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Mutation analysis of the sodium/hydrogen exchanger gene (NHE5)
in familial paroxysmal kinesigenic dyskinesia

Short Communication

S. D. Spacey1,2, B. I. Szczygielski2, J. E. McRory2, G. M. Wali3,
N. W. Wood4, and T. P. Snutch2

1 Division of Neurology, Department of Medicine, and
2 Biotechnology Laboratory, University of British Columbia, Vancouver, Canada

3 Department of Neurology, Jawnharlal Nehru Medical Centre, KLE Society Hospital,
Belguam, Karnataka, India

4 Department of Clinical Neurology, Institute of Neurology,
University College London, London, United Kingdom

Received March 16, 2002; accepted March 22, 2002
Published online June 28, 2002; © Springer-Verlag 2002

Summary. Familial Paroxysmal Kinesigenic Dyskinesia (PKD) is an autoso-
mal dominant condition characterized by attacks of dystonia or chorea trig-
gered by sudden movements. Recently two separate loci for PKD, Episodic
Kinesigenic Dyskinesia 1 (EKD1) and Episodic Kinesigenic Dyskinesia 2
(EKD2), have been mapped to chromosome 16 but the causative genes have
not been identified.

The Na�/H� exchanger gene (NHE5) involved in regulating intracellular
pH lies in the EKD2 region. The coding region of the NHE5 gene in familial
PKD was sequenced. We did not identify any mutations in the exons, intron/
exon boundaries or the 5� and 3�UTR. This excludes mutations in the coding
region of the NHE5 gene as a cause for familial PKD, but does not rule out a
possible role of sequence variants in introns or regulatory regions.

Keywords: Na�/H� exchanger gene (NHE5), paroxysmal kinesigenic dyskine-
sia, neurogenetics, movement disorders.

Introduction

The paroxysmal neurological conditions (migraine, epilepsy and the paroxys-
mal dyskinesias) are an intriguing collection of conditions characterized by
episodes of neurological dysfunction with relative neurological recovery be-
tween attacks. Research into the underlying pathophysiology has revealed a
dysfunction in ion channel activity in many of these disorders (Hanna et al.,
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1998) and it is suspected that most of the paroxysmal neurological conditions
are the result of ion channel dysfunction or a mechanism which affects
neuronal stability.

Paroxysmal Kinesigenic Dyskinesia (PKD) is the most common of the
paroxysmal dyskinesias (Houser et al., 1999). It is characterized by attacks
of dystonia or chorea triggered by sudden movements. PKD patients are
typically normal between attacks and laboratory and radiological studies
are unremarkable (Houser et al., 1999; Fahn, 1994; Sadamatsu et al., 1999;
Nagamitsu et al., 1999; Tan et al., 1998).

PKD is an autosomal dominant condition with a penetrance of approxi-
mately 80% (Valente et al., 2000). Recently two separate loci for PKD, EKD1
and EKD2 have been mapped to chromosome 16 but the causative genes have
not been identified. EKD1 has been mapped to 16p11.2–q12.1 (Tomita et al.,
1999), whereas EKD2 lies caudal to the EKD1 locus and has been mapped
to 16q13–22.1 (Valente et al., 2000). Although many of the paroxysmal
neurological conditions have proven to be defects in ion channel function
(chanelopathies) (Hanna et al., 1998) no identified ion channels map to
this region. However, given our understanding of paroxysmal neurological
disorders, a candidate gene for PKD may not be limited to ion channel genes
but could include any gene which codes for a protein that influences neuronal
excitability. One such candidate gene is the Na�/H� exchanger (NHE5)
gene.

NHE5 is the fifth identified member of the Na�/H� exchanger family
(NHE1–6). The Na�/H� exchanger (NHE5) gene regulates neuronal intracel-
lular pH (Baird et al., 1999) and could potentially cause paroxysmal neuro-
logical disease from abnormal regulation. A mutation in this family of genes
(NHE1) in mice results in an epilepsy phenotype (Cox et al., 1997). This
demonstrates that mutations in this family of genes can cause paroxysmal
neurological conditions. The NHE5 gene has been mapped to 16q22.1
(Klanke et al., 1995), the same region as the EKD2 gene and it is highly
expressed in the brain, particularly in the basal ganglia (Baird et al., 1999). On
this basis the NHE5 gene is an excellent candidate gene for PKD.

We performed mutational analysis of the NHE5 gene by direct sequencing
of the exon, intron/exon boundaries and the 5� and 3�UTR in a family with
PKD linked to the EKD2 locus on chromosome 16q13–q22.1.

Material and methods

Subjects

The gene for PKD (EKD2) in the family studied here had previously been linked to
chromosome 16q13–q22.1 (Valente et al., 2000). The family demonstrated autosomal
dominant transmission over four generations (Fig. 1). Genomic DNA was isolated from
peripheral blood in affected family members using standard techniques.

Sequence analysis of the NHE5 gene in a family with PKD

Based on the human genomic sequence of the NHE5 gene (Baird et al., 1999), we
designed primers in the introns of the NHE5 gene for the sequencing of the exons, the
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intron/exon boundaries and the 5� and 3�UTR (Table 1). Each exon, its flanking intron/
exon boundary and the 5� and 3�UTR were PCR-amplified and subjected to automated
sequencing using an ABI 377 automated DNA sequencer. For mutational analysis of the
human NHE5 gene in familial PKD, samples of two affected individuals (III:7, III:15) in
this PKD family were analyzed. The sequences obtained from the PKD affected individu-
als were compared to the human genomic sequence of the NHE5 gene in order to identify
any potential mutations.

Results

We performed a mutation analysis of the NHE5 gene in familial PKD linking
to the EKD2 locus. Direct sequencing of 16 exons, the intron/exon boundaries
and the 5� and 3�UTR revealed no disease causing heterozygous mutations.

Discussion

The Na�/H� exchangers (NHE5) gene is an excellent candidate gene for PKD
as it is involved in intracellular pH regulation and can influence general
neuroexcitability (Baird et al., 1999). The NHE5 is the fifth of a family of six
Na�/H� exchanger genes, five are plasma membrane exchangers (NHE1–5)
and one is mitochondrial (NHE6) (Baird et al., 1999). This family of Na�/H�

Fig. 1. Pedigree of PKD family. The circles represents females, the squares represent
males. The black symbols denote individuals affected by PKD. The white symbol with a
small black circle within it represents an obligate gene carrier. Deceased members are
marked with a diagonal bar. Individual IV:18 married her uncle (III:13); individual IV:19

is their offspring
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exchangers are membrane proteins that mediate electro neutral exchange of
extracellular Na� for intracellular H�. In vitro data demonstrate that human
NHE5 mediates H� dependent Na� influx (Baird et al., 1999). This is consis-
tent with the observation that rat NHE5 mediates Na� dependent pH recov-
ery from an acid load (Attaphitaya et al., 1999). Membrane voltage and ligand
gated ion channels, transmitter uptake through transporters, intracellular
signal transduction and intercellular communication via gap junctions are pH
dependent (Takahashi et al., 1996). Dysfunction of NHE5 activity could result
in decreased ability to regulate transient changes in pH and hence reduced
threshold for propagation of an action potential. Triggers of PKD such as
hyperventilation and movement, further suggest that pH may play a role in
this condition. Considering its location in the genome, its known function and
its high expression in the basal ganglia, the NHE5 gene is an excellent candi-
date gene for PKD.

This study excludes mutations in the coding sequences, the intron/exon
boundaries and the 5� and 3�UTR of the NHE5 gene as pathogenic in familial
PKD linking to the EKD2 locus. Mutations in the intronic or regulatory
regions of the gene can not be excluded and were not sequenced due to their
large size. Further investigations will concentrate on other possible candidate
genes in this region which include solute carriers SLC12A3, SLC12A4 and
SLC7A6. The SLC12A3 gene codes for a sodium-chloride cotransporter
which is expressed in the kidney and has been implicated in Gitelman’s
Syndrome, its expression has not been demonstrated in the brain and there-
fore is unlikely to be a candidate. However, the SLC12A4 and SLC7A6 genes
have ubiquitous expression including expression in the brain and warrant
further investigation.
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