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Abstract 

Olma, Koichi. Anticipation, imprinting, trinucleotide repeat expansions and psychoses. Prog. 
Neuro-Psychopharmacol. & Biol. Psychiat. 2001, XL pp. 167-192. 02001 Elsevier Science Inc. 

Since 1991, approximately 20 trinucleotide repeat expansion type neurodegenerative disorders 
have been reported. They are clinically characterized by anticipation, i.e., worsening severity or 
earlier age at onset with each succeeding generation for an inherited disease, and imprinting, i.e., 
a process whereby specitic genes are diierentially marked during parental gametogenesis, 
resulting in the diixential expression of these genes in the embryo and adult. 
The phenomenon of anticipation in psychoses has heen pointed out since the 19th century; 
however, it was ignored because no one knew the genetic mechanism underlying this type of 
inheritance pattern at the time, and because of several possible biases. 
The discovery of trinucleotide repeat expansion diiases has reawakened interest in the 
phenomenon of anticipation in psychiatric diseases. Anticipation has been continued in 
schizophrenia, mood disorders, and anxiety disorders in much more sophisticated manners, 
although still not perfectly. 
Molecular approaches as well as clinical ones have heen taken to reveal the involvement of 
trinucleotide repeat expansion mechanism in psychoses by means of direct analyses of candidate 
genes, RED and DIRECT. Most efforts have been made for CAG type trinucleotide repeats. 
So far, direct analyses have failed to reveal pathogenic gene(s). There were several positive 
RED data at first, however, nowadays there seems to be a tendency of much more negative 
results. The DIRECT results did not support trinucleotide repeat expansions mechanism in 
psychoses either. Gne plausable explanation for the ‘false positive’ result is the presence of 
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CAG trinucleotide repeats which are highly polymorphic but not associated with an obvious 
abnormal phenotype. Screening for trinucleotide repeats other than ones of the CAG type 
remained to be performed. 

Kevwordsz anticipation., anxiety disorder, gene, imprinting, mood disorder, schizophrenia, 
trinucleotide repeat expansion disease, triplet 

Abbreviations: alanine (Ala), amino acid (AA), androgen receptor (ANR), asparatic acid (Asp), 
autosomal dominant (AD), autosomal recessive (AR), cleidocranial dysplasia (CCD), direct 
identification of repeat expansion and cloning technique (DIRECT), dentatorubral-pallidoluysian 
atrophy (DRPLA), Fragile X syndrome (FRAX), flanking region (FKR), Friedreich’s ataxia (FA), 
glutamine (Gln), Huntington’s disease (I-ID), inheritance (IN), multiple epiphyseal dysplasia (MED), 
Ma&ado-Joseph disease (MJD), myotonic dystrophy (DM), non-Mendelian (NM), oculopharyngeal 
muscular dystrophy (OPMD), pseudoachondroplasia (PSACH), repeat expansion detection (RED), 
spinal bulbar muscular atrophy, or Kennedy’s disease (SBMA), spinal cerebral ataxia @CA), 
synpolydactyly (SYN), trinucleotide repeats (TM), trinucleotide repeat disease (TRD), untranslated 
region (UTR), Jacobsen syndrome (JS), X-linked o(), X-linked recessive (XR). 

1. Introduction 

Psychiatric diseases are thought to be clinically and etiologically heterogeneous disorders. Several 

studies have suggested the importance of environmental factors. For instance, prenatal exposures 

such as infection, nutritional deficiency, immunological incompattbi may play an etiological role in 

schizophrenia (Susser et al., 1999). About 10% excess of persons with schizophrenia is born during 

winter season. 

On the other hand, twin, adoption, and family studies suggested the presence of genetic factors in 

psychiatric diseases, although little is known about its mechanisms. Recent discovery of a new type 

of mutation consistii of unstable expansions of trinucleotide repeats in neurological diseases may 

provide a new key in the search for the genetic studies of psychiatric diseases. 

2. Triaucleotide Remat Diseases 

In 199 1, genetic d&eases of a new type were reported in rapid succession. The fiagile site of an 

expanded CGG repeat in FR4XA was reported by Verkerk et al. (1991) and Kremer et al.(l991), 

respectively. Almost at the same time, La Spadaand colleagues (1991) found an expansion of the 

CAG repeat in SBMA. These diseases were characterized by the same mechanism for the expansion 

of trinucleotide repeats, termed “trinucleotide repeat disease” (TRD) mechanism in this paper. To 

date, approximately 20 TRDs have been reported (Table I), and the number of TRDs should grow. 

Such TRDs constitute a major field in their own right for which excellent reviews exist (Caskey et al., 
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1992; Paulson and Fischbeck, 1996; La Spada, 1997; Ross et al., 1998; Margolis et al., 1999). 
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TRDs can be classfied into several groups based on their trinucleotide repeat type and their 

derivative molecular as well as clinical characteristics (Paulson and Fischbeck, 1996; Margolis et al., 

1999); CAG/polyglutamine type, alanine/asparagine type, and untranslated type (Table 1). 

CAG/polyglutamine type TRDs except SCA 6 are caused by about 40 or more CAG repeat 

expansions in the coding regions of the disease genes that encode polyglutamine tracts. In contrast, 

SCA6 is caused by less than 30 CAG repeats of the corresponding gene (Zhuchenko et al., 1997). It 

is believed that the expansion of CAG/polyglutamine tracts leads to a toxic gain of function, because 

of the following evidence; 1) The inheritance pattern for most of this type of TRDs is dominant, 2) 

the disease gene is expressed in the disease state, 3) the loss of function of one CAG repeat gene in 

ANR leads to androgen insensitivity syndrome, which is entirely diierent from SBMA, and 4) a 

transgenic mouse model supports the gain of function hypothesis (Paulson and Fischbeck, 1996). 

Second, it was found that the expansion of GCN (+I = any nucleotide) and GAC trinucleotides, 

which encode alanine and asparagine, causes TRDs of CCD, OPMD, PSACH, MED, and SYN. The 

numbers of trinucleotides in normal cases and expansion are relatively small in comparison with in 

CAG/polyglutamine type TRDs. 

The last group is characterized by much greater expansion of trinucleotide repeats localized 

outside the protein coding region. The expansion of the trinucleotide repeat does not seem to have 

an effect on the protein function but on expression of the gene. The type of 

trinucleotidelcorresponding TRD combinations are: GAA/FA; CGG/FRAX types A, E and 16A, and 

Jacobsen syndrome; GCUFRAX type F; CTG/DM and SCA 8; and CAG/SCA 12. In general, the 

numbers of trinucleotide repeats in the disease genes are much larger than those in the cases of 

CAG/polyglutamine type TRDs. 

The mechanisms of PSACH and MED should be mentioned. They are both autosomal dominant 

skeletal dysplasii caused by heterozygosity for mutations of the cartilage oligomeric matrix protein 

gene. About one -third of PSACH cases result Tom heterozygosity for deletion of one codon in 

(GAC)S [i.e., (GAC)4], which encodes five consecutive aspartic acid residues within the 

calmodulin-like region of the COMP protein (Hecht et al., 1995). On the other hand, D&lot and 

colleagues (1999) identified two expansion mutations in this repeat: an MED patient carrying a 

(GAC)6 allele and a PSACH patient carrying a (GAC)7 allele. Thus, expansion as well as shortening 

of the repeat can cause the same disease. 

Another type of dynamic mutation, expansion of a 1Zbp polymorphic tandem repeat, was found 
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in the 5’ flanking region of the STFB gene in a case of progressive myoclonus epilepsy Type 1 

(Lafreniere et al., 1997). 

These new types of nucleotide repeat diseases other than traditional TKDs were found 

successively. 

3. AnticiDation and Imprinting 

Anticipation refers to worsening severity or earlier age at onset with each succeeding generation 

for an inherited disease (Harper et al., 1992). It has been observed in DRPLA (Naito and Oyanagi, 

1982; Takahashi et al., 1988), HD (Ridley et al., 1988), DM (Hbweler et al., 1989; Ashizawa et al., 

1992), and SCA (Schut, 1954; Kennedy et al., 1968). Prior to the identification of the genes 

responstble for these illnesses, several hypotheses were proposed: epigenetic effects, gene 

conversion, crossingover defects, and artifacts resulting from sampling bii (Howeler et al., 1989). 

After the discovery of TRDs, it was pointed out that expanded repeats are unstably transmitted and 

the repeat length tends to increase in successive generations, and that the age at onset and cl&al 

severity are correlated with the length of the trinucleotide repeat (Paulson and Fischbeck, 1996). 

Anticipation has also been reported in which the etiological mechanism is unknown, such as 

autosomal dominant limb-girdle muscular dystrophy (Speer et al., 1998), Chron’s disease (Bayless et 

al., 1998), leukemia (Horwitz et al., 1996), nodal osteoarthritis (Wright et al., 1998), Parkinson’s 

disease (Bonifati et al., 1994), rheumatoid arthritis (McDermott et al., 1996), and truncal heart 

defects (Bleyl et al., 1995) other than psychiatric diseases which are described below. 

Genomic imprinting, a parent of origin effect, refers to the process whereby specitic genes are 

diierentially marked during parental gametogenesis, resulting in the differential expression of these 

genes in the embryo and adult (Nicholls, 1994). Genomic imprinting is observed in pronuclear 

transplantation in mice, triploidsdy in humans, uniparental chromosomal diimies in mice and 

humans, chromosomal deficiencies in mice and humans in relation to specitic syndromes and cancers, 

transgene expression in mice, and expression of specific genes in mice and humans (Hall, 1990). 

Genetic imprinting has also been reported in some insects and plants, but not in amphibii, reptiles, 

birds, or marsupials (Hall, 1990). Although much remains to be studied as to the process of genetic 

imprinting, it is assumed to be associated with DNA methylation, chromatin compaction, and DNA 

replication (Nicholls, 1994). 
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Table 1 
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Neurodegenerative Diseases Belonging to the Trinucleotide Repeat Expansion Diseases 

Disease M TNR Locus Region Gene Encoded Product Normalno. Expanded 
AA OfTNRs OfTNRs no.of TNRs 

CAG/Polyglntamine Type 
HD -iD CAG 

DRPLA AD CAG 

SBMA X CAG 

SCAI AD CAG 

scA2 AD CAG 

SC~U (MID) AD CAG 

SCA6 AD CAG 

SCA? AD CAG 

4~16.3 Exon HD Gln 

12~13.3 Exon DRPLA Gh 

x91 l-q12 Exon AR Gln 

6pZ2-p23 Exon SCAl Gln 

12q24.1 Exon SCA2 Gln 

14q32.1 Exon SCA3 Gln 

19p13 Exon SCA6 Gin 

3p12-21.1 Exon SCA7 Gin 

Alaninelksparagine Type 
CCD AD GCN 6~2 1 Exon CBFAI Ala 

OPMD AD/R GCG 14qll 

PSACW AD GAC 19p12-13.1 

MED (same as PSACH) 

SYN AD GCN 2q31 

Untranslated Type 

SCAl2 

DM 

AD CAG 

AD CTG 

FA AR GAA 

FRAXA XRCGG 

FRAXE XR CGG 

FRAXF XR GCC 

FRA16A A CGG 

JS NM CGG 

SCAS AD CTG 

19q13.3 3’-UTR DM 

5q31-33 

none 
9q13 

5’- UTR PPP2R2E none 

Intron fiatmrin none 
xq27.3 5’- IJTR FMRl none 
Xq28 S-UTR FMR2 none 
Xq28 5’- UTR FRAXF nme 
16~13.11 S’- UTR FRAlM none 
llq23 S- UTR CBL2 none 
13921 3’- UTR SCA8 none 

Exon 

Exon 

PABPZ Ala 

COMP Asp 

Exon HOXDI 3 Ala HOXD13 15 

huntingtin 6-35 36- 121 

DRPLA 3-35 49-88 

ANR 9-36 38-62 

ataxin-1 6-38 39-83 

ataxin-2 14-31 32-77 

ataxin-3 12-39 56-86 

ataxind 4-19 20-30 

ataxin-7 7-35 38-200 

CBFAl 17 

PABP2 6 

COMP 5 

27 

7-13 

6 - 7 (expansion) 

4 (contraction) 

22-25 

DMPK 5-30 

fiataxin 8 -22 

FMR-1 6-54 

FMR-2 4-35 

FRXF 6-29 

FRA16A 16-49 

CBL2 S-14 

SCAS 16-37 

PRZAPRSS B 7 -28 

50-2000f 

120- 1700 

zoo-2000+ 

>200 

>900 

> 1000 

.lOO 

107- 127 

66-78 

Main references: HD, Huntington’s disease collaborative research group, 1993; DRPLA, Koide et 
al., 1994; SBMA, La Spada et al., 1991; SCAI, Banfi et al., 1994, SCA2, Jmhert et al., 1996; SCA3, 
Ikeda et al., 1996; SCA6, Zhuchenko et al., 1997; SCA7, David et al., 1997; CCD, Mundlos et al., 
1997; PSACH/MED, Hecht et al., 1995; DClot et al., 1999; OPMD, Brais et al., 1998; SYN, 
Mnragaki et al., 1996; DM, Brook et al., 1992; FA, Campuzmo et al., 1996; FRAXA, Verkerk et al., 
1991; FRAXE, Knight et al., 1993; FRAXF, Parrish et al, 1994; FRA16A, Nancarrow et al., 1994; 
JS, Jones et al., 1995; SCAS, Koob et al., 1999; SCA12, Seltzer et al., 1999. 

This phenomenon of genetic imprinting is also seen in TRDs. Instability of CAG type trinucleotide 

repeats occurs more frequently and strongly upon transmission f%om a male than corn a female, with 

a clear tendency towards an increased size. On the other hand, some untranslated type ‘I’RDs 

including FRAX, FA, and DM are dominant on maternal transmission (Paulson and Fischbeck, 

1996). 
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4. Anticipation and ImDrintinp in Psvcboses 

The phenomenon of anticipation in psychoses was first reported by Morel (1857), and 

subsequently by Mott (1910; 1911) and Lombroso (1911). At that time, as no one knew the genetic 

mechanism underlying this type of inheritance pattern, the idea was ignored due to several possible 

biis (Penrose, 1945; 1948; 1971). 

The discovery of trinucleotide repeat expansion diseases has reawakened interest in the 

phenomenon of anticipation in psychiatric diseases; mood disorders (Denica et al., 1991; McInnis et 

al., 1993; Nylander et al., 1994; Engstriim et al., 1995; Grigoroiu-Serbanescu et al., 1997; Ohara et 

al., 1998), schizophrenia (Denica et al., 1991; Bassett and Honer, 1994; Chotai et al., 1995; Thibaut 

et al., 1995; St&er et al., 1995; Gorwood et al., 1996; Bassett and Husted, 1997; Johnson et al., 

1997; Ohara et al., 1997c; Imamura et al., 1998; Valero et al., 1998; Borrmann-Hassenbach et al., 

1999; Heiden et al., 1999; McInnis et al., 1999b; M&ette et al., 2000), and anxiety disorders 

(Battaglia et al., 1998; Obara et al., 1999) (Tables 2 and 3). 

The mean age of onset in the parental generation is approximately 40 years, while that in the 

offspring generation is about 25 years, irrespective of the kind of psychiatric disease. Thus, the 

difference in the age of onset between two generations is about 15 years. The results as to 

anticipation of severity in schizophrenia have been contradictory: some studies provided evidence of 

an increase in the severity of psychosis and/or in the rate of hospitalization for the disease (Bassett 

and Honer, 1994; Bassett and Husted, 1997, Heiden et al., 1999), whereas others did not (Johnson 

et al., 1997; Ohara et al., 1997~; Mkrette et al., 2000). On the other hand, several studies revealed an 

increase in the episode f&quency over successive generations in mood disorders (McInnis et al., 

1993; Nylander et al., 1994; Engstriim et al., 1995). M&ette and colleagues (2000) reported that the 

evidence of anticipation with the five severity indices in schizophrenia and bipolar disorders vanished 

after control of the quality and quantity of clinical information. 

Another phenomenon of imprinting in psychiatric diseases is less clear in comparison with 

anticipation, but has also been reported in mood disorders (McMahon et al., 1995; 

Grigoroiu-Serbanescu et al., 1995, 1997), and schizophrenia (Ohara et al., 1997c; Husted et al., 

1998). Maternal imprinting expressed through a higher morbidity risk for bipolar disorders in 

relatives of bipolar mothers was reported by McMahon and colleagues (1995), while paternal 

imprinting as to the age at onset of bipolar disorders was reported by Grigoroiu-Serbanescu et al. 

(1995, 1997). Husted et al. (1998) showed that age at onset anticipation was greater with paternal 

than with maternal transmis sion in a sample of 127 parent-offspring pairs with schizophrenia. We 

found that the negative symptom scores and clinical course scores in the oI%pring generation for 



Anticipation, imprinting, trinucleotide repeat and psychoses 173 

paternal transmission were significantly higher than those for maternal transmission. In addiiion, the 

mean doses of antipsychotic drugs adminkter to the patients tended to be higher for paternal 

transmission than those for maternal transmission (Ohara, et al., 1997~). Stiiber and associates 

(1998a) reported in periodic catatonia that paternal transmission was associated with a trend for a 

younger age at onset in probands compared to that observed in the case of maternal transmission. In 

addition, paternal affection did lead to a decrease in male offspring and maternal affection caused an 

increased fkequency of non-at&ted male offspring. On the other hand, Valero et al. (1998) found 

nonsigniticant ditkences in age at onset between the ofipring of affected mothers and the oflkpring 

of affected fathers in 25 fiunilies with schizophrenia. 

Table 2 

Anticipation and Imprinting in Families with Mood Disorders and Anxiety Disorders 

Authors 

Mosd disorders 

Family Age of Onset [Mean (SD) Yearal Anticipation Imprinting 
Number ParentsI Generation O&p&g Generation of Severity 

Bipolar disorder 
Den& et al. (1991) 

Mclnnis et al. (1993) 

Nylasder et al. (1994) 

Grigoroiu- 

S&anescu et al. ( 1995) 

Mhtte et al. (2000)@ 

Unipolar disorder 

Engat(lm et al. (1995) 

Both 
Ohara et al. (1998) 

Anxiety diaordera 
Ohara et al. (1999) 

12 

34 

14 

115 28.5-29.3 21.3-23.2 

4-48 26.6-34.1 25.3 -26.6 - 

31 48.9 (15.6) 33.3 (9.81) + 

26 48.8 (11.0) 29.5 (11.8) 

17 

37.2 (15.5) 20.2 (8.5) 

30 18 + 

35.1 (10.3) 25.0 (8.4) + 

44.3 (12.2) 23.8 (12.2) 

Panic disorder 
Battaglia et al. (1998) 38 

@, three generations were analyzed. 

37.4 (11.9) 23.3 (7.9) 
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Table 3 

Anticipation and Imprinting in Families with Schizophrenia 

Authors 

De&a et al. (1991) 

Bassett and Honcr (1994) 

Chotai et al. (1995) 
Thibaut et al. (1995) 

St&er et al. (1995) 

Ciorwod et al. (1996) 
Yaw et al. (1996) 

Bassett and Hosted (1997) 

Johnson et al. (1997) 

Ohara et al. ( 1997~) 

Hosted et al. (1998) 

Imamura ot al. (1998) 
Valero et al. (1998) 
Borrmaml- 
Hassenbach et al. (1999)# 

He&n et al. (1999) 

McGinnis et al. (1999b) 

M6rette et al. (2000)@ 

Family Ane of Onset (Mean lSD1 Year.4 Anticipation Imprinting 
Number Parental Generation Of&ring Generation of Severity 

7 30.9 (10.8) 18.4 (19.7) 

8 34.0 (17.3) 26.2 (8.28) + 

19 37.3 (6.0) 20.8 (4.4) 
26 37.5 21.5 - 
29 43.6 (15.1) 25.1 (10.6) - 
24 32.3 (9.13) 21.8 (4.66) 

248 35 - 40 25 + 
33 * * _ 

24 35.3 (11.5) 21.4 (6.14) - + 

127 39-41 23-25 + 
44 33.4 20.8 - 
24 31.6 (6.01) 19.8 (2.79) _ 

122 25-34 19-21.5 

15 40.2 (9.2) 21.6 (6.6) + 
101 18-30 16-20 

11-39 24.1-32.7 18.8-24.1 - 

*, three indices of age of onset were used, and anticipation was demonstrated. 
#, the positive anticipation lincimgs were compensated for after controlling for age at investigation bias. 
I@, three generations were analyzed. 

5. Ascertainment Biases for AnticiDation 

While several studies have suggested the occurrence of anticipation in psychiatric diseases, there 

still remains the question of whether the evidence of anticipation is due to the trinucleotide repeat 

mechanism or biases. Several probable biis for ‘false anticipation’ have been proposed, and 

attempts have been made to overcome them by several investigators, as follows. 

It is preferrable to select parents with late age of onset, since an earlier onset would result in 

reduced fertility, and thus would cause f&e anticipation. Yaw and co-workers (1996) studied 

anticipation in multiplex schizophrenia pedigrees, am&zing two subgroups of parent-child pairs 

subdivided on the basis of early-onset parents and late-onset parents. Analysis of the late-onset 

parent group showed significant age at onset ditT erences between the two generations, whereas 

analysis of the early-onset parent group did not reveal significant intergenerational differences in age 

at onset. Johnson et al. (1997) analyzed anticipation in schizophrenia in random pairs, one randomly 
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affected member of the older generation beii paired with one randomly selected member of the 

younger generation. This scheme included childless members of the older generation, addressing the 

bias that arises when severely ill members of the older generation do not produce children. The 

results support age of onset anticipation in random pairs. 

Preferential selection of offspring with earlier onset or greater severity of the disease should be 

preferred, since symptoms in the offspring of affected parents are more likely to be detected earlier; 

and they are younger at the time of observation. This was addressed in the study of Johnson and 

colleagues (1997) through separate analysis of intergenerational differences in disease onset in oldcr- 

and younger-ascertained pediies, and through an expanded Cox proportional hazards model that 

took into account the generation of ascertainment as a predictor variable. 

Parent-otTspring pairs consisting of a parent with early age at onset and a child with late age at 

onset would be unlikely to be ascertained, since most studies can only obtain reliable information for 

a limited period of time. Subjects in the families who showed age of onset anticipation, the mean age 

at the time of the investigation for the o&pring generation was higher than the mean age of onset 

for the parental generation, which may provide some support for the presence of ‘real’ anticipation 

in the families studied. Several studies showed evidence of this in their papers of figures of ‘parental 

age of onset and differential age of onset’ (Thibaut et al., 1995; Stirber et al., 1995; Ohara et al., 

1997~; Ohara et al., 1999). Battaglia et al. (1998) showed in panic disorder families that 70% of the 

offspring of the early-onset parents had an earlier onset than that of their affected parent. 

Petronis and Kennedy (1995) assumed that indirect transmission in the two generations, i.e., the 

generation of the probands and their siblings, and that of their parents, and their uncles and aunts, 

might be considered as controls that are independent of the above three ascertainment biases. They 

suggested that if there are no real intrageneration sim&uities or intergeneration diierences in 

a&cted families, there may be great variability in the age at onset and severity in the group of 

probands plus their al&ted siblings and in that of parents plus their affected siblings. Bassett and 

Husted (1997) reanalyzed the fhmihal mental illness sample which Penrose analymd in 1944, finding 

that aunt/uncle-niece/nephew schizophrenia pairs showed age at onset anticipation (n = 111; p = 

0.0001) with a median intergenerational diihience (MID) of 8 years, as well as significant 

anticipation in patent-offspring pairs (n = 137, p = 0.0001, MID = 15 years). Grigoroiu-Serbanescu 

et al. (1997) studied 115 bipolar I patients and their first- to third-degree re.latives, and showed that 

the mean age of onset was very similar in probands and their siblings (22.8 yr. vs. 22.1 yr.), and in 

the probands’ parents, and uncles and aunts (28.5 yr. vs. 29.1 yr.). We studied age of onset 
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anticipation in families with anxiety disorders, and found that there was no difference in the age of 

onset between direct families (n = 10) and indirect families (n = 7) [mean (S.D.) of 21.0 (19.1) vs. 

19.7 (lO.O)] (Ohara et al., 1999). 

The different ages at interview of parents and children may be a possible bii in studies of 

anticipation, Heiman and associates (1996) investigated this age-at-interview bias because parents 

have passed through more of the risk period than their offspring. They found that the timing of 

diagnostic assessment can strongly affect the ascertainment of parent-child pairs, a severely biased 

sample exhibitiig apparent anticipation beiig possible. Bo rrmann-Hassenbach et al. (1999) studied 

the age at onset in 96 schizophrenic parent-offspring pairs and 26 auntAmcle-niece/nephew pairs. 

They showed that age at onset differences in the parent-ofipring sample were in favor of 

anticipation (12.5 years, p < O.OOOl), whereas these positive anticipation findings were compensated 

for (1.32 years, p = 0.129) by controlling age-at-interview. Additional selection procedures such as 

the exclusion of late-onset schizophrenia, the analysis of pairs where both members were beyond the 

age of risk, or the selection of aunt/uncle-niece/nephew pairs could not overcome the 

age-at-interview effect. They concluded that the age-at-interview effect is an essential bias in 

investigating anticipation. leadiig to false-positive age at onset anticipation results. However, 

Got-wood and colleagues (1996) used a method involving calculaton of the expected age at onset 

according to the age at interview, comparing the younger generation subjects’ expected ages at 

interview with the observed ages at interview, as the average of all the ages at onset in the older 

generation that are below the subjects’ age at interviews. They showed that the observed age at 

onset in the younger generation of patients was earlier than the expected age at onset, demonstrating 

anticipation. 

The bias of the so-called regression to the mean was proposed by Asherson et al. (1994). They 

found a simple linear relationship between anticipation and age at onset in the parental generation, 

with a line of best tit very close to the one expected under the assumption that age at onset in 

offspring was normally distributed around the mean. However, several researchers showed it is a 

distiict phenomenon from anticipation (Petronis et al., 1994; Hodge and Wickramarante, 1995). 

The age cohort effect could also affect the age of onset of the disease. There is a tendency for an 

illness to show a progressively earlier age at onset in successive biih cohorts, and this has been 

consistently shown for mood disorders in people born after 1945, but not for panic disorders 

(Klerman and Weissman, 1989; Burke et al., 1991). Engstriim and associates (1995) tested the bii 

cohort effect in unipolar affective disorder by calculating the correlation between the birth-year 
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difference and the onset-age difference within pairs, finding the correlation to be nonsignificant. 

They also used the Cox proportional hazards model to analyze the relationship between generation 

membership and onset age while controlling the birth cohort effect. They divided individuals into 

two birth cohorts, i.e. those born before 1925, and those born in 1925 and after. They found 

nonsignificant regression coefficients for generation membership and birth cohort (Engstrom et al. 

1995). 

Vieland and Huang (1998) proposed taking into account the right truncation of the age at onset 

distribution of each generation when studying anticipation. This right truncation of the age at onset 

distribution would be more pronounced in children than in their parents, and would produce a 

tendency for the mean observed age at onset in the children to be lower than the mean in their 

parents. They thought the power of any age of onset anticipation test may be low when the 

underlying biological mechanism is an expanding trinucleotide repeat. 

Potential subjects in the late-onset parental generation would be more likely to die young and thus 

less likely to be investigated. Late-onset parents may be dilTerentiaUy lost thorn a sample when the 

contact between parents and ofhxpring is lost due to illegitimacy or family breakdown. Battaglia and 

colleagues (1998) showed anticipation in panic disorder, after including dead members of the older 

generation who were likely to have had the disease with a mean age at onset corresponding to that 

of the proband generation, on the basii of family histories derived from multiple information. 

While these biases may not be surmountable, they would best be minimked by studies of huge, 

multigenerational and systematically ascertained pedigrees (Thibaut et al., 1995; Gorwood et al., 

1996). Therefore, evidence of ‘true anticipation’ will remain equivocal until the molecular 

mechanism is revealed clearly. 

6. Screening of EsmmdedTrinucleotide Repeats in Pswboses 

Parallel with clinical studies on the phenomena of anticipation and imprinting in psychiatric 

diseases, molecular research on trinucleotide repeats has been performed. So far, most efforts have 

been focused on CAG/polyglutamine type trinucleotide repeats. 

In 1993, Schalling and colleagues developed a technique, BED, that can detect trinucleotide 

repeat expansion without prior knowledge of the chromosomal location. Several studies, showed by 

means of RED, that the median length of CAG repeats was longer in probands with psychoses than 
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in healthy control subjects in schizophrenia (Morris et al., 1995; O’Donovan et al., 1995; 1996; 

Burgess et al, 1998) and mood disorders (Lindhlad et al., 1995, 1998; O’Donovan et al., 1995; 

1996; Mendlewicz et al., 1997; Oruc et al., 1997). However, it should be mentioned that most 

subjects studied were sporadic and not Tom families showing anticipation, and a correlation between 

age of onset anticipation and the CAG repeat size was not shown. Besides, the RED method does 

not detect the alleles of CAG repeats at specific loci but indicates the allele size distributions at 

various loci in the genome. In addition, several subsequent studies failed to replicate their fIndings in 

famihal and/or sporadic cases, which suggests that the occurrence of unstable DNA in psychoses 

may be less prevalent than previously reported in schizophrenia (Petronis et al., 1996; Vincent et al., 

1996,1998,1999b; Laurent et al., 1998; Li et al., 1998b; Martorell et al., 1999) and mood disorders 

(Vincent et al., 1996,1999b; C&dock et al., 1997; Li et al., 1998b; Zander et al., 1998). 

Direct analyses of the specific candidate trinucleotide gene loci for psychoses have not been 

successful and/or the results are contradictory for mood disorders (Guy et al., 1997; Spcight et al., 

1997; Chandy et al., 1998; Hawi et al., 19994 1999b; McImris et al., 1999a) and schizophrenia (e. g., 

Lesch et al., 1994; Rubiiztein et al., 1994; St. Clair, 1994; Bowen et al., 1996; Sasaki et al., 1996; 

Ohara et al., 1997a, 1997b; Speight et al., 1997; Bengel et al., 1998; Bowen et al., 1998; Chandy et 

al., 1998; Li et al., 1998a; Stiiber et al., 1998b; Bonnet-Brilhault et al., 1999; Breen et al., 1999; 

Hawi et al., 19994 1999b; Joo et al., 1999). 

Several groups searched for expanded glutamine repeats by means of antibodies in psychoses, 

although the results are inconsistent. Jones and co-workers (1997) examined Western blots prepared 

from lymphoblastoid cell lines and left frontal cortex tissue samples from patients with schizophrenia 

and bipolar disorder using a monoclonal antibody (mablc2) against expanded polyglutamine 

sequences. They tailed to detect any proteins containing expanded polyglutamine sequences. 

Schtlrhoff et al. (1997) also failed to detect a specific protein exhibiting polyglutamine expansion in 3 

schizophrenics and 4 bipolar disorder probands using the same antibody. On the other hand, Joober 

et al. (1999) studied total protein extracts derived from lymphoblastoid cell lines of schizophrenic 

patients with the same antibody, and found three abnormal proteins with molecular weights of 

approximately 50 kDa in two unrelated schizophrenics and in a sibling. Moriniere et al. (1999) 

identified an approximately 52-57 kDa protein in lymphoblasted cell lines from some child onset 

schizophrenics with the mablc2 antibody. 

Another new method, DIRECT, which allows the identification and cloning of gene fragments 

with expanded CAG repeats, was recently developed (Sanpei et al., 1996). With the DIRECT 
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method, strong signals for CAG repeats consisting of 43 or more repeat units could be detected, 

while only a taint signal was obtained for a CAG repeat consisting of 23 repeat units (Sanpei et al., 

1996). We screened for a possible expanded CAG repeat by means of DIRECT in subjects with 23 

subjects (affected, 14; unaffected, 9) ftom four two-generation families and two three-generation 

families with schizophrenia which showed age of onset anticipation (Ohara et al., 2000). However, 

no unusual expanded CAGKTG trinucleotide repeat was detected in the subjects with familial 

SchiZophXXlia. 

Several CAGKTG trinucleotide repeat clones have been isolated, which are highly polymorphic 

but not associated with an obvious abnormal phenotype. Breschel et al. (1997) reported a heritable 

expanding CTG repeat in SEFZ-1, a gene encoding a transcriptional frictor protein on chromosome 

18q21 .I, and termed it CTG18.1. The association of CTG18.1 with various neurodegenerative 

diseases has not been reported. On the other hand, another novel long and unstable CAGKTG 

trinucleotide repeat (Dirl) mapped to chromosomal region 17q 21.3 was cloned by means of the 

DIRECT technique (Ikeuchi et al., 1998). The CAG/CTG repeat of Dir1 is highly polymorphic and 

ranges in size from 10 to 92 trinucleotide repeats in normal individuals. The nt 901 to 1410 of Dir1 

are essentially identical to the 720-bp sequence of ERDA1 containing a CAGKTG repeat, which 

was reported by Nakamoto et al. (1997), except for the sequence l?om nt 1085 to 1088 of Dil, in 

which Ikeuchi et al. (1998) detected four consecutive adenines, whereas Nakamoto et al. (1997) 

found only three adenines. Sidransky and colleagues (1998) reported that up to 94% of the 

trinucleotide repeat expansion detected with RED can be accounted for by PCR analysis of two loci, 

Dir 1 and CTG18.1. Dir1 has also been studied in subjects with familial schizophrenia, but no 

significant difference between the affected and una&cted subjects in the allele frequency of Dir1 was 

found (Ohara et al., 2000). Lindblad and colleagues (1998) suggested that the expanded alleles at the 

CTG18.1 locus may act as a vulnerability factor for a&ctive disorders, while the ERDA1 locus 

seems unrelated to a disease. Verheyen and co-workers (1999) demonstrated that 86% of the RED 

expansions in bipolar disorder could be accounted for by the ERDA1 and CTG18.1 CAGKTG 

repeats. Burgess et al. (1998) found that there was a signiticant association of CAGKTG expansions 

although their sample size was small (male patients = 16, male controls = 24). Vincent et al. (1999a) 

reported significant expansion of CAGKTG repeats of ERDA1 from one generation to the next in a 

family demonstrating evidence of anticipation for psychiatric disorders. In this family, a proband was 

diagnosed as having multiple psychiatric diagnoses, the mother as having schizoaffective disorder, 

and father as having depression. The meaning of ERDA1 and CTG18.1 in psychiatric diseases 

should be studied tbrther and more precisely. 
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7. Conclusions 

Since the discovery of TRDs in 1991, many efforts have been made to reveal the association 

between trinucleotide repeat expansion and psychiatric diseases. The evidence of anticipation in 

psychoses has been supported by many studies, and the evidence of imprinting by some studies even 

after removal of possible biases. Molecular studies on CAG type trinucleotide repeats in psychoses 

involving RED, direct analyses of candidate genes, and DIRECT seem to have negative results. 

However, as psychoses are very heterogeneous, it is still possible that some families with psychoses 

are caused by the trinucleotide repeat expansion mechanism It should also be noted that since very 

little expansion of CAG repeats (20-30 repeats) in SCA6 could be the pathogenesis, we cannot rule 

out the possibility that small expansions of CAG repeats are involved in psychiatric diseases. 

Alternatively, a repeat may act through translation in a form other than CAG/CTG type. Even atler 

taking everything into consideration, I cannot reach a clear conclusion as to the association between 

psychoses and trinucleotide repeats. 

References 

ASHERSON, P., WALSH, C., WILLIAMS, J., SARGEANT, M., TAYLOR, C., CLEMENT& A., 
GILL, M., OWEN, M. and MCGUFFIN, P. (1994) Imprinting and anticipation: are they relevant 
to genetic studies of schizophrenia? Br. J. Psychiatry 164: 619-624. 

ASHIZAWA, T., DUNNE, C. J., DUBEL, J. R., PERRYMAN, M. B., EPSTEIN, H. F., 
BOERWINKLE, E. and I-IEJTMANCIK, J. F. (1992) Anticipation in myotonic dystrophy. 
NeurologyQ: 1871-1877. 

BANFI, S., SERVADIO, A., CHUNG, M. -Y., KWIATKOWSKI, T. J. JR., MCCALL, A. E., 
DUVICK, L. A., SHEN, Y., ROTH, E. J., ORR, H. T. and ZOGHBI, H. Y. (1994) 
Identification and characterization of the gene causing type 1 spinocerebehar ataxia. Nature 
Genet. 2: 513-520. 

BASSETT, A. and HONER, W. G. (1994) Evidence for anticipation in schizophrenia. Am. J. Hum. 
Genet. 54: 864-870. 

BASSETT, A. S. and HUSTED, J. (1997) Anticipation or ascertainment bias in schizophrenia? 
Penrose’s fkilial mental illness sample. Am. J. Hum. Genet. 60: 630-637. 

BATTAGLIA, M., BERTELLA, S., BAJO, S., BINAGHI, F. and BELLODI, L. (1998) 
Anticipation of age at onset in panic disorder. Am. J. Psychiatry 155: 590-595. 



Anticipation, imprinting, trinucleotide repeat and psychoses 181 

BAYLESS, T. M., PICCO, M. G. and LABUDA, M. C. (1998) Genetic anticipation in Chron’s 
disease. Am J. Gastroenterology 93: 2322-2325. 

BENGEL, D., BALLING, U., STGBER, G., HEILS, A., LI, S. H., ROSS, C. A., JUNGKUNZ, G., 
FRANZEK, E., BECKMANN, H., RIEDERER, P. and LESCH, K. P. (1998) Distribution of the 
B33 CTG repeat polymorphism in a subtype of schizophrenia. Eur. Arch. Psychiatry Clin. 
Neurosci. 248: 78-8 1. 

BLEYL, S., NELSON, L., ODELBERG, S. J., RUTTENBERG, H. D., OTTERUD, B., LEPPERT, 
M. and WARD, K. (1995) A gene for ihmilii total anomalous pulmonary venous return maps to 
chromosome 4p13q12. Am. J. Hum. Genet. 56: 408-415. 

BONIFATI, V., VANACORE, N. and MECO, G. (1994) Anticipation of onset age in fbmihal 
Parkinson’s disease. Neurology $4: 1978-1979. 

BONNET-BRILHAULT, F., LAURENT, C., CAMPION, D., THIBAUT, F., LAFARGUE, C., 
CHARBONNIER, F., DELEUZE, J. -F., MENARD, J. -F., JAY, M., PETIT, M., FREBOURG, 
T. and MALLET, J. (1999) No evidence for involvement of KCNN3 (hSKCa3) potassium 
channel gene in familial and isolated cases of schizophrenia. Eur. H. Hum. Genet. 2: 247-250. 

BORRMANN-HASSENBACH, M. B., ALBUS, M., SCHERER J. and DREIKORN, B. (1999) 
Age at onset anticipation in familial scbizophrenk Does the phenomenon even exist? Schizophr. 
Res. 40: 55-65. 

BOWEN, T., GUY, C. A., CRADDOCK, N., CARDNO, A. G., WILLIAMS, N. M., SPURLOCK, 
G., MURPHY, K. C., JONES, L. A., GRAY, M., SANDERS, R. D., MCCARTHY, G., 
CHANDY, K. G., FANTINO, E., KALMAN, K., GUI-MAN, G. A., GARGUS, J. J., 
WILLIAMS, J., MCGUFFIN, P., OWEN, M. J. and O’DONOVAN, M. C. (1998) Further 
support for an association between a polymorphic CAG repeat in the hkCa3 gene and 
schizophrenia. Mol. Psychiatry 3: 266-269. 

BOWEN, T., GUY, C., SPEIGHT, G., JONES, L., CARDNO, A., MURPHY, K., MCGUFFIN, P., 
OWEN, M. J. and O’DONOVAN, M. C. (1996) Expansion of 50 CAG.CGT repeats excluded in 
schizophrenia by application of a highly efficient approach using repeat expansion and a PCR 
screening set. Am. J. Hum. Genet. 3: 912-917. 

BRAIS, B., BOUCHARD, J. -P., XIE, Y. -G., ROCHEFORT, D. L., CI-IRETIEN, N., TOME, F. 
M. S., LAFRENIERE, R. G., ROMMENS, J. M., UYAMA, E., NOHIRA, O., BLUMEN, S., 
KORCYN, A. D., HEUTINK, P., MATHIEU, J., DURANCEAU, A., COD&E, F., 
FARDEAU, M. and ROULEAU, G. A. (1998) Short GCG expansions in the PABP2 gene cause 
oculopharyngeal muscular dystrophy. Nature Genet. 18: 164-167. 

BREEN, G., FOX, H., GLEN, I., COLLIER, D., SHAW, D. and ST CLAIR, D. (1999) Association 
study of the CACNIA4 (SCA6) triplet repeat and schizophrenia. Psych&r. Genet. 9: 111-l 13. 

BRESCHEL, T. S., MCINNIS, M. G., MARGOLIS, R. L., SIRUGO, G., CORNELIUSSEN, B., 
SIMPSON, S. G., MCMAHON, F. J., MACKINNON, D. F., XU, J. F., PLEASANT, N., HUO, 



182 K. Ohara 

Y., ASHWORTH, R. G., GRUNDSTROM, C., GRUNDSTROM, T., KIDD, K. K., DEPAULO, 
J. R. and ROSS, C. A. (1997) A novel heritable, expanding CTG repeat in an intron of the 
SEFZ-1 gene on chromosome 18q21.1 Hum. Mol. Genet. 6: 1855-1863. 

BROOK, J. D., MCCURRACH, M. E., HARLEY, H. G., BUCKLER, A. J., CHURCH, D., 
ABURATANI, H., HUNTER, K., DAVIES, J., SHElBOURNE, P., BUXTON, J., JONES, C., 
JWONEN, V., JOHNSON, K., HARPER, P. S., SHAW, D. J. and HOUSMAN, D. E., (1992) 
Molecular basis of myotonic dystrophy: expansion of a trinucleotide (CTG) repeat at the 3’ end 
of a transcript encoding a protein kinase family member. Cell @3: 798-808. 

BURGESS, C. E., LINDBLAD, K., SIDRANSKY, E., YUAN, Q. -P., BRESCHEL, T., ROSS, C. 
A., MCINNIS, M. G., LEE, P., GINNS, E., LENANE, M., KUMRA, S., JACOBSEN, L., 
RAPOPORT, J. L. and SCHALLING, M. (1998) Large CAG/CTG repeat are associated with 
childhood-onset schizophrenia. Mol. Psychiatry 2: 321-327. 

BURKE, K. C., BURKE, J. D., RAE, D. S. and REGIER, D. A. (1991) Comparing age at onset of 
major depression and other psychiatric disorders by birth cohorts in five US community 
populations. Arch. Gen. Psychiatry 4: 789-795. 

CAMPUZANO, V., MONTERMINI, L., MOLTO, M. D., PIANESE, L., COSSEE, M., 
CAVALCANTI, F., MONROS, E., RODIUS, F., DUCLOS, F., MONTICELLI, A., ZARA, F., 
CANIZARES, J., KOUTNIKOVA, H., BIDICHANDANI, S., GELLERA, C., BRICE, A., 
TROUILLAS, P., DEMICHELE, G., FILLA, A., DEFRUTOS, R., PALAU, F., PATEL, P. I., 
PRAGNA, I., DIDONATO., MANDEL, J. -L., COCOZZA, S., KOENIG, M. and PANDOLFO, 
M. (1996) Friedreich’s ataxia: autosomal recessive disease caused by an intronic GAA triplet 
repeat expansion Science 271: 1423- 1427. 

CASKEY, C. T., PIZZUTI, A., FU, Y. -H., FENWICK, R. G. JR. and NELSON, D. L. (1992) 
Triplet repeat mutations in human disease. Science 256: 784-789. 

CHANDY, K. G., FANTINO, E., WITTENKINDT, O., KALMAN, K., TONG, L. L., HO, T. H., 
GUTMAN, G. A., CROCQ, M. A., GANGULI, R., NIMGAONKAR, V., 
MORRIS-ROSENDAHL, D. J. and GARGUS, J. J. (1998) Isolation of a novel potassium 
channel gene hSKCa3 containing a polymorphic CAG repeat: a candidate for schizophrenia and 
bipolar disorder? Mol. Psychiatry 2: 32-37. 

CHOTAI, J., ENGSTRGM, C., EKHOLM, B., JSON BERG, M. L., ADOLFSSON, R. and 
NYLANDER, P. 0. (1995) Anticipation in Swedish families with schizophrenia. Psych&r. 
Genet. 5: 181-186. 

CRADDOCK, N., MCKEON, P., MOORHEAD, S., GUY, C., HARRISON, D., 
MYNETT-JOHNSON, L., CLAFFEY, E., FELDMAN, E., MCGUFFIN, P., OWEN, M. J. and 
O’DONOVAN, M. C. (1997) Expanded CAG/CTG repeats in bipolar disorder: no correlation 
with phenotypic measures of illness severity. Biol. Psychiatry 42: 876-88 1. 

DAVID, G., ABBAS, N., STEVANIN, G., DURR, A., YVERT, G., CANCEL, G., WEBER, C., 
IMBERT, G., SAUDOU, F., ANTONIOU, E., DRABKIN, H., GEMMILL, R., GIUNTI, P., 



Anticipation, imprinting, trinucieotide repeat and psychoses 183 

BENOMAR, A., WOOD, N., RUBERG, M., AGID, Y., MANDEL, J. -L. and BRICE, A. 
(1997) Cloning of the SCA7 gene reveals a highly unstable CAG repeat expansion. Nature Genet. 
u: 65-70. 

DELOT, E., KING, L. M., BRIGGS, M. D., WILCOX, W. R. and COHN, D. H. (1999) 
Trinucleotide expansion mutations in the cartilage oligomeric matrix protein (COMP) gene. Hum. 
Mol. Genet. 8: 123-128. 

DENICA, P., MUKHERJEE, S., LUCAS, L., LlNDER, J. and HORWATH, E. (1991) Pattern of 
illness in parent-child pairs both hospitalized for either schizophrenia or a major mood disorder. 
Psychiatry Res. 3: 81-87. 

ENGSTRGM, C., THOMLUND, A. -S., JOHANSSON, E. -L., LANGSTRGM, M., CHOTAI, J., 
ADOLFSSON, R. and NYLANDER, P. -0. (1995) Anticipation in unipolar affective disorder. J. 
A&t. Dis. 3: 31-40. 

GORWOOD, P., LEBOYER, M., FALISSARD, B., JAY, M., ROUILLON, F. and FEINGOLD, J. 
(1996) Anticipation in schizophreniaz New light on a controversial problem. Am. J. Psychiatry 
153: 1173-1177. 

GRIGOROIU-SERBANESCU, M., NGTHEN, M., PROPPING, P., POUSTKA, F., 
MAGUREANU, S., VASILESCU, R., MARINESCU, E. and ARDELEAN, V. (1995) Clinical 
evidence for genomic imprinting in bipolar I disorder. Acta Psych&r. Stand. 92: 365-370. 

GRIGOROIU-SERBANESCU, M., WICKRAMARAN TE, P. J., HODGE, S. E., MILEA, S. and 
MIHAILESCU, R. (1997) Genetic anticipation and imprinting in bipolar I illness. Br. J. 
Psychiatry~: 162-166. 

GUY, C., BOWEN, T., DANIEL& J. K., SPEIGHT, G., MCKEON, P., MYNETT-JOHNSON, L., 
CLAFFEY, E., MCGUFFIN, P., OWEN, M. J., CRADDOCK, N. and O’DONOVAN, M. C. 
(1997) Exclusion of expansion of 50 CAG/CTG trinucleotide repeats in bipolar disorder. Am. J. 
Psychiatry 154: 1146-I 147. 

HALL, J. G. (1990) Genomic imprinting: review and relevance to human diseases. Am. J. Human 
Genet. 46: 853-857. 

HARPER, P. S., HARLEY, H. G., REARDON, W. and SHAW, D. J. (1992) Anticipation in 
myotonic dystrophy: New light on an old problem. Am. J. Hum. Genet. 51: 10-16. 

HAWI, Z., MYNETT-JOHNSON, L., GILL, M., MURPHY, V., STRAUB, R. E., KENDLER, K. 
S., WALSH, D., MACHEN, F., CONNELL, H., MCKEON, P. and SHIELDS, D. (1999a) 
Pseudoautosomal gene: possible association with bipolar males but not with schizophrenia. 
Psychiatr. Genet. 9: 129-134. 

HAWI, Z., MYNETT-JOHNSON, L., MURPHY, V., STRAUB, R. E., KENDLER, K. S., WALSH, 
D., MCKEON, P. and GILL, M. (1999b) No evidence to support the association of the 
potassium channel gene hSKCa3 CAG repeat with schizophrenia or bipolar disorder in the Irish 



184 K. Ohara 

population. Mol. Psychiatry 4: 488-491. 

HECHT, J. T., NELSON, L. D., CROWDER, E., WANG, Y., ELDER, F. F. B., HARRISON, W. 
R, FRANCOMANO, C. A., PRANGE, C. K., LENNON, G. G., DEERE, M. and LAWLER, J. 
(1995) Mutation in exon 17B of cartilage oligomeric matrix protein (COMP) cause 
pseudoachondroplasia. Nature Genet. 10: 325-329. 

HEIDEN, A., WILLINGER, U., SCHARFETTER J., MESZAROS, K., KASPER, S. and 
ASCHAUER, H. N. (1999) Anticipation in schizophrenia. Schizopbr. Res. 25: 25-32. 

HE&IAN, G. A., HODGE, S. E., WIC KRAMARATNE, P. and HSU, H. (1996) Age-at-interview 
bias in anticipation studies: computer simulations and an example with panic disorder. Psychiatry 
Genet. 6: 61-66. 

HODGE, S. E. and WIC KRAMARANTE, P. (1995) Statistical pitklls in detecting age-of-onset 
anticipation: the role of correlation in studying anticipation and detecting ascertainment bias. 
Psych&r. Genet. 5: 43-47. 

HORWITZ, M., GOODE, E. L. and JARVIK, G. P. (1996) Anticipation in familial leukemia. Am. J. 
Hum. Genet. 3: 990-998. 

HGWELER, C. J., BUSCH, H. F. M., GERAEDTS, J. P. M., MERMEIJER, M. F. and STAAL, A. 
(1989) Anticipation in myotonic dystrophy: fact or fiction? Brain 112: 779-797. 

HUNTINGTON’S DISEASE COLLABORATIVE RESEARCH GROUP (1993) A novel gene 
containing a trinucleotide repeat that is expanded and unstable on Huntington’s disease 
chromosomes. Cell 22: 971-983. 

HUSTED, J., SCUTT, L. E. and BASSETT, A. S. (1998) Paternal transmission and anticipation in 
schizophrenia. Am. J. Med. Genet. (Neuropsychiat. Genet.) 81: 156-162. 

IKEDA, H., YAMAGUCHI, M., SUGAI, S., AZE, Y., NARUMIYA, S. and KAKIZUKA, A. 
(1996) Expanded polyglutamine in the Ma&ado-Joseph disease. Nature Genet. 0: 196-202. 

IKEUCHI, T., SANPEI, K., TAKANO, H., SASAKI, H., TASHIRO, K., CANCEL, G., BRAICE, 
A, BIRD, T. D., SCHELLEBERG, G. D., PERICAK-VANCE, M. A., WELSH-BOHMER, K. 
A., CLARK, L. N., WILHELMSEN, K. and TSUJI, S. (1998) A novel long and unstable 
CAG/CTG trinucleotide repeat on chromosome 17q. Genomics $9: 321-326. 

IMAMURA, A., HONDA, S., NAKANE, Y. and OKAZAKI, Y. (1998) Anticipation in Japanese 
ibmilies with schizophrenia. J. Hum. Genet. 43: 217-223. 

IMBERT, G., SAUDOU, F., YVERT, G., DEVYS, D., TROTTIER, Y., GARNIER, J. -M., 
WEBER, C., MANDEL, J. -L., CANCEL, G., ABBAS, N., DURR, A., DIDIERJEAN, O., 
STEVANIN, G., AGID, Y. and BRICE, A. (1996) Cloning ofthe gene for spinocerebellar ataxia 
2 reveals a locus with high sensitivity to expanded CAG/glutamine repeats. Nature Genet. 14: 
295-296. 



Anticipation, imprinting, trinucleotide repeat and psychoses 185 

JOHNSON, J. E., CLEARY, J., AHSAN, H., FRIEDMAN, J. H., MALASPINA, D., CLONINGER, 
C. R., FARAONE, S. V., TSUANG, M. T. and KAUFMANN, C. A. (1997) Anticipation in 
schizophrenia: biology or bii? Am. J. Med. Genet. 74: 275-280. 

JONES, A. L., MIDDLE, F., GUY, C., SPURLOCK, G., CAIRNS, N. J., MCGUFFIN, P., 
CRADDOCK, N., OWEN, M. and O’DONOVAN, M. C. (1997) No evidence for expanded 
polyglutamine sequences in bipolar disorder and schizophrenia. Mol. Psychiatry 2: 478-482. 

JONES, C., PENNY, L., MATTINA, T., YU, S., BAKER, E., VOULLAIRE, L., LANGDON, W. 
Y., SUTHERLAND, G. R., RICHARDS, R. I. and TUNNACLIFFE, A. (1995) Association of a 
chromosome deletion syndrome with a fkagile site within the proto-oncogene CBLZ. Nature 376: 
145-149. 

JOO, E. J., LEE, J. H., CANNON, T. D. and PRICE, R. A. (1999) Possible association between 
schizophrenia and a CAG repeat polymorphism in the spinocerebellar ataxia type 1 (SCAl) gene 
on human chromosome 6~23. Psych&r. Genet. 9: 7- 11. 

JOOBER, R., BENKELFAT, C., JANNATIPOUR, M., TURECKI, G., LAL, S., MANDEL, J. -L., 
BLOOM, D., LALONDE, P., LOPES-CENDES, I., FORTIN, D. and ROULEAU, G. (1999) 
Polyglutamine-containing proteins in schizophrenia. Mol. Psychiatty 4: 53-57. 

KENNEDY, W. R., ALTER, M. and SUNG, J. H. (1968) Progressive proximal spinal and bulbar 
muscular atrophy of late onset. Neurology 18: 671-680. 

KLERMAN, G. and WEISSMAN, M. M. (1989) Increasing rates of depression. JAMA 261: 
2229-2235. 

KNIGHT, S. J. L., FLANNERY, A. V., HIRST, M. C., CAMPBELL, L., CHRISTODOULOU, Z., 
PHELPS, S. R., POINTON, J., MIDDLETONPRICE, H. R., BARNICOAT, A., PEMBERY, M. 
E., HOLLAND, J., OOSTRA, B. A, BOBROW, M. and DAVIES, K. E. (1993) Trinucleotide 
repeat amplification and hypermethylation of a Cpg island in FRAXE mental retardation. Cell 3: 
127-134. 

KOIDE, O., IKEUCHI, T., ONODERA, O., TANAKA, H., IGARASHI, S., ENDO, K., 
TAKAHASHI, H., KONDO, R., ISHIKAWA, A., HAYASHI, T., TOMODA, A., MIIKE, T., 
NAITO, H., IKUTA, F. and TSUJI, S. (1994) Unstable expansion of CAG repeat in hereditary 
dentatorubral-pallidoluysian atrophy (DRPLA). Nature Genet. 6: 9-13. 

KOOB, M. D., MOSELEY, M. L., SCHUT, L. J., BENZOW, K. A., BIRD, T. D., DAY, J. W. and 
RANUM, L. P. W. (1999) An untranslated CTG expansion causes a novel form of 
spinocerebellar ataxia (SCA8). Nature Genet. 21: 379-384. 

KREMER, E. J., PRITCHARD, M., LYNCH, M., YU, S., HOLMAN, K., BARKER, E., 
WARREN, S. T., SCHLESSINGER, D., SUTHERLAND, G. R. and RICHARDS, R. T. (1991) 
Mapping of DNA instability at the fragile X to a trinucleotide repeat sequence p(CGG)n. Science 
252: 1711-1714. 



186 K. Ohara 

LAFRENIERE, R. G., ROCHEFORT, D. L., CI-IRETIEN, N., ROMMENS, J. M., COCHIUS, J. I., 
K.&VI&NEN, R., NOUSIAINEN, U., PATRY, G., FARRELL, K., SODERFELDT, B., 
FEDERICO, A., HALE, B. R., COSSIO, 0. H., SPIRENSEN, T., POULIOT, M. A., KMIEC, 
T., ULDALL, P., JANSZKY, J., PRANZATELLI, M. R., ANDERMANN, F., ANDERMANN, 
E. and ROULEAU, G. A. (1997). Unstable insertion in the 5’ fIatking region of the cystatin B 
gene is the most common mutation in progressive myoclonus epilepsy type 1, EPMl. Nature 
Genet. 15: 298-302. 

LA SPADA, A. R. (1997) Trinucleotide repeat instability: genetic features and molecular 
mechanisms. Brain Pathol. 2: 943-963. 

LA SPADA, A. R., WILSON, E. M., LUBAHN, D. B., HARDING, A. E. and FISCHBECK, K. H. 
(1991) Androgen receptor gene mutations in X-linked spinal and bulbar muscular atrophy. 
Nature 352: 77-79. 

LAURENT, C., ZANDER, C., THIBAUT, F., BONNET-BRILHAULT, F., CHAVAND, O., JAY, 
M., SAMOLYK, D., PETIT, M., MARTINEZ, M., CAMPION, D., NERI, C., MALLET, J. and 
CANN, H. (1998) Anticipation in schkophreniaz No evidence of expanded CAG/CTG repeat 
sequences in French thmilies and sporadic cases. Am. J. Med., Genet. (Neuropsychiatric Genet.) 
81: 342-346. 

LESCH, K. P., STOBER, G., BALLING, U., FRANZEK, E., LI, S. H., ROSS, C. A., NEWMAN, 
M., BECKMANN, H. and RIEDERER, P. (1994) Triplet repeats in clinical subtypes of 
schizophrenk variation at the DRPLA (B37 CAG repeat) locus is not associated with periodic 
catatonia. J. Neural. Transm. [Gen. Sect.] 98: 153-157. 

LI, T., HU, X., CHANDY, K. G., FANTINO, E., KALMAN, K., GUTMAN, G., GARGUS, J. J., 
FREEMAN, B., MURRAY, R. M., DAWSON, E., LIU, X., BRUINVELS, A. T., SHAM, P. C. 

. and COLLIER, D. A. (1998a) Transmrs sion disequilibrium analysis of a triplet repeat within the 
hKCA3 gene using &mily trios with schizophrenia. Biochem. Biophys. Res. Commun. &5_I: 
662-665. 

LI, T., VALLADA, H. P., LIU, X., XIE, T., TANG, X., ZHAO, J., O’DONOVAN, M. C., 
MURRARY, R. M., SHAM, P. C. and COLLIER, D. A. (1998b) Analysis of CAG/CTG repeat 
size in Chinese subjects with schizophrenia and bipolar affective disorder using the repeat 
expansion detection method. Biol. Psychiatry 44: 1160-l 165. 

LINDBLAD, K., NYLANDER, P. -O., DE BRUYN, A., SOUERY, D., ZANDER, C., 
ENGSTROM, C., HOLMGREN, G., HUDSON, T., CHOTAI, J., MENDLEWICZ, J., VAN 
BROECKHOVEN, C., SCHALLING, M. and ADOLFSSON, R. (1995) Detection of expanded 
CAG repeats in bipolar affective disorder using the repeat expansion detection (RED) method. 
Neurobiol. Dis. 2: 55-62. 

LINDBLAD, K., NYLANDER, P. -O., ZANDER, C., YUAN, Q. -P., STAHLE, L., ENGSTROM, 
C., BALCIUNIENE, J., PETTERSSON, U., BRESCHEL, T., MCINNIS, M., ROSS, C. A., 
ADOLFSSON, R. and SCHALLING, M. (1998) Two commonly expanded CAG/CTG repeat 
loci: involvement in afkctive disorders? Mol. Psychiatry 3: 405-410. 



Anticipation, imprinting, trinucleotide repeat and psychoses 

LOIbfBROSO, C. (1911) Crime: its causes and remedies. Boston: Little Brown. 

187 

MARGOLIS, R. L., MCINNIS, M. G., ROSENBLATT, A. and ROSS, C. A. (1999) Trinucleotide 
repeat expansion and neuropsychiatric disease. Arch. Gen. Psychiatry 56: 1019-103 1. 

MARTORELL, L., PUJANA, M. A., VALRERO, J., JOVEN, J., VOLPINI, V., LABAD, A., 
ESTIVILL, X. and VILELLA, E. (1999) Anticipation is not associated with CAG repeat 
expansion in parent-otTspring pairs of patients affected with schizophrenia. Am. J. Med. Genet. 
88: 50-56. 

MCDERMOTT, E., KHAN, M. A. and DEIGHTON, C. (1996) Further evidence for genetic 
anticipation in familial rheumatoid arthritis. Ann. Rheum. Dis. 55: 475-477. 

MCINNIS, M. G., BRESCHEL, T. S., MARGOLIS, R. L., CHILE& J., MACKINNON, D. F., 
MCMAHON, F. J., SIMPSON, S. G., ROSS, C. A. and DEPAULO, J. R. (1999a) Family-based 
association analysis of the hSKCa3 potassium channel gene in bipolar disorder. Mol. Psychiatry 
3: 217-219. 

MCINMS, M. G., MCMAHON, F. J., CHASE, G. A., SIMPSON, S. G., ROSS, C. A. and 
DEPAULO, J. R. JR. (1993) Anticipation in bipolar affective disorder. Am. J. Hum. Genet. 3: 
385-390. 

MCINNIS, M. G., MCMAHON, F. J., CROW, T., ROSS, C. A. and DELISI. L. E. (1999b) 
Anticipation in schizophrenia: a review and reconsideration. Am. J. Med. Genet. (Neuropsychiatr. 
Genet.) 88: 686-693. 

MCMAHON, F. J., STINE, 0. C., MEYERS, D. A., SIMPSON, S. G. and DEPAULO, J. R. 
(1995) Patterns of maternal transmission in bipolar affective disorder. Am. J. Hum. Genet. 56: 
1277-1286. 

MENDLEWICZ, J., LINDBLAD, K., SOUERY, D., MAHIEU, B., NYLANDER, P. O., DE 
BRUYN, A., ZANDER, C., ENGSTRGM, C., ADOLFSSON, R., VAN BROECKHOVEN, C., 
SCHALLING, M. and LIPP, 0. (1997) Expanded trinucleotide CAG repeats in families with 
bipolar affective disorder. Biol. Psychiatry 42: 1115- 1122. 

MJkRETTE, C., ROY-GAGNON, M. -H., GHAZZALI N., SAVARD, F., BOUTIN, P., ROY, M. 
-A. and MAZIADE, M. (2000) Anticipation in schizophrenia and bipolar disorder controlling for 
an information bias. Am. J. Med. Genet. (Neuropsychiatr. Genet.) 96: 61-68. 

MOREL, B. A. (1857) Trait6 des Degerescences. J.B. Bailhere, Paris, France. 

MORINIERE, S., SAADA, C., HOLBERT, S., SIDRANSKY, E., GALAT, A., GINNS, E., 
RAPOPORT, J. L. and NERI, C. (1999) Detection of polyglutamine expansion in a new acidic 
protein. A candidate for childhood onset schizophrenia? Mol. Psychiatry 4: 58-63. 

MORRIS, A. G., GAITONDE, E., MCKENNA, P. J., MOLLON, J. D. and HUNT, D. M. (1995) 
CAG repeat expansions and schizophrenia: Association with disease in females and with early 



188 K. Ohara 

age-at-onset. Hum. Mol. Genet. 4: 1957-1961. 

MOTT, F. W. (1910) Hereditary aspects ofnervous and mental diseases. Br. Med. J. 2,1013-1020. 

MOTT, F. W. (1911) A lecture on heredity and insanity. Lancet 1: 1251-1259. 

MUNDLOS, S., OTTO, F., MUNDLOS, C., MULLIKEN, J. B., AYLSWORTH, A. S., 
ALBRIGHT, S., LINDHOUT, D., COLE, W. G., HENN, W., KNOLL, J. H. M., OWEN, M. J., 
MERTELSMANN, R., ZABEL, B. U. and OLSEN, B. R. (1997) Mutations involving the 
transcription &or CBFAl cause cleidocraniai dysplasia Cell @: 773-779. 

MURAGAKI, Y., MUNDLOS, S., UPTON, J. and OLSEN, B. R. (1996) Altered growth and 
branching patterns in synpolydactyly caused by mutations in HOXD13. Science 272: 548-551. 

NAITO, H. and OYANAGI, S. (1982) Familial myoclonus epilepsy and choreoathetosis: Hereditary 
dentatorubral-pallidolusian atrophy. Neurologys: 798-807. 

NAKAMOTO, M., TAKEBAYASHI, H., KAWAGUCHI, Y., NARUMIYA, S., TANIWAKI, M., 
NAKAMURA, Y., ISHIKAWA, Y., AKIGUCHI, I., KIMURA, J. and KAKIZUKA, A. (1997) 
A CAG/CTG expansion in the normal population. Nature Genet. 17: 385-386. 

NANCARROW, J. K., KREMER, E., HOLMAN, K., EYRE, H., DOGGETT, N. A., LE PASLIER, 
D., CALLEN D. F., SUTHERLAND, G. R. and RICHARDS, R. I. (1994) Implications of 
FRA16A structure for the mechanism of chromosomal fragile site genesis. Science 264: 
1938-1941. 

NICHOLLS, R. D. (1994) New insights reveal complex mechanisms involved in genomic imprinting. 
Am. J. Hum. Genet. 3: 733-740. 

NYLANDER, P. -O., ENGSTRiiM, C., CHOTAI, J., WAHLSTROM, J. and ADOLFSSON, R. 
(1994) Anticipation in Swedish fkmilies with bipolar affective disorder. J. Med. Genet. 31: 
686-689. 

O’DONOVAN, M. C., GUY, C., CRADDOCK, N., BOWEN, T., MCKEON, P., MACEDO, A., 
MAIER, W., WILDENAUER, D., ASCHAUER, H. N., SORBI, S., FELDMAN, E., 
MYNETT-JOHNSON, L., CLAFEY, E., NACMIAS, B., VALENTE, J., DOUARDO, A., 
GRASSI, E., LENZINGER, E., HEIDEN, A. M., MOORHEAD, S., HARRISON, D., 
WILLIAMS, J., MCGUFFIN, P. and OWEN, M. J. (1996) Coniirmation of association between 
expanded CAG/CTG repeats and both schizophrenia and bipolar disorder. Psychol. Med. 24: 
1145-1153. 

O’DONOVAN, M. C., GUY, C., CRADDOCK, N., MURPHY, K. C., CARDNO, A. G., JONES, 
L. A., OWEN, M. J. and MCGUFFIN, P. (1995) Expanded CAG repeats in schizophrenia and 
bipolar disorder. Nature Genet. 19: 380-381. 

OHARA, K., IKEUCHI, T., SUZUKI, Y., OHTANI, M., OHARA, K. and TSUJI, S. (2000) A 
CAG trinucleotide repeat expansion and familial schizophrenia. Psychiatry Res. in press. 



Anticipation, imprinting, trinucleotide repeat and psychoses 189 

OHARA, K., SUZUKI, Y., OCHL4l M., YOSHIDA, K. and OHAR4, K. (1999) Age of onset 
anticipation in anxiety disorders. Psychiatry Res. 89: 215-221. 

OHARA, K., SUZUKI, Y., USHIMI, Y., YOSHIDA, K. and OHARA, K (1998) Anticipation and 
imprinting in Japanese %milial mood disorders. Psychiatry Res. 2: 191-198. 

OHARA, K, TANI, K., TSUKAMOTO, T., INO, A., NAGAI, M., SUZUKI, Y., XU, H. -U., XU, 
D. -S., WANG, Z. -C. and OHARA K. (1997a) Three CAG trinucleotide repeats on 
chromosome 6 (D6S1014, D6S1015, and WSlOS8) are not expanded in 30 hunilies with 
schizophrenia_ Neuropsychopharmacol. 12: 279-283. 

OHARA, K., TANI, K., TSUKAMOTO, T., SUZUKI, Y., XU, H. -U., XU, D. -S., WANG, Z. -C. 
and OHARA K. (1997b) Exclusion of five trinucleotide repeat (CAG and CCG) expansions in 17 
families with schizophrenia. Biol. Psychiatry 42: 756-759. 

OHAR4, K., XU, H. -D., MORI, N., SUZUKI, Y., XU, D. -S., OHARA, K. and WANG, Z. -C. 
(1997c) Anticipation and imprinting in schizophrenia. Biol. Psychiatry 42: 760-766. 

ORUC, L., LINDBLAD, K., VERHEYEN, G. R., AI&BERG, S., JAKOVLJEVlC, M., IVEZIC, 
S., RAEYMAEKERS, P., VAN BROECKHOEVEN, C. and SCHALLING, M. (1997) CAG 
repeat expansions in bipolar and tmipolar disorders. AWL J. Hum. Genet. 60: 730-732. 

PARRISH, J. E., OOSTRA, B. A., VERKERK, A. J. M. H., RICHARDS, C. S., REYNOLDS, J., 
SPIKES, A. S., SHAFFER, L. G. and NELSON, D. L. (1994) Isolation of a GCC repeat 
showing expansion in FRAXF, a tiagile site distal to FRAXA and FRAXE. Nature Genet. 8: 
229-235. 

PAULSON, H., L. and FISCHBECK, K., H. (1996) Trinucleotide repeats in neurogenetic disorders. 
Ann. Rev. Neurosci. 19: 79-107. 

PENROSE, L. S. (1945) Survey of cases of kmilial mental illness. Published, 1991, in Eur. Arch 
Clin. Neurosci. 240 3 14-324. 

PENROSE, L. S. (1948) The problem of anticipation in pediies of dystrophia myotonica. 
Ann.Eugenics 14: 125-132. 

PENROSE, L. S. (1971) Critical survey of schizophrenia genetics. In Modern Perspectives in World 
Psychiatry (ed. J.G. Howells), pp. 3-19, Edinburgh Oliver, Boyd Co. 

PETROMS, A., BASSETT, A. S., HONER, W. G., VINCENT, J., TATUCH, Y., SASAKI, T., 
YING, D. J., KLEMPAN, T. A. and KENNEDY, J. L. (1996) Search for unstable DNA in 
schizophrenia families with evidence for genetic anticipation. Am. J. Hum. Genet. 3: 905-911. 

PETROMS, A. and KENNEDY, J. L. (1995) Unstabel genes - Unstable mind? Am. J. Psychiatry, 
152: 164-172. 



190 K. Ohara 

PETRONIS, A., SHERRINGTON, R. and KENNEDY, J. L. (1994) Regression to the mean does 
not exclude anticipation and unstable DNA disease. Am. J. Hum. Genet. 55: 589-590. 

RIDLEY, R M., FRITI-I, C. D., CROW, T. J. and CONNEALLY, P. M. (1988) Anticipation in 
Huntington’s disease is inherited through the male line but may originate in the female. J. Med. 
Genet. a: 589-595. 

ROSS, C. A., MARGOLIS, R. L., BECI-IER, M. W., WOOD, J. D., ENGELENDER, S., COOPER 
J. K. and SHARP, A. H. (1998) Pathogenesis of neurodegenerative diseases associated with 
expanded glutamine repeats: New answers, new questions. Prog. Brain Res. 117: 397-419. 

RUBINSZTEIN, D. C., LEGGO, J., GOODBURN, S., CROW, T. J., LOFTHOUSE, R., DELISI, 
L. E., BARTON, D. E. and FERGUSON-SMITH, M. A. (1994) Study of the Huntington’s 
disease (HD) gene CAG repeats in schizophrenic patients shows overlap of the normal and HD 
aflbcted ranges but absence of correlation with schizophrenia. J. Med. Genet. 31: 690-693. 

SANPEI K., TAKANO, H., IGARASHI, S., SATO, T., OYAKE, M., SASAKI, H., WAKISAKA, 
A., TASHIRO, K., ISHIDA, Y., IKEUCHI, T., KOIDE, R., SAlTO, M., SATO, A., TANAKA, 
T., HANYU, S., TAKIYAMA, Y., NISHIZAWA, M., SHIMIZU, N., NOMURA, Y., 
SEGAWA, M., IWABUCHI, K, EGUCHI, I., TANAKA, H., TAKAHASHI, H. and TSUJI, S. 
(1996) Identification of the spinocerebellar ataxia type 2 gene using a direct identitication of 
repeat expansion and cloning technique, DIRECT. Nature Geneti. 14: 277-284. 

SASAKI, T., BILLETT, E., PETROMS, A., YING, D., PARSONS, T., MACCIARDI, F. M., 
MELTZER, H. Y., LIEBERMAN, J., JOFFE, R. T., ROSS, C. A., MCINNIS, M. G., LI, S. H. 
and KENNEDY, J. L. (1996) Psychosis and genes with trinucleotide repeat polymorphism 
Human Genet. 96: 244-246. 

SCHALLING. M., HUDSON, T. J., BUETOW, K. H. and HOUSMAN, D. E. (1993) Direct 
detection of novel expanded trinucleotide repeats in the human genome. Nature Genet. 4: 
135-139. 

SCHURHOFF, F., STEVANIN, G., TROTTIER, Y., BELLIVIER, F., MOUREN-SIMEOM, M. 
C., BRICE, A. and LEBOYER, M. (1997) A preliminary study on early onset schizophrenia and 
bipolar disorder: large polyglutamine expansions are not involved. Psychiatry Res. 2: 141-144. 

SCHUT, J. W. (1954) Hereditary ataxk Clinical study through six generations. Arch. Neurol. 
Psychiatry 63: 535-567. 

SELTZER, W. K., BOSS, M. A., VIERIA-SAECKER, A. -M., EPPLEN, J. T., RIESS, O., ROSS, 
C. A. and MARGOLIS, R. L. (1999) Expansion of a novel CAG trinucleotide repeat in the 5’ 
region of PPP2R2B is associated with SCA12. Nature Genet. 2: 391-393. 

SIDRANSKY, E., BURGESS, C., IKEUCHI, T., LINDBLAD, K., LONG, R. T., PHILIBERT, B. 
A., RAPOPORT, J., SCHALLING, M., TSUJI, S., and GINNS, E. I. (1998) A triplet repeat on 
17q accounts for most expansion detected by the repeat-expansion-detection technique. Am. J. 
Hum. Genet. 62: 1551-1555. 



Anticipation, imprinting, trinucleotide repeat and psychoses 191 

SPEER, M. C., GILCHRIST, J. M., STAJICH, J. M., GASKELL, P. C., WESTBROOK, C. A., 
HORRIGAN, S. K., BARTOLONI, L., YAMAOKA, L. H., SCOTT, W. K. and 
PERICAK-VANCE, M. A. (1998) Evidence for anticipation in autosomal dominant limb-girdle 
muscular dystrophy. J. Med. Genet. 35: 305-308. 

SPEIGHT, G., GUY, C., BOWEN, T., ASHERSON, P., MCGUFFIN, P., CRADDOCK, N., 
OWEN, M. J. and O’DONOVAN, M. C. (1997) Exclusion of CAG/CTG triucleotide repeat loci 
which map to chromosome 4 in bipolar disorder and schizophrenia. Am. J. Med. Genet. 
(Neuropsychiatr. Genet.) 74: 204-206. 

ST CLAIR, D. (1994) Expanded CAG trinucleotide repeat of Huntington’s dii gene in a patient 
with schizophrenia and normal striatal histology. J. Med. Genet. 31: 658-659. 

STGBER, G., FRANZEK, E., LESCH, K. P. and BECKMANN, H. (1995) Periodic catatonk a 
schizophrenic subtype with major gene effect and anticipation. Eur. Arch. Psychiatry Clin. 
Neurosci. 245: 135-141. 

STGBER, G., HAUBITZ, I., FRANZEK, E. and BECKMANN, H. (1998a) Parent-of-origin effect 
and evidence for differential transmission in periodic catatonia. Psychiatr. Genet. 8: 213-2 19. 

STGBER, G., JATZKE, S., MEYER, J., OKLANDNOVA, O., KNAPP, M., BECKMANN, H. and 
LESCH, K. P. (1998b) Short CAG repeats within the hSKCa3 gene associated with 
schizophrenia: results of a fhmily-based study. Neuroreport 9: 3595-3599. 

SUSSER, E. S. BROWN, A. S. and GORMAN, J. M. (1999) Prenatal exposures in schizophrenia. 
American Psychiatric Press, Washington D.C. 

TAKAHASHI, H., OHAMA, E., NAITO, H., TAKEDA, S., NAKASHIMA, S., MAKIFUCHI, T. 
and IKUTA F. (1988) Hereditary dentatorubral-pallidoluysian atrophy: Clinical and pathologic 
variants in a family. Neurology 3: 1065-1070. 

THIBAUT, F., MARTINEZ, M., PETIT, M., JAY, M. and CAMPION, D. (1995) Further evidence 
for anticipation in schizophrenia. Psychiatry Res. 3: 25-33. 

VALERO, J., MARTORELL, L., MARINE, J., VILELLA, E. and LABAD, A. (1998) Anticipation 
and imprinting in Spanish families with schizophrenia. Acta Psych&r. Stand. 97: 343-350. 

VERHEYEN, G. R., DEL-FAVERO, J., MENDLEWICZ, J., LINDBLAD, K., VAN ZAND, K., 
AALBREGTSE, M., SCHALLING, M., SOUERY, D. and VAN BROECKHOVEN, C. (1999) 
Molecular interpretation of expanded RED products in bipolar disorder by CAG/CTG repeats 
located at chromosome 17q and 18q. Neurobiol. Dii. 6: 424-432. 

VERKERK, A. J. M. H., PIERETTI, M., SUTCLIFFE, J. S., FU, Y. -H., KUHL, D. P. A., 
PIZZUTI, A., REINER, O., RICHARDS, S., VICTORIA, M. F., ZHANG, F., EUSSEN, B. E., 
VAN OMMEN, G. -J. B., BLONDEN, L. A. J., RIGGINS, G. J., CHASTAIN, J. L., KUNST, 
C. B., GALIJAARD, H., CASKEY, C. T., NELSON, D. L., OOSTRA, B. A. and WARREN, S. 
T. (1991) Identitication of a gene (FMR-1) containing CGG repeat coincident with a breakpoint 



192 K. Ohara 

cluster region exhibiting length variation in liagile X syndrome. Cell 65: 905-914. 

VIELAND, V. J. and HUANG, J. (1998) Statistical evaluation of age-at-onset anticipation: a new 
test and evaluation of its behavior in realistic application. Am. J. Hum. Genet. 62: 1212-1227. 

VINCENT, J. B., KALSI, G., KLEMPAN, T., TATUCH, Y., SHERRINGTON, R. P., 
BRESCHEL, T. S., MCINNIS, M. G., BRNJOLFSSON, J., PETURSSON, H., GURLING, H. 
M., GOTTESMAN, I. I., TORREY, E. F., PETROMS, A. and KENNEDY, J. L. (1998) No 
evidence of expansion of CAG or GAA repeats in schizophrenia families and monozygotic twins. 
Hum. Genet. 103: 41-47. 

VINCENT, J. B., KEMPMAN, T., PARIKH, S. S., SASAKI, T., MELTZER, H. Y., SIRUGO, G., 
COLA, P., PETROMS, A. and KENNEDY, J. L. (1996) Frequency analysis of large CAG/CTG 
trimtcleotide repeats in schizophrenia and bipolar disorder. Mol. Psychiatry 1: 141-148. 

VINCENT, 3. B., KOVACS, M., KROL, R, BARR, C. L. and KENNEDY, J. L. (1999a) 
Intergenerational CAG repeat expansion at ERDA1 in a family with childhood-onset depression, 
schizoaffective disorder, and recurrent major depression. Am. J. Med. Genet. 88: 79-82. 

VINCENT, J. B., PETROMS, A., STRONG, E., PARIKH, S. V., MELTZER, H. Y., 
LIEBERMAN, J. and KENNEDY, J. L. (1999b) Analysis of genome-wide CAG/CTG repeats, 
and at SEF2-1B and ERDA1 in schizophrenia and bipolar disorder. Mol. Psychiatry 4: 229-234. 

WRIGHT, G. D., REGAN, M., DEIGHTON, C. M., WALLIS, G. and DOHERTY, M. (1998) 
Evidence for genetic anticipation in nodal osteoarthritis. Ann. Rheum. Dis. 52: 524-526. 

YAW, J., MYLES-WORSLEY, M., HOFF, M., HOLIK, J., FREEDMAN, R, BYERLEY, W. and 
COON, H. (1996) Anticipation in multiplex schizophrenia pedigrees. Psychiatr. Genet. 6: 7-l 1. 

ZANDER, C., SCHURHOFF, F., LAURENT, C., CHAVAND, O., BELLIVIER, F., SAMOLYK, 
D., LEBOYER, M., ALLILAIRE, J. F., CANN, H., NERI, C. and MALLET, J. (1998) CAG 
repeat sequences in bipolar affective disorder: no evidence for association in a French population. 
Am. J. Med. Genet. [Neuropsych. Genet.] 81: 338-341. 

ZHUCHENKO, O., BAILEY, J., BONNEN, P., ASHIZAWA, T., STOCKTON, D. W., AMOS, C., 
DOBYNS, W. B., SUBRAMONY, S. H., ZOGHBI, H. Y. and LEE, C. C. (1997) Autosomal 

dominant cerebellar (SCA6) associated with small polyglutamine expansions in the a 
1 A-voltage-dependent calcium chatmeL Nature Genet. 5: 62-69. 

Inquiries and reprint requests should be addressed to: 

Koichi Ohara, MD 
Clinical Research Institute, National Minami Hanamaki Hospital 
500 Suwa, Hanamski, Iwate, 025-0033 
Japan 


