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No evidence for involvement of KCNN3
(hSKCa3) potassium channel gene in familial
and isolated cases of schizophrenia
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2Groupe de Recherche sur la Schizophrénie, Centre Hospitalier du Rouvray, Sotteville Lès Rouen
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Several studies have reported in schizophrenia a decrease of age of onset in successive family
generations, and this observation is consistent with anticipation. Anticipation is known to
result from expansion of CAG repeats in several neurodegenerative disorders. Longer alleles
of the KCNN3 gene, which contains a highly polymorphic CAG repeat, and encodes a
neuronal small conductance calcium-activated potassium channel, have recently been shown to
be over-represented in sporadic cases of schizophrenia. In this report, we tested the hypothesis
of an association between longer alleles of CAG repeat in the KCNN3 gene and schizophrenia
in 20 families with clinical evidence for anticipation and in 151 unrelated schizophrenic cases.
No significant difference in the distributions of allele frequencies was observed between
familial cases of schizophrenia and controls, and between unrelated cases and controls.
Furthermore, no intergenerational CAG repeat instability was detected in the 20 families. Our
results do not support the involvement of the KCNN3 (hSKCa3) gene in the etiology of
schizophrenia.
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Introduction
Schizophrenia, which affects about 1% of the popula-
tion,1 is characterised by hallucinations, formal thought
disorder and abnormal behaviour. There is convincing
evidence that schizophrenia involves genetic factors,
although the mode of inheritance of this disease
remains unknown. Several studies have reported that,
in multiplex families transmitting schizophrenia, the
age of onset of the disease is earlier in succeeding
generations.2–5 This observation is consistent with
genetic anticipation which suggests that inheritance of
schizophrenia might be due, at least in part, to an
expanded trinucleotide repeat mechanism.6 Expansion
of CAG trinucleotide repeats in coding regions has
been identified in eight distinct neurological diseases,
Huntington’s disease, spinocerebellar ataxias, spinal
bulbar muscular atrophy and dentatorubral pallido-
luysian atrophy.7 This type of mutation is remarkably
unstable across the generations and in most of the cases
the length of these sequences is correlated to the
severity and age of onset of the disease.

The involvement of expanded CAG trinucleotide
repeats in schizophrenia has received support from
studies based on the Repeat Expansion Detection
(RED) method, a multilocus assay which detects
expansions larger than 40 repeats. These studies have
found a statistically significant shift towards longer
CAG/CTG repeats in schizophrenic subjects compared
to control individuals, with an overlap in the repeat
length between patients and controls.8–10 Nevertheless,
in a previous study, we did not replicate these results in
a population of sporadic patients.11 Furthermore, we
did not detect any CAG expansion in 21 multiplex
families with anticipation,11 and this negative result was
also reported by Bassett et al.12 In order to identify
candidate genes, investigators have screened for expan-
sion in trinucleotide repeat-containing genes identified
from human brain cDNA-libraries.13–16 Recently,
Chandy et al17 have suggested that the KCNN3
(hSKCa3) gene, located on chromosome 1, might be a
candidate gene for schizophrenia. The KCNN3 gene
encodes a neuronal small conductance calcium-acti-
vated potassium channel, which is known to play a
major role in determining the firing pattern of neurons
via the generation of slow after-hyperpolarization and
the regulation of intracellular calcium signals.18 The 5'
end of this gene contains two CAG repeats regions, and
longer alleles of the second CAG repeat were reported
to be over-represented in sporadic schizophrenic
patients.17 In the present report, we analysed the

implication of the KCNN3 gene in 20 French families
showing clinical evidence for anticipation and in a set of
151 unrelated schizophrenic cases.

Materials and Methods
Subjects
We analysed, in 20 multiplex families showing anticipation (7
from western France and 13 from the island of la Réunion),4

122 individuals, including 60 asymptomatic subjects and
62 schizophrenic patients, belonging either to the older
(n = 23) or younger (n = 39) generation. Ascertainment and
diagnostic assessment of these families have been discussed in
detail in Thibaut et al.4 One hundred and fifty-one unrelated
schizophrenic patients (111 males and 40 females, aged
41 years ± 12.4 (mean ± SD), age of onset 22.6 years ± 5.7
(mean ± SD)), were also analysed. Diagnoses were made
according to DSM-IIIR criteria19 by two trained psychiatrists
after clinical interviews following the French version of the
Schedule for Affective and Schizophrenia Disorders Lifetime
Version modified for the study of anxiety disorders (SADS-
LA).20 A control group was composed of 153 individuals,
116 males and 37 females, (age 38.8 years ± 12.3), free of
neurological or psychiatric disease, and who had no family
history of psychosis or neurodegenerative disorders.

All unrelated schizophrenic patients and controls were
French Caucasians and originated in Normandy, in the west of
France. Written informed consent was obtained from every
individual.

DNA Isolation
Genomic DNA was prepared from blood by proteinase K
digestion followed by ethanol precipitation using a standard
procedure.21

PCR Amplification
The region of the KCNN3 gene (Genebank accession number
G16005), containing the second CAG repeat, was PCR-
amplified using 6 FAM dye labelled sense (5'
GACCCTTGCTGCAGCCTC 3'), and antisense (5'
GGTCATTGAGATTGAGCTGG 3') primers. PCR were
performed in a final volume of 25 µl containing 50 ng of DNA,
0.5 µM of each primer, 200 µM of dNTPs and 0.5 units of Taq
polymerase (Appligene Oncor, Illkirch, France). The PCR
consisted of 35 cycles of 20 s at 94°C, 20 s at 60°C, 40 s at 72°C,
preceded by 3 min at 95°C and followed by 5 min at 72°C.

Measurement of Repeats Number
The PCR products (0.1 µl) and 0.5 µl of internal lane size
standard (Genescan-2500 Rox, PE Applied Biosystems,
Foster City, CA) were loaded on a 12 cm 6% denaturing
polyacrylamide gel. The electrophoresis was performed at
1500 V for 5 h on an Applied Biosystems model 373A
automated sequencer, and data were analysed using the Gene
Scanner Model 672 Fluorescent Fragment Analyser (Applied
Biosystems, Perkin-Elmer). To calculate the number of
repeats from the size of the PCR fragments, PCR product
derived from one homozygous patient was directly sequenced

No involvement of KCNN3 potassium channel gene in schizophrenia
t F Bonnet-Brilhault et al

248



using the PRISM AmpliTaq FS Ready Reaction Dye Termi-
nator sequencing kit (Applied Biosystems, Perkin-Elmer).

Statistical Analysis
The non-parametric Mann-Whitney U test was used to
compare distributions of CAG repeats number between the
affected subjects belonging to the younger generation in
multiplex families showing evidence of anticipation and the
control group, and between the isolated cases and the control
group. Since the hypotheses tested a unidirectional effect, one
tailed P-values were used. A ø2 test was also applied, using the
CAG repeat size as a nominal variable, ie below and above
19 repeats (modal allele length). Power calculations were
done using a ø2 test of the dichotomised allele distributions.

Results
Among schizophrenic patients and controls, we identi-
fied 11 different alleles (13 to 24 CAG repeats corre-
sponding to PCR fragments of 235 to 268 bp). As shown
in Figure 1, no significant difference was found in the
distributions of allele frequencies between younger
generation schizophrenic patients of multiplex families
and controls (P = 0.32), or between unrelated cases
and controls (P = 0.53). Furthermore, no significant

results were obtained when isolated or familial cases
were compared with controls using 2 3 2 contingency
tests (X2 = 0.033, df = 1, NS and X2 = 0.247, df = 1,
NS, respectively). In families showing evidence of
clinical anticipation, the pattern of transmission of the
CAG repeats was consistent with Mendelian inher-
itance of parental alleles and no intergeneration repeat
instability was observed.

Discussion
We analysed the involvement of the KCNN3 gene in
unrelated schizophrenic cases and in patients belonging
to multiplex families with clinical evidence of anticipa-
tion, respectively. Chandy et al17 have recently reported
that longer alleles of the second CAG repeat (range 20
to 28 repeats) present in the KCNN3 gene were over-
represented in unrelated cases of schizophrenia origi-
nating in France and North America. In this study we
did not replicate these results. Considering that the
odds ratio from the study by Chandy et al can be
estimated approximately at 2, we calculated that a
sample of our size had a power of 95% to detect such

Figure 1 Distributions of KCNN3 allelic frequencies in familial cases (black), sporadic cases (white) of schizophrenia and in
controls (grey).
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an association. Recently Bowen et al studied 194
unrelated schizophrenic patients and 183 controls born
in the UK or Eire. They interpreted their data as
providing modest support (ie ø2 = 2.820, 1 df,
P = 0.047, 1-tail. Mann-Whitney: P = 0.11, 1-tail) for
the findings of Chandy et al. We observed that when the
alleles were dichotomised into ≤ 19 and > 19, our
Normandy controls did not differ from UK controls
analysed in the Bowen et al study (X2 = 0.256, 1 df,
2-tailed, NS), whereas both control groups significantly
differ from the Alsatian control group used in the
Chandy et al study (Normandy controls vs Alsatian
controls: X2 = 6.135, 1 df, 2-tailed, P < 0.02; UK con-
trols vs Alsatian controls: X2 = 4.425, 1 df, 2-tailed,
P < 0.05). The significant shift towards longer alleles,
reported by Chandy et al in schizophrenic subjects, was
observed in Alsatian patients.17 Although these results
remained significant after pooling this sample with a
smaller one from the USA, it should be stressed that
statistical significance was only reached in the Euro-
pean group17 whose controls differed from the other
European controls.

To test specifically the involvement of the KCNN3
gene in genetic anticipation, we have also included in
this study an appropriate population composed of
20 families of schizophrenic patients with clinical evi-
dence of anticipation. We did not detect any inter-
generational CAG repeats instability in these pedi-
grees. Altogether, our results do not support the
involvement of the KCNN3 gene in the etiology of
schizophrenia.
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