype analysis based on a SNP map designed to provide
adequate coverage of haplotypic variation in HTR2A. Studies pooling multiple samples,
such as a recent linkage study of bipolar disorder(McQueen et al. 2005), should test for
excess transmission of informative haplotypes occurring within, or containing, genes with
marginal previous evidence of association, such as HTR2A. This type of analysis may be
possible in the very near future with the availability of a number of large samples genotyped
using whole-genome mapping arrays, such as in the GAIN initiative(Manolio et al. 2007).

We cannot rule out that the weak association signals observed in this study are a result of
LD with haplotypes in genes that are adjacent to HTR2A. Furthermore, none of the SNPs we
tested has known functional consequences, although both His452Tyr as well as rs1805055
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are non-synonymous coding SNPs. Lastly, we cannot rule out the possibility that our
definition of suicidal ideation was too broad and therefore lacked the specificity to capture
true trait suicidality, as for example, suicide attempt history might. However, this phenotype
was not used in our assessments and is not an item of the OPCRIT. Furthermore, as we have
previously noted, there is little consensus in what constitutes suicidality(Fanous et al. 2004).
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Figure 1. Haplotype Blocks in 12 SNPs in HTR2A Determined Using the Method of Gabriel et al.
in Haploview

Marker to marker LD, as well as haplotype blocks, in the HTR2A gene as determined using
haplotype tagging SNPs obtained from HapMap. Bright red represents D’=1 and LOD>=2,
blue represents D’=1 and LOD<2, pink represents D’<1 (figure displayed) and LOD>=2,
and white represents D’<1 and LOD<2.
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