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Genetic or epigenetic difference causing discordance
between monozygotic twins as a clue to molecular basis of
mental disorders
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Classical twin research focused on differentiating genetic factors from environmental factors
by comparing the concordance rate between monozygotic (MZ) and dizygotic twins. On the
other hand, recent twin research tries to identify genetic or epigenetic differences between MZ
twins discordant for mental disorders. There are a number of reports of MZ twins discordant
for genetic disorders caused by genetic or epigenetic differences of known pathogenic genes.
In the case of mental disorder research, for which the causative gene has not been established
yet, we are frying to identify the ‘pathogenic gene’ by comprehensive analysis of genetic or
epigenetic difference between discordant MZ twins. To date, no compeliing evidence
suggesting such difference between MZ twins has been reported. However, if the genetic or
epigenetic difference responsible for the discordant phenotype is found, it will have impact on
the biology of mental disorder, in which few conclusive molecular genetic evidences have

been obtained.
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Introduction

Evidence proving the etiological roles of genetic factors
in schizophrenia and bipolar disorder was derived
mainly from twin studies. While the monozygotic
(MZ) twins have identical genotypes, dizygotic (DZ)
twins share only 50% of their genotypes on average.
Thus, higher concordance rate in MZ twins compared
with DZ twins is a hallmark of the role of genetic
factors in a disease. Using this classical approach, the
concordance rate in MZ twins in schizophrenia and
bipolar disorder was found to be significantly higher
than that in DZ twins. However, in spite that many
candidate loci and candidate genes were proposed and
analyzed, these findings are not yet conclusive. DISC1
(disrupted in schizophrenia 1), cloned from a break
point of balanced chromosomal translocation linked
with mental disorders in a large pedigree, may be only
one exception. In this situation, an alternative or
complementary approach to study the molecular basis
of mental disorders has been pursued.

Since the MZ twins provide a valuable opportunity
of studying the role of genetic factors, methodology
used for the twin study has been continuously
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evolving. If we refer the classical twin research noted
above as ‘first-generation twin research’, second-
generation twin research may be the study to identify
environmental risk factors causing discordance, or to
identify endophenotypes associated with the disease.
The former strategy was used, for example, to identify
the role of birth complications in the etiology of
schizophrenia.”? Using the latter approach, decreased
hippocampal volume in schizophrenia® was estab-
lished as an intermediate phenotype.* These studies
were based on an assumption that there is no
difference of genomes between MZ twins.

The first study in which the presence of genetic or
epigenetic difference was pre-assumed in MZ twins was
reported by Polymeropoulos et al.® Since then, several
groups also have tried to identify genetic or epigenetic
difference between MZ twins.®7° These studies seem to
have induced a paradigm shift to the third-generation
twin research, from focusing on the higher concordance
rate in MZ twins, to looking for the genetic or epigenetic
difference between MZ discordant twins."!

In this review, the theoretical concept of such study
to search for genetic or epigenetic difference between
MZ discordant twins is explained and its application
to schizophrenia and bipolar disorder is summarized.

What is epigenetics?

Epigenetics is defined as the study of mitotically or
meiotically heritable variations in gene function that
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cannot be explained by changes in DNA sequence.™
For such mechanisms, methylation of the cytosine
residue in the DNA molecule, and acetylation,
methylation, and other modifications of histones
have been well described. These modifications stably
affect gene expression through alteration of DNA-
protein interaction. These events refer to the inheri-
tance from a parental cell to daughter cells. With
regard to the inheritance from parents to the offspring,
DNA methylation status is once totally reprogrammed
at the fertilization. However, the DNA methylation
can be conserved throughout the pracess of fertiliza-
tion in some special cases.”'*

As evidenced by the study of clone animals, a
different phenotype can be produced from the
genomes having completely the same DNA se-
quences. The phenotypic difference between cloned
animals and donor should have arisen from epige-
netic differences. Similarly, we can postulate that
epigenetic difference is responsible for the discor-
dance of phenotypes between MZ twins.

Tsujita et al® showed that electrophoresis patterns
of the genomic DNA digested with a methylation-
sensitive restriction enzyme were different between
MZ twins discordant for schizophrenia. This finding
raised a possibility that phenotypic discordance
between MZ twins may be caused by some epigenetic
difference rather than ‘genetic’ difference, that is
difference of DNA sequence.” This does not always
preclude a possible effect of environmental factors in
discordant phenotypes of MZ twins, since environ-
mental factors may affect the DNA methylation
status,*®18

Cause of discordance between MZ twins

A number of case reports have revealed that pheno-
typic discordance between MZ twins can be arisen
from several kinds of genetic or epigenetic differ-
ences, which are inter-correlated each other.’® For
example, expansion of triplet repeat can alter DNA
methylation status, and reduced DNA methylation of
transposon can cause transposition and finally causes
disruption of a gene. Thus, dichotomy of ‘genetic’ and
‘epigenetic’ is difficult, and only a tentative classifi-
cation is given below.

Genetic

Point mutation To our knowledge, there are only two
cases of MZ twins, in which a point mutation
causative for the discordance of a disease was
- identified. One case is the MZ twin pair discordant
for Darier’s disease. Darier’s disease is an autosomal
dominantly inherited dermatological disease caused
by mutations in the ATP2A2, encoding endoplasmic
reticulum Ca?*-ATPase.®” In this pair of MZ twins
discordant for Darier’s disease, a point mutation of
ATP2A2 was identified. This mutation, G23E, was not
found in the healthy co-twin and their parents,
suggesting that it was a de novo mutation. In the
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other report, a mutation, Glu92X, in interferon
regulatory factor 6 (IRF6) was identified in a MZ
twin having Van der Woude syndrome characterized
by the cleft lip and palate with lip pits, whose healthy

- co-twin did not have this disease.?® This mutation

was not found in healthy co-twins and their parents.
They reported this finding as one of the evidences to
prove the causative role of IRF6 in Van der Woude
syndrome.

This kind of genetic difference may happen at or
after the twinning. In these reports, however, it cannot
be ruled out that both twins had the mosaic mutation
whose percentage is different.

Chromosomal Abnormality Chromosomal abnorma-
lity is sometimes seen as mosaicism. Since the
percentage and the tissue distribution may differ
between the MZ twins, mosaicism of chromosomal
abnormality can cause discordance between MZ
twins. Machin® extensively reviewed the MZ twin
cases with discordant phenotype caused by
chromosomal abnormalities. They reviewed 16 pairs
of MZ twins discordant for Turner syndrome. In
addition, other discordant MZ twins, such as trisomy
21 and trisomy 13, were also reported. After that, a
number of cases of MZ twins having discordant
phenotypes arisen from de novo mosaic chromo-
somal abnormalities were reported. These include
Turner syndrome,?* skin pigmentation,”® minor
anomalies,?* and sex phenotypes.?®?¢

Since there are a number of case reports of MZ
discordant twins caused by mosaicisni of chromoso-
mal abnormality, it may be a frequent cause of
discordance in MZ twins., However, it might be biased
by methodology. While discordance of DNA sequence
is difficult to identify, the methods to detect chromo-
somal abnormality are well established and can be
tested in clinical settings. This might be the reason of
higher number of case reports on discordance caused
by chromosomal abnormality.

Phenotypic discordance is known in the MZ twins
with chromosome 22q11 deletion. This could be
explained by epigenetic mechanism,” rather than
difference in chromosomal abnormality.

Mitochondrial DNA (mtDNA) heteroplasmy

In the mitochondrial encephalomyopathies, mutated
mtDNA usually coexists with wild-type m{DNA. This
phenomenon is referred to as heteroplasmy. Clinical
phenotype alters with the ratio and tissue distribution
of the mutation. De novo heteroplasmic 11778
mutation of mtDNA reportedly caused the discor-
dance of Leber’s disease in MZ twins.”® An MZ twin
pair discordant for chronic progressive external
ophthalmoplegia was also reported. In this pair, both
twins had a small amount of 4115 base pair deletion

- in muscles, but the affected twin had much higher

amount of deletion.?® Discordant phenotypes due to
uneven amount of heteroplasmic mutations were also
found in DZ twins with myopathy, encephalopathy,
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lactic acidosis, and stroke-like episodes (MELAS)*
and myoclonic epilepsy with ragged-red fibers
(MERRF).?* However, effects of nuclear genes could
not be ruled out in these DZ twin cases.

Triplet repeat Triplet repeat expansion is known to
cause inherited disorders, such as Huntington’s
disease.** Triplet repeat expands during meiosis due
to slippage of the DNA polymerase. This causes
expansion of the repeat from generation to generation,
which is known as the molecular basis of
anticipation. On the other hand, triplet repeat also
expands during somatic cell mitosis, which causes
mosaicism of the length of the repeat. Thus, length of
the triplet repeat may be different between MZ twins.

Phenotypic discordance of fragile X syndrome
caused by the difference of length of CGG repeat in
the 5-UTR of the FMR-1 gene was reported in a male
MZ twin pair.*® Repeat expansion of FMR-1 causes
methylation of the CpG island, and results in the
inactivation of this gene.

Epigenetic

X-chromosome inactivation While males have only
one X chromosome, females have two X chromo-
somes. To avoid the unbalance of expression levels of
the genes on the X chromosome between sexes, one of
two X chromosomes in females is inactivated in
humans. In females, the X chromosome of paternal
origin is once inactivated during embryogenesis. After
being once reactivated, one of the X chromosomes is
randomly inactivated. Since this phenomenon
randomly occurs during the development, it causes
heterogeneity of X chromosome inactivation among
tissues: Due to the mosaicism of X chromosome
inactivation, X-linked genetic diseases are some-
times discordant between female MZ twins.™
Discordant phenotypes were reported in X-linked
mental retardation, Duchenne - type muscle
dystrophy,**** red—green color blindness, Hunter
disease,’® and Fabry’s disease.®® For example, in
female MZ twins discordant for fragile X syndrome,
the length of CGG repeat did not differ, but its
methylation status was different. The normal allele
of FMR-1 was methylated and inactivated in the
affected twin, while mutant allele was methylated
and inactivated in healthy twin.*”

Loss of imprinting Genomic imprinting is a
phenomenon in which one ‘of two alleles, from
maternal or paternal origin, is inactivated by DNA
methylation. Methylated and inactivated allele is
referred to as ‘imprinted’. Many of the imprinted

_genes are related to the cell growth, and loss of

imprinting is known to be one of the causes of cancer.

Beckwith—Wiedemann syndrome (BWS) is a con-
genital . disorder characterized by hyperplasia of
organis and tumor susceptibility, caused by several
different genetic or epigenetic mechanisms such as
chromosomal abnormalities, point mutations, and
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loss of imprinting of the genes on 11p15, the most
studied imprinted chromosomal region. Since the
phenotype is not so severe, it does not always cause
clinical problems.

Among female MZ twins, prevalence of BWS is
higher than expected, and they are mostly discordant.

- KCNQ1 (voltage-gated potassium channel 1) in the

imprinted region on 11p15 is regulated by an
antisense RNA gene, KCNQ10T1 (KCNQ1-overlap-
ping transcript 1), which is also regulated by imprint-
ing. Among five pairs of MZ twins discordant for
BWS, lack of DNA methylation of KCNQ10T1 in
fibroblasts was observed only in the affected twins.*®
Thus, loss of imprinting is the cause of BWS in these
cases. A similar finding, discordant DNA methylation,
was also seen in lymphocytes. However, it is of note
that loss of imprinting was observed in both twins in
some of the MZ twin pairs. This could be due to the
blood transfusion in utero. Since lymphocytes with
loss of imprinting have enhanced growth, these cells
may be selectively amplified in the healthy co-twin.

It has been postulated that loss of imprinting itself
caused twinning. This can explain the higher rate of
twins in BWS. )

Recently, it was reported that children born by in
vitro fertilization (IVF) is more frequently seen in
BWS (4%, 6/149) compared with general population
(less than 1.2%).*° All were sporadic cases with loss
of imprinting of differentially methylated region
(KvDMR1) within the KCNQ1.*° Tn the other study,
four of 37 cases with BWS was born by IVF, while IVF
was identified as the method of conception in only
one of 148 matched controls.*" Angelman syndrome
and retinoblastoma are also reportedly associated
with TVF*? These findings suggest that IVF is a risk
factor of abnormality in DNA methylation.

Mobile elements Approximately 40% of the human
genome is comprised of retroelements such as
retrotransposon, transposon, and endogenous retro-
virus. While retrotransposon transposes after trans-
cribed into RNA, transposon transposes as DNA. In

~ the case of endogenous retroviruses, expressed RNA

is reverse transcribed and assembled into the genome
by reverse transcriptase. Since fransposition of
transposon was first discovered in corn, trans-
position of transposon or retrotransposon is known
to be active in plants.

Kazazian et al*® first described a disease caused by
the transposition of mobile element in humans. They
found the insertion of the mobile element, LINE1 (L1),
into the factor VIII gene, in two of 240 unrelated
patients with hemophilia A. De novo insertion of Alu
into an intron of NF1 causing neurofibromatosis was
also reported.** Such mechanism could explain the
discordance between MZ twins in some cases. Since
transposition of transposon is regulated by DNA
methylation, abnormal DNA methylation of transpo-
son may be associated with activity of transposition.
Thus, transposon is related to both epigenetic and
genetic mechanisms.
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‘A possible role of human endogenous retrovirus
(HERV) is also suggested in schizophrenia. Karlsson
et al*® examined the expression levels of endogenous
retroviruses in cerebral spinal fluid (CSF) in patients
w:th schizophrenia and found that their expression is
higher in the CSF of schizophrenic patients. HERV-W-
related RNA was detected in plasma of patients with
schizophrenia.*®

Retroviruses Retrovirus infection, that can be
integrated into genome, could also explain the
discordance between twins.*”*®

Relevance of epigenetics in mental disorders

The field of epigenetics is too broad to be covered by
this short review on discordant twins. Epigenetic
regulation of gene expression is used in a wide variety
of biological functions, such as tissue-specific gene
expression, differentiation of cells, epigenetic mem-
ory, suppression of retroelements, and genomic
imprinting. If epigenetics is related to mental dis-
orders, all of them may be relevant. Although tissue-
specific gene regulation and epigenetic memory need
to be studied in the brain, it is difficult to obtain brain
samples from discordant twins. Practically, we can
obtain only blood cells or other non-neuronal cells
from discordant twins. Abnormalities of imprinting
might be detected in non-neuronal cells, according to
the case of BWS.*® Thus, we mainly focused on
imprinting.

Bipolar disorder Petronis proposed that epigenetic
mechanisms might be relevant to the pathophysiology
of bipolar disorder based on several lines of evidence
such as the relatively high degree of discordance in
MZ twins, characteristic age at onset, parent-of-origin
effects (POE), and fluctuation of the disease course.*
Especially,” POE in the transmission of bipolar
disorder suggests the role of genomic imprinting. In
bipolar disorder, several reports suggested the
involvement of POE.5®%' POE refers to the pheno-
menon that the sex of the parent transmitting the
disease affects the severity or age at onset of the
offspring. These include higher number of affected
mothers compared with affected fathers, higher
prevalence rate of the disorder among maternal
relatives compared with paternal relatives, and
lower age at onset in the proband with affected
father compared with those with affected mother, and
higher number of maternally inherited pedigrees
compared with paternally inherited pedigrees.”®®
However, some of these findings were not repli-
cated.” On the other hand, linkage of bipolar disorder
with chromosome 18 (18922 and 18p11) was observed
only in the paternal transmission,®® which was
replicated in several studies.®® POE was also
reported in other chromosomes such as 6q,” 13q12,
and 1q41.°° POE is seen in the diseases caused by the
imprinted genes. Thus, imprinted genes on these
chromosomes are suggested to have a role in the
etiology of bipolar disorder.

prominent than maternally transmitted cases.
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It is also suggested that epigenetics may be relevant
to bipolar disorder, since some drugs can affect the
DNA methylation. Among the mood stabilizers,
valproate is known to be a histone deacetylase
{HDAC) inhibitor. Histone acetylation is coupled with
DNA methylation and plays a role in the epigenetic
regulation of gene expression. If inhibition of HDAC
by valproate is related to its efficacy, it may suggest
that such epigenetic gene regulation may be relevant
to bipolar disorder.”” On the other hand, S-adenosyl
methionine (SAM) is known to be effective for hipolar
depression.®® SAM supplies methyl residue in DNA
methylation reaction, and was reported to enhance
DNA methylation in vitro.®® The effect of SAM on
bipolar disorder may also be mediated by alteration of
DNA methylation status. However, such evidence is
too circumstantial to prove the role of epigenetic
factors in this disorder.

Schizophrenia Gottesman and Bertelsen® examined
the risk of schizophrenia in the offspring of MZ twins
discordant for schizophrenia. The risks in the
offspring of twins did not differ, suggesting that the
cause of discordance is not heritable, but rather
environmental or epigenetic. The possible role of
epigenetics has been postulated in pathophysiology
of schizophrenia from several clinical features such as
inheritance pattern, discordance of MZ twins, and
fluctuating course.®

One of the findings suggestive of POE, higher
number of affected mothers compared with affected
fathers, is also seen in schizophrenia. In paternally
transmitted cases, anticipation, lower age at onset in
offspring compared with the parent, was more
62,63
However, this finding is not replicated in other
studies and might be due to selection bias.®* Twin is
one of the risk factors for schizophrenia.®® This has
been regarded as reflecting birth complications such
as anoxia. However, this could also be explained by
epigenetic abnormality as discussed above.

Costa and colleagues® have been studying the
epigenetic animal model of schizophrenia. They
applied methionine to the mice and found that reelin
is hypermethylated in these mice and these mice
showed altered behavior resembling schizophrenia.

Search for epigenetic discordance between MZ, twins
To date, a number of studies have been performed to
reveal genetic or epigenetic difference bhetween MZ
twins discordant for mental disorders.

Schizophrenia

DNA sequence: To date, the difference of DNA
sequence between the MZ twins discordant for
schizophrenia has been searched for. No difference
of genotypes was found between twins, by genotyping
94 microsatellite markers in five pairs of MZ twins
discordant for schizophrenia.® No difference of DNA
sequence between discordant MZ twins was found,
by random amplification of polymorphic DNA
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{(RAPD) method using 10 retroviral related primers as
well as eight random primers,” or genomic represen-
tational difference analysis (RDA) using six different
enzyme digest representations. No difference of
repeat length was found between discordant MZ
twins in the CAG repeat in atrophin-1, the causative
gene for dentatorubral-pallidoluysian  atrophy
(DRPLA).®® The CAG/GAA repeat was not expanded
in discordant MZ twins using the repeat expansion
detection (RED) method.”

More recently, Nguyen et al® separated the DNA
fragment obtained from the sequences surrounding
the CAG repeat using the high-performance liquid
chromatography-based method, targeted genomic dif-
ferential display (TGDD), and reported that the
difference of peaks was larger between the discordant
twins compared with the concordant twins. However,
the locus causative for this difference has not been
identified yet.

DNA methylation: Deb-Rinker et al'”*® analyzed the
lymphocytes obtained from MZ twins discordant for
schizophrenia using RDA and found a new retrovirus,
which was expressed only in the affected twin, They
named this as schizophrenia-related retrovirus-1
(SZRV-1) and SZRV-2. Loss of DNA methylation of
SZRV-2 was detected in this patient with schizo-
phrenia. It has not been established whether or not
SZRV-2 is a cause of schizophrenia in this case, or in
general.

Tsujita et al® used the restriction landmark genome
scanning (RLGS) method® to screen the difference of
genomes between MZ twins discordant for schizo-
phrenia.® In this method, genomic DNA was digested
with a methylation-sensitive restriction enzyme, Notl,
the fragments were analyzed .by two-dimensional
electrophoresis, and the pattern seen in the gel was
compared between twins. They identified two spots
showing different intensities between twins, suggest-
ing genetic or epigenetic difference. The results
obtained by RLGS might reflect the difference of
DNA sequence, but more likely reflected difference of
DNA methylation.

Petronis et al® have been studying the possible role
of epigenetic factors in mental disorders. They
analyzed the DNA samples obtained from two pairs
of twins discordant or concordant for schizophrenia
and examined the DNA methylation status of the
upstream region of the dopamine D2 receptor.” They
examined the difference of the DNA methylation
status between twins, which was named ‘epigenetic
distance’. They reported that epigenetic difference
was larger between discordant twins compared with
concordant twins.

McDonald et al’® used genomic RDA to identify

discordance of DNA sequence or DNA methylation
between twins discordant for schizophrenia. For two
of six enzyme digest representations, methylation-
sensitive enzyme, Hpall, was used. They identified an
apparent difference of one gene when two enzymes,
Hpall and Mbol, were used for digestion. However,
this DNA sequence was derived from bacterial
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genomic fragment of Pseudomonas aeruginosa, sug-
gesting possible contamination. They concluded that
there is no genetic or epigenetic difference between
MZ twins discordant for schizophrenia.

Gene expression: Using the DD method, Friedhoff
et al’® cloned a new gene of unknown function from
lymphocytes of MZ twins discordant for schizophre-
nia. The expression level of this gene, oksc12b, was
lower in affected twin compared with healthy co-
twin. However, the expression level of this gene in the
brains of patients with schizophrenia did not differ
from controls, suggesting no pathophysiological sig-
nificance.”

Summary of the findings: In summary, difference of
DNA sequence has been searched for in MZ twins
discordant for schizophrenia, but most of the studies
did not support the genetic difference. The results in
the difference in DNA methylation seem a little more
promising. However, no conclusive evidence has
been obtained yet. Gene expression difference was
also searched for, but any effort to reveal genetic or
epigenetic difference has not been taken yet.

Bipolar disorder Compared with schizophrenia, few
molecular genetic studies of discordant twins have
been published in bipolar disorder, possibly because
MZ twins completely discordant for bipolar disorder
are quite rare. Although the summary of published
studies reported that the concordance rate of bipolar
disorder in MZ twins is approximately 70%, this
largely depends on the definition of concordance. For
example, in the study by Bertelsen et al,”* 46 0f 69 MZ
twins were completely concordant. However, 14 of
other 23 were partly concordant, that is, the others
had some mental disorder or had committed suicide.
Thus, MZ twins completely discordant for bipolar
disorder are rarely seen.

Gene expression: In an attempt to identify the
genetic or epigenetic difference between twins, the
authors examined two pairs of MZ twins discordant
for bipolar disorder and a pair of healthy twins.”
Intracellular calcium response was different between
the lymphoblastoid cells obtained from discordant
twins. By DNA microarray analysis, two genes, XBP1
and GRP78 (HSPAS5), both of which have pivotal roles
in endoplasmic reticulum (ER) stress signaling, were
commonly downregulated in affected twins.” XBP1 is
located at 22q12, the common linkage locus for
bipolar disorder and schizophrenia. GRP78 is regu-
lated by XBP1 and induced by valproate.

Based on this finding in twins, we further examined
the role of this pathway in pathophysiology of bipolar
disorder by case—control studies. Response of XBP1
and GRP78 to ER stress was attenuated in bipolar
disorder, This difference was partly explained by the
functional polymorphism in the promoter of XBP1,
named —116C/G. The functional disturbance caused
by —116G was improved not by lithium but by
valproate. The genotype was associated with treat-
ment response to lithium in Japanese bipolar pa-
tients.”* This polymorphism was associated with
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bipolar disorder in Japanese case-control samples.
Although it was also associated in Caucasian trios
obtained from NIMH in the first report, it was not
replicated in an extended NIMH trio samples, triads
from Bulgaria and the UK, as well as case~control
samples from various European populations.”” A
case-control study in Chinese also did not support
the association.”®

On the other hand, it was recently reported that this
polymorphism was associated with schizophrenia in
Japanese”” and Chinese.”® The other gene in this
cascade, GRP78, was also associated with bipolar
disorder, suggesting that there are more than one
functional polymorphisms affecting ER stress re-
sponse.”® '

DNA sequence and DNA methylation: In these MZ
discordant twins, the genotype was the same between
the twins; one pair had C/G and the other pair had G/
G. Thus, the cause of discordance was not due to this
polymorphism. No other difference of genomic DNA
sequence could be identified in the XBP1 gene. We
also quantified the copy number of XBP1 using
quantitative genomic PCR, but there was no differ-
ence. We further analyzed the DNA methylation
status of the CpG island of XBP1. However, the CpG
island was not methylated in both affected twins and
their healthy co-twins. Thus, the discordance of
endophenotype, reduction of XBP1 expression, was
not caused by genetic or epigenetic difference of XBP1
itself.

Although we selected the genes commonly altered
in both of these twins, the primary discordance may
not be caused by these genes. Especially, it is of note
that one of the discordant twins is also discordant for
several somatic diseases, including ossification of the
posterior longitudinal ligament (OPLL).” Thus, there
might be discordance in some gene upstream to the
molecular cascade of bipolar disorder and that of
OPLL. We are now searching for the epigenetic

. discordance causing altered gene expression in these
discordant twins.

Methodological considerations and future strategies

Subjects To search for the genetic or epigenetic
difference between discordant twins, identification
of a suitable twin pair would be the most important
point. Firstly, if one of the twins had onset of the
disease just several years before, they may not be truly
discordant, since the other twin may have disease
onset soon. Thus, the ages of the subjects should be 10
or 20 years after the age at onset of the affected twin.
Secondly, in the case with marked environmental
insult such as infection, perinatal complication, or
head trauma, such cases may not be suitable for the
search of genetic or epigenetic difference. Thirdly,
phenotypic discordance should be complete. In the
case of mental disorders, phenotype definition is not
a dichotomy of ‘disease’ and ‘healthy’. If the index
case had schizophrenia and the other twin had
schizoid personality disorder, they are incompletely

Genetic or epigenetic difference between discordant monozygotic twins
T Kato et a/

discordant, and the possibility of genetic or epi-
genetic difference may be smaller than completely
discordant cases. Fourthly, discordance of comorbid
genetically determined somatic disease or inter-
mediate phenotype might also be a hallmark of
genetic or epigenetic difference.

Tissue The ideal source for epigenetic analysis
would be the brain tissue, but it is practically
impossible in the study of discordant twins. Peri-
pheral blood cells are usually used for this kind of
study. '

In the case of peripheral blood cell, effects of
medication are difficult to control, since the affected
twin is usually medicated with various psychotropic
drugs, some of which can affect histone acetylation
and DNA methylation. In addition, the subpopulation
of white blood cells, such as granulocytes, B lympho-
cyte, or T lymphocyte, can be altered by mental
status, hormones, or medication. In lymphocytes,
difference of genome rearrangement status between
cells can obscure other more important genetic
difference.

Using lymphoblastoid cell lines, some of the above-
noted problems, such as effects of drugs and cellular
heterogeneity can be minimized. However, Epstein—
Barr virus that is used for transformation may alter the
DNA methylation status of some genes.? Transposon
may become active during cell culture, especially
when the DNA methylation inhibitor, 5-aza-deoxy-
citidine (5-aza-dC), is applied.®” In both cases, the
possible effects of blood transfusion in utero might
obscure the difference between twins.% :

Most of the above-noted problems can be overcome
by using fibroblasts, which can also be cultured and
stored. Although it is somewhat more invasive to
perform skin biopsy than drawing blood, it does not
cause pain and scar at all, when adequately per-
formed.?*

Methodology To identify the epigenetic discordance
between twins, several methodologies could be used.
Among these methods, RLGS is the most established
method, although it is laborious. Although it had been
difficult to identify the gene with DNA methylation
difference responsible for the spot detected, the
recent development of in silico RLGS has made it
easier.®® Microarray-based comprehensive analysis of
CpG island would be an ideal method to screen the
DNA methylation difference between discordant
twins.®

We are currently searching for the DNA methyla-
tion difference using two different strategies. One is
methylation-sensitive representative differential ana-
lysis (MS-RDA).* In this method, the genomic region
with different methylation status between two gen-
omes can be selectively amplified using methylation-
sensitive restriction enzymes. We also applied 5-aza-
dC to lymphoblastoid cells obtained from discordant
twins to unmethylate all DNAs in these cells. Before
and after the 5-aza-dC treatment, gene expression
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patterns were examined by DNA microarray.
Although this method has an apparent disadvantage
of the difficulty of excluding false positives caused by
secondary effect of drug treatment, this method has
been successfully applied to the identification of
hypermethylated CpG islands in cancer cells.®® We
checked the DNA methylation status of the candidate
genes that upregulated after the 5-aza-dC treatment
only in one of the twins, and found the differences in
methylation status between MZ twins, although their
pathophysiological = significances remain elusive
(Iwamoto et al, in preparation).

Conclusion

Search for genetic or epigenetic difference between
MZ twins discordant for mental disorders might be a
promising strategy to identify the genes responsible
for mental disorders. Once the responsible mutation
or epirmutation was found in the affected twin, this
information would become a clue to study the
pathophysiology of mental disorders. Further studies
are warranted to identify genetic or epigenetic
difference between MZ twins responsible for discor-
dant phenotypes.
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Munchausen’s Syndrome With 20-Year Follow-Up

To THE EpITOR: We report a 20-year follow-up for a patient with
Munchausen’s syndrome simulating torsion dystonia that
was first presented in 1985 (1). Long-term follow-up for pa-
tients with Munchausen’s syndrome is rare because of the se-
cretive nature of the disease and the limitations in sharing
confidential patient information.

Ms. A is now a 56-year-old woman who had worked as
a teacher until she reportedly suffered a traumatic
brain injury when she was pushed by a student. Neu-
roimaging after the incident was unremarkable, and a
neurological examination revealed only bilateral ankle
inversion consistent with her history of torsion dystonia.
Two weeks later, she was found severely dehydrated
and unable to walk or dial for help because of an appar-
ent exacerbation of her torsion dystonia. Her symptoms
progressed upon hospitalization. She developed severe
language deficits, including the inability to read or
write. When transferred to a rehabilitation facility, she
reported auditory hallucinations and paranoid delu-
sions and fled the facility several times. During psychiat-
ric consultation, she described a recent suicide attempt
by drug overdose but reported no history of psychiatric
conditions or hospitalizations.

Upon admission to a psychiatry unit, Ms. A’s psy-
chotic symptoms and suicidal ideation immediately re-
solved. A search of medical records revealed that she
had been described in a case report 20 years earlier. At
the age of 19, she feigned suicide to gain admission for
psychiatric care. In 1979 she submitted to bilateral ven-
trolateral thalamotomy for an intractable dystonia that
lacked typical electromyographic findings. She had a
devastating subsequent course of aphonia lasting 18
months, intractable seizures leading to tracheostomy,
trismus requiring a gastrostomy tube, and severe
weight loss that was thought secondary to surrepti-
tiously discarding her gastrostomy tube feedings. With
psychotherapy she eventually admitted to fabricating
all of her symptoms.

Ms. A later moved to our city and taught for nearly 20
years. In 1990 she had two hospital admissions for Beh-
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cet’s disease, a diffuse vasculitis often associated with
uveitis and aphthous ulcers. There were no objective find-
ings, and she was discharged with probable factitious dis-
order. She has otherwise led a productive life, free of hos-
pital admissions, for the last 15 years.

Patients with factitious disorder can suffer considerable
iatrogenic morbidity and place immense strain on the
health care system. Health care providers may develop a
sense of therapeutic nihilism. Factitious disorders are often
refractory to psychotherapy, and confronting patients
about their symptoms is rarely beneficial (2). With psycho-
therapy this once severely disabled woman achieved rela-
tive independence for many years. Whether she sustained a
traumatic brain injury before her most recent admission is
questionable, but the acute stress of an assault at work may
have caused an exacerbation of this patient’s factitious dis-
order. :

References

1. Batshaw ML, Wachtel RC, Deckel AW, Whitehouse P}, Moses
HIll, Fochtman LJ, Eldridge R: Munchausen’s syndrome simu-
lating torsion dystonia. N Engl ) Med 1985; 312:1437-1439

2. Krahn LE, Li H, O’Connor MK: Patients who strive to be ill: fac-
titious disorder with physical symptoms. Am j Psychiatry 2003;
160:1163-1168

COREY R. FEHNEL, B.S.
ERIC J. BREWER, M.D.
Rochester, N.Y.

Neuroleptic Malignant Syndrome Related to a
Switch to Perospirone and Anticholinergic
Withdrawal

To THE EpIToR: We teport the first case, to our knowledge, of
neuroleptic malignant syndrome related to perospirone, The
patient’s medication had been switched from olanzapine
and an anticholinergic drug approximately 2 weeks previ-
ously. When treated with perospirone without anticholin-
ergics, the patient had a fulminant neuroleptic malignant
syndrome that was complicated with rhabdomyolysis and
acute renal failure,

Mr. A, a 43-year-old man, had suffered from paranoid
schizophrenia for 27 years. He had been admitted to a
psychiatric hospital 11 times between the ages of 21
and 33 because of insomnia, psychomotor agitation,
and persecutory delusions. His illness had been main-
tained with a dose of 9-15 mg/day of bromperidol for
more than 20 years. Bromperidol is a butyrophenone
neuroleptic that shows a similar pharmacodynamic re-
sponse as haloperidol. Six weeks before his admission,
Mr. A’s medication was switched to risperidone and bi-
periden, and bromperidol was discontinued because of
the drug-induced extrapyramidal symptom of a hand
tremor.

Three weéks later, risperidone was switched to olanza-
pine because Mr. A felt that risperidone did not effec-
tively treat his symptoms. After Mr. A had been taking the
medication for 3 weeks, olanzapine and biperiden were
discontinued, and perospirone, 16 mg/day, was intro-

ajp.psychiatryonline.org 547

—250—



LETTERS TO THE EDITOR

duced because of psychiatric symptoms, such as auditory
hallucinations and diarrhea. On the 12th day of per-
ospirone treatment, Mr. A suddenly became confused
and obtunded with severe muscle rigidity. When he was
admitted to a psychiatry department, he had a high fe-
ver, tachycardia, and severe extrapyramidal symptoms.
Laboratory tests showed an elevation of creatine phos-
phokinase (33,878 IU/liter) and leukocyte levels
{30.9x10%liter). A urine analysis'showed myoglobinuria.
A brain computerized tomography scan showed no re-
markable change, and the possibility of infectious dis-
ease was excluded.

Mr. A had a fulminant neuroleptic malignant syndrome
complicated with rhabdomyolysis and acute renal failure.
On the third day of admission, he was transferred to an in-
tensive care unit. He received dantrolene treatment and
hemodialysis. On the 19th day, the fever disappeared, and
his serum creatine phosphokinase level was normal {112
1U/liter). On the 44th day, his muscle rigidity was resolved,
and no psychiatric symptoms were observed. He was dis-
charged on the 46th day.

This case report shows that neuroleptic malignant syn-
drome can occur after a switch to perospirone treatment
from other antipsychotics and anticholinergic withdrawal.
Perospirone is a novel serotonin-dopamine antagonist and
also a partial serotonin (5-HT14) agonist (1). The receptor
binding profile and pharmacological property of per-
ospirone resemble those of risperidone, and side effécts,
such as extrapyramidal symptoms, tend to occur less often
with perospirone (2). This patient did not develop neuro-
leptic malignant syndrome during previous risperidone
and olanzapine treatment with anticholinergics. It has
been reported that abrupt withdrawal of anticholinergic
agents is associated with neuroleptic malignant syndrome
(3). Special caution with regard to concomitant drugs is
therefore necessary when switching between antipsychotic
drugs.
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Trimipramine for Refractory Panic Attacks

To THE Eprror: Trimipramine, a tricyclic tertiary amine phar-
macologically related to imipramine, which was the first
pharmacological agent noted to treat panic disorders (1),

548 ajp.psychiatryonline.org

provides significant rapid antipanic effects with minimal
side effects at a low dose. Tricyclic drugs are less widely
used than selective serotonin reuptake inhibitors (SSRls)
because tricyclic drugs generally have more severe adverse
effects at the higher doses required for effective treatment
of panic disorders (2), This is a case report about a man with
a 20-year history of panic disorders who was unresponsive
to all agents tried, with the exception of imipramine, which
was discontinued because of side effects. Tripramine at 50
mg/day induced remission of the panic attacks without ad-
verse effects. ’

Mr. A, a 41-year-old white man, had suffered from
panic attacks since age 21. According to Mr. A, the medi-
cations tried to no avail (either were ineffective or were
discontinued because of side effects) included amitrip-
tyline, bupropion, amoxapine, fluoxetine, sertraline, cit-
alopram, paroxetine, fluvoxamine, duloxetine, escitalo-
pram, carbamazepine, valproic acid, lithium,
olanzapine, aripiprazole, olanzapine plus fluoxetine,
aripiprazole plus fluoxetine, clonazepam, lorazepam, al-
prazolam, and combinations of alprazolam with multiple
SSRIs, atypical neuroleptics, tricyclics, tetracyclics, and
anticonvulsants.

Mr. A was initially seen while taking fluoxetine, 20 mg/
day, in addition to 8 mg/day of alprazolam with olanza-
pine, 10 mg/day, and he continued to experience 1-2
panic attacks every 10 days. He had been taking alpra-
zolam for 14 years. Fluoxetine and olanzapine were dis-
continued, and mirtazapine, 15 mg at night, was begun
with the longstanding alprazolam, 2 mg/day. Mirtazapine
caused stimulation and was discontinued. Quétiapine, 25
mg/day, was tried in conjunction with 2 mg/day of alpra-
zolam. Quetiapine had to be discontinued because of gas-
trointestinal side effects. Desipramine was started at 10
mg at bedtime. The dose was increased to 20 mg at bed-
time within a 2-week span, but it had to be discontinued
because of overstimulation and worsening of the panic at-
tacks. Trimipramine was begun at 25 mg/day, together
with alprazolam, 2 mg/day. In view of no side effects, the
dose of trimipramine was increased to 50 mg in the morn-
ing together with 2 mg/day of alprazelam. Within 5 weeks,
Mr. A indicated he was “much calmer” and had not expe-
rienced any panic attacks. He remained free of panic at-
tacks for 6 months. Ongoing tapering of alprazolam was
being pursued.

On the basis of this case report, further use of trimi-
pramine may be warranted in the treatment of panic disor-
ders unresponsive to the more commonly used treatment
modalities.

References

1. Rosenbaum JF, Poilack MH: Panic Disorder and Its Treatment.
New York, Marcel Dekker, 1998, pp 160-161

2. Sadock B, Sadock VA: Panic disorder and agoraphobia, in Ka-
plan and Sadock’s Concise Textbook of Clinical Psychiatry, 2nd
ed. Philadelphia, Lippincott Williams & Wilkins, 2003, pp 606—
607

DOMINGO CERRA, M.D.

Ocala, Fla.

Am | Psychiatry 163:3, March 2006

—2b1—



Available online at www.sciencedirect.com

e sclENGE@DIHEGT“ SCH%&FLH/\RIEEI'S
LSEVIhR Schizophrenia Research 73 (2005) 383 - 385

www.elsevier.comylocate/schres

Letter to the Editox_js

A missense polymorphism (H204R) of a Rho
GTPase-activating protfein, the chimerin 2 gene,
is associated with schizophrenin in men

Dear Editors:

Schizophrenia is a complex genetic disorder char-
acterized by profound disturbances of cognition, emo-
tion and social functioning. This digease is belisved to
involve genetic aboormalities i developmental/plas-
ticity related processes (DeLisi, 2000). The patho-
physiology of schizophrenia is still unclear; however,
the high incidence developing schizophrenia was
observed in mental retardation, suggesting common
pathophysiclogical basis of these two diseases includ-
ing genetic basis. As several X-linked mental retar-
dation genes are involved in Rho signaling pathways
{Ramakers, 2002), Rho GTPase related genes could
be strong candidate genes for schizophrenia. The Rho
family of GTP binding proteins act as a key regulator
for developing neuronal network, e.g. neurite and
growth cone formation (Negislu and Katoh, 2002).
Chimerin 2 gene, CHN2, is one of the GTPase-
activating proteins expressed in a vaviety of human
tissues with the highest expression levels in brain

{Yuan et al., 1995). Therefore, genetic variability of

the chimerin 2 gene is of considerable interest in the
evalyation of risk of schizophrenia, To our knowl-
edge, however, there is no study examining the
possible association between the CHN2 gene and
schizophrenia,

The CHN2 maps to chromosome 7pl5.3 and
consisted of 13 exons and 12 introns, spanning
318 Kb (Yuan et al., 1995). We searched for poly-
morphisms in the CHN2 gene in silico and detected
a common smgle nucleotide substitution (A611G,
NCBI SNP 1D: 1s3750103) (Haga et al., 2002) in
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exon7 giving rise to an amino acid change of
histidine to arginine at codon 204 (H204R) (amino
acid numbering is according to NUBI protein data
base accession NP_004058). In our search there was
no other missense polymorphisin reported m the
CHN2Z gene. Since this polymorphism may alter
funetions of the CHN2Z, we performed an association
analysis between this polymorphism and schizophre-
nia in a Japanese sample of 293 patients (162 males
and 131 females with mean age of 43,7 vears [S.D.
14.21) with schizophrenia and 450 healthy controls
222 males and 228 females with mean age of 36.5
vears [S.D. 12.6]). Consensus diagnosis was made
for each patient by at least two psychiatrists accord-
ing to the Diagnostic and Statistical Manual of
Mental Disorders, 4th edition{DSM-IV) criteria. Af-
ter description of the study, written informed consent
was obtained from every subject. The study protocol
was approved by institutional ethical committees.
The H204R polymorphism genotypes were deter-
mined using the TagMan 5-exonuclease allelic dis-
crimination assay, described previously (Hashimoto et
al., 2004). Briefly, probes and primers for detection
of the SNP are: forward primer, 8-CAGATCTCCTC-
CCTGGTTCGA-Y, reverse primer, ¥-TGCTTACCT-
TAAAGTTGTGTGTCTTCT-3, probe 1, 5-VIC-
CCCTCACACACAACGA-MGB-3, and probe 2,
5-FAM-CCTCACACGCAACGA-MGB-3.
Genotype distributions and allele frequencies of
the H204R missense polymorphism of the chimerin
2 gene among the patients and controls are shown i
Table 1. The genotype distributions for the two
groups and those of male and female patients ag
well as controls were in Hardy - Weinberg equilibri-
um {data not shown). There was a trend towards an
mereased. froquency of the R204 allele m the patients

{han in the controls (y*=3.74, df=1, p=0.053, odds

mozygous for the R204 allele were significantly

—252—



384

Table 1

Letier to the Editors

Genotype and allele distributions for the H204R polymorphism of the chimerin 2 gene between the patients with schizophrenia and controls

Group N Cenotype distribution Mantel Haenszel  Allele frequency adds vatio
His/His His/Arg Arg/arg P value P value His Arg P value (O5%CT)

Male

Patients 162 95 (58.6%) 57 (35.2%) 10{62%) 0.047 0.018 247 {76.2%) 77 (23.8%) 0.018 L83 (1.07-219)
Conwols 222 152 (68.4%) 65 (29.3%) 5(2.3%) 369 (83.1%0) 75 (16.9%)

Female

Patients 131 80 (61.2%) 44 33.6%) 7(5.3%) 0.703  0.678 204 (77.9%) 58 22.1%) 0.681  1.08(0.75-1.56)
Conirols 228 141 (61.9%) 79 (34.6%) 8 (3.5%) 361 {23.8%) 95 (20.8%)
Total

Patients 293 175 (59.7%0) 101 (34.5%) 17 (5.8%) 0.087  0.052 451 (77.0%) 1353 (73.0%) 0.053 129 (1.00-1.66)
Controls 450 293 (65.1%) 144 (32.0%) 13 (2.9%%) 730 (81.1%) 170 (18.9%

more common in the cases than in the controls

minor allele (R204) in our control group (19%) was
quite similar to that reported by Haga et al. (2002)
(18%) estimated from 48 Japanese chromosomes.
Thus, the observed significant difference in the allele
frequency between the cases and controls cannot be
ascribed to an unusually lower frequency of the
R204 allele in our control subjects.

As gender differences occur in various aspects of the
disease, including earlier age of onget, poorer course
and medication response in men, we examined males
and females separately. The R204 allele was excess in
our cases when compared to controls among males
(#*=5.57, df=1, p= 0018, odds ratio=1.53, 95%CI

nificant difference beiween male controls and male
patients with schizophrenia (#=6.12, df=2,

zel test). However, there was significant difference in
neither allele frequency nor genotype distribution be-
tween the schizophrenics and controls in females.
CHN2 protein acts as a receptor of diacylglycerol/
phorbol esters and regulates the activity of the Rac
(GTPase, one of the Rho GTPase family proteins
(Caloca et al,, 2003). The CHN2 inhibits Rac-GTP
activation by the stimulation of epidermal growth
factor (EGPF). EGF protein levels were decreased in

the prefrontal cortex of schizophrenic patients, and

conversely, EGF receptor expression was elevated in
the prefrontal cortex (Futamura et al, 2002). Serum
EGF levels were markedly reduced in schizophrenic

patients, even in young, drug-free patients (Futamura
et al., 2002). Neonatal perturbation of EGF in rats
resulted in abnormal sensorimotor gating and social
interaction in adults (Futarmura et al., 2003). In addi-
tion, neuregulin-1, one of the EGF family proteins,
was reported as a schizophrenia susceptibility gene
(Harrison and Owen, 2003) and the abnormal expres-
sion of neuregulin-1 has been observed m schizo-
phrenic brain (Hashimoto et al., 2003). Therefore, the
CHN2 H204R polymorphism might lsad to the ab-
normality of neuregulin signaling pathways. As the
location of H204R is close to diacylglycerolphorbol
ester binding domain (214264 anvino acid), this
polymorphism could alter the protein structure of the
region, which may change the second messenger
signaling. H204R polymorphism, next to a casein
kinase TI phosphorylation site, might also play a
potential role in the CHNZ phosphorylation state,
although the physiological phosphorylation status is
unclear.

We demonstrated, for the first time, the possible
association between a missense polymorphism
(H204R) of the CHN2 gene and schizophrenia in
a Japanese population. A false-positive association
due to population stratification could not be ex-
cloded in our case control designed study, despite
the precaution of ethnic matching of this study.
Therefore, it is necessary to carry out further
investigations to confirm ouwr findings in other
samples, If our results are replicated, functional
analysis of the CHN2Z H204R polymorphism might
contribute to understanding the molecular mecha-
nisms of schizophrenia,
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Abstract

Recent study of linkage disequilibrinm mapping showed one of the trace amine receptor (I'RAR) genes, TRAR4, was
associated with schizophrenis. We conducted a replication study of TRAR4 with schizophrenia In Japanese patients. We used
two large independent sets of samples in a first-set analysis (cases =403, controls=401) and second-set analysis (cases= 503,
controls=440), In the first-set analysis, one Marker (Macker5) showed a significant association, but this significance was not
seen in the second-set analysis. Our results indicate that TRAR4 may not play a major role in Japanese schizophrenia patients,
and that it is important to examine the possibility of false positives in genetic association analysis.

© 2005 Elsevier B.V. All rights reserved.

Keywords: Schizophrenia; Trace amine receptor: Linkage disequitibrium; Haplotype-tagging SNP

1. Introduction

Trace amines (TAg) are endogesous amine com-
pounds that are chemically similar to classic biogenic
amines, TAs were thought to be ‘false transmitters’
which displace classic biogenic amioes from their
storage and act on transporters in a fashion similar

* Corresponding author. Department of Psychiatry, Fujita Health
University School of Medicine, Toyoake, Aichi 470-1192, Tapan.
Tel.: +81 562 93 9250; fax: +81 362 93 1831

F-mail address: ikeda-mua@fujita-huacjp (M. Tkeda).

0920-9964/% - see front matter € 2005 Elsevier B.V. All rights reserved.

doi: 10.1016/.5chres.2005.05.002

to the amphetamines, but the identification of brain
receptors specific to TAs indicates that they also have
effects of their own effects, and TA receptors bind
several psychostimulants such as amphetamine and D-
lysergic acid diethylamide (LSD) (Parker and
Cubeddu, 1986).

A recent study of linkage disequilibiium (LD)
mapping showed significant association between
SNPs in one trace amine receptor (TRAR) gene
TRARA and schizophrenia (SCZ) (Duan et al,
2004), By genotyping 192 pedigrees with SCZ of
Buropean or African American ancestry, from samples
that previously showed linkage evidence to 6ql3-—
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426, an association of schizophrenia with [ SNP
(rs4307545; Marker16) within the TRAR4 gene
remained significant after correction for multiple test-
ing. The authors aiso showed that TRAR4 is preferen-
tially expressed in several brain regions including the
hippocampus that have been implicated in the patho-
physiology of SCZ.

In this study, w
TRAR4 with SCZ in Japanese patients.. However,
because SNP variations and LD patterns differ
among populations, we included a systematic muia-
tion search around TRAR4 and an LD evaluation.
After the selection of haplofype-tagging (ht) SNPs,
we performed a two-stage association analysis using
two independent sets of samples in a first-set analysis
(cases=403, cm"n'rolew 401) and second-set analysis
(cases =503, conirols =440},

2. Materials and methods

2.1, Subjects

¢ conducted a replication study of

In the association analyses, two independent sets of

samples were examined: for the first-set screening
scan, 405 patients with SCZ (206 male and 199
female; mean  age +standard  deviation  (S.D.)
42.6 1 14.9 years) and 401 controls (213 male and
188 female; 34.1 +13.1 years), and for the second-set
conﬁlmation m}alys‘is, 5()° aliente with SCZ (284
Lonnols (\223 mdie and. 11 fmale 40.7i14(2
years).

The subjects for mutation search and LD evalua-
tion were 37 patients with SCZ and 64 C(mu‘ols,
respectively. These subjects were also included i
the first-sct screening scan. (,hamciuuamm dctaxls
and psychiatric assessment of these subjects wers

M. Theda et al. /! Schizophreniu Research 78 (2005} 137130

identical (o those published elsewhere {Jkeda et al.,
2005). Al subjects were umelated to each other and
ethnically Japanese.

After the study had been described, written in-
formed comsent was obtained from each subject.
This study was approved by the Ethics Committee
at Fujita Health University and Nagoya University
School of Medicine.

2.2, Mutation search

Primer pairs were designed using information from
the G wenBﬁnk sequence (accession number; NT-
025741.13) and 3 amplified regions, which covered
the cod,mg} exon and 5 flanking region upstream 500
bp. A more detailed description can be seen in a
previous paper (Suzuki et al, 2003). Sequences of
primer pairs are available on request.

2.3, SNP selection and LD evaluation

For the evaluation of LD, we included the positive
NPs shown in the original paper (Duan et al,, 2004)
(Fig. 1} in addition to the SNPs we detected. First we
determined ‘LD blocks’ with criteria based on 95%
confidential bounds on D' using HAPLOVIEW ver
3.0 software (Barrett ot al., 2005). Nexi, MSNPs were
selected within each LI block for 90% haplotype
coverage using SNPtagger software (Ke and Cardon,
2003).

2.4. SNP genotyping

We used TagMan assays (Markers, 12, 16, 19 and
21), primer oxtension using denaturing high perfor-
mance liquid chromatography (Marker3, 4, 6, and 14)
and direct sequencing (MarkerA and B). Sequences of
primer pairs are available on request.

TRAR4
; | 2
Marker 3 4 561214 16 19 21
A
B

Tig. 1. Genomic structure of TRAR4. Numbers under axvows represent marker TDs. Versical bar represents exon.
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2.5, Statistical analysis

Genotype deviation from the Hardy-Weinberg
equilibrium (HWE) was evaluated by 7* test (SAS/
Genetics, release 8.2, SAS Institute Japan Inc, Tokyo,
Japan).

Marker-trait association was evaluated allele/geno-
type-wise with x* test (SPSS 10.0J, SPSS Japan Inc).
In the first-set screening scan, we used a recently
developed software program, SNPSpD, which could
reflect the correlation of markers (LD) on comrected P-
values, in order to control inflation of the type I ervor
rate (Nyholt, 2004),

Power calculation was performed using a statistical
programy prepared by Ohashi et al. (2001), We esti-
mated the power for our sample size under a multi-
plicative model of inheritance,

The significance level for all statistical tests was
0.05.

3. Results

Searched variants in the coding exon and § flanking
region among this ethnic group, fwo SNPs were identified in
the 5 upstream and 3’ downsiream of TRAR4 (Marker6 and
14}. None of the other SNPs were discovered.

Table 1
BSNPs and fivst-sel screening scan

129
BLOCK1
514.3 1914
1 |16816 110117148 BLOCKZ
3 7151i87¢ A
STl
- BLOCK3
4114113
3 118147

Fig. 2. Linkage disequilibvium evaluation. Numbers in box repre-
sents D values after decimal point. 1Y values of 1.0 are not shown.
Other information ts provided at Haploview’s website.

Nine SNPs of the Duan’s report and two $NPs we detected
were genotyped for evahuation of L. All genotype frequen-
cies of these SNPs were in HWE. Marker12 was excluded
from the L. evaluation doe 1o its low minor allele frequency
(0.8%). Three LD blocks were defined and six SNPs (five
htSNPs and Marker12) were selected (Table | and Fig. 2).

In the association analysis, we first genotyped these
htSNPs and Marker12 for first-set samples (cases=405,

Marker SNP ID* Blocks" MAF® (%) Genotype distribution®
MM Mim mim Prvalue® Corrected P-valuet
SCZ CON SCZ CON SCZ CON - Genotype  Allele  Genotype  Allele
3 14473885 (G A) 18.0
4 rsd085406 (A > G)  BLOCKT 195
: ] 24.2 233 266 150 119 22 16 00354 00122 0.204 0.0702
48.4 143 132 179 181 83 gg 0.749 8,437
0.80 394 3890 11 {2 0 0 0.814 0.815
281 243 231 143 145 19 23 0,372 0,330
] 219 I51 162 181 18 73 33 0.165 6.102
rs17078770 (-7 A)  BLOCK YU 203
197452939 (C>T) ) 211
86903874 (T > () i4.1
| BLOCK L 133 298 192 96 96 11 13 0.901 0.716

e

*Gray box represents aplotype-tagging (1) SNPs” for association analysis.

"Blocks were defined by HAPLOVIEW.

“MAF=minor allele frequency of 64 comtrols,

IMemajor allele, m=minor allele, $C7 schizoprenia, CON=conwol.
“Bold numbers represent significant P-values.

fComected P-values were caloulated by SNPSpd.
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