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Association of a Haplotype in the Serotonin 5-HT4 Receptor Gene
(HTR4) with Japanese Schizophrenia

T Suzukil, N Iwatal, Y Kitamura® 3, T Kitajimal, Y Yamanouchil, M Ikedal, T
Nishiyama', N Kamatani®, N Ozaki' (5 #E RBELFK)

'Department of Psychiatry, Fujita Health University, Toyoake, Aichi, Japan;
*Division of Statistical Genetics, Institute of Rheumatology, Tokyo Women’s Medical

University, Tokyo, Japan; *Mitsubishi Research Institute, Inc., Tokyo, Japan

ABSTRACTS
The serotonin 5-HT4 receptor (5-HT4) is implicated in cognitive function, of which
impairment is hypothesized as one of the core disturbances of schizophrénia. Linkage
analysis shows that 5q33.2, in which HTR4 is located, is schizophrenia-susceptibility
loci. We therefore hypothesized that variation in the 5-HT4 receptor gene (HTR4)
modifies genetic susceptibility to schizophrenia. HTR4 coding regions and introns that
include the branch sites of HTR4 were investigated in 96 unrelated Japanese
schizophrenics using denaturing high-performance liquid chromatography analysis.
One silent single nucleotide polymorphism (SNP) within the coding region and six
intronic SNPs were detected. 353+6G>A was located in the branch site that could be
effect to RNA splicing. None of the four SNPs in which rare-allele frequencies were more
than 10% was associated with 189 schizophrenics, in comparison to 299 controls.
However, a highly significant association between schizophrenia and haplotype A-T
(OR~= 0.13 {0.03-0.58]) was detected. These findings suggest that haplotype AT itself
may inhibit the occurrence of schizophrenia, or that another susceptible genetic

variants may exist within linkage disequilibrium.
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INTRODUCTION

Cognitive dysfunction has been
regarded as an fundamental problem of
schizophrenia[Andreasen et al. 1996;
Andreasen et al. 1999; Elvevag and
Goldberg 2000],

mechanisms of cognitive function may

therefore molecular

have an important role in the

pathophysiology of schizophrenia. The

5-HTs receptor (5-HTy is widely
believed to be one of the important
neurotransmission  receptor  which

participates in cognitive function[Buhot
1997; Buhot et al. 2000].

Stimulation of cAMP, which is
triggered by the activation of 5-HTy,
role of the
hippocampal long-term potentiation
(LTP) [Otmakhova et al. 2000] that is
the basic
underlying learning and memory[Bliss
and Collingridge 1993]. Added to this,
the stimulation of ¢cAMP also induces

plays an important

cellular mechanism

facilitation of acetylcholine release that is of
importance for the mechanisms in memory

LTP
formation induced by a 5-HTi agonist

functions. Augmentation of
SC 53116 was prevented by selective
5-HT4 antagonist GR 113808, as well as
by scopolamine[Matsumoto et al. 2001].
From behavioral studies in rats, 5-HTy
agonists and antagonists modulate the
cognitive process in regard to short-term

and long-term memory[Letty et al

1997].

Genome wide linkage analysis
confirms that there is strong support,
from multiple studies, for
schizophrenia-susceptibility loct on
5q33.2,[Kendler et al. 2000; Levinson et
al. 2000; Gurling et al. 2001] in which
HTRA4 located in (5q31-5q33).
Furthermore, HI'R4 is composed of five
exons and produces nine splice variants,
5-HTsw, BH-HTaw, 5-HTsw, 5 HTaw,
5-HTam), 5 HTagen, 5 HTsm (Figure
D{Blondel et al. 1998; Claeysen et al.
1999; Bender et al. 2000; Vilaro et al.
2002]. These variants alter the mRNA
expression levels at each brain area and
have different pharmacological profiles,
particularly in the hippocampus,
thalamus and cerebellum[Medhurst et
al. 2001; Vilaro et al. 2002]. These
regions  are areas for
that  the

discrepancies of the expression pattern

important
cognitive function so
of splice variants among individuals
may reflect the diversity of the cognitive
function.

Considering these findings, we
selected HTR4 as a candidate gene for
vulnerability to schizophrenia and
searched polymorphisms in the HTR4
coding regions, as well as intronic
branch sites that may influence the
alternative splicing. We identified a
silent mutation and six intronic single
(SNPs),

nucleotide  polymorphisms
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using the denaturing high-performance
liquid  chromatography  (dHPLCQ)
method[Spiegelman et al. 2000]. We also
performed association and haplotype
analysis to test that these SNPs have
been associated with schizophrenia

compared to ethnically matched
controls.
SUBJECTS AND METHODS
Subjects

Subjects consisted of 189 patients with
schizophrenia and 299 controls. The
patients were recruited from psychiatric
clinics of Fujita Health University
Hospital. Consensus diagnosis
according to DSM-IV by at least two
experienced psychiatrists was made for
basis  of

each patient on the

unstructured interviews and
information from medical records. None
had severe medical complications or
other Axis'] disorders according to
DSM-IV. The

comprised of hospital staff and medical

controls, which were
students, were not assessed for psychiatric
- symptoms by any
method; however, they showed good social

structured interview

functioning and reported they were in good
health. All subjects were unrelated to
each other and ethically Japanese. After
description of the study, written
informed consent was obtained from
each subject. This study was approved
by the Fujita Health University Ethics

Committee.

SNP Identification
PCR amplification
DNA

prepared
(Gentra systems,
MN55447, USA).
Amplification of genomic DNA was

Genomic from the

subjects was using
PUREGENER

Minneapolis,

accomplished with the primer pairs
listed in Table III. These primer pairs
amplify 17 regions that cover the entire
5-HT4 coding sequence and adjacent
intronic sequences including branch
sites. Positions of the exon-intron
boundaries were predicted based on the
published human sequences, and the
position of the splice variants were
DNA
amplification was preformed using a
GeneAmp™ PCR System 9700 (Applied

Biosystems Japan Ltd., Tokyo, Japan).

based on each splice variant.

The reaction mixture was in a 12 ul
volume containing a 40 ng sample DNA,
6 nM of each primer, 200 uM each dNTP,
1X PCR Gold Buffer, 1.5 or 2.5 mM
MgClz, and 0.3 U of AmpliTag Gold™
(Applied Biosystems Japan Ltd.). Initial
denaturation at 9% for 9 min was
followed by 40 cycles of denaturation at
9FC for 15 s, primer annealing at each
suitable temperature for 20 s, and
primer extension at 7IC for 30 s, and a
final extension reaction was performed
at 7IC for 7 min.
dHPLC analysis

The PCR products were

denatured at 9%/C for 4 min, then cooled



to 28IC over Only the
heterozygous DNA, heteroduplices were

45 min,

generated through hybridization. Each
product was run on an automated
WAVET™ dHPLC instrument equipped
DNASep™ column
Ltd., Tokyo,
Japan). PCR products were separated at

with a

(Transgenomic Japan
a flow rate 0.9 ml/min by means of a
linear acetonitrile gradient. The column
mobile phase consisted of a mixture of
0.1 M triethylamine acetate (pH7.0)
with (buffer B) or without (buffer A)
25% DNA elution was
monitored by UV detection., The

recommended temperature

acetonitrile.

product’s
and Gradient parameters were
calculated with the WAVET™ Maker
program (version 3.3.4) of the WAVE™
instrument (Table III).
Cycle Sequencing
The PCR

purified by two methods. One was as

products were
follows; the PCR products, which were
predicted as heterozygous from the peak
of dHPLC analysis,
purified by WAVET™ instrument using

pattern were
an application of a Fragment Collector.
We collected the peak on the Double
Stranded Single Fragment method of
WAVE™  condition,

Amplicon™

and then wused
Microcon™-PCR
Centrifugal Filter Devices (Millipore
Japan Ltd., Tokyo, Japan) in order to
concentrate the collection up to 20 ng/ul.
The other method was performed with

AdvanTage™  PCR  Cloning Kit
(Clontech Japan Ltd., Tokyo, Japan) and
was carried out when the mutation was
not found with a conventional method,
although on the dHPLC analysis there
was an apparent heteroduplex pattern.
The PCR products were then sequenced
with  BigDye™
Sequencing Ready Reaction kit (Applied

Terminator Cycle
Biosystems Japan Ltd.) according to the
manufacturer’s instructions with an
AMI PRISM™ 377 DNA sequencing
system (Applied Biosystems Japan Ltd.)
SNP Genotyping
Polymerase chain reaction-restriction

fragment length polymorphism (PCR-RFLP)

Table IV shows primer pairs,
restriction enzymes, and condition used
for PCR-RFLP assays. Assays for
353+6A and 508-36C were developed in
which a base substitution was
introduced adjacent to the codon of
interest, creating an artificial
restriction site to detect the presence of
one allelic form[Haliassos et al. 1989].
One to three U of each restriction
enzyme was added directly to the
mixture after which the PCR amplicon
was restriction enzyme digested in a
total volume of 10 ul containing 1X
recommended buffer for 3h at 3FIC.
DNA fragments

electrophoresis in a 6% acrylamide gel

were resolved by
stained with ethidium bromide.
Primer extension using dHPLC
For 353+6A and 508-36C,
PCR-RFLP was not suitable, because



the primer sets need to be modified. To
these two SNPs,
extension methods using
dHPLC[Hoogendoorn et al. 1999] were
developed. PCR for the fragments was

analyze primer

same  conditions
although the total
volume was 6 ul. Then PCR reactions
were treated by 0.5 U of Shrimp
Alkaline Phosphatase and 0.5 U of
Exonucleases I (both from Amersham
Japan Ltd., Tokyo, Japan) at 3%IC for 60
min, after which the enzymes were
deactivated by incubation at 8&IC for 15
min in order to remove unincorporated

performed the
described above,

primers and dNTPs. Primer extension
reactions were carried out in 10 ul
containing 30 ng input PCR product, 25
uM of the appropriate ddNTPs, 12.5
pmol primer and 0.25 U Thermo
Sequenase {Amersham Japan Ltd.) in
the buffer provided by the manufacturer.
The reaction was carried out in a
thermal cycler with an initial
denaturation step of 1 min at 9&IC for
10 s, 4FICfor 15 s and 6%IC for 1 min. At
the end of thermal cycling, the reaction
was heated to 96 for 1 min and
immediately placed on ice. PCR primer
sets and nucleotide compositions are
listed in Table III. Four pl of primer
extension reaction product was loaded
at* 7&IC on an ‘automated ' WAVETM
dHPLC . instrument - (Transgenomic
Japan Ltd). -+ -

Statistical analysis
Deviation from the genotype counts
predicted by Hardy-Weinberg equilibrium

expectations was tested using an exact test, as

Weir[Weir  1996] and
implemented in software written by Lewis
and Zaykin (2001; Genetic Data Analysis
(GDA), version 1.0 (d16¢)). D (disequilibrium
parameter), D' (standardized disequilibrium

described by

coefficient measurement) and A® (measure

of disequilibrium)for pairwise linkage
disequilibrium (LD) were calculated.
Estimation of the haplotype

frequencies was performed by the 'expectation
—maximization (EM) algorithm.
LDSUPPORT, which implements the EM
algorithm, is available for academic use from
N.K. on request[Kitamura et al. 2002). The
genetic status of an individual conceming
linked loci can be expressed by the
combination of two haplotypes (diplotype
configuration).

Association tests for single markers
were performed uwsing CLUMP[Sham and
Curtis 1995] that calculates empirical P values
by Monte Carlo procedure.

Haplotypes were assessed using
odds ratios (ORs) and were caiculated using
the statistical software JMP (version 5.0, SAS
Institute Japan, Tokyo). Hence, all ORs were
calculated using the appropriate two-side test
for the 2 x 2. contingency table. Muitiple
testing was corrected for 8 tests, 4 examining
association analysis and 4. cxamining
haplotype analySis. - _ |

An effect size was estimated by
deer, which wéis 'célcu‘latqd using a
statistical prog}am prepared" by Ohashi



J[Ohashi and Tokunaga 2001]. We assumed a
significance level at 0.05 and penetrance of
haplotype A-T and G-C to 0.04 and 0.01,
respectively.

RESULTS

We analyzed HTR4 locus from
the 96 Japanese schizophrenic patients
for sequence variation using dHPLC
followed by direct
detected a silent polymorphism in exon

sequencing. We

5 and six intronic SNPs, which were
designated to ‘612A>G,
‘26+14T>C’, '353+6G>A’, '508-36T>C, 'd
-25T>C, ’ d+22G>A, and ’ d+27,delT
(Figure 1). An intronic SNP '508-36T>C’
locates in the consensus sequences of
the branch site at 5 upstream form exon
5, that could be effect on the alternative
splicing.

genotyping,
PCR-RFLP and primer extension assays

For rapid

were developed. Typing 96 subjects by
both PCR-RFLP and primer extension
vielded identical results. In the 189
Japanese, the frequencies of the rare
alleles 612G, 26+14C, 353+6A, 508-36C,
vahant d-25C, alleles were 0.004, 0.1,
0.27, 0.28, 047,

genotype distributions were consistent

respectively. All

with Hardy-Weinberg expressions in
this ethnic population (Table I).

For case of presentation and
because we did not have sufficient
resources to evaluate differences in
frequency between rare genotypes, only

those with a frequency >10% were
compared. In the 299 normal controls,
the frequencies of the rare alleles
26+14C, 353+6A, 508-36C, wvaliant
d-25C were 0.08, 0.26, 0.24, 0.42,
respectively. No association was found
between each variant and schizophrenia
(Table D).

Following the concept of
variant
hypothesis[Kruglyak
1999], several mutations of genes may

common disease-common

common-origin
participate in  the etiology of
schizophrenia and a combination of the
SNPs may have an important meaning
for this disorder. We examined LD with

the four SNPs,
‘26+14T>C’, '353+6G>4A’, ’508-36T>C, ’d
-25T>C’. Among them, ’'353+6G>A

and ’508-36T>C were tightly linked in
LD (D'=0.96), therefore we analyzed
haplotypes that consist of the two SNPs.
Individual haplotypes were counted
case and controls using LDSUPPORT
2002].
Estimated frequencies of 4 haplotypes
were 71.7% (G-T), 26% (A-C), 1.5% (G-C),
0.8% (A-T),
schizophrenic

software[Kitamura et al.

respectively in
then
compared case and control number to

patients. We

those with/without each haplotype. It
was detected that haplotype A-T
significantly decreased in
schizophrenic patients than in the
normal controls (Table II). Among 198

schizophrenics and 206 controls, there
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were 15 controls had A-T haplotype, but
only 2 schizophrenics had the A-T
haplotype {corrected P=0.014, OR=0.13,
95% CI [0.03-0.58], effect size denoting
by power =0.5).

DISCUSSION

The results of the present
study may lead to two interpretations
that 1) haplotype A-T inhibits the
or 2)
haplotype A-T is just a marker, and

occurrence of schizophrenia,

there are true common disease
variations relating to schizophrenia
within the areas constructed in the LD.
For example, within 1 000 kb around
HTR4, many genes are addressed

including  protein  phosphatase 2
(formerly 2A), dihydropyrimidinase-like
17B,
calcium/calmodulin-dependent protein
kinase Ila (CaMKII), and casein kinase
al. Among them, CaMKII is required

for hippocampal long-term potentiation

3, interleukin

(LTP) and spatial learning.[Rotenberg et
al. 1996

Genetic linkage results must be
received with caution until replicated,
or until convergent findings become
available. One limitation of the study is
effect
although this result is consistent with

the small size (power=0.5),

the expected multigenic and
multifactorial origins of schizophrenia.
Another limitation is that population
stratification can lead to spurious

associations between a phenotype and
an unlinked genetic locus[Altshuler et al.
1998]. Despite the precaution of ethnic
matching in this study, there may have
been ethnic stratification bias between
patients and controls. To avoid false
positive results due to stratification,
methods using control loci[Pritchard
and Rosenberg 1999] are available for
follow-up studies.
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