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No evidence for the involvement of CAG/CTG
repeats from within 18q21.33–q23 in bipolar disorder
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We previously identified 18q21.33–q23 as a candidate region in one BP family and constructed a yeast
artificial chromosome (YAC) contig map. Here, we mapped eight known CAG/CTG repeats relative to
18q21.33–q23. We also isolated four CAG/CTG repeats from within the region using CAG/CTG YAC
fragmentation, one of which is located in the 5' untranslated region of the CAP2 gene coding for a
brain-expressed serine proteinase inhibitor. The triplet repeats located in the 18q21.33–q23 BP candidate
region showed no expanded alleles in the linked BP family nor in a BP case-control sample. Moreover, only
the CAP2 triplet repeat was polymorphic but no genetic association with BP disorder was observed.
European Journal of Human Genetics (2000) 8, 385–388.
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Introduction
Bipolar disorder (BP) is a severe psychiatric condition affect-
ing about 1% of the population. The clinical signs of BP are
alternating episodes of depression and mania (BP type I) or
hypomania (BP type II). Genetic studies have identified
several potential disease loci of which chromosome 18 is of
particular interest since several independent studies have
identified candidate regions for BP disorder.1 We identified a
8.9 cM region between D18S68 and D18S979 at
18q21.33–q23 by linkage analysis studies and constructed a
physical map using yeast artificial chromosomes (YACs).2

Several studies have described anticipation in families
transmitting BP disorder3,4 suggesting the involvement of
trinucleotide repeat expansions. Significantly larger CAG/
CTG repeats were detected in BP patients compared to
controls using the repeat expansion detection method
(RED).5 More recent studies have shown that most (86–89%),
but not all, RED expansions ( > 120 bp) in BP cases and
controls can be explained by two highly polymorphic CAG/

CTG loci, ie ERDA16 located on chromosome 17q21.3 and
CTG18.17 on chromosome 18q21.1.8,9 Here we have analysed
known as well as novel CAG/CTG repeats located at chromo-
some 18q21.33–q23 for their involvement in BP disorder.

Materials and methods
Subjects
The pedigree and the clinical diagnoses in family MAD31
have been described in detail elsewhere.2 Case-control stud-
ies were performed on a Belgian sample of 75 BP patients and
75 controls matched for age, sex and ethnicity. All individ-
uals were interviewed using the SADS-LA after written
informed consent.

Triplet repeat isolation
CAG/CTG repeats were isolated by YAC fragmentation as
described.10 The sequences of fragmented ends were obtained
by plasmid based end rescue.10,11 When BLASTN analysis did
not result in the opposite flanking sequence, primers based
on the YAC end sequence were designed and used to screen a
cosmid library of the parent YAC by radioactive hybrid-
isation. DNA from the resulting cosmids was isolated for
direct sequencing and primer pairs for the CAG/CTG repeats
were designed.
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YACs were subcloned in sCOGH-2 as described12 and CAG-
positive cosmids were identified by (CAG)10 hybridisation
and arrayed in a 96-well plate. Replica filters were screened
separately with primers flanking CAG/CTG repeats isolated
by YAC fragmentation. DNA of cosmids containing unknown
CAG/CTG repeats was isolated and processed as
described.12

For sequencing, plasmids or cosmids were grown overnight
in liquid LB medium supplemented with 100 µg/ml ampi-
cillin and DNA was prepared with the Wizard DNA purifica-
tion system (Promega, Madison, WI, USA) and sequenced on
an automated DNA sequencer model ABI 377 (PE Biosystems,
Foster City, CA, USA).

PCR amplification, mapping and genotying
Mapping experiments were performed on a chromosome 18
mapping panel available through the NIGMS Human
Genetic Mutant Cell Repository (http://locus.umdnj.edu/
nigms/ideograms/18.html). CAG/CTG repeats were PCR
amplified and genotyped as described10 using the following
primers Cap2F: ATCGAACGGTTCTGAGTCATCT and Cap2R:
CGCTCTGATTCCTGCTCTG for the CAP2 repeat, 11A4F:
AGAAGGAAGCACAGCAAATTTG and 11A4R:
GCATGGTGCTGGAGATCAAT for 11A4 and 11B3F:
GGCTGAGATGTTCCTTGACTGC and 11B3R:
CCTTCCCATGCCACCACTACTA for 11B3.

Results
Mapping of known CAG/CTG repeats
We selected eight chromosome 18 CAG/CTG repeat markers
through the CHLC database and determined their location
relative to the BP candidate region 18q21.33–q232 by PCR
screening of a chromosome 18 somatic cell hybrid mapping
panel (data not shown). Since GCT3E06, GCT6F12 and
GCT3G01 were assigned to 18q22.2–qter, we verified
whether they localised to 18q21.33–q23 by PCR analysis of

YACs 961h9, 766f12 and 907e1, representing the minimal
YAC tiling path (Figure 1). GCT3G01 mapped on YAC 907e1,
whilst GCT3E06 and GCT6F12 are located outside the BP
candidate region. The size and stability of the three YACs had
previously been confirmed by PFGE.2 Metaphase FISH and
fiber FISH experiments confirmed that the three YACs are
non-chimeric and overlapping (Figure 2).

CAG/CTG YAC fragmentation
CAG/CTG YAC fragmentation10 was applied to YACs 961h9,
766f12 and 907e1. Size determination by PFGE and Southern
blot hybridisation resulted in seven sets of equally sized
fragmented YAC clones. Sequencing identified five (out of
seven) sets of fragmented YACs with identical end sequences
resulting from a specific homologous recombination event.

BLASTN analysis13 of the CAG/CTG flanking sequence
showed that two were novel CAG/CTG repeats (11A4 and
11B3). 6A4 matched to part of the cytoplasmic antiproteinase
CAP2 cDNA (GenBank acc. No L40377) confirming that the
fragmentation occurred at the (CAG)6 sequence in the 5' UTR
of this gene. Clone 26C1 corresponds to GCT3G01 (GenBank
acc. No G09484) mapping to YAC 907e1 (Figure 1). 11F2 was
identical to a yeast sequence flanking a (CAG)8 repeat
(GenBank acc. No Z38059) and was excluded from further
studies. Sequencing showed that 11A4 and 11B3 resulted
from fragmentation at a (CAG)5 and a (CAG)3 repeat,
respectively. Primer pairs for the CAP2 repeat, 11A4 and 11B3
were used to position them on the YAC contig map
(Figure 1).

To exclude the possibility of CAG/CTG repeats from within
the BP candidate region being missed by the YAC fragmenta-
tion method, we screened cosmid sublibraries of YACs 961h9,
766f12 and 907e1 for the presence of CAG/CTG repeats.
Hybridisation showed that 62 (84%) of 74 CAG/CTG positive
cosmids contained either the CAP2 triplet repeat, 11A4,
11B3, GCT3G01 or yeast CAG/CTG repeats. The remaining

Figure 1 Minimal YAC tiling path of the 18q21.33–q23 BP candidate region.2 The YACs are represented by solid lines, the CAG/CTG
fragmentation products by dotted lines. YAC sizes, between brackets, are estimated by PFGE analysis. Solid circles indicate positive
STS/STR hits. Shaded boxes highlight the four CAG/CTG repeats isolated by YAC fragmentation.
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cosmids were plasmid subcloned and sequenced but no new
CAG/CTG repeats were identified.

Genetic analysis of the CAG/CTG repeats
We analysed the four 18q21.33–q23 triplet repeats CAP2,
GCT3G01, 11A4 and 11B3 in family MAD31 and in 75 unre-
lated BP cases and 75 matched controls. No expanded alleles
were detected for any of the four triplet repeats. Only the
CAP2 repeat was polymorphic with the common allele
(257 bp) co-segregating with the disease in family MAD31
(Table 1). For this marker no deviations from the Hardy-
Weinberg equilibrium were observed in the control sample
nor in the BP sample. Comparison of the allele and genotype
distribution of the CAP2 repeat between BP cases and
controls using Genepop14 did not reveal significant differ-
ences (Table 1).

Discussion
To analyse the involvement of CAG/CTG repeats in the
aetiology of BP disorder linked to 18q21.33–q23, we deter-
mined the localisation of eight known CAG/CTG repeats

Figure 2 Metaphase and fiber FISH analyses of the YACs of the minimal tiling path. a–c: Metaphase FISH of respectively 961h9,
766f12 and 907el, d: Fiber FISH.

Table 1 Allele and genotype distribution of the CAP2 repeat
in a case–control study. Genepop was used to compare both
distributions. The allele present in the parental YAC is
indicated by an asterisk and was determined by PCR
amplification of YAC 961h9 DNA

BP cases Controls Genepop
Fraction Fraction Exact value

Alleles (bp)
248 0.01 0.01 P=0.51
257* 0.78 0.77
260 0.02 0.00
263 0.17 0.20
274 0.03 0.03

Genotypes (bp)
248–257 0.01 0.01 P=0.46
257–257 0.60 0.61
257–260 0.03 0.00
257–263 0.28 0.28
257–274 0.04 0.03
260–263 0.01 0.00
263–263 0.01 0.04
263–274 0.01 0.03
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relative to the candidate region and isolated all CAG/CTG
repeats from within a non-chimeric YAC minimal tiling path
spanning this region using CAG/CTG YAC fragmentation.
This resulted in four region-specific CAG/CTG repeats corre-
sponding to an average repeat frequency of 1 per 1.23 Mb
based on the YAC insert sizes.2 The possibility that CAG/CTG
repeats were missed by the YAC fragmentation was excluded
by (CAG)10 screening of cosmid sublibraries. No additional
CAG/CTG repeats were isolated confirming that the CAG/
CTG YAC fragmentation is a sensitive method.10

Next we analysed the CAG/CTG repeats from within the
18q21.33–q23 candidate region in a case control sample of
75 BP patients and 75 matched controls. The only poly-
morphic triplet repeat was contained in the 5' UTR of the
CAP2 gene, a potential candidate gene for BP disorder since it
codes for a serine proteinase inhibitor expressed in brain.15

No significant differences were observed between the allele
and genotype distributions of this repeat in a BP case and
control sample and expanded alleles were absent. Analysis of
family MAD31 showed that the CAP2 repeat segregated with
the disease but no expanded alleles were observed.

Together, our data indicate that at least in family MAD31
expanded CAG/CTG repeats are unlikely to cause BP disorder.
However, we cannot exclude that expanded CAG/CTG
repeats do explain the pathogenesis in some BP cases linked
to other regions on chromosome 18 or elsewhere in the
genome. Also, it remains possible that the BP disorder in
family MAD31 is due to expansions of triplet repeats of a
different nature such as CCG/CGG or GAA/TTC.
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