
Abstract Clinical evidence for a dominant mode of in-
heritance and anticipation in periodic catatonia, a distinct
subtype of schizophrenia, suggests that trinucleotide re-
peat expansions may be involved in the aetiology of this
disorder. Since genes with triplet repeats are putative can-
ditates for causing schizophrenia, we have analysed the
polymorphic B33 CTG repeat locus on chromosome 3 in
45 patients with periodic catatonia and 43 control sub-
jects. The B33 CTG repeat locus was highly polymorphic,
but all alleles in both the patient and control groups had
repeat lengths within the normal range. We conclude that
susceptibility to periodic catatonia is not influenced by
variation at the B33 CTG repeat locus. Nevertheless, that
periodic catatonia displays dominant inheritance and an-
ticipation, characteristic of genetic disorders involving
trinucleotide repeats, justifies further screening for triplet
repeat expansions in this illness.
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Introduction

Human genes containing repetitive DNA elements, such
as trinucleotide repeats, may be expanded, unstable and are
potential cause for some neuropsychiatric disorders (Bas-
sett and Honer 1994; Ross et al. 1993; Gorwood et al.

1996). Triplet repeat expansions may be the molecular cor-
relate of the clinical phenomenon of anticipation observed
in distinct subtypes of schizophrenia (Stöber et al. 1995).
Anticipation describes an unusual pattern of inheritance in
genetic disorders which increase in severity and/or have
earlier onset in subsequent generations. The recent discov-
ery of dynamic mutations due to trinucleotide repeat ex-
pansions has provided a molecular genetic explanation of
several inherited neurodegenerative and neuropsychiatric
disorders displaying anticipation (Mandel 1993), includ-
ing Huntington’s disease, myotonic dystrophy, fragile X
syndromes, spinocerebellar ataxia types 1, 2 and 6, denta-
torubral-pallidoluysian atrophy, X-linked spinal and bul-
bar muscular atrophy (Kennedy syndrome), Machado-
Joseph disease and recently Friedreich’s ataxia. Patients
with these illnesses have unstable expansion of CAG, CTG,
CGG and GAA repeats in coding as well as in noncoding
regions of different genes. Repeat length and instability is
directly associated with increased severity and earlier age
of onset in successive generations (La Spada et al. 1994).

Recently, an investigation of familial aggregation of
psychoses in pedigrees with schizophrenic disorders strong-
ly suggested a dominant mode of inheritance in periodic
catatonia, a distinct subtype of schizophrenia (Stöber et al.
1995). As compared with other forms of catatonic schizo-
phrenia (age-corrected morbidity risk 4.6%) with a chronic
progressive course and irreversible, well-defined defec-
tive states (Franzek and Beckmann 1992), periodic catato-
nia was characterized by an age corrected morbidity risk
with homogenous psychoses of 26.9%. Moreover, pair-
wise comparison of patients and their parents revealed
patterns of anticipation. The course of periodic catatonia
is bipolar in both hyperkinetic as well as akinetic states.

Typically, symptoms of one pole dominate but are usu-
ally mixed with those of the other. The distortion of psy-
chomotor activity leads to grimaces, parakinetic move-
ments, stereotypies, impulsive actions with aggressive-
ness and negativistic behaviour. Although remissions oc-
cur after acute episodes, eventually residual states develop
with increasing poverty of movements, blunted affect and
lack of motivation.
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Clinical evidence suggests a dominant mode of inheri-
tance and anticipation in periodic catatonia. This raises
the possibility that genes with trinucleotide repeat expan-
sions or other unstable repetitive elements affecting gene
expression may be involved in its aetiology (Lesch et al.
1994). Since genes with triplet repeats are candidates for
causing schizophrenia, we have investigated the B33 CTG
repeat locus on chromosome 3 in 45 patients with periodic
catatonia and 43 control subjects. Although there is no
linkage to this particular gene locus in combined samples
of schizophrenic patients, highly polymorphic repeats ex-
pressed in the brain are putative candidates in a subtype of
schizophrenia, in which dominant inheritance and antici-
pation have been observed.

Methods

Recruitment of patients and diagnostic assessment

Forty-five unrelated German Caucasian (20 males and 25 females)
meeting DSM-III-R criteria for schizophrenia, catatonic subtype
and the criteria for periodic catatonia (Leonhard 1979; Leonhard
1980) were recruited from inpatients at the Department of Psychi-
atry, University of Würzburg, and from wards with chronically ill
patients at the Lohr/Main Psychiatry State Hospital. The patients
with periodic catatonia included in this study represent a subsam-
ple of a study of familial aggregation of psychoses in pedigrees
with schizophrenic disorders published previously (Stöber et al.
1995). After an initial screening of the hospital records patients
who fulfilled the DSM-III-R criteria for catatonic schizophrenia
were diagnosed using Leonhard’s nosology by personal examina-
tion by two independently working experienced clinical psychia-
trists (E.F. and H.B.) on the basis of extensive case notes which
did not contain information on familial affliction (Cohen’s kappa
0.93). The mean age (± SD) of the patients with periodic catatonia
was 50.5 ± 15.7 years, the duration of illness was 26.8 ± 12.6 years
and the age on initial hospitalization was 22.7 ± 7.5 years. Forty-
three unrelated German Caucasians (17 males and 26 females;
mean age 25.6 ± 4.2 years) were included as controls. The study
was approved by the local ethics committee.

PCR analysis of the C 33 CTG repeat

High molecular weight genomic DNA was extracted from EDTA-
anticoagulated peripheral blood according to routine procedures.
The B33 CTG repeat was amplified from genomic DNA (~50 ng)
by PCR (30 s at 95 °C, 30 s at 58 °C, 1 min at 72 °C for 35 cycles)
with the amplimers B33-1 (5′-CAAAAAAGCCACCTGGTAC-
TAA- 3′) and B33-2 (5′-GGGCTGGAGCCTTTTTACTCGC- 3′;
Fig. 1). The PCR products were analysed on a 2% agarose gel. For
accurate determination of the number of CTG repeat units, PCR
was performed with ~50 KBq of [α32P]dATP and the size of the
product estimated in comparison with a standard sequencing lad-
der by 6% denaturing polyacrylamide gel electrophoresis. The
CTG trinucleotide length was determined by subtracting 77 bp of
non-CTG-containing DNA from the PCR size.

Results

The distribution of B33 CTG repeat alleles in patients
with periodic catatonia and controls is depicted in Fig. 2.
Ninety chromosomes were analysed in the patient sample
and 86 in the controls. The B33 CTG repeat locus was
highly polymorphic (10 alleles), but there was no signifi-
cant difference between the patient and control groups in
allele distribution. The heterozygosity of 81% in the con-
trol group and 95% in the patient group was not signifi-
cantly different to that observed in a normal population.
The modal repeat length was 13 repeats in the patients and
14 repeats in the control group, which corresponds to an
allele size of 39 and 42 base pairs, respectively. There was
no significant difference in the mean repeat number be-
tween the control and the patient samples (mean ± SD,
13.56 ± 1.63 vs 13.04 ± 2.25 CTG repeats; t = –1.73, df =
174, p-value 0.085, unpaired t-test).

Discussion

Trinucleotide microsatellites are widespread in the human
genome (Bates and Lehrach 1994). Many of these genes
are expressed in different human brain regions and all
available evidence suggests that unstable trinucleotide re-
peats are the biological basis of the clinical phenomenon
of anticipation. Thus far, expansions of unstable trinu-
cleotide repeats have been associated with several differ-
ent neurological and neuropsychiatric diseases. The expe-
rience with all diseases thus far known to be caused by
triplet repeat expansion suggests that repeats that are
highly polymorphic in the normal population may be
more likely to expand with pathological consequences (Li
et al. 1993). Although ten possible trinucleotides can oc-
cur at the DNA level, only CTG, CAG, CGG and GAA
repeats are associated with the disorders described thus
far. Because the aetiology of schizophrenia is likely to be
heterogeneous and the strength of the genetic contribution
to schizophrenia varies considerably among its subtypes,
we have screened the polymorhic B33 CTG repeat locus
in a specific clinical subtype of schizophrenia with strong
evidence for a dominant pattern of inheritance and antici-
pation. Previous studies already emphasized an increased
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Fig. 1 Sequence and 3′ and 5′ flanking regions of the B33 repeat
locus. PCR primers are underlined

Fig. 2 Distribution of the B33 CTG repeat alleles in patients with
periodic catatonia and controls



familial loading in catatonic psychosis compared with
paranoid or disorganized schizophrenia (Slater and Cowie
1971; Leonhard 1979; Scharfetter and Nuesperli 1980;
Propping 1989).

In accordance with Leonhard’s findings (Leonhard
1980), we have previously demonstrated that periodic
catatonia exhibits a morbidity risk of 26.9% among first-
degree relatives and accounts for approximately 60% of
schizophrenia, catatonic subtype, diagnosed according to
DSM-III-R (Stöber et al. 1995). High familial loading and
pronounced vertical transmission are consistent with a
dominant mode of inheritance. In addition, anticipation
was observed in 27 of 29 pedigrees with periodic catato-
nia and occurred equally with maternal or paternal trans-
mission. All alleles in both the patients and the control
group had repeat sizes within the normal range. Previous
studies failed to detect abnormalities in the DRPLA (B37
CAG repeat) or other repeat loci in patients with schizo-
phrenic disorder (Lesch et al.1994; Rubinsztein et al.
1994a; Gaitonde et al. 1997).

Strong evidence for anticipation has been previously
reported in an unselected sample of patients with familial
schizophrenia (Bassett and Honer 1994; Thibaut et al.
1995; Yaw et al. 1996). Whereas the repeat expansion de-
tection (Schalling et al. 1993) sometimes fails to detect
smaller expansions in the human genome, a newly devel-
oped fluorescence in situ hybridization revealed an expan-
sion of 306 CTGs on chromosome 18q21 in a patient suf-
fering from paranoid schizophrenia (Haaf et al. 1996).
Furthermore, a few recent studies report association be-
tween schizophrenia, meeting DSM-III-R or DSM-IV cri-
teria, and different repeat expansions (Morris-Rosendahl
et al. 1997; Morris et al. 1995; O’Donovan et al. 1996).
Another repeat expansion at the Huntington’s disease lo-
cus has been reported in a chronic schizophrenic patient
without any evidence for movement abnormalities and
normal striatal histology (St. Clair 1994). Rubinsztein and
colleagues, however, failed to detect CAG-repeat expan-
sion of the Huntington locus in 71 unrelated schizo-
phrenic patients and 18 patients with schizoaffective dis-
order (Rubinsztein et al. 1994b).

Trinucleotide repeat expansion has become a well-es-
tablished mutation underlying human genetic disease.
Since additional disorders, such as schizophrenia, bipolar
affective disorder, and possibly others, show features of
anticipation, reanalysis of the genetics of major psychosis
from the perspective of the unstable DNA is of significant
interest (McInnis et al. 1993; Petronis and Kennedy 1995;
Sasaki et al. 1996; Gorwood et al. 1996). Many deviations
from a single-gene mode of inheritance can be easily ex-
plained by the non-Mendelian behaviour of unstable DNA
and suggest that some subtypes of schizophrenia and ma-
jor affective disorders may be the result of a similar muta-
tion mechanism.

The evidence for anticipation in families with periodic
catatonia indicates that genes with triplet repeat expan-
sions or other unstable repetitive elements affecting gene
expression may also be involved in the aetiology of this
well-defined subtype of schizophrenia. Although no ab-

normality was found in the B33 CTG locus in these pa-
tients, high prevalence of human brain genes (Li et al.
1993) containing trinucleotide repeats clearly justifies fur-
ther screening for abnormalities in genes with tri- and
oligonucleotide repeats.
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