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Late-Onset CLCNZ2-Related Leukodystrophy Associated
With A Novel Mutation
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Abstract

Loss-of-function mutations in the chloride channel protein 2 (CLCN2)
gene cause defective channel function, leading to a specific type of leu-
kodystrophy named CLCN2-related leukoencephalopathy. This is a rare
disease that can become apparent either in childhood or adulthood but
generally does not progress significantly. Here, we present an infertile
man in his 60s with genetically confirmed novel homozygotic CLCN2
mutation and typical magnetic resonance imaging (MRI) findings of
leukodystrophy who presented with severe headache to our clinic. The
patient had no other specific neurologic findings, and we believe he
is the oldest case reported in the literature with genetically confirmed
diagnosis of CLCN2-related leukodystrophy.
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Introduction

Chloride channel 2 (CIC-2) is a voltage-gated channel with a
broad expression profile, playing a crucial role in various phys-
iological processes, including ion homeostasis and cell volume
regulation [1]. CIC-2, like other CLC family members, is in-
volved in the control of electrical excitability, intracellular ion
balance, and transepithelial transport, contributing to essen-
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tial cellular and physiological functions [2]. Mutations in the
chloride channel protein 2 (CLCNZ2) gene can lead to distinct
clinical conditions depending on the nature of the mutation.
Loss-of-function mutations are associated with CLCN2-relat-
ed leukoencephalopathy, a specific type of leukodystrophy [3].
In contrast, gain-of-function mutations in CLCN2 have been
linked to hyperaldosteronism, a condition characterized by ex-
cessive aldosterone production and hypertension [4, 5]. This is
a rare disease and can become apparent either in childhood or
in adults but generally does not progressively worsen. Those
diagnosed as children may have learning difficulties, while
vision problems are more common in those with symptoms
beginning in adulthood [6]. Some nonspecific symptoms such
as ataxia and frequent headaches have been also reported, in
addition to male infertility. Affected individuals have charac-
teristic findings in brain magnetic resonance imaging (MRI)
including intramyelinic edema [7]. Leukodystrophies are a
genetically determined group of diseases characterized by pro-
gressive degeneration of the white matter, caused by impaired
development of the myelin sheath leading to various clinical
phenotypes [6].

Here, we present an infertile man in its 60s with genetical-
ly confirmed novel homozygotic CLCN2 mutation and typical
MRI findings of leukodystrophy who presented with severe
headache to our clinic. The patient had no other specific neuro-
logic findings, and we believe he is the oldest case reported in
the literature with genetically confirmed diagnosis of CLCN2-
related leukodystrophy.

Case Report

A 64-year-old man presented to our neurological emergency
due to a severe sudden stabbing headache, visual analog scale
7 of 10 (10 depicting subjectively worst imaginable head-
ache), nausea and repeated vomiting, and difficulty in finding
words, lasting for about 20 min. He presented at admission
with headache and recurrent vomiting without focal neurologi-
cal deficits. He was under treatment with citalopram for mild
depression. The patient was born from a consanguineous mar-
riage (grandmothers of the patient were sisters) and had one
sister who is clinically without symptoms. A brain MRI, using
fluid-attenuated inversion recovery (FLAIR) sequences, re-
vealed symmetrical hyperintensities in both middle cerebellar
peduncles, the pons, and a large part of the posterior limbs of
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Figure 1. Axial brain MRI FLAIR sequences (a-c) and T2-weighted sequences (d-f) of the 64-year-old patient. Both axial MRI
FLAIR and T2-weighted sequences of the patient demonstrate abnormal hyperintensities in the middle cerebellar peduncles (a,
d), cerebral peduncles (b, e) and posterior limb of internal capsule (c, f). This type of leukodystrophy, affecting the white matter
of the brain (including the internal capsule and cerebellar peduncles), is observed in patients with CLCN2-related leukoencepha-
lopathy (CC2L). Thus, gene analysis was conducted and confirmed the diagnosis. MRI: magnetic resonance imaging; FLAIR:

fluid-attenuated inversion recovery.

the internal capsules. In the area of the precentral region, only
discrete hyperintense changes in the FLAIR sequence were de-
tected on both sides (Fig. 1).

Electroencephalography (EEG) results were normal.
Cardiac evaluation, including electrocardiogram (EKG) and
echocardiography, was normal. Goldmann perimetry showed
a concentrically narrowed field of view. Optical coherent to-
mography showed no abnormal findings. On the urological
evaluation, azoospermia was described. Initially, hypokalemia
was documented, which, after oral substitution returned to
normal at the time of discharge. In particular, with regard to
paraneoplastic or neuronal antibodies, the findings were unre-
markable. Based on FLAIR imaging, genetic evaluation was
initiated and revealed homozygous novel pathogenic CLCN2
mutation (exon 3: c.318G>A, p.W106*-Class 5), confirming
clinical suspicion of leukodystrophy.

Discussion

Gene description

The CLCN?2 gene, located on chromosome 327 (Online Men-

delian Inheritance in Man (OMIM) = 600570.0006), belongs
to the CLC gene family, which encodes chloride channels es-
sential for maintaining cellular chloride homeostasis. This
channel’s activity is considered particularly critical in neurons
within the brain [2]. Sik et al demonstrated that CLCN2 chan-
nels are localized in the plasma membranes of dendrites, axons,
and somata of both pyramidal and nonpyramidal cells in the
hippocampus [8]. However, while CLCN2 may be expressed
in neurons, its confirmed physiological role appears to be in
glial cells. Depienne et al [6], using immunohistochemistry
on healthy human brain tissue, observed CLCN2 expression
on the surface of cell bodies and processes of nearly all glial
fibrillary acidic protein (GFAP)-positive fibrous astrocytes
in the posterior limb of the internal capsule. They also iden-
tified CLCN2 expression along axons, in oligodendrocytes,
and within the ependymal lining [6]. Notably, CLCN2 func-
tion in glial cells is modulated by GlialCAM, a glial adhesion
molecule that acts as an essential regulatory subunit of CIC-2,
altering its localization and biophysical properties [9]. Further-
more, studies in mouse models have demonstrated that Clcn2
mutations can lead to leukodystrophy and vacuolation in mye-
lin-rich regions, emphasizing the channel’s critical role in glial
function and central nervous system (CNS) homeostasis [10].

Electron microscopy further confirmed CLCN2 localiza-
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tion in white matter astrocytes, particularly in astrocyte pro-
cesses involved in astrocyte-astrocyte and astrocyte-abaxonal
myelin contacts [6]. Mutations in the CLCN2 gene result in
distinct pathologies based on their functional impact. Loss-of-
function mutations disrupt chloride ion transport, leading to
CLCN2-related leukoencephalopathy, characterized by white
matter abnormalities and neurological symptoms [6]. Con-
versely, gain-of-function mutations enhance chloride conduct-
ance, causing hyperaldosteronism. This condition is marked
by increased aldosterone synthesis, leading to hypertension
and electrolyte imbalances. The identification of these muta-
tions underscores the pivotal role of CIC-2 channels in both
neural integrity and endocrine regulation [4]. Mutations in the
CLCN2 gene cause certain brain cells and the myelin (white
matter) surrounding neurons to accumulate water, impair-
ing nerve impulse transmission and resulting in neurological
symptoms such as ataxia and other features of CLCN2-related
leukoencephalopathy. To date, at least 18 mutations in the
CLCN?2 gene have been identified as causative for CLCN2-
related leukoencephalopathy [11].

The CLCN2 variant ¢.318G>A, p.W106*, has not been
previously described as pathogenic, and is present at a very
low allele frequency in the gnomAD control database. The
variant is a stop variant, which causes the mutant mRNA ei-
ther to degrade prematurely, leading to a loss of function of
the affected allele or to a truncated protein with reduced or
aberrant function. Homozygous or compound-heterozygous
pathogenic variants in the CLCN2 gene were associated with
leukodystrophy with ataxia (OMIM 615651), and there have
already been numerous patients with homozygous or com-
pound-heterozygous loss-of-function mutations described [7].
We therefore evaluate the CLCN?2 variant exon 3: ¢.318G>A,
p.W106*-Class 5, as pathogenic.

Clinical and neuroradiological findings

Leukoencephalopathy with ataxia (LKPAT; 615651) is a dis-
tinct neurological disorder characterized by a specific pattern
of white matter abnormalities on brain MRI. Research indi-
cates that this condition is caused by homozygous or com-
pound heterozygous mutations in the CLCN2 gene located on
chromosome 3q27. Brain MRI findings include prominent sig-
nal abnormalities and reduced apparent diffusion coefficient
(ADC) values in regions such as the posterior limbs of the
internal capsules, middle cerebral peduncles, pyramidal tracts
in the pons, and middle cerebellar peduncles, along with evi-
dence of myelin microvacuolation [6].

Neurologic findings consist of a wide variety of nonspe-
cific symptoms including gait instability (ataxia) following
initially normal motor development, as well as frequent head-
aches and mild spasticity. Cognitive deficits, psychiatric mani-
festations (such as depression and schizophrenia-like symp-
toms), and learning challenges may also be present. Some
patients experience auditory issues, including hearing loss, tin-
nitus, and vertigo. Male patients with this condition may have
infertility, as observed in our case. Affected individuals typi-
cally retain the ability to walk unaided, do not require mobility

support, and rarely experience blindness [12]. The diagnosis
of CLCNZ2-related leukoencephalopathy is confirmed through
molecular genetic testing that identifies bi-allelic pathogenic
variants in CLCN2 [12].

CLCN2-related leukoencephalopathy follows an autoso-
mal recessive inheritance pattern. Assessing the genetic status
of both older and younger siblings of the proband is advisable
to enable early identification of those, who might benefit from
prompt diagnosis and regular monitoring for motor, cognitive,
visual, and auditory impairments [12]. Routine neurologic
evaluations annually, as well as ophthalmologic and audio-
logic assessments every 2 - 3 years, are also recommended.

Previous studies

Azoospermia, or the absence of sperm in semen, has been
linked to loss-of-function mutations in the CLCN2 gene. Stud-
ies using Clcn2 knockout (KO) mouse models have provided
insights into the underlying mechanisms. Bosl et al discovered
that deleting the Clcn2 gene in mice causes severe degenera-
tion in the retina and testes, resulting in male-specific infertil-
ity [13]. They demonstrated that male Clcn2-/- mice exhibit
infertility due to a significant loss of germ cells, leading to
azoospermia [ 13]. Further research by Blanz et al revealed that
the absence of CIC-2 channels in Sertoli cells, which support
and nourish developing sperm, disrupts the microenvironment
essential for spermatogenesis, thereby resulting in male infer-
tility [14]. These findings underscore the critical role of CIC-2
channels in maintaining male fertility. They also reported that
these mice exhibited blindness and gradually developed ex-
tensive spongiform vacuolation in the white matter of both the
brain and spinal cord [14]. Fluid-filled cavities formed between
the myelin sheaths in the CNS, whereas the peripheral nervous
system remained unaffected. Despite this, neuronal structure
appeared intact, and the neurological impairments were rela-
tively mild, primarily manifesting as reduced conduction ve-
locity in neurons within the central auditory pathway [14].
CLCN2 mutations have been proved to play a role in fa-
milial hyperaldosteronism type 2 [4, 5, 15], and LKPAT [6].
Depienne et al [6] reported six patients with a characteristic
pattern of leukoencephalopathy on brain MRI, including three
cases presented with adult-onset and three with childhood-on-
set symptoms. While clinical features overlapped, they showed
variability. Adult patients exhibited mild cerebellar ataxia
along with differing combinations of chorioretinopathy, visual
field abnormalities, optic neuropathy, and headaches. One pa-
tient had a schizophrenia-like disorder. The children had mild
cerebellar ataxia and a variable combination of mild spasticity,
visual field defects, learning disabilities, and headaches. None
of the patients had seizures. Brain MRI of all six patients with
leukoencephalopathy and ataxia reported by Depienne et al
showed prominent signal abnormalities in the middle cerebel-
lar peduncles, midbrain cerebral peduncles, pyramidal tracts in
the pons, and posterior limbs of the internal capsule. Depienne
et al noted that the clinical features of these patients were non-
specific and did not allow a diagnosis, whereas the MRI find-
ings were specific enough to allow a diagnosis. All six patients
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were found to have either homozygous or compound heterozy-
gous mutations in the CLCN2 gene [6].

Conclusions

CLCN2-related leukodystrophy is a rare disorder, with charac-
teristic brain MRI findings such as diffuse white matter ede-
ma, particularly involving specific tracts within the brainstem.
These unique MRI patterns can serve as a strong diagnostic
clue for CLCN2 gene analysis. Although our patient did not
present with ataxia and therefore could not be considered as a
case of LKPAT, interestingly he had characteristic findings of
leukodystrophy in his brain MRI, which was then genetically
confirmed as a novel CLCN2 mutation. He presented with se-
vere headache and born to consanguineous parents. He was in-
fertile and had mild depression and visual impairment in terms
of narrowed visual field. Therefore, we considered him as a
case of CLCN2-related leukodystrophy who is, to the best of
our knowledge, the oldest case reported in the literature with
this mutation.
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